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FOREWORD 

After almost three decades of development, nuclear energy has been deter

mined to be a practical means of helping to meet the Nation's electric 

power requirements. A substantial nuclear power industry is well estab

lished with more than 200,000 megawatts of capacity committed at this 

time. It has been assumed in this report that energy requirements will 

grow at a rate of 3.5% a year until 1985 and 3% from then until 2000. 

Even if the United States successfully develops virtually all new non-

nuclear technologies currently under study, the United States must main

tain the nuclear option until at least 2000 to meet these increasing 

energy demands. 

It is expected that uranium will be the primary source of fuel for 

nuclear reactors during the rest of this century. Light water reactors 

require uranium enriched to a nominal 3% uranium-235 and high temperature 

gas-cooled reactors require uranium enriched to greater than 90% uranium-

235. Since natural uranium contains only 0.7% uranium-235, the uranium-

235 content must be "enriched" to fuel these reactors. Currently enrich

ment is achieved by the gaseous diffusion process in three Government-

owned plants. The production from these plants is currently committed to 

existing or planned domestic and foreign reactors. If the United States 

intends to rely upon the nuclear option during the balance of this cen

tury, decisions must be made soon with regard to the expansion of enrich

ment capacity and the means to achieve the desired expansion. 

In order to assist it in making those decisions, this Environmental 

Statement has been prepared by the Energy Research and Development 

Administration (ERDA). The Statement has been prepared in accordance 

with the National Environmental Policy Act of 1969, and ERDA's imple

menting regulations—10 CFR Chapter III, Part 711. The Statement 

attempts to describe the reasonably foreseeable environmental, social, 

economic, and technological costs and benefits of an expansion of U.S. 
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enrichment capacity through the year 2000 and the reasonably available 

alternatives to such expansion during this time frame and their antici

pated effects. 

There are uranium enrichment methods other than gaseous diffusion that 

are currently under study or development—gas centrifuge, photoexcitation 

with lasers, and, jet diffusion. While each of these methods of uranium 

enrichment are discussed in this Statement to the extent possible, only 

gas centrifuge in addition to gaseous diffusion has been sufficiently 

developed to permit a meaningful impact assessment. 

Finally, this Statement should be viewed as a snapshot in time of a con

tinually moving target and as a current examination of a cumulative tech

nology impact that would not be evident from reviews of individual enrich 

ment plants that might be constructed in the future. An environmental 

impact assessment based on a specific plant site, on the specific design 

of the plant, and on the plants interactions with other parts of the 

nuclear fuel cycle will be performed for each uranium enrichment plant 

to be built in the future. 
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1. SUMMARY 

1.1 BACKGROUND 

The standard of living and the security of the United States depend on 

an adequate supply of fuel. Two of the most important types of fuel are 

fossil and nuclear. Uranium is the primary type of nuclear fuel that 

will be used in the next 25 years. Light-water reactors require uranium 

enriched from 2 to 4% uranium-235 and high-temperature gas-cooled reactors 

require greater than 90% uranium-235. Natural uranium contains only 

0.7% uranium-235; therefore, the uranium-235 content must be "enriched" 

to fuel these reactors. This enrichment is currently performed in the 

U.S. in three uranium enrichment plants operated by the U.S. Energy 

Research and Development Administration (ERDA). These plants enrich 

uranium by use of the gaseous diffusion process. Uranium enrichment 

utilizing the gas centrifuge process has also been developed and has 

reached a stage where both small and large-scale production facilities 

are being planned. 

The production from existing ERDA enrichment plants is committed to 

existing or planned domestic and foreign reactors. Increasing the 

availability of enriched uranium is a prerequisite before the expanded 

utilization of nuclear reactors can be considered. The intention of the 

ERDA is that all new uranium enrichment plants that utilize either the 

diffusion or the centrifuge process be built by private industry. How

ever, if industry is not able to provide additional enrichment plants on 

a timely basis, additional enrichment capacity will have to be provided 

by the ERDA. This Environmental Statement has been prepared to assess 

the reasonably foreseeable environmental, social, economic, and technological 

costs and benefits associated with a projected expansion of U.S. uranium 

enrichment capacity through the year 2000. A site-specific environmental 

statement for each new enrichment plant also will be required. 

1-1 
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1.2 URANIUM ENRICHMENT EXPANSION PROGRAM 

1.2.1 Demand for enriched uranium 

The U.S. needs to expand its uranium enrichment capacity in order to 

maintain the option of constructing and operating additional nuclear 

reactors. Without new enrichment capacity, fuel for any additional 

reactors will not be available, and therefore the capability of 

nuclear power to provide for increasing energy requirements will be 

restricted to essentially those reactors currently contracted for 

uranium enrichment services. ERDA studies on domestic long-term energy 

requirements have determined that curtailed nuclear power growth would 

result in a critical need for the simultaneous successful development and 

commercialization of a large number of new energy systems and would risk 

increased reliance on foreign fuel supplies. Based on these impacts, the 

U.S. should maintain the option of using additional nuclear power and 

install additional uranium enrichment capacity. 

The future demand for uranium enrichment is dependent on the types and 

the number of nuclear power plants to be built and operated. The future 

needs for uranium enrichment in the U.S. are related to growth patterns 

both here and abroad, since this country seems likely to remain a large-

scale commercial supplier to the world. Based upon projections intended 

to represent the maximum reasonable number of new enrichment plants, 

eleven new uranium enrichment plants, each with an enrichment capacity 

similar to that of an existing plant, are considered necessary by 2000. 

In order to assess the effects, a hypothetical mix of one gaseous diffusion 

and ten gas centrifuge plants was assumed. The actual number of plants 

based upon each process may differ as would the total number of new plants 

if less nuclear capacity than assumed tn this statement were required. 
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1.2.2 General description of gas centrifuge and gaseous diffusion 

facilities 

Existing enrichment is accomplished by a gaseous diffusion process which 

requires very large facilities to achieve economies of scale. Within 

the near future, gas centrifuge technology, with its reduced power require

ments and capability to utilize smaller plants economically, is expected 

to become the preferred choice of industry. Other technologies, such as 

laser isotope separation and jet diffusion are in the early developmental 

stages and are not yet well enough defined to evaluate in depth. 

1.2.3 Plant description 

1.2.3.1 Gas centrifuge enrichment facility 

A hypothetical gas centrifuge enrichment facility will consist of many 

centrifuge machines operated in a cascade. For a full-size facility, 

numerous cascades will be operated in parallel in eight 425-ft-wide-by-

650-ft-long process buildings. The process buildings will be equipped 

with feed stations and product and tails withdrawal facilities to main

tain the required uranium hexafluoride flow into and out of the cascade 

system. A recycle/assembly building will be located onsite to assemble 

centrifuge machine subassemblies, repair disabled machines, and provide 

for decontamination and scrap processing. Process heating and space 

heating requirements will be supplied by a coal-fired steam plant. 

Miscellaneous support facilities will be located on the centrifuge plant 

site. Cooling water for the centrifuge units will be provided by a 

recirculating cooling water system. A routine discharge from this 

system is required to prevent an unacceptable buildup of dissolved 

solids. Sanitary water will be supplied and sewage from the centrifuge 

facility will be treated in a secondary treatment facility. Two holding 

ponds will be provided to allow settling and equilization of effluent 

streams and to provide the capability to contain accidental releases. 

Another pond will be required to settle fly ash and sulfur dioxide 

scrubber sludge produced at the steam plant and to provide neutralization 

of coal pile runoff. Approximately 11 acres through the year 2000 is 

estimated to be required for burial of contaminated scrap. 
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1.2.3.2 Gas centrifuge rotor fabrication plant 

The major component of a centrifuge is its rotor tube which is manufactured 

in a rotor fabrication plant that may be located either on the site of 

the gas centrifuge enrichment plant or at an independent location. The 

rotor fabrication plant has a coal-fired steam plant which will supply 

heating needs and other miscellaneous facilities. Cooling water needs 

will be supplied by a recirculating cooling water system and a secondary 

sewage plant will treat sanitary wastes. Holding ponds similar to those 

described in the centrifuge section will be provided. 

1.2.3.3 Gaseous diffusion enrichment facility 

A gaseous diffusion plant will consist of numerous diffusion stages, 

connected in series, with each stage providing a small increment of 

enrichment. The process stages will be grouped into cells which in 

series make up the cascade.. A feed station and product and tails 

withdrawal functions will be provided to maintain the required flow 

of uranium hexafluoride into and out of the cascade system. A facility 

will be necessary to receive, weigh, and sample shipments of uranium 

hexafluoride. A three-building complex will be furnished to house 

maintenance facilities to assemble, decontaminate, and repair 

diffusers and associated equipment. A large recirculating water system 

will be required to remove process heat. This system requires makeup 

water to restore water lost by evaporation, drift, and the blowdown 

effluent. Process steam and comfort heating will be supplied by a coal-

fired steam plant. Miscellaneous auxiliary facilities will be similar 

to those listed in the centrifuge section. 

1.2.4 Anticipated benefits 

The projected expansion of uranium enrichment capacity will make possible 

the cumulative production of almost 6 million megawatt years of domestic 

nuclear electric energy through 2000. This production of electricity 

can reduce the country's dependence on foreign fuel supplies and make 

possible the enrichment of uranium for foreign countries resulting in 
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annual revenues of billions of dollars per year. In addition, the expan

sion program will provide spin-off benefits such as for the large-scale 

purification of drugs and vaccines and the investigation of cellular 

structure through the increased development of sophisticated enrichment 

technology. 

1.2.5 Site considerations 

Site characteristics such as location with respect to other uranium fuel 

cycle facilities, parts suppliers, and population densities are important. 

The availability of resources (such as land, water, fuel, and power), and 

the natural characteristics of the area (such as topography, geology, 

hydrology, and meteorology) will be important in determining a suitable 

site. Adverse and beneficial effects to the natural environment and to 

the social, political, cultural, and economic organization of the vicinity 

must be studied. No one site is likely to have all of the preferred 

characteristics in each of the above categories. Economic and environ

mental trade-offs must be considered during the site-selection procedure. 

1.3 ENVIRONMENTAL EFFECTS 

1.3.1 Construction effects 

Construction of a single enrichment plant will require about 350 (gas 

centrifuge) to 400 (gaseous diffusion) acres for permanent facilities 

and will temporarily disrupt an additional 50 acres. Potential adverse 

effects due to erosion and surface water siltation can be held to 

acceptable levels by using adequate mitigating measures. 

The employment of large numbers of construction workers during a finite 

period will likely exert significant impacts on community services and 

the local economies of selected site areas. With proper community 

planning, however, these impacts can be mitigated with the result that 

local communities will experience net socioeconomic gains as a result 

of a given enrichment plant being sited within their respective environs. 

Ecological and community impacts due to construction of rotor fabrication 

and component manufacturing plants would be of far lesser magnitude than 

those associated with an enrichment facility. 
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1.3.2 Effects of operation of a full-scale gas centrifuge plant and 

rotor fabrication facility 

The overall environmental effects of operating a full-scale gas centrifuge 

plant will be acceptable as long as siting criteria, mitigating measures, 

and effluent limitations are adhered to. Almost all of the environmental 

impacts discussed in this generic report are site-dependent and conclu

sions must be re-evaluated in site-specific statements. 

Operation of the plant will potentially affect the environment due to 

thermal, biocidal, treated sewage, and other chemical and radiological 

releases. Most of these impacts will be minor and/or only of local 

concern. Radiological releases during routine operation represent an 

increase in exposure of less than 0.1% of that received by an individual 

due to natural background radiation. 

The estimated radiological consequences of maximum credible postulated 

accidents would result in exposures to an assumed individual offsite 

which are less than those that would result from a year's exposure at 

occupational concentration guideline limits. Also of concern are 

releases of hydrogen fluoride (HF) gas associated with postulated acci

dents. Atmospheric concentrations of hydrogen fluoride resulting from 

accidental release of uranium hexafluoride are within a range which 

brackets occupational exposure limits and tolerable exposures of several 

minutes duration . 

1.3.3 Effects of operation of a full-scale gaseous diffusion plant 

In many respects the effluents, and therefore the environmental impacts, 

from a gaseous diffusion plant are similar to those described for a gas 

centrifuge plant. The principal distinctions between the two uranium 

enrichment processes are: (1) power requirements for a gaseous diffusion 

plant are about 10 times greater than those for a gas centrifuge plant and 

(2) greater quantities of recirculating makeup water are required. 
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Aquatic biota in the water body used for plant makeup water will be 

subjected to impingement on the water intake screens and entrainment 

through the plant water system. The impact due to impingement and 

entrainment would be expected to amount to complete destruction of a 

percentage of source water biota equivalent to the water fraction 

withdrawn. The relative magnitude of this impact will depend on the 

ecological role of the affected organisms and the reproductive strategy 

of the species involved. Through proper site selection and proper intake 

design and location, the severity of impingement and entrainment losses 

can be minimized. The mechanical-draft cooling towers constitute the 

major potential impact on local land use and terrestrial ecology asso

ciated with operation of a gaseous diffusion plant heat dissipation 

system. Ground-level plume contact (fogging), drift deposition, and 

cold weather icing are known to be associated with operation of mechanical-

draft cooling towers. The frequency of occurrence and duration of these 

effects depend on local topography and weather conditions. With regard 

to cooling tower drift, a localized site-specific analysis is necessary 

to reach a conclusive evaluation, but in the staff's opinion, damage due 

to impaction and deposition of drift salts will be restricted to within 

a 1000-m radius of the tower installation. Therefore, any damage to 

vegetation or wildlife would affect only a limited area. Because opera

tion of a gaseous diffusion plant requires the dissipation of relatively 

large quantities of heat via cooling towers, these factors must be 

examined carefully to determine the magnitude of potential impacts at a 

particular site. 

Accidents for a gaseous diffusion plant include loss of HF from a tank 

farm, loss of Freon due to rupture of a cell coolant system, and credible 

accidents involving loss of oil with possible release into surface waters. 

Most serious of these is the HF release from a tank farm. Atmospheric 

concentration at the plant boundary would be approximately one-half the 

allowable 8-hr occupational exposure limit, thereby presenting little 

potential for adverse effects to the general public. 
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1.3.4 Offsite effects 

Generation and transmission of electricity to power enrichment plants 

may result in impacts on land use, water use, and terrestrial and aquatic 

biota equal to or greater than those for the enrichment plants themselves. 

The nature and magnitude of adverse effects will be site specific and 

will depend primarily on the type of generating plant (i.e., coal-fired 

or nuclear), the type of cooling system, and required transmission 

distance. 

1.3.5 Combined environmental effects of construction and operations of 

facilities through the year 2000 

The cumulative impacts of 10 gas centrifuge plants and one gaseous diffusi 

plant can be qualitatively extrapolated by summing the collective impacts 

of individual plants. A total of 4000 acres will be committed to enrich

ment and rotor fabrication .plant sites; 3500 acres of this total are 

devoted to the 10 gas centrifuge plants. An additional 590 acres will 

be temporarily disturbed during construction. Electrical production 

facilities to supply the power needs of the 11 plants will consume another 

1720 acres. This total land commitment is considered minimal relative 

to available inventories. Another 4250 acres will be committed for 

transmission line rights-of-way, which will have beneficial as well as 

detrimental impacts. Cumulative water consumption by the 11 plants 

will amount to 140 billion gallons by the year 2000. Offsite water 

consumption will be approximately 430 billion gallons. With the 11 

uranium enrichment plants and 4 rotor fabrication plants operating 

simultaneously, the rate of water consumption will be about 29 Mgd. The 

cumulative dose to populations living within 50 miles of a facility 

will be 66 man-rem (.0006% of the dose from background radiation). 

1.4 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS 

The most important unavoidable adverse effects associated with uranium 

enrichment expansion will be: (1) commitment of a total of about 4000 

acres onsite and about 6000 acres for transmission lines and electrical-

production facilities through the year 2000 and temporary loss of the 
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associated terrestrial flora and fauna; (2) low-level environmental 

releases of radiation; (3) consumption of at least 140 billion gallons 

of water by enrichment and support facilities and up to 430 billion 

gallons of water consumed by electrical-production facilities; (4) 

intake of about 305 billion gallons of water onsite and greater than 

430 billion offsite, resulting in loss of aquatic biota due to impinge

ment and entrainment; (5) potential alterations in local aquatic communi

ties at the sites of the enrichment, rotor fabrication, and electrical-

production plants because of waste heat and chemical discharges; and 

(6) potential adverse impacts on terrestrial biota, resulting from 

cooling tower operation (thermal discharges and salt and chromate drift) 

and air quality degradation. 

1.5 ALTERNATIVES 

Alternatives to the increase of uranium enrichment capacity are presented 

and assessed as are alternative facility options or subsystems which may 

affect the effluents of the described enrichment plants. 

In considering the major policy alternative, that of not expanding 

enrichment capacity thereby limiting the use of nuclear power, an 

analysis of the resulting power generation from alternative energy systems 

is presented, together with the effects on the environment and domestic 

energy supply and demand. New electric supply technologies, such as 

solar and geothermal energy, would have to be intensely commercialized. 

Additional coal would have to be both used for fossil fuel and converted 

to synthetic fuels. Simultaneously, new end-use technologies to improve 

efficiency and tap diffuse sources would have to be developed and rapidly 

commercialized. Failure to achieve all these ambitious technology goals 

to offset the resulting limit on nuclear power would force the nation 

to choose between increased dependence on foreign fuels and a reduction 

in energy services affecting the economy and the comfort, convenience, 

and mobility of the public. This alternative would deny the American 

public the choice of using nuclear power to meet future energy needs by 

way of limiting enrichment capabilities to present levels. 
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Other alternatives considered were the use of heavy-water reactors; 

different ratios of diffusion and centrifuge enrichment plants, limiting 

enrichment services to U.S. requirements; alternate tails assays; and 

government ownership of all new plants. These alternatives were deter

mined to be either more costly, undesirable, or to offer no significant 

differences from the proposed plan. 

1.6 RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

1.6.1 Enhancement of environmental productivity 

Expansion of uranium enrichment facilities will stimulate the nuclear 

power industry by assuring continued supplies of enriched uranium. In 

so doing, domestic industrial investments and continued economic growth 

can be encouraged. 

1.6.2 Loss of environmental productivity 

The local effects of construction and operation of enrichment plants, 

rotor fabrication plants, and offsite power facilities, in general, 

tend to oppose environment productivity through impacts on land, water, 

and air. Long-term adverse impacts on productivity from the possible 

operations of nuclear reactors fueled by the enrichment plants involve 

consumption of uranium and production of high-level radioactive wastes. 

Since the required uranium-235 enrichment content for present LWRs is 

2 to 4% versus a 0.7% uranium-235 concentration in natural uranium, LWR 

power generation could eventually exhaust currently identified supplies 

of the lower-cost recoverable uranium. Burial of radioactive wastes 

from LWRs supplied by the expanded program through the year 2000 would 

require approximately 1200 acres of land. Furthermore, management of 

high-level radioactive wastes could continue for many generations. 

1.7 RELATIONSHIP OF PROGRAM TO LAND-USE PLANS, POLICIES, AND CONTROLS 

The proposed expansion of U.S. uranium enrichment capacity appears in 

a generic sense not to conflict with known land-use plans and policies. 

However, the environmental assessment for each uranium enrichment plant 
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to be built in the future will fully discuss the relationship of that 

proposed action to specific existing or proposed Federal, state, and 

local land-use plans, policies, and controls, if any, for the area 

affected by that plant. 

1.8 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

Through the year 2000, resources that will be irreversibly or irretrievably 

committed by the construction and operation of the projected ten gas 

centrifuge plants, one gaseous diffusion plant, four rotor fabrication 

plants, and electrical generation support facilities involve: (1) biota 

destroyed in the vicinity; (2) construction materials that cannot be 

recovered and recycled with present technology; (3) materials consumed 

or reduced to unrecoverable forms of waste; (4) the atmosphere and water 

bodies used for disposal of heat and certain waste effluents, to the 

extent that other beneficial uses are curtailed; and (5) land areas 

rendered unfit for the preconstruction uses. Provided that adequate 

site-selection criteria are applied and that approved construction and 

operation practices are followed, no irretrievable and minimal irreversible 

commitment of biotic resources will result. Local, regional, and national 

cultural resources will be preserved, and adverse impacts upon them 

minimized. 

1.9 COST-BENEFIT ANALYSIS 

The eleven enrichment plants estimated to be in operation by 2000 will 

supply fuel for future nuclear power reactors with a combined electrical 

generating capacity of about 1,100,000 MWe. The cost-benefit balance of 

these nuclear power reactors under current regulations will be evaluated 

on a unit-by-unit basis prior to approval of construction by the U.S. 

Nuclear Regulatory Commission. 

The major overall benefit of expanding U.S. uranium enrichment capacity 

is that it will allow nuclear power to remain a viable energy option for 

meeting the nation's future energy demands. Without this option, the 
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nation would be placed in a position of having to simultaneously develop 

and commercialize a large number of new energy systems and risk increased 

reliance on foreign fuel supplies. 

The major economic benefits of the expansion of the uranium enrichment 

capacity through 2000 (in 1975 dollars) are: a total value of about 

$170 billion in enriched uranium produced; an increase of about $3 

billion in state and local taxes (assuming private ownership of all new 

plants); and an overall operating payroll of about $5 billion. There 

will also be technological and social benefits. 

The major economic costs of expansion of the capacity through 2000 (in 

1975 dollars) are total operating costs of about $148 billion and 

increased costs to local governments of about $0.25 billion. 

Environmental costs include a total of 3900 acres of land committed for 

11 enrichment plants through 2000. Ninety acres may be required for 

rotor fabrication facilities. Offsite land requirements are on the 

order of 6,000 acres. Consumptive water use by evaporation will amount 

to 570 billion gallons (onsite facilities - 140 billion gallons; offsite 

facilities - 430 billion gallons) withdrawn from surface and groundwater 

supplies. Operation of 11 enrichment plants to 2000 (103 plant years) 

would result in 66 man-rem total body radiation exposure for the assumed 

population distributed within a radius of 50 miles of each plant. 

Adverse social impacts can be mitigated by way of prudent site selection 

combined with financial and other assistance to communities affected. 

Alternatives to the proposed plan for expansion of enrichment capacity 

considered were: no expansion of enrichment capacity; the use of 

heavy water reactors; different ratios of diffusion and centrifuge 

enrichment plants; limiting enrichment services to U.S. requirements; 

alternate tails assays; and government ownership of all new plants. 

These alternatives were determined to be either more costly, undesirable, 

or to offer no significant differences from the proposed plan. 
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Provided proper plant-siting criteria and effluent control technologies 

are used, the overall socioeconomic and environmental costs of any 

mixture of diffusion and centrifuge enrichment plants, including 

unanimous selection of gaseous diffusion, will not exceed the benefits 

derived from supplying enriched uranium. 

After weighing the economic, technological, and social benefits against 

the economic, environmental, and social costs, and after considering 

the reasonably available alternatives and their benefits and costs, the 

staff concludes that the expansion of the U.S. uranium enrichment 

capacity should be undertaken. 



2. BACKGROUND AND DESCRIPTION OF URANIUM ENRICHMENT 

2.1 RELATIONSHIP OF URANIUM ENRICHMENT PROGRAM TO THE U.S. 
ENERGY ECONOMY 

2.1.1 Introduction 

The standard of living and the security of the United States depend on 

an adequate supply of fuel for the production of electrical energy. 

Commercial nuclear power reactors use uranium as fuel: light-water 

reactors require uranium with 2 to 4% uranium-235, and high-temperature 

gas-cooled reactors require greater than 90% uranium-235. Natural uranium 

contains only 0.7% uranium-235; therefore, the uranium-235 content must be 

"enriched" to fuel these reactors. This enrichment is currently performed 

in the U.S. in gaseous diffusion plants operated by the U.S. Energy 

Research and Development Administration (ERDA) at Oak Ridge, Tennessee; 

Portsmouth, Ohio; and Paducah, Kentucky. Uranium enrichment utilizing 

the gas centrifuge process has also been developed and has reached a stage 

where demonstration and production facilities are being planned. 

The production from the three existing ERDA enrichment plants is currently 
A 

contractually committed to about 329,000 MWe of existing or planned 

Revised downward from 341,000 MWe as a result of recent changes and 
cancellations permitted by ERDA in the contracts it has with uranium 
enrichment customers during the so-called "open season". 

This section was reviewed and rewritten in response to the following 
letters: 

Comment/Letter 3 (Geothermal Energy Institute), p.2. 
4 (Federal Power Commission), pp 1-2 
10 (Centar Assoc), p.2. 
11 (Congress Watch), p.3. 
22 (Nuclear Regulatory Commission), p.l. 
23 (Atomic Industrial Forum), p.2. 
24 (Department of Interior), p.2. 
28 (Environmental Protection Agency), p.6. 

2.1-1 
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domestic and foreign reactors. This separative work commitment includes 

current enriching capability plus a 60% increase which will result from 

large-scale alterations at the three plants via the so-called cascade 

improvement/cascade upgrading programs. Additional uranium enrichment 

capacity must be made available in order to provide fuel for additional 

nuclear power plants to meet the growing energy requirements. Because 

of the 9-year lead times involved, construction of new uranium enrichment 

plants must begin in the near future. 

The ERDA is responsible for the research, development, and demonstration 

of various new energy systems as well as the improvement of existing 

energy sources. These responsibilities include increasing the availabil

ity of enriched uranium for reactor fuel so that nuclear power can be 

maintained as a strong and viable option for this country in meeting its 

energy needs, The ERDA plan is to promote the construction by private 

industry of all new uranium enrichment plants by either the diffusion or 

centrifuge process. However, if industry is not able to provide additiona 

enrichment plants on a timely basis, additional enrichment capacity will 

have to be provided by the ERDA. This Environmental Statement has been 

prepared to assess the environmental effects associated with the projected 

expansion of U.S. uranium enrichment capacity through the year 2000. 

2.1.2 Energy background 

The energy situation has changed dramatically in recent years. Although 

the U.S. has abundant energy resources, it has become dependent on the 

importation of foreign fuels. This dependence makes the U.S. vulnerable 

to serious economic disruptions arising from foreign control of energy 

supplies and prices. The quadrupled world price of petroleum following 

the recent oil embargo has seriously disrupted the economies of the U.S. 

and other oil consuming nations. 

Table 2.1-1 indicates the major sources of domestic energy in 1972. 
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Petroleum and natural gas, fuels which are either major imports or in 

short supply, represent over 75% of total gross energy consumption. In 

spite of the current energy crisis, the utilization of these major energy 

sources is relatively unchanged today and domestic production of fossil 

fuels has either decreased or remained the same. 

TABLE 2.1-1 

MAJOR SOURCES OF DOMESTIC ENERGY DURING 1972 

Petroleum (including natural gas liquids) 
Million barrels 5,960 
Quadrillion Btua 32.8 
Percent 46 

Natural gas 
Billion ft3 22,607 
Quadrillion Btua 23.3 
Percent 32 

Coal (bituminous, anthracite and lignite) 
Thousand short tons 517,053 
Quadrillion Btu« 12.4 
Percent 17 

Hydropower 
Billion kWhr 280.2 
Quadrillion Btu« 2.9 
Percent 4 

Nuclear power 
Billion kWhr 56.9 
Quadrillion Btua .6 
Percent 1 

Total gross energy 
Quadrillion Btu« 72.1 

^Quadrillion Btu = 10 1 5 Btu. 

Source: U.S. Atomic Energy Commission, "Liquid Metal 
Fast Breeder Reactor Program Environmental Statement," 
WASH-1535, Vol. 1, December 1974, p. 2.1-5. 
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2.1.3 Projected total and electric energy growth 

Total energy and electric power projections have been prepared by the ERDA 

Office of the Assistant Administrator for Planning and Analysis. Three 

total energy projections (high, moderate, and low) were obtained through 

the use of econometric analyses and energy network flows. The term 

"total energy" includes all end-use subsectors including transportation 

(gas turbines and gasoline engines); nonelectric process heat, space 

heating, and air conditioning, etc., as well as electric power production. 

The econometric work related population, employment, and productivity 

factors to project Gross National Product (GNP). Total energy requirements 

were projected from the GNP. An energy network system developed by the 

Brookhaven National Laboratory was used to determine the sources of energy 

supply for these requirements according to end-use subsectors. Subse

quently, electric energy forecasts were developed in relation to the total 

energy growth patterns: a high case, a low case, and two cases within 

a moderate total energy growth pattern. 

2.1.3.1 Total energy growth patterns 

The three total energy growth cases covering a range of growth patterns 
3 

are presented in Table 2.1-2. The high case is based on continuation of 

past economic-energy relationships and generally continues the previous 

historic growth pattern of 3.7% per year to 1985, with 3.5% per year from 

1986 to 2000, without emphasis on energy conservation. 

A growth rate of 2.75% per year to 1985 and 3.45% per year from 1986 to 

2000 appears as the moderate case. This case reflects reasonable conser

vation measures and improved end-use efficiency while not stringently 

limiting improvements in the standard of living or economic development. 

The response to higher energy prices is more efficient energy use. 

The low case has an energy growth rate of 2% per year to 1985 and 2.3% per 

year from 1986 to 2000. A slower economic growth takes place as a result 
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of higher energy prices and decreased emphasis on production of goods. 

Maximum efforts are made to conserve energy by improved end-use efficiency. 

High 

Moderate 

Low 

TOTAL 

1980 

95.3 

89.7 

86.1 

Table 2.1-2 
ENERGY GROWTH PROJECTIONS 

(Quads = 10I5BTU) 

1985 

116.6 

104.8 

96.2 

1990 

136.8 

122.6 

107.9 

2000 

195 

174.3 

135.3 

2.1.3.2 Electric energy growth patterns 

As noted above, within the framework of the above total energy growth 

projections, the future growth of the electric power generating sector 

has been estimated. These growth patterns are presented as the four 

cases in Table 2.1-3: In the high energy case, electric energy growth 

assumes a near historic rate of 7% per year until 1985 and a rate of 

6.4% per year from 1986 until 2000. Electric energy contributes 50% 

of the total domestic energy production by 2000 as compared with 26% 

in the mid 1970s. 

A moderate/high case postulates that, within the moderate total energy 

growth pattern, rising electricity prices effectively reduce future 

demands. The availability and cost of alternate energy sources, however, 

cause continuing substitution of electric energy into the overall energy 

system. Production growth rates are 6.25% per year through 1985 and 

5.85% per year from 1986 to 2000. 

The moderate/low case assumes that, within the moderate total energy 

growth pattern, the substitution of electricity for other kinds of energy 

occurs at a more modest rate than in the moderate/high case. Electricity 
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costs are not as advantageous and other fuels are more rapidly available. 

Growth rates are 6% per year through 1985 and 5.4% per year after 1985. 

In the low electric growth case, stringent total energy conservation 

measures are combined with price incentives to depress electrical growth, 

but while absolute electric growth is only 5.8% to 1985 and an even lower 

4.75% from 1986 to 2000, electricity accounts for 51% of total energy 

production by the end of the century. 

High 

Moderate/high 

Moderate/low 

Low 

Table 2.1-3 

ELECTRIC ENERGY 

(Billions of 

1980 

2780 

2675 

2630 

2570 

GROWTH PROJECTIONS 

kilowatt-hours) 

1985 

3905 

3660 

3570 

3500 

1990 

5290 

4820 

4660 

4400 

2000 

9880 

8600 

7925 

7020 

2.1.4 National energy plan 

The Energy Research and Development Administration came into existence on 

January 19, 1975 and was given a charter to develop and implement a 

national plan for energy research, development, and demonstration aimed 

at achieving specific national energy technology goals. 

2 
The resultant national energy plan is based upon a broad spectrum of 

existing and potential energy sources and improvement in end-use 

technology. Energy technologies are ranked according to a series of 

considerations, the most important being impact and timing. 

Although all programs with various terms of impact must be initiated 
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now due to long lead times and technology uncertainties, the highest 

priority must be assigned to technologies having the greatest near-term 

impact in order to reverse the present energy situation. Table 2.1-4 

summarizes the ranking of energy technologies according to their timing 

and degree of impact. 

2.1.4.1 Energy system analysis 
2 

ERDA s National Plan for Energy Research Development and Demonstration 

has been formulated on the premise that all national energy technology 

goals must be pursued together. A complete energy system for future 

energy supply and demand has been studied by consideration of some 35 

technologies in the construction of a series of six different limiting 

scenarios. The six scenarios incorporate different assumptions on end-use 

energy demand, process efficiencies, and the maximum production achievable 

from various energy resources. The scenarios are as follows: 

Scenario 0 "No New Initiatives" - energy services are maintained with 

no new initiatives affecting supply or demand. 

Scenario 1 "Improved Efficiency in End-Use Technology" - Improvements 

in end-use conservation technology plus use of new dispersed 

sources such as solar heating and cooling. 

Scenario II "Synthetics from Coal and Shale" - increase the supply of 

liquids and gases. 

Scenario III "Intensive Electrification" - an intensive switch to electric 

power. 

Scenario IV "Limited Nuclear Power" - nuclear power is limited to approx

imately present commitments. 

Scenario V "Combination of All Technologies" - successful implementation 

of all new technologies. 
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TABLE 2.1-4 

NATIONAL RANKING OF RESEARCH, DEVELOPMENT, 
AND DEMONSTRATION TECHNOLOGIES 

Near-term major energy systems 
Coal - direct utilization in utility and industry 
Nuclear - converter reactors 
Oil and gas - enhanced recovery 

New sources of liquids and gases for the midterm 

Gaseous and liquid fuels from coal 
Oil shale 

"Inexhaustible" sources for the long term 

Breeder reactors 
Fusion 
Solar electric 

Near-term efficiency (conservation) technologies 

Conservation in buildings and consumer products 
Industry energy efficiency 
Transportation efficiency 
Waste materials to energy 

Under-used midterm technologies 

Geothermal 
Solar heating and cooling 
Waste heat utilization 

Technologies supporting intensive electrification 

Electric conversion efficiency 
Electric power transmission and distribution 
Electric transport 
Energy storage 

Technologies being explored for the long term 

Fuels from biomass 
Hydrogen in energy systems 

Highest 
Priority 
Supply 

Highest 
Priority 
Demand 

Other 
Important 
Technologies 

Source: U.S. Energy Research and Development Administration, 
Energy Research, Development, and^Demonstration: 
"Creating Choices for the Future, Vol. 1: Plan. 
ERDA-48, June 1975. 
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The supply and demand assumptions for the scenarios are given in Tables 

2.1-5 through 2.1-10. 

Several markedly different potential responses to the total energy problem 

emerge. The first is to place primary emphasis on conservation of energy 

and improvement of end-use efficiencies. The second is to rely primarly 

on the energy available from domestic coal and oil shale resources to 

produce synthetic fuels that will substitute directly for diminishing 

supplies of oil and gas. The third is to shift from reliance on petroleum 

and gas to reliance on electricity which can be provided from the domes

tically abundant energy sources, including coal and uranium. Other 

responses consist of various combinations of these as well as the 

option of taking no new initiatives. 

Critical comment was received pertaining to the comparability of the 

ERDA-48 scenarios and the energy growth projections used in this document*. 

This critique has misinterpreted the purposes of the ERDA-48 scenarios 

As stated on page IV-2 of ERDA-48, these scenarios are not forecasts or 

predictions. They are intended as analytical tools to evaluate how 

different technologies might be grouped to satisfy energy requirements 

postulated for future time periods and thereby provide insights into the 

nature of the long-term energy problems. The energy contributions from new 

supply technologies or from new technologies for each scenario in turn were 

based on highly optimistic targets of achievement. Thus, for example, 

Scenario I was intended to illustrate the extent to which emphasis on 

conservation technologies, considered in a very optimistic light, would 

meet future requirements. In reality, of course, complete success in all 

these endeavors is highly unlikely. Taken altogether, the scenarios 

demonstrated that only efforts on all promising technologies would provide 

any assurance that the problem would be solved. 

•Comment Letter 11 - PP B-44 (Congress Watch, p. 3) and ERDA Response 
pp B-66-69 
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TABLE 2.1-5 

INPUTS FOR SCENARIO 0 - NO NEW INITIATIVES 

SUPPLY ASSUMPTIONS 

. Oil and gas production draws on remaining recoverable domestic 
resources: 

- According to lower estimates by the U.S. Geological Survey (1975) 
and the National Academy of Sciences. 

- Without tertiary or other new recovery. 

. Coal and nuclear converter reactors continue to expand to meet 
electricity demand, limited by ability to construct or convert 
plants. 

. Other energy sources (e.g., geothermal, hydroelectric, and urban 
wastes) expand according to historic projections of existing 
technologies which do not reflect recognition of a serious energy 
problem. 

DEMAND ASSUMPTIONS 

. Current consumption patterns continue with no improvement in 
residential, commercial, or industrial end-use and most trans
portation efficiencies. 

. A 40% efficiency improvement for energy use in automobiles is 
realized by 1980 because of a trend toward smaller autos. 

Source: U.S. ERDA, A NcuUonal Plan iofi Enzigy Rueatich, Development 
and VemonitMLtion, ERDA-48, Vol. 1 of 2, June 28, 1975, 
p. W-2. 

The values presented in Section 2.1.3.1 and elsewhere in this document 

were based on growth predictions of anticipated future energy patterns. 

These numbers are generally in agreement with the forecasts of a number of 

other forecasting experts. They are based on less optimistic but more 

realistic evaluations of the market penetration of new technologies. 
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TABLE 2.1-6 

INPUTS FOR SCENARIO I - IMPROVED END-USE EFFICIENCIES 

SUPPLY ASSUMPTIONS a 

. Domestic oil and gas production is increased above the base case 
(Scenario 0) by new enhanced recovery technologies. 

. Solar heating and cooling are introduced. 

. Geothermal heat is used for process and space heating. 

. Waste materials are employed as fuels or are recycled to save net 
energy in production. 

DEMAND ASSUMPTIONS a 

. Residential and commercial sector technologies are improved 
with regard to 

- The structure itself to reduce heating and cooling require
ments. 

- Improved air conditioners, furnaces, and heat pumps. 

- Appliances and consumer products. 

. Industrial process efficiency improvements are achieved in 

- Process heat and electric equipment 

- Petrochemicals 

- Primary metals 

. Efficiencies of electricity transmission and distribution are 
increased. 

. Improved transportation efficiencies, derived from new tech
nologies (in contrast to efficiencies from smaller vehicles) are 
assumed for land and air transportation. 

. Waste heat (e.g., from electric generation) is employed for other 
low-grade uses now requiring separate energy input. 

Other assumptions are essentially those of Scenario 0. 

Source: U.S. ERDA, A National Plan ion. EneAgy Re&eaAch, Development and 
Demonstration, ERDA-48, Vol. 1 of 2, June 28, 1975, p. IV-4. 
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TABLE 2.1-7 

INPUTS FOR SCENARIO II - SYNTHETIC FUELS FROM COAL AND SHALE 

SUPPLY ASSUMPTIONS3 

. Substantial new synthetic fuels production is introduced from 

- Coal 

- Oil Shale 

- Biomass 

. Enhanced oil and gas recovery levels of Scenario I are included. 

. Under-used solar, geothermal, and waste sources included in 
Scenario 0 are not included here. 

DEMAND ASSUMPTIONS3 

. No end-use efficiency improvements are assumed. 

The assumptions, unless otherwise stated, are those of the previous 
scenarios to ensure that comparisons are being made only of the impacts 
of stated options. 

Source: U.S. ERDA, A National Plan ion. EneAgy Re&ean.cn, Development and 
VemomtAation, ERDA-48, Vol. 1 of 2, June 28, 1975, p. IV-5. 

http://ean.cn
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TABLE 2.1-8 

INPUTS FOR SCENARIO III - INTENSIVE ELECTRIFICATION 

SUPPLY ASSUMPTIONS3 

. Electric power is intensively generated by coal and nuclear power 
as in prior scenarios. 

. New technology energy sources are introduced as available to 
generate electricity 

- Breeder reactors 

- Solar electric (wind, thermal, photovoltaics, and ocean thermal) 

- Fusion 

- Geothermal electric 

. A minimal contribution is assumed from waste materials (as in 
Scenario 0). 

DEMAND ASSUMPTIONS3 

. Improved electric conversion efficiencies are introduced. 

. Widespread use of electric automobiles begins. 

. Technologies to improve efficiency of electricity transmission and 
distribution are implemented. 

3Supply assumptions are consistent with Scenario I and demand assumptions 
with Scenario 0, unless otherwise stated. 

Source: U.S. ERDA, A National Plan ion. EneAgy Re&ea/ich, Development, 
and DemonAtAotion, ERDA-48, Vol. 1 of 2, June 28, 1975, p. IV-5. 
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TABLE 2.1-9 

INPUTS FOR SCENARIO IV - LIMIT ON NUCLEAR POWER 

SUPPLY ASSUMPTIONS 

. Converter reactor energy levels are constrained to 200,000 MW 
electric. 

. Coal electric is at the levels in other scenarios to permit coal 
to be employed for synthetics. 

. Additional sources of electricity depend on 

- Accelerated geothermal development (more than a factor of two 
over Scenario III) 

- Fusion as in Scenario III 

DEMAND ASSUMPTIONS 

. Industrial efficiency aspect of conservation scenario (Scenario I) 
is included. 

. Electric transmission efficiencies are not included, as electricity 
use grows too slowly to justify changes. 

Source: U.S. ERDA, A National Plan ion EneAgy Re&eaAch, Development and 
DemomtAation, ERDA-48, Vol. 1 of 2, June 28, 1975, p.IV-6. 
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TABLE 2.1-10 

INPUT FOR SCENARIO V - COMBINED TECHNOLOGIES 

A combination of all major energy packages, including nuclear, are 

simultaneously commercialized (i.e., improved end-use, synthetic fuels, 

and electrification). The specific inputs for this scenario are those 

previously summarized in Tables 2.1-5 through 2.1-9. It should be noted, 

however, that the inputs are not simply additive; rather, potential energy 

supplies are drawn on only as necessary to meet projected demand. 

Source: U.S. ERDA, A National Plan ion. EneAgy Re&eanck, Development 
and Demon&tAation, ERDA-48, Vol. 1 of 2, June 28, 1975, p,IV-6 
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The total energy consumption based on the six scenarios is presented 

in Fig. 2.1-1. 
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1 SCENARIOS 

'No New Initiatives 
'improved Efficiencies in End Use Technology 
'Synthetics from Coal and Shale 
'intensive Electrification" 
'Limited Nuclear Power" 
'Combination of All Technologies ' 

I I I I 1 1 

1975 1980 1985 1990 1995 2000 

FIGURE 2.1-1. TOTAL ENERGY CONSUMPTION. SOURCE: U.S. ENERGY 
RESEARCH AND DEVELOPMENT ADMINISTRATION, "ENERGY~RESFARCH, DEVELOP
MENT, AND DEMONSTRATIONS: CREATING CHOICES FOR THE FUTURE," VOL. T: 
PLAN. ERDA-48, JUNE 1975. 

These total energy consumption levels result in oil and gas imports for 

each scenario as depicted in Fig. 2.1-2. As can be seen from the figure, 

Scenario V is the only one which achieves energy independence by the end 

of this century. 
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1975 1980 1985 1990 1995 2000 

SCENARIOS 

"No New Initiatives 
"improved Efficiencies in End Use Technology' 
"Synthetics from Coal and Shale" 
"intensive Electrification 
"Limited Nuclear Power 
"Combination of All Technologies" 

FIGURE 2.1-2. IMPORTS OF OIL AND GAS (1015 Btu). SOURCE: U.S. 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION, "ENERGY RESEARCH, 
DEVELOPMENT, AND DEMONSTRATION: CREATING CHOICES FOR THE FUTURE," 
VOL. 1: PLAN. ERDA-48, JUNE 1975. 

2.1.4.2. Need for a balanced program 

The preceding discussions may seem to indicate that there are 

several ways in which our national goals can be achieved. In fact, 

several combinations of the scenarios presented could plausibly 

make the United States self-sufficient in energy by the end of 

this century. However, elimination of any one possible means 

of producing energy could be fatal to the goals of this nation's 

energy program because what would then be required is the 

pursuance of all remaining technologies and virtually total success

ful implementation of each. Complete success in all complex endeavors is 

highly unlikely, it is, therefore, necessary that all possible 

energy alternatives be maintained to prevent the forcing of a choice 
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between increased dependence on foreign energy sources and a reduction 

in energy services whereby the U.S. standard of living could be substan

tially reduced to an unacceptable level (to say nothing about national 

security needs). Because of these risks, the U.S. must maintain the 

option of using nuclear power to meet increasing energy demands. 

2.1.4.3 Need for expansion of uranium enrichment facilities 

As indicated earlier, there is a need to expand uranium capacity in this 

country because almost all U.S. enrichment capacity has been contractually 

committed. Without new enrichment capacity, fuel for additional reactors 

will not be available and, therefore, the capability of nuclear power to 

provide for increasing energy requirements will be restricted to those 

reactors currently contracting for uranium enrichment services. Thus 

additional uranium enrichment capacity must be installed if such capacity 

can be provided without unacceptable impact on the environment. 

2.1.5 Projection of future needs for enriched uranium 

The future demand for uranium enrichment is, of course, dependent on the 

types and the number of nuclear power plants to be built and operated. 

This type of data on enrichment requirements is developed by relatively 

sophisticated forecasting. The future needs for uranium enrichment in the 

U.S. are related to growth patterns both here and abroad, because this 

country may remain a large-scale commercial supplier to the world. This 

conclusion is based on the projected magnitude of the world's enrich

ment requirement, the limited total production capacity of planned 

foreign enrichment facilities, and U.S. domestic construction and produc

tion potential. 

The many uncertainties in the enrichment field make it difficult to 

estimate what additional fraction of the foreign market the U.S. will 

capture. However, there are sound reasons to believe that the fraction 

will be significant. The U.S. leads the world in enrichment technology. 

It has operated diffusion plants safely, economically, and reliably for 
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thirty years; it has developed the centrifuge to the point that the 

technology is ready for commercial application, it has under development 

an advanced isotope separation technology, which, if perfected, may 

achieve an even more significant economy and efficiency of operation. 

The U.S. has openly committed itself to the role of supplier of enriched 

uranium to the free world. Planned expansions and the separative work 

units to be provided by these expansions are listed in Table 2.1-11. 

Enrichment production rates are expressed in terms of separative work 

units (SWU). Enrichment plant capacity is a function of both the 

quantities of material fed to and withdrawn from the process and the 

isotopic assay of each of these streams (not throughput quantities alone 

as is the case with many other processes). The SWU quantifies an en

richment effort by weighting the importance of plant flows and their 

assays. Thus for a uranium enrichment plant, the SWU capacity defines 

the overall effort expendable by the plant in separating a quantity of 

feed of a given assay into two components, one having a higher percentage 

of uranium-235 (the product) and one having a lower percentage (the 

tails). Separative work is expressed in mass units, usually kilograms, 

to give it the same dimensions as material quantities. 

For example, for a plant to produce a 1-kg mass of 3% uranium-235 

enriched uranium from natural uranium feed (0.711% uranium-235) 

with the waste stream assay at 0.30% uranium-235, 3.4 SWU are needed. 

To produce a 1-kg mass of 4% uranium-235 under similar conditions, 

5.3 SWU are required. 
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TABLE 2.1-11 

WORLD URANIUM ENRICHMENT FACILITIES 

Nation or Group Plant Location Technology 
Capacity 

millions of 
SWU/year 

Reference 

F(uvt&c£teA In EtuAtejice 8e£o*e 1974 

United States 
United States 
United States 
United Kingdom 
France 
Union of Soviet Socialist 
Republics 

People's Republic of China 

Oak Ridge, Tennessee 
Portsmouth, Ohio 
Paducah, Kentucky 
Capenhurst 
P1errela€te 

Not published 
Not published 

Gaseous diffusion 
Gaseous diffusion 
Gaseous diffusion 
Gaseous diffusion 
Gaseous diffusion 

Not published 
Possibly gaseous diffusion 

4.7 
5.2 
7.3 
0.4 

0.4-0.5 

Undeclared 
Undeclared 

New racUitie* 

Tripartite group12 Almelo, Netherlands and 
Capenhurst, England 

Gas centrifugation 0.075 

Viatwed Mew TaaiLUUu and/on. IxpanUoni 

United States: dP/CUP^ 

Eurodif" 
Tripartite group 

Tripartite, group 
United States 
Federal Republic of Germany 
South Africa 

At existing diffusion 
plants 

Tricasten, France 
Almelo, Netherlands and 

Capenhurst, England 
Locations not certain 
Locations not established 
Locations not certain 
Not published 

Gaseous diffusion 

Gaseous diffusion 
Gas centrifugation 

Gas centrifugation 
To be established in 1976 
Separation nozzle 
Not published 

10.5 

10 
0.4 

10 
Not established 

0.6-0.8 
7 

The Netherlands, United Kingdom, and Federal Republic of Germany. 
"Cascade Improvement Program (CIP) and Cascade Upratlng Program (CUP). 
"France, Belgium, Italy, and Spain. 

References: 
1. AEC Cae<joua Diffusion i'lent Opevatione, 0R0-684, U. S. Atomic Energy Commission, Jan. 1972, p. 22. 
2. N. L. Franklin, "Great Britain - An Alternative Economical Source of Enriched Uranium Fuel," presented 

to the Swiss Association for Nuclear Energy, Zurich, Switzerland, October 26, 1967, and published in Atom 135:0-12 
(Jan. i960). 

3. H. L. Dreissigacker, "Expected Development of Methods for Enriching Uranium 1n Europe," presented at the 
OFVLR Colloquium, Porz-Wahn, Germany, May 14, 1970, and British Translation (Capenhurst Trans. 249) issued by 
the U. S. AEC as CONF-700557-2. 

4. D. Smith, "What Price Commercial Enrichment? Enrichment Market Survey," Nual. Eng. I n t . 19(218): 572-84 
(July 1974). 

5. "Europe's Centrifuge TROIKA Gets Letter of Intent for 9-MHHon SWU," Nual. Weak 15(2): 6 (Jan. 10, 1974). 

e. U. Braatz, H. Rauck, I. Weisbrodt, "Uranium Enrichment in the Federal Republic of Germany," Nual. Eng. Int. 
18(201): 107-110 (Feb. 1973). 

7. "South Africa Aims to Complete Big Enrichment Plant in Early '80's," Nual. ind. 20(7): 33 (July 1973). 
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* 
2.1.5.1 Foreign uranium enrichment capability 

The existing known world enrichment facilities and the most actively 

planned known world enrichment expansions have been listed in Table 2.1-11. 

A few details on all foreign enrichment activities are presented in this 

section. 

France has a diffusion plant in operation at Pierrelatte, France with a 

capacity of 0.4 to 0.5 million SWU/year, but this is devoted primarily to 

filling national security needs. A consortium of countries (called 

EURODIF), principally France, Belgium, Italy, Spain, and Iran, have 

financed the construction of a 10-million-SWU/year diffusion plant at 

Tricasten, France. France also has under active consideration the 

construction of another diffusion plant, to be located in the province 

of Quebec, Canada. 

The United Kingdom has a 0.4-million-SWU/year diffusion plant located in 

Capenhurst, England, but this is devoted primarily to filling national 

security needs. Also at Capenhurst is a 0.025-million-SWU/year pilot 

centrifuge plant. This is one of the pilot plants being operated by a tri

partite group composed of the United Kingdom, Netherlands, and the Federal 

Republic of Germany. Two other 0.025-million-SWU/year plants are operated 

by this group at Almelo, the Netherlands, and they plan to build a 10-

million-SWU/year centrifuge plant. The Federal Republic of Germany itself 

is planning to construct a pilot enrichment plant of around 0.6 to 0.8 

million SWU/year, based on the nozzle separation process. 

Canada is considering the construction of a gaseous diffusion plant (sep

arate from the France-Quebec plan) as part of its policy of exporting its 

uranium in the hiqhest form (enriched) so as to obtain the most 

revenue. South Africa, which has just announced the successful start

up of its pilot enrichment plant may also adopt a policy similar to 

Canada's. South Africa reportedly is planning to have a large enrich

ment plant in operation in the mid 1980's. Australia also has large 

reserves of uranium and may adopt a policy similar to that of 
• $ 

Comment letter 24 (U.S. Dept. of Interior), p.3. 
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South Africa and Canada. There have been discussions between Japan and 

Australia concerning the construction of an enrichment plant in Australia. 

Preliminary studies have been made on the siting of enrichment plants in 

the Republic of Zaire and in Papua, New Guinea. The Republic of Zaire, 

formerly the Belgian Congo, has large reserves of uranium and has undevel

oped hydro resources that could provide the large amounts of electricity 

required to run a diffusion plant. Papua, New Guinea also has undeveloped 

hydro resources that could provide very inexpensive electricity for a dif

fusion plant. 

The People's Republic of China and the Soviet Union also have enrichment 

plants, but their size, technology, and location have not been published. 

2.1.5.2 Nuclear power growth forecasts 

Forecasts of the growth of nuclear power reflect an evaluation of social, 

economic, and technological trends that would determine future energy 

demands and the types of power plants built; the future capability of 

foreign nations to supply uranium enrichment services to reactors; the 

application and timing of plutonium recycle technology; and the applica

tion, timing, and rate of introduction of breeders. Forecasts employ 

current knowledge and judgement to predict future events and, as a result, 

are subject to great uncertainty. 

Four forecasts of domestic nuclear power generating capacities through the 

year 2000, published by the AEC Office of Planning and Analysis in WASH-

1139(74), are presented in Table 2.1-12 and discussed below. 

Case A presents the lowest forecast and is based on the assumption that 

the current trend toward increased slippage in reactor construction will 

continue unabated and that the long-term demand for electricity will be 

relatively low. Case C is the highest presented and is based on assump

tions of legislative changes in the regulatory process, a marked improve

ment in construction time, relatively high future demand for electricity, 

and predominance of nuclear fuel over fossil fuel for new electricity 
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generating plants. Case B postulates continued improvement in the regu

latory processes, fewer construction delays than at present, and continu

ation of current trends in electricity demand. Case D assumes that actions 

are taken to achieve long-term energy conservation; continued improvements 

are made in regulatory processes; fewer construction delays are incurred; 

and the long-term demand for electricity is relatively low. 

The AEC Office of Planning and Analysis also prepared three forecasts of 

foreign nuclear capacity (i.e., for all of the world except the U.S.), for 
3 

the period 1974-2000, Cases X, Y, and Z. These cases are shown in Table 

2.1-13 and were derived by use of a methodology that is somewhat similar 

to that used for the U.S. forecasts. By the end of 1980, the total 

nuclear capacity in foreign countries is expected to be between 113,000 

and 157,000 MW, between 240,000 and 420,000 MW in 1985, 640,000 and 

900,000 MW through 1990, and to range between 1,600,000 and 2,550,000 

MW through 2000. In the near-term portion of the forecasts, the three 

cases reflect different assessments of the likelihood of meeting the 

announced schedules for commercial operation of known nuclear plants that 

are operating, under construction, on order, planned, or announced. In 

the long-term portions the foreign forecast cases are based on a con

tinuation of near-term trends together with extrapolations of the trends 

in total energy consumption, patterns of energy use, total electric 

generating capacity additions as well as those expected to be nuclear, 

and population changes. 

The fast breeder reactor was assumed to be introduced in other countries 

slightly earlier than in the U.S. The high-temperature gas reactor 

(HTGR) was not expected to make a significant contribution before 1980, 

but was expected to capture about 10% of the nonbreeder market by 1990 

and to continue near that level of market penetration. No HTGR additions 

were forecast for Bulgaria, Czechoslovakia, Democratic Republic of 

Germany, Hungary, People's Republic of China, Poland, Rumania, and the 

Soviet Union. Natural-uranium-fueled reactors were assumed to penetrate 

the total foreign market at a rate equal to the projected nuclear addi

tions in Canada, plus the nonbreeder additions in India. This assumption 

was used in an attempt to allow for the probabilities, tending to offset 

each other, that some natural-uranium-fueled reactors will be built 
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outside Canada and India and that not all the Canadian and Indian thermal 

reactors will be of this type. The advanced thermal reactor was expected 

to constitute a varying fraction of Japanese additions during the 1980s 

and early 1990s. These reactors have a fuel cycle based on the use of 

natural uranium and self-generated plutonium. Light-water reactors were 

expected to comprise the remainder of the nuclear capacity additions for 

the rest of the century. Pressurized-water and boiling-water reactors 

were assumed to be built abroad in approximately equal numbers. 

Case X, which is the lowest case, assumes slippages in commercial operation 

dates owing to delays in equipment deliveries, construction, and licensing, 

together with strikes and lower productivity rates. There will be some 

conservation of energy that will result in slower growth of demand for 

electricity. Case Y is the medium case and assumes some shortening of 

time delays prior to construction. The rate of growth of demand for 

electricity will continue as in the immediate past, and there will be some 

increase in demand for nuclear-fueled power plants, especially in Japan 

and West Germany. Case Z, the highest of the cases, is based on assump

tions of substantial reduction in the length of time required for approval 

and construction, shifts from other sources of energy to electricity, and 

greater demand for nuclear generation of electricity. 

Nuclear power growth forecasts Case D (domestic), Table 2.1-12, and Case 

Y (foreign), Table 2.13, are the basis for the total world separative work 

requirements assumed in this statement. The values in Table 2.1-14 are 

the requirements to be met by the U.S. enrichment industry, based on 0.3% 

tails assay in enrichment plant operations, 75% reactor capacity factor, 

recovery and enrichment reprocessing of all spent fuel with uranium-235 

assays at or above 0.4%, plutonium recycle (although the Nuclear Regulatory 

Commission has not yet made a final policy decision concerning plutonium 

recycle), and the U.S. supplying the total domestic requirement, plus 35% 

of the total foreign demand. Although these represent high estimates 

compared to more recent forecasts, use of Cases D and Y in this statement 

is prudent because it will provide an upper bound on requirements, bene

fits, and effects. 
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TABLE 2.1-12 

FORECASTS OF U.S. NUCLEAR POWER CAPACITY GROWTH 
(thousands of MWe)a 

Calendar 
year 

1974 
1975 

1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 
1989 
1990 

1991 
1992 
1993 
1994 
1995 

1996 
1997 
1998 
1999 
2000 

Case A 

27.5 
43.3 

53.1 
60.5 
64.5 
71.7 
85.0 

114.2 
142.6 
173.8 
205.0 
230.9 

265. 
300. 
335. 
372. 
410. 

452. 
495. 
538. 
580. 
620. 

665. 
711. 
759. 
805. 
850. 

Case B 

32.8 
47.3 

54.3 
61.3 
69.7 
80.7 

102.1 

134.3 
162.4 
188.2 
222.9 
260.0 

302. 
345. 
393. 
445. 
500. 

560. 
621. 
686. 
752. 
820. 

889. 
963. 

1038. 
1118. 
1200. 

Case C 

42.1 
52.0 

60.5 
65.4 
72.7 
86.5 

112.4 

144.4 
174.4 
209.0 
240.0 
275.0 

323. 
380. 
440. 
505. 
575. 

647. 
721. 
798. 
878. 
960. 

1045. 
1132. 
1221. 
1311. 
1400. 

Case D 

32.8 
47.3 

54.3 
61.3 
69.7 
80.7 

102.1 

127. 
155. 
184. 
216. 
250. 

288. 
331. 
375. 
423. 
475. 

527. 
583. 
640. 
700. 
760. 

823. 
888. 
953. 

1020. 
1090. 

Rounding anomalies and plant retirements affect these data. 

Source: U.S. Atomic Energy Commission, "Nuclear Power Growth 
1974-2000," WASH-1139(74), February 1974, Table 6. 
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TABLE 2.1-13 

FORECASTS OF FOREIGNa NUCLEAR POWER CAPACITY GROWTH 
(thousands of electrical megawatts) 

Calendar 
year 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

aCases 
foreign na 
Republic o 

Source: 
Commission 

Case X 

Additions 

3.2 
11.7 

8.6 
15.4 

18.4 

17.1 

14.8 

30.7 

40.0 

41.0 

30.0 

36.0 

50.0 

60.0 

70.0 

85.0 

85.0 

85.0 

85.0 

90.0 

90.0 

90.0 

95.0 

100.0 

106.0 

110.0 

110.0 

Cumulated 

26.7 

38.4 

46.9 

62.3 

80.7 

97.8 

112.6 

143.2 

183.0 

224.0 

254.0 

290.0 

340.0 

400.0 

470.0 

555.0 

640.0 

725.0 

810.0 

900.0 

990.0 

1080.0 

1175.0 

1275.0 

1380.0 

1490.0 

1600.0 

X, Y, and Z make up the nu 
:ions including the Union 
f China, except the United 

Nuolear Power Growth 197 
, February 1974, p. 20. 

Case Y 

Additions 

10.1 

11.1 

9.9 

20.5 

19.2 

13.8 

32.3 

41.2 

44.0 

55.0 

53.0 

53.0 

57.0 

72.0 

79.0 

87.0 

98.0 

96.0 

110.0 

116.0 

126.0 

138.0 

140.0 

150.0 

156.0 

153.0 

165.0 

clear forecas 
of Soviet Soc 
States. 

4 - 2000, WAS 

Cumulated 

33.6 

44.7 

54.6 

75.2 

94.3 

108.0 

140.3 

181.5 

226.0 

281.0 

333.0 

387.0 

444.0 

516.0 

595.0 

682.0 

780.0 

876.0 

986.0 

1102.0 

1228.0 

1367.0 

1506.0 

1657.0 

1812.0 

1965.0 

2130.0 

t for all of 
ialist Republ 

H-1139 (74), 

Case Z 

Additions 

10.1 

11.7 

15.4 

19.8 

17.4 

25.2 

33.0 

46.5 

45.0 

50.0 

56.0 

65.0 

76.0 

85.0 

97.0 

107.0 

115.0 

120.0 

130.0 

140.0 

150.0 

160.0 

170.0 

180.0 

191.0 

200.0 

210.0 

the world, i. 
ics and the P 

U. S. Atomic 

Cumulated 

34.8 

46.6 

62.0 

81.8 

99.2 

124.4 

157.4 

203.9 

249.0 

299.0 

355.0 

420.0 

496.0 

581.0 

678.0 

785.0 

900.0 

1020.0 

1150.0 

1290.0 

1440.0 

1600.0 

1770.0 

1950.0 

2140.0 

2340.0 

2550.0 

e., 30 major 
eople's 

Energy 
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Changes in the assumptions will vary the separative work requirements 

in Table 2.1-14. A lower cascade operating tails assay or a delay 

in the effective date of plutonium recycle will result in an increase 

in separative work requirements when power growth projections are main

tained. As an example, based on WASH-1139(74) information, the cumulative 

1975-2000 Case D domestic separative work demand of 951.2 million SWUs 

at 0.3% tails would increase to 1186.1 million SWUs if the tails assay 

were decreased to 0.2%. On the other hand, the Case D cumulative U-0_ 

requirement as feed to the enriching plants from 1974 to 2000 would de

crease correspondingly from 1.587 x 10 metric tons of uranium at 0.3% 

tails to 1.297 x 10 metric tons of uranium at 0.2% tails. 

Table 2.1-15 presents the separative work that must be performed by new 

enrichment plants to meet the separative work requirement schedule 

given in Table 2.1-14. 
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TABLE 2.1-14 PROJECTION OF ANNUAL SEPARATIVE WORK REQUIREMENTS 
TO BE SUPPLIED BY U.S. ENRICHMENT FACILITIES 

Calendar year 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

Millions of 
SWU/year 

10.2 

10.3 

12.4 

16.6 

18.3 

20.2 

23.3 

27.0 

27.1 

30.5 

36.9 

42.4 

45.8 

52.7 

58.6 

63.4 

70.2 

76.3 

82.7 

89.9 

96.5 

102.7 

107.8 

111.4 

115.3 

117.6 

Source: Nuclear Power Growth 1974 - 2,000, WASH-1139 (74), 
U. S. Atomic Energy Commission, February 1974, p. 30. The 
basis.for this sample is domestic Case D and foreign Case Y, 
plutonium recycle, 75% reactor capacity factor, and assuming 
foreign enrichment supply Schedule (3). 
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TABLE 2.1-15 

CALCULATED NEW PLANT ANNUAL SEPARATIVE WORK 
PRODUCTION REQUIREMENT 

Fiscal 
year 

(July-June) 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 . 

1995 

1996 

1997 

1998 

1999 

2000 

Mi I lions ot 
SWU/year 

9.759 

15.880 

20.640 

25.079 

32.258 

37.629 

43.783 

49.975 

57.580 

62.905 

69.753 

76.455 

81.530 

86.352 

90.266 

94.857 

2.1.5.3 Updated nuclear power growth forecasts 

Comments on the draft of this statement expressed a desire for the in

clusion of the latest figures for nuclear power growth projections and 

an assessment of their effects on the need for expanded uranium enrich-
* 

ment capacity. 

* 
Comment Letter # 11 (Congress Watch), p.3. 
Comment Letter # 24 (U.S. Dept. of Interior), p.2 
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Four forecasts of domestic nuclear power generating capacity in key 

years through 2000, prepared by the ERDA Office of the Assistant Admin

istrator for Planning and Analysis in February 1975, are presented in 
3 

Table 2.1-16 . These figures are the most recent available and represent 

a revision from those which appear in WASH-1139(74). These new fore

casts are consistent with the four electric energy cases presented in 

Sect. 2.1.3.2. 

The revised high case reflects the objective for 200 nuclear power plants 

through 1985 and a continuation of a concerted nuclear effort in the 

longer term coupled with continued high rates of growth in electric energy. 

For 1985 this case would require that all plants maintain the schedule as 

announced for operation by that date plus an additional 30,000 MWe sched

uled for installations in the same period. 

The revised moderate/high case is primarily based on counting plants 

ordered in the short run with some allowance for additional slippage in 

schedules. The longer term presumes that nuclear power plants maintain 

an economic advantage over other type central station power plants and 

therefore capture the largest portion of new additions. 
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TABLE 2.1-16 

UPDATED DOMESTIC INSTALLED NUCLEAR CAPACITY (GWe) 

High 

Moderate/High 

Moderate/Low 

Low 

1973 

18.4 

18.4 

18.4 

18.4 

1980 

92.0 

82.0 

76.0 

70.5 

1985 

245.0 

205.0 

185.0 

160.0 

1990 

470.0 

385.0 

340.0 

285.0 

2000 

1250.0 

1000.0 

800.0 

625.0 

TABLE 2.1-17 

UPDATED PROJECTION OF ANNUAL SEPARATIVE WORK REQUIREMENTS 
TO BE SUPPLIED BY U.S. ENRICHMENT FACILITIES 

Millions 
of 

Year SWU/Year 

1980 15.6 

1985 30.8 

1990 52.5 

2000 103.2 

The revised moderate/low case is presented within a setting of slower 

growth of electricity. The need for new central station plants is 

reduced, and consequently, there is a similar type reduction in nuclear 

power plants. While nuclear power maintains an economic advantage, the 

problems of high capital costs and long lead times cause some shifting 

to fossil-fueled plants. This case reflects current nuclear plant 

announcements and current enrichment contracts. 

The low case presumes that in the short term, nuclear power plants 

continue to be plagued by numerous problems creating large slippages 

in announced schedules. During the long term, nuclear power plants are 

presumed to have only a marginal economic advantage over new technology 

fossil fuel plants. 
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Separative work requirements for the updated moderate/low projection of 

nuclear power growth in the U.S. plus foreign requirements from case Y 

assuming foreign supply schedule 3 are shown in Table 2.1-17. These 

separative work requirements are based on 0.3% tails to be supplied by 

U.S. enrichers, recovery and enrichment reprocessing of all spent fuel 

with uranium-235 assays at or above 0.4%, plutonium recycle (although 

the Nuclear Regulatory Commission has not yet made a final policy 

decision concerning Pu recycle) and the U.S. supplying the total domestic 

requirement, plus 35% of the total foreign demand. 

These revised figures show a need for only ten new 8.75-Million-SWU/year 

uranium enrichment facilities instead of the eleven-plant requirement 

used in this statement and supported by the tables in Sect. 2.1.5.2. The 

growth projections presented in Sect. 2.1.5.2. are used to assess the 

environmental impact of U.S. uranium enrichment expansion since those 

numbers result in high separative work requirements and represent a 

conservative environmental assessment of uranium enrichment capacity 

expansion. 
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2.1.6 Electric energy trends beyond 2000 

Current projections show a decline in the growth of electrical demands 

during the remainder of this century. This trend is expected to con

tinue in the post-2000 period. The substitution of electricity for 

other energy forms will probably continue to occur but the rate will 

be less rapid because of the difficulty of penetration in a well satu

rated market. This substitution effect itself may easily be influenced by 

lower population growth rates than have been visualized at this time. 

A probable increase in real electricity prices may also serve to dampen 

demand as users find more efficient ways to satisfy their basic desires 

for goods and services. 

In addition to lower electricity consumption rates, electrical capacity 

growth should be further depressed because load management techniques, 

such as peak pricing and energy storage devices, will have gained in

creasing importance by the turn of the century. Thus, improved power 

plant utilization will alleviate the need for frequent construction 

of new installations. 

2.1.7 Nuclear trends beyond 2000 

By 2000, nuclear plants may represent 45 to 50% of the nation's elec

trical capacity, thus serving a major portion of the base load. Capital 

intensive nuclear plants are expected to be only marginally competitive 

in cycling service. Therefore, the market for nuclear plants after 2000 

should be limited by load growth alone rather than by a combination of 

load growth and the increasing market rate noted in Sect. 2.1.6. 

If breeder reactors are commercialized by the mid 1990s, thermal reactor 

installations are forecast to peak shortly thereafter. In that situation, 

the last thermal reactor is expected to go on line during the second 

decade of the 21st century. 

In the long term, new electrical capacity is expected to be dominated by 

Comment Letter No. 22 (NRC), p.6 
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inexhaustible energy sources. Based on today's perspective, these 

sources will be breeder reactors initially, with solar and fusion 

power making contributions when these technologies become commercially 

available. Also, some electricity can be expected from geothermal 

sources and from the utilization of waste materials. 



2.1-35 

2.1.8 Uranium enrichment technologies 

2.1.8 .1 Gas centrifuge 

2.1.8.1.1 Early history 

The use of centrifugation for isotope separation was first suggested in 

1919 by Lindeman and Aston. Successful experiments of enriching isotopes 

by the gas centrifuge method could be carried out only after the develop

ment of vacuum centrifuge by J. W. Beams and his coworkers in 1934 at the 

University of Virginia. 

During the early development (before the World War II Manhattan Project) 

with batch centrifuges (noncontiguous operation), isotopes other than 
35 37 

uranium, such as CI and CI in CC14, Kr, Xe, and H2Se were partially 

separated. A more detailed account of early centrifuge development has 

been summarized by M. Benedict and T. H. Pigford in Nuclear Chemical 

Engineering and H. London in Separation of Isotopes. 

A limited amount of work was conducted by the Standard Oil Development 

Company and the Westinghouse Electric Corporation under the Manhattan 

Project. In the 1950s, the details of this process were declassified. 

At that time, rotor speeds of 250 m/sec had been attained. 

Interest in the gas centrifuge and efforts to solve the problems 

associated with it continued at varying levels of activity in the U.S. 

and abroad. The AEC reopened studies of the process in 1953 and initiated 

a small research program in 1955. During 1960, the U.S. expanded work on 

the centrifuge process and classified the centrifuge technology as Secret 

in 1961. 

2.1.8.1.2 Theory 

Separation of mixtures by gas centrifugation is an example of the more 

general phenomenon of pressure diffusion, in which diffusion occurs 

across a gas pressure gradient, produced in this case by the centrifugal 
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field. The fundamental mass separating effect which occurs within the rotor 

of a qas centrifuge is the result of two opposing molecular-scale processes 

that act simultaneously on the gas. These are: the centrifugal field, 
which tends to move all of the gas molecules to the rotor wall, and the 

thermal motion of the molecules,which tends through diffusion to distrib

ute the molecules evenly throughout all of the rotor volume. As a result 

of these two processes, at a constant temperature, a dynamic equilibrium 

distribution of gas molecules is finally obtained along a radius of the 

rotor. 

A schematic of a typical centrifuge is shown in Fig. 2.1-3. The sepa

ration factor obtained by diffusion in the centrifugal field of a rotor 

having radius < M s : 

[N/(l - N)] 

[N/(l - N)] 
o . exp [<!^_V <„,*] , (1) 
a 

where 

N = the mole fraction of the light gas (U 2 3 5F g), 

M2 & Ml = molecular weights of U 2 3 8 and U235respectively, 
*u = uniform angular velocity of the gas in radians/sec, and the 

subscripts "0" and "a" refer to properties at the centrifuge 
axis and wall respectively. 

The quantity a0 is also called the simple process factor for the separation; 

it describes the ideal separation that can be obtained at equilibrium 

between samples of gas at the rotor axis and periphery when a batch of 

gas is rotated at temperature T with peripheral velocity (aco). No axial 

flows of gas are described or allowed by this equation. The simple pro

cess factor gives the maximum separation obtainable by the elemental 

process under a given set of conditions. By examining Eq. (1), 

several valuable properties of the gas centrifugation process can also 

be obtained. Note that the simple process factor can be increased by 

increasing the peripheral velocity of the rotor, (aa>), and that a low 

temperature favors the separation process. The separation factor is 

also a function of the direct mass difference of the components, 
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AM = M2 - M-j, rather than their ratio, M2/Mi, which characterizes most 

other separation processes. 

The distinguishing feature of the countercurrent qas centrifuge, as 

illustrated in Fig. 2.1-3, is the toroidal internal circulation of gas in 

the axial direction; for example, upward flow in the center of the rotor 

and downward along the walls. As the gas moves up the rotor core, it can 

be viewed as being stripped of its heavy component by diffusive exchange 

in the centrifugal field, arriving at the rotor top as a stream enriched 

in light component. Similarly, the peripheral downflow stream arrives at 

the rotor bottom enriched in the heavy component. In this manner an axial 

concentration gradient is established which is limited in size under 

optimum conditions by the back diffusion effects along the rotor axis. 

A most important concept in the design, operation>and evaluation of any 

type of separation process is that of the separative capacity, <5U, of an 

individual stage or of a cascade of stages. The concept is based on the 

idea that a separation stage or cascade increases the value of the mate

rial being fed, and that the increased value is a function of (1) the 

quantity of material processed and (2) the difference in concentration 

of the effluent streams. A value function, V, can be derived to serve 

as a measure of the value per mole of a given feed product or waste stream 

as a function of its concentration only: 

N 
V(N) = (2N - 1) In ( T - n r ) ' (2) 

The total increase in value accomplished by a stage, by a cascadejor by 

any separating device is then: 

Value increase = P x V(Np) + W x V(NW) - F x V(NF). (3) 
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FIGURE 2.1-3. SCHEMATIC OF GAS CENTRIFUGE. 
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One valuable property of this concept is that the separation task required 

of a complete cascade can be defined in terms of the flow rates and concen

trations desired in the cascade feed, product, and waste streams, and there

fore the total separative capacity, AU, required of the cascade can easily 

be calculated by Eq. (3). When the separative capacity of an element of 

the cascade, such as one centrifuge, is known, the total number of such 

identical elements needed to perform the task is: 

Number of elements - {.sU ^cascade . 
^ U 'machine 

Although this is a minimum number and assumes that the cascade assembly 

will have certain idealized properties, an important factor in machine 

design and operation is illustrated, viz., the need to maximize the 

separative capacity of the machine consistent with the requirement that 

it be cascadeable. Gas centrifuges, like other separation equipment, have 

the property of producing the highest separation factor at relatively low 

throughputs. With increased throughput the separation factor is eventually 

reduced and approaches unity at high throughput rates. A maximum value 

of the separative capacity lies somewhere between these two extremes; these 

maximum capacity conditions represent the optimum operating conditions for 

the particular machine. A maximum separation factor alone is not desired. 

Gas centrifuges have certain properties as separating devices which require 

special consideration on cascading. As can be seen from the previous dis

cussions, the machines are characterized by large overall separation fac

tors but by small throughput rates. To meet the needs of adequate inter

stage flow in a gas centrifuge cascade, a number of machines must ordinar

ily be joined in parallel to form a single stage, as illustrated in 

Fig. 2.1-4. 
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A typical centrifuge cascade would have a number of machines arranged in 

groups so that these group sizes allow for the reasonable sizing of sup

port equipment, such as vacuum pumps, electrical switchgear, instrumenta

tion, and utility systems. The number of centrifuges in a stage 

(centrifuges operating 1n parallel) is a function of the desired capacity 

of the cascade, whereas the number of stages in a cascade is a function 

of the degree of enrichment required. The concept of centrifuge building 

blocks is illustrated in Fig. 2.1-5. 

A more detailed treatment of centrifuge theory has been published 

elsewhere. 

2.1.8.2 Gaseous diffusion 

2.1.8.2.1 Early history 

Gaseous diffusion, also termed molecular effusion, depends upon a 

phenomenon discovered by Graham in 1829, that the passage of gases through 

a membrane containing minute holes is inversely proportional to the 

square root of their molecular weight. 

Until World War II, this process had only been used for isotope separations 

on the laboratory scale. During the wartime atomic energy program the 

gaseous diffusion process was developed on an enormous scale in the U.S. 

following earlier studies in Great Britain. 

2.1.8.2.2 Theory 

The gaseous diffusion separation process depends on the separation effect 

which arises from the phenomenon of molecular effusion (i.e., the flow 

of gas through small openings). When a mixture of two gases is confined 

in a vessel and is in thermal equilibrium with its surroundings, the 

molecules of the lighter gas will strike the walls of the vessel more 

frequently, relative to its concentration, than will the molecules of 

the heavier gas. This comes about because of the greater average 

thermal velocity of the lighter molecules. If the walls of the container 
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are porous with openings large enough to permit the escape of individual 

molecules, but sufficiently small so that bulk flow of the gas as a 

whole is prevented (i.e., with opening diameters approaching mean-free 

path dimensions of the gas), then the lighter molecules will escape more 

readily than the heavier ones, and the escaping gas will be enriched 

with respect to the lighter component of the mixture. The equation for 

the separation factor, a, for this process reflects the relative ease of 

light versus heavy molecules in escaping through the openings. 

The ideal separation factor a, is equal to the ratio of the 

average molecular velocities of the two species. Since the kinetic 

energies, 1/2 mv^, of the two species are the same, a, the ratio of 

the two average velocities, is equal also to the square root of the 

Inverse ratio of the two molecular weights. This separation effect was 

first discovered experimentally by Graham in 1846 and later explained 

theoretically with the advent of Maxwell's kinetic theory of gases. In 

1932, a landmark was reached in the application of diffusion separation 

technology with the development of a cascade of diffusion stages for 

isotope separation. 

The basic concept of the gaseous diffusion process in uranium enrichment 

is illustrated in Fig. 2.1-6. It shows schematically what takes place 

in a single stage and applies to any stage in the plant cascade. 

Gas is introduced as UF5 and made to flow along the Inside of a porous 

barrier tube. About one-half of the gas diffuses through the barrier 

and is fed to the next higher stage; the remaining undlffused portion 

is recycled to the next lower stage. Through molecular effusion, the 

diffused stream is slightly enriched with respect to uran1um-235, the 

lighter uranium isotope, and the stream that has not been diffused is 

depleted to the same degree. 

Fig. 2.1-7 shows how the single stages are connected in order to 

accomplish significant separations and indicates the basic equipment 

components vital to the process. Compressors driven by electric motors 

are used to compress the UF6 gas to maintain the interstage flow. 
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ES-1338 

FIGURE 2.1-7. SCHEMATIC ARRANGEMENT OF BASIC STAGE EQUIPMENT 
IN A GASEOUS DIFFUSION CASCADE 
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A gas cooler is provided since gas compression unavoidably generates 

heat that must be removed at each stage. The diffuser (or converter) is 

a large cylindrical vessel that contains the barrier material; It is 

arranged so the diffused stream and the undiffused stream are kept 

separate. The sizes of the pipes coming out of the converter are 

different and the streams are at different pressures, but the mass 

flow is about equal. The control valve in the undiffused stream is used 

to assist in obtaining the proper balance of flows. 

By following the flow streams one can see how individual stages are 

linked together in a cascade. The enriched stream from the bottom 

cascade stage enters the compressor and, after partial compression, is 

mixed with the depleted stream from the top cascade stage. This mixture 

is compressed further and then fed into the converter in the middle 

stage. The enriched stream from this middle stage moves to the next 

compressor upstream. The depleted stream is sent to the stage below for 

recycling. Groups of stages are coupled this way to make up operating 

units called cells,and such groups, in turn, make up the cascade. 

A more detailed treatment on gaseous diffusion theory has been reported 

elsewhere.7 

2.1.8.3 Discussion of other enrichment processes 

There are two enrichment schemes under study that are currently drawing 

a great deal of attention as potential competitors of the gaseous dif

fusion and gas centrifuge processes. One is based on selective photo-

excitation and the other on differential diffusion in a jet stream. 

The latter scheme is discussed below under the heading "Jet diffusion," 

and refers specifically to the German work in this field. Little has 

been divulged regarding the process announced in 1970 by the South 

African Government and currently being developed there. In April 1975 

they reported that the South African process could be called a "station

ary-walled centrifuge using UFC in hydrogen as process fluid." Therefore, 
o 

in the absence of further information, all that can be said at this time 
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is that even though the equipment for its implementation is probably 

different, the South African process resembles the German jet 

diffusion process in principle. Another method that will be discussed 

here, an electromagnetic one utilizing the calutron mass spectrometer, 

was employed successfully during World War II for the enrichment of 

small quantities of uranium-235 but was soon superseded by the less 

expensive gaseous diffusion process. 

2.1.8.3.1 Photoexcitation with lasers 

The frequency of some of the lines in the absorption spectrum of an 

element or compound containing the element is slightly different for 

each of the isotopes of the element. Until the development of tunable 

lasers with their characteristically very narrow range of output 

frequencies,utilization of this phenomenon for a practical separation 

scheme for the uranium isotopes did not appear likely. On the basis 

of the latest advances in laser technology, the ERDA is now sponsoring 

a program to demonstrate the feasibility of laser isotope separation 

processes for uranium. Two schemes are under study. One of these 

would utilize lasers to excite only the uranium-235 atoms in uranium 

vapor and still another laser with a higher frequency to ionize only 

the excited uranium-235 atoms. The uranium-235 ions would then be 

collected on a negatively charged plate and the uranium-238 atoms and 

any uncharged uran1um-235 atoms would be collected separately. 

The Lawrence Livermore Laboratory, the Los Alamos Scientific Labora

tory, and the Union Carbide Corporation Nuclear Division (at Oak 

Ridge) are engaged in a program to demonstrate the feasibility of the 

laser isotope separation process. According to news reports, a number 

of other nations are also looking at laser isotope separation for uranium. 

Numerous technological problems are associated with the two schemes 

mentioned above; a critical factor is the development of dependable 
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practical lasers having the required output frequencies with suf

ficiently large power output and long life and reasonable power 

efficiency. 

Laser isotope separation has the potential of being a low-power-consuming 

and relatively inexpensive process. If the efforts to develop a feasible 

industrial-scale laser separation process for the uranium isotopes prove 

to be successful, the power requirements and the cost of separative work 

for the laser process could each be less than that for the centrifuge 

process. Relative to the gaseous diffusion process, this could mean 

a reduction in power consumption per unit of separative work bv a factor 

greater than 10. However, at the present time, how competitive a large-

scale laser-based process will actually be cannot be determined with any 

degree of certainty. 

2.1.8.3.2 Jet diffusion 

A scheme for the application of jet diffusion to uranium isotope sepa

ration has been under study and development for the past decade at the 

Institut fur Kernverfahrenstechnik at Karlsruhe in the Federal Republic 

of Germany. This scheme, which has come to be known as the separation 

nozzle process, utilizes the pressure gradient developed in a curved 

expanding supersonic jet of UF5 and hydrogen to achieve a separation of 

the uranium isotopes. As the expanding jet traverses the curved path, 

the heavier components tend to diffuse preferentially toward the curved 

outer wall. A knife edge placed relatively near the outer wall divides 

the jet stream into two fractions, the inner one enriched 1n uranium-235 

and the outer one enriched in uranium-238. The two streams are then 

pumped off separately. Hydrogen is mixed with the UF6 before entry into 

the nozzle to increase the gas velocity in the jet. The dimensions of 

the nozzle and the placement of the knife edge in the jet stream are 

critical with respect to separation performance. The diameter of the 

curved deflecting wall is the order of 0.1 mm and the spacing between 

the knife edge and the outer wall is 10 ym with a tolerance of t 1 pm. 
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At the present time, the specific energy consumption for the separation 

nozzle process is larger than that for the gaseous diffusion process. 

However, significant progress has been made in developing the separation 

nozzle process into a practical one for the separation of the uranium 

isotopes. The specific energy consumption projected for the process has 

been reduced in recent years and is expected to be further reduced in the 

next few years to about the present level of the gaseous diffusion process. 

A manufacturing process has been developed by a German firm for the mass 

production of the separation nozzle slits with the required tolerances, 

thereby leading to reduced capital costs. The development qroup at 
Karlsruhe is confident that by 1977 the process technology will have 

been advanced to the point where its unit cost for separative work will 

be equal to or less than that for gaseous diffusion. 

2.1.8.3.3 The calutron 

In the calutron process, a compound of uranium is vaporized in an 

electrically heated container. The vapor passes through slots into an 

arc chamber where the salt is ionized by an electron beam. The ionized 

uranium, mainly uranium4", passes through another slot where 1t is 

accelerated by electrodes into a vacuum tank that occupies the pole area 

of a large electromagnet. The uranium-235 and uranium-238 follow a 

diverging curved (180°) path and are collected separately 1n properly 

spaced graphite receivers. The graphite reacts with the uranium ions 

to form uranium carbide (UC); receivers are processed chemically to 

obtain the separate isotopes. 

The calutron, which is considered to be the best of the electromagnetic 

processes, is not economically competitive with the gaseous diffusion 

process for the large-scale enrichment of uranium-235. Any discussion 

here of the calutron's environmental Impact is therefore academic. 

2.1.8.3.4 Other processes 

Some of the other processes that have been or are being studied are 
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phase equilibrium processes such as fractional distillation or gas-

liquid absorption, chemical exchange processes such as gas-liquid 

chemical exchange, exchange chromatography or 1on-exchange, diffusion 

processes such as thermal diffusion or sweep diffusion, aerodynamic 

processes such as the vortex tube or the Fenn-shock process, molecular 

flow processes, and nuclear spin processes. None appear likely to 

become economically competitive with either the gaseous diffusion or 

gas centrifuge processes. 
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2.2 GENERAL DESCRIPTION OF GAS CENTRIFUGE AND GASEOUS DIFFUSION FACILITIES 

2.2.1 Conceptual design program 

A program for conceptual engineering of uranium enrichment plants of 

approximately 8.75 x 10 SWU/year capacity was started in January 1973. 

The program consists of the preparation of a preliminary scoping cost 

study during FY 1973, evaluation of design alternatives during FY 1974, 

preparation of a conceptual engineering and design report during FY 1975, 

and preparation of project design criteria in the first half of FY 1976. 

The preliminary scoping cost study has been completed. Two architect-

engineering firms have been selected to assist in the conceptual engineer

ing program. Their orientation began in January 1974. 

This work by the ERDA contractors will be supported by assistance from 

certain manufacturers and architect-engineers able to provide specialized 

engineering competence where further outside and independent contributions 

would benefit plant designs. Current engineering studies indicate that 

there would be no significant capital cost advantage for the centrifuge 

over the gaseous diffusion process for a large capacity facility. How

ever, more engineering studies are necessary to obtain a better grasp of 

unit costs vs plant capacity. The diffusion process is known to have 

large power costs and lower operating costs. Centrifuge process plants 

can be expected to have much lower power costs (the centrifuge process 

uses about 10% of the power of the diffusion process), but machine repair, 

replacement, and other operating costs would contribute significantly to 

separative work costs. 

2.2.2 Industry Participation Program 

The AEC permitted qualified U.S. companies to have access to the 

government's classified information on gaseous diffusion and gas 

centrifuge technologies in 1972. This disposition of information has 

been continued under the ERDA's Domestic Access Program and the 10 CFR 25 

Access Permit Program described below: 

2.2-1 
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1. The Domestic Access Program allows firms to perform independent 

development work on the technology of uranium enrichment or on the 

technology of the manufacture of enrichment systems equipment. 

2. The Access Permit Program, based on amendments to 10 CFR 25, allows 

firms to evaluate the commercial feasibility of designing, constructing, 

and operating a privately owned uranium enrichment facility in the 

U.S. 

Activity in these programs has varied from company to company. In some 

cases, firms have committed extensive financial and manpower resources 

to the program; in other cases, firms have conducted their evaluations 

with a minimum of effort and resources. 

The current activity in the ERDA's Industry Participation Program is 

directed toward informing the industry participants of advancements 

being made in the two technologies by making technical reports available, 

by allowing the companies to assign some of their technical specialists 

to participate in the ERDA's development programs, by scheduling periodic 

technical consultation visits, and by providing procurement assistance 

to highly specialized system components. Briefings and seminars are 

also incorporated in the program as a mechanism for transferring tech

nology to the industry participants. As of November 1974, nearly 1200 

clearances have been granted, and approximately 5100 documents have 

been provided to industry participants. In addition, industry partic

ipants have spent over 1900 man-days in meetings, tours, and conferences 

at ERDA development sites. 

During the past year, the ERDA has defined the procedural details of the 

phase of the Industry Participation Program in which centrifuge 

manufacturers qualify to produce machines for use in the ERDA's 

development and testing programs. Several test stands will be available 

1n the Oak Ridge Component Preparation Laboratory for the qual

ification testing of machines fabricated by the centrifuge manu

facturers. Companies whose centrifuges meet the ERDA's Set II spec-

ifications and qualification tests will be eligible to be awarded 
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production contracts for a defined number of Set II machines. 

2.2.3 Overview of gas centrifuge industry 

At this time, conceptual engineering for a gas centrifuge facility is not 

complete. According to present planning, the work will continue toward a 

final design, with improvements included as they materialize from develop

ment and engineering activities. 

The concept of a centrifuge industry, as presented in this Environmental 

Statement, is based on the Set III centrifuge. This model is currently 

undergoing prototyping and mechanical testing. Estimates of effluents for 

Set III are scaled from development experience with the manufacture and 

operation of Set I and Set II centrifuges. 

Reliability testing is required on the Set III centrifuge before the 

mean-time-between-failure (MTBF) will be well known. This fnviron-

mental Statement assumes that the reliability of the Set III centri

fuge will be similar to that already demonstrated for the Set I 

centrifuge. Centrifuge reliability determines the load, or throughput, 

for the recycle plant and the amount of uranium to be recovered. The 

technology associated with centrifuge recycle operations is currently 

in an early stage of development and therefore is somewhat uncertain. 

Present planning indicates LWR returns will reach a representative long-

term level of about 13% of the total feed material to the uranium enrich

ment business by the late 1980s. Operating experience from existing 

gaseous diffusion plants is limited to a value of less than 0,1% of the 

total feed material on an annualized basis for foreign LWR returns. No 

domestic LWR returns have been used as feed material to the ORGDP. This 

level of experience and calculations of fission products and transuranic 

element concentrations were used to estimate the radiological effluents. 
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A gas centrifuge industry is envisioned to have three major areas of 

efforts: CD the centrifuge enrichment facility, (2) a rotor manufacturing 

facility, and C3) other component manufacturing. 

2.2.3.1 Gas centrifuge enrichment facility 

The gas centrifuge enrichment facility is assumed to have a nominal 

separative work capacity of 8.75 x 10 SWU/year. 

Centar Associates points out that an 8.75 x 10 SWU/year plant may not 
* 

be the preferred reference size for centrifuge enrichment plants. 

Smaller plant sizes, as low as 1 to 3 x 10 SWU/year, may be quite suit

able because there are no economies of scale to be realized over a wide 

range of capacities. It is likely that the first addition to U. S. 

uranium enrichment capacity will consist, at least in part, of a 9 million 

SWU gaseous diffusion plant as has already been proposed by private 

industry. Evaluation of a 9 million SWU gas centrifuge plant enables 

direct comparison of the environmental impacts of the two approaches. 

It is also felt that a 9 million SWU gas centrifuge plant is the largest 

that is likely to be built and thus the maximum environmental impact 

is evaluated. 

The 8.75 x 10 SWU/year plant requires about 350 acres of land. A pro

cess overview of such a facility is presented in Fig. 2.2.1. A summary 

of the resources involved in a gas centrifuge enrichment plant is 

presented in Table 2.2.1. 

The facility requires the following major areas: 

Production facilities 

Feed, product, and tails withdrawal systems 

Recycle/assembly plant 

Facility for equipment decontamination and uranium recovery 

Steam plant 

•Comment Letter 10 (Centar Associates) pp. 1-2. 
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TABLE 2.2-1 

SUMMARY OF THE RESOURCES FOR CENTRIFUGE ENRICHMENT PLANT 

Resource Construction 
Steady-state 
operation 

(av) 

Employment number 

Natural resource use 
Land, acres 

Temporarily committed to plant 
Disturbed (within security fence) 
Undisturbed (buffer zone - 1/4 mile) 

Committed to land f i l l disposal (through the year 2000) 
Of uranium-contaminated material 
Of uncontaminated material 

Water 
Total required, gpm 
Discharged to a i r 

Cooling towers, gpm 
Steam plant, gpm 

Discharged to streams 
Enrichment plant operations, gpm 
Sanitary waste, gpm 

Energy requirements 
Coal (for heating and process steam), metric tons/year 
Electric power, MWe 
Gasoline and diesel f ue l , gal/year 

5,300 (peak) 

400 
300 

0 
0 

220 

0 
0 

0 
220 

35,000 
15 
365,000 

2,500 

350 
350 

11 
1 

ro 

* 1,800 

525 
60 

% 1,075 
140 

52,500 
240 
180,000 

a 

a A water reserve capable of 10,000 gpm for 4 hr is also necessary for f i r e protection. 

# 
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Miscellaneous support facilities 

Laboratories 

Air plant 

Recirculating water systems 

Sanitary water systems 

Firewater systems 

Sanitary sewage system 

Storm drainage system 

Holding ponds 

Burial grounds 

Heat dissipation system 

Toll enrichment facility 

A layout for a fully functional gas centrifuge enrichment facility is 

shown in Fig. 2.2-2, together with the temporary additional areas and 

facilities needed by contractors during construction. Operations are 

centered around the eight process buildings that house the centrifuges, 

Uranium is processed in the form of uranium hexafluoride CUF6) gas. 

Operation of the process starts with the receipt of feed from customers 

at the toll enrichment station. This station serves as the central 

receiving and shipping point for UF6 moving into and out of the plant. 

All samples for quality control, accountability, and billing are taken 

here. Incoming cylinders of UF6 are moved to the feed facility for 

introduction into the plant stream. 

The major buildings of the plant can be described briefly as follows. 

2.2.3.1.1 Production process buildings 

In these buildings, the centrifuges are arranged in cascades. Each 

building has the auxiliary equipment necessary for operation (instruments, 

electrical equipment, vacuum pumps, etc.). 
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2.2.3.1.2 Feed and withdrawal buildings 

One building includes the equipment to service four production process 

buildings. The feed station vaporizes the UF6 from the shipping cylinders 

and pipes it through process headers directly into operating cascade 

centrifuges. The withdrawal facility collects the product and waste 

(tails) streams from the centrifuges and discharges them to separate 

UF6 cylinders. 

2.2.3.1.3 Centrifuge recycle/assembly building 

This building houses the centrifuge recycle/assembly facilities, as well 

as a uranium-salvage recovery and purification operation. 

The assembly facility receives centrifuge parts and subassemblies and 

produces a complete centrifuge balanced, tested, and ready for 

installation in the production process buildings. 

In the recycle facilities, all defective parts and subassemblies of 

damaged and worn-out centrifuges from cascade operations are repaired 

or replaced so that the centrifuges can be returned to the production 

process buildings ready for reuse. 

Defective parts that have been in contact with the process and are 

destined for disposal are decontaminated to reduce adverse environmental 

effects. Uranium is recovered from the decontamination wash solutions 

and then purified for reuse. 

2.2.3.2 Rotor manufacturing facility 

A rotor manufacturing facility would be sized to produce the required 

number of rotors to supply the first gas centrifuge enrichment plant. 

Thereafter, its function would become twofold, the primary source of 

replacement rotors for the first centrifuge enrichment plant and a 

secondary source of rotors for new gas centrifuge enrichment plants. 
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The facility could be located either in a remote location or on the 

site of the gas centrifuge enrichment plant. 

The facility would require the following major areas: 

Production facilities 

Miscellaneous support facilities 

Laboratories 

Recirculating water systems 

Sanitary water systems 

Firewater systems 

Sanitary sewage system 

Storm drainage system 

Heat dissipation systems 

A summary of the resources involved in the rotor manufacturing facility 

is presented in Table 2.2-2. 

2.2.3.3 Other component manufacturing 

Component manufacturing would be required to furnish the other hardware 

parts of a centrifuge. The type of industry would be a parts supplier 

similar to parts suppliers for the automobile industry. However, the 

number of parts required would be only a fraction of that required by 

the automobile industry. A single part could be supplied by several 

vendors. 

2.2.4 Overview of a gaseous diffusion industry 

The concept of a gaseous diffusion plant and supporting industrial effort 

is based on proven technology. 



TABLE 2.2-2. SUMMARY OF THE RESOURCES FOR ROTOR FABRICATION PLANT 

Resource Construction 
Steady-state 
operation 

(av) 

Employment number 

Natural resource use 
Land, acres 

Temporarily committed to plant 
Disturbed (within security fence) 
Undisturbed 

Committed to landfill disposal (through the year 2000) 

Water 
Total required, gpm 
Discharged to air 
Cooling towers, gpm 
Steam plant, gpm 

Discharged to streams 
Rotor Fabrication p lant operat ions, gpm 
Sanitary waste, gpm 

Energy requirements 
Coal ( fo r heating and process steam), metric tons/year 
E lec t r i c power, MWe 
Gasoline and diesel f u e l , gal/year 

1,680 (peak) 

30 
0 
0 

130 

0 
0 

0 
130 

1,200 
1.6 
88,000 

1050 

22 
8 
3 

* 420° 

95 
14 

* 271 
40 

12,000 
16 
10,000 

:A water reserve capable of 1,500 gpm fo r 4 hr i s also necessary fo r f i r e protect ion. 
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Process stages are grouped into cells for operating convenience. The 

cell is the smallest group of stages that can be isolated from the opera

ting cascade for maintenance purposes. Each production cell consists of 

16 stages. 

New plant cell equipment layouts have been developed by ERDA which differ 

from all existing cells in their compressor drive arrangement. One motor 

drives two compressors rather than having one motor for each compressor. 

This provision places two motors at opposite ends of each row of four 

compressors and reduces motor ventilation and electric power distribution 

costs. It also permits closer spacing of stage equipment and hence a 

reduction in total process building floor area. 

Another major ERDA new plant design concept has been developed that makes 

process buildings single-level structures with the operating cascade equip

ment on grade level. Such a design has inherently greater seismic re

sistance than the two-level design in existing plants. Elimination of the 

ground floor level requires other design adjustments to relocate plant 

equipment and functions formerly accommodated in this area. 

A gaseous diffusion industry is envisioned to require (1) the enrichment 

facility and (2) component manufacturing. 

2.2.4.1 Gaseous diffusion enrichment facility 

The gaseous diffusion enrichment facility has a nominal separative work 

capacity of 8.75 million SWU/year and requires about 400 acres of land. 

A process overview of such a facility would be similar to that for a gas 

centrifuge plant, but would not require the centrifuge assembly and 

recycle operations. 

Operation starts with the receipt of feed from customers at the toll enrich

ment station (Fig, 2,2-1). All samples for quality control, accountability, 

and billing are taken here. Incoming cylinders of UF6 are moved to the 
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feed facility for introduction into the plant stream. A summary of the 

resources involved in a gaseous diffusion enrichment plant is 

presented in Table 2.2-3. 

Based on conceptual studies to date, the facilities required for a new 

stand-alone 8.75 million SWU/year gaseous diffusion plant are as follows: 

Production buildings Chousing the diffusion cascades) 

Feed and withdrawal systems 

Facility for equipment decontamination and uranium recovery 

Administration building 

Steam plant 

Fabrication and maintenance facility 

Laboratory 

Laundry 

Nitrogen plant 

Air plant 

Recirculating cooling water systems including water treatment plant 

Sanitary water system including water treatment plant 

Sanitary sewage system including sewage treatment plant 

Firewater system 

Storm drainage system 

Cooling tower heat dissipation system 

Holding ponds 

Burial grounds 

Electric substations and switchyards 

Toll enrichment facility 

Feed, product, and waste storage grounds 

Miscellaneous support facilities, such as garage, computer facility, 

cafeteria, medical center, and fire and guard quarters. 



TABLE 2.2-3 

SUMMARY OF THE RESOURCES FOR GASEOUS DIFFUSION ENRICHMENT PLANT 

Construction 

Steady-state 
operation 

(av) 

Employment number 

Natural resource use 
Land, acres 
Temporarily committed to plant 

Disturbed (within security fence) 
Undisturbed (buffer zone - 1/4 mile) 

Committed to landfill disposal (through the year 2000) 
Of uranium-contaminated material 
Of uncontaminated material 

Water 
Total required, gpm 
Discharged to air 

Cooling towers, gpm 
Steam plant, gpm 

Discharged to streams 
Enrichment plant operations, gpm 
Sanitary waste, gpm 

Energy requirements 
Coal (for heating and process steam), metric tons/year 
Electric power, MWe 
Gasoline and diesel fuel, gal/year 

6,850: max 

450 
300 

0 
^3 

180 

0 
0 

0 
285 

35,000 
15 

365,000 

1,400 

400 
350 

1 
1 

^15,000' 

11,800 
60 

3,100 
70 

52,500 
2,400 

180,000 

,<2 

ak water reserve capable of 10,000 gpm for 4 hr is also necessary for fire protection, 
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A layout of the gaseous diffusion enrichment facility is shown 1n 

Fig. 2.2-3. The major buildings and systems of the plant are listed in 

the following sections. 

2.2.4.1.1 Production buildings 

These buildings contain the gaseous diffusion stages (3 sizes) grouped 

into cells. All auxiliary equipment necessary for operation is Included. 

2.2.4.1.2 Feed, product, and tails withdrawal systems 

The feed, product, and tails stations function to maintain the required 

flow of UF6 process gas into and out of the cascade system. 

2.2.4.1.3 Toll enrichment facility 

A toll enrichment facility 1s provided for the purpose of receiving, 

weighing, sampling, assaying, and making purity determinations on cylinders 

of UF6 materials received for enrichment on a toll basis for customers. 

2.2.4.1.4 Plant administration and service facilities 

An additional group of plant buildings is provided to house administration 

and service facilities. 

2.2.4.1.5 Steam plant 

A steam supply system consisting of four 100,000-lb/hr boilers will supply 

the required peak steam load for the plant. 

2.2.4.1.6 Process equipment assembly and maintenance facilities 

A complex of buildings will be furnished to house maintenance shops and 

facilities. The shops will be capable of performing all required mainte

nance functions necessary to the support of plant operations. A decon

tamination facility is included in the maintenance area together with 

chemical cleaning and rinse tanks. 
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2.2.4.1.7 Recirculating cooling water system 

The recirculating cooling water (RCW) system for the diffusion plant is 

one of the two major required utility services. The system includes 

cooling towers, storage basins, pumphouse, and make-up water facility. 

2.2.4.1.8 Electrical substation and switchyards 

The electric power load for the plant of approximately 2400 MW will be 

furnished under contracted agreements with a utility group. The power 

will enter the plant at the plant high-voltage substation where it will 

be transformed to an intermediate lower-voltage level for distribution 

within the plant to substations that serve each process building and the 

other plant buildings. This power is transformed from intermediate voltage 

down to motor operating voltage in the individual process building sub

stations. 

2.2.4.1.9 Nitrogen plant and system 

The plant nitrogen storage and distribution system 1s designed to distrib

ute nitrogen gas throughout the process buildings and other areas, 

2.2.4.1.10 Air plant and distribution system 

Compressed dry air is distributed throughout the process and maintenance 

areas of the plant. 

2j2.4.2 Component manufacturing 

Components and equipment covered include barrier, compressors, and gas 

diffusers. 
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2.2.5 Other isotope separation methods 

2.2.5.1 Laser isotope separation 

If the laser process develops as envisioned, its environmental impact 

vis-a-vis gas centrifugation and gaseous diffusion would be favorable in 

several respects.. Of importance would be the possible electrical energy 

savings with the attendant reduction in atmospheric pollutants. A 

laser-based enrichment plant could be smaller than either a gas centrifuge 

or a gaseous diffusion plant and require less equipment and materials 

initially in construction and subsequently for equipment replacement, 

Also, the uranium-235 recovery in the product of a laser-based process 

might possibly be greater than that of either the centrifuge or the 

gaseous diffusion process, consequently requiring less feed material, 

thereby extending the uranium supply. On the other hand, the possibility 

exists that there might be some environmental impacts, as yet unidentified, 

in a large-scale plant. The above advantages are hypothetical because the 

process has not yet been shown to be feasible for a large-scale industrial 

application. 

Optimistically, a minimum of five to ten years will be required for the 

development of a viable laser isotope separation process. Therefore, it 

cannot be considered as a practical alternative to either gaseous dif

fusion or gas centrifugation for the near future. 

2.2.5.2 Separation nozzle (jet diffusion) 

At the present time, the separation nozzle process will probably consume 

as much or more power than the gaseous diffusion process. It will have 

a much greater environmental impact with respect to fuel and power usage 

and attendant effects than a gas centrifuge plant. In general, a 

separation nozzle cascade would have a qualitative environmental impact 

very similar to that of a gaseous diffusion plant. Since the separation 

factor for the nozzle process is about three times as large as for 
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gaseous diffusion, the usage of materials and equipment by the separation 

nozzle process would be somewhat less than for the gaseous diffusion 

process. 

In its current state of development, the separation nozzle is not 

economically competitive with gaseous diffusion or gas centrifugation 

in this country; its technological development will not likely advance 

to make it competitive within the next few years. 



2.3 DETAILED DESCRIPTION OF HYPOTHETICAL URANIUM ENRICHMENT FACILITIES 

2.3.1 Full-scale gas centrifuge enrichment plant - 8 . 7 5 mil l ion SWU/year 

2.3.1.1 Production facilities 

The production facilities are contained in eight process buildings. Based 

on average projected product assay requirements, in the first plant, 5 

of the process buildings will be used to enrich product to 3.2% uranium-

235 assay, 2-1/2 buildings for 2.7% uranium-235 assay, and 1/2 building for 

2.0% uranium-235 assay. A process building will be approximately 425 ft 

wide by 650 ft long and will be separated into four high crane bays, 

each of which will contain two basic areas. The cascade area contains the 

centrifuges; the equipment area located at both ends of the cascade area 

contains auxiliary equipment, operator offices, and rest rooms. Opera

tional functions will be accomplished in a basement area near the center 

of the building; this area will contain the building control room, offices, 

rest rooms, and lunchroom. This arrangement is based on the results of 

the conceptual engineering studies made to date. 

A typical operation of a centrifuge cascade will require that a number 

of machines be connected together through the process piping system and 

operated in parallel. (Centrifuges operating in parallel would have the 

same feed assay.) Sufficient machines will be operated in parallel to 

form a stage. (A stage is defined as the total number of centrifuges 

having the same feed assay.) The number of centrifuges in a stage will be 

dependent on the flow characteristics of the centrifuges and the total 

separative capacity required of a cascade. Many stages then operate in 

series to form a cascade that uses normal or reactor returns feed 

material, enriches to the desired product assay, and depletes to a tails 

assay of 0.3 wt % uranium-235. 

The interstage gas flows will be controlled in order to maximize the plant 

separative capacity. Since the centrifuge rotor will be rotating at a 

high speed, failure of centrifuge rotors and other mechanical parts is 

expected. Failure" of a centrifuge will require isolation of a section 

2.3-1 
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of the cascade from the other operating centrifuges by closing process 

valves and disconnecting electr ical power. No effluents are expected from 

the fai lure of a centrifuge in the cascade area. Failed machines w i l l 

be removed and sent to the recycle/assembly f ac i l i t y for repair. A re

paired machine w i l l be instal led in position and pumped down through the 

vacuum system to operating pressure; the section of the cascade w i l l then 

be put back on-stream. 

The services required for each centrifuge are feed, product, and ta i l s 

piping connections; vacuum system; electr ical connections; cooling water; 

and instrumentation. 

2.3.1.1.1 Process piping 

All centrifuges in a stage are to be connected together by feed, product, 

and ta i l s process piping. These piping systems w i l l operate below atmos

pheric pressure. 

2.3.1.1.2 Vacuum system 

Since each centrifuge must operate below atmospheric pressure, a vacuum 

system w i l l be used to evacuate centrifuges as they are instal led in the 

cascade. A second vacuum system w i l l be used to maintain the operating 

pressure. The exhaust of a l l the vacuum pumps w i l l be discharged to a 

special system: exhaust gas w i l l pass through an alumina trap and a f i l t e r 

before being discharged to the environment. Trace amounts of pump o i l s , 

hydrogen fluoride (HF), and uranium particulate may be contained in the 

discharge to the environment. These effluents are reduced to as low as 

pract ical. The amount of o i l is not considered signi f icant. The HF and 

uranium concentrations from this source are not signif icant when compared 

with the same materials released elsewhere in the plant. 

2.3.1.1.3 Cooling water 

Each centrifuge w i l l require a small amount of cooling water to remove 

heat from the drive motor and the lower suspension. 
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2.3.1.1.4 Instrumentation 

The operating status of each centrifuge will be monitored in the control 

room. 

2.3.1.1.5 Buildings and services 

The buildings can be a conventional structure or a pre-engineered, 

prefabricated structure. 

Building utilities will consist of electrical services for area lighting, 

cranes, door operators, ventilation fans, and all other items, excluding 

the centrifuges and their auxiliary equipment, that are supplied by 

process services. Piping services for sanitary water supply for rest 

rooms, sinks, safety showers, and drinking fountains will be provided. 

Steam will be provided for building heating. A fire-water system will be 

required for the sprinkler system and hose stations. Sanitary drainage 

will be provided from the rest rooms, change houses, sinks, and drinking 

fountains to the plant sewage system. Potentially contaminated storm 

drainage will be sent to the secondary holding pond. Liquid releases 

through floor drains will be collected in the primary holding pond for 

monitoring before release. 

The building control room, located in the basement, will be air conditioned. 

The remainder of the building will be provided with normal heating and 

ventilation supplied by modular units spaced at the ends of the crane 

bays. 

Exhaust units for the buildings will be located on the roof. The corridors 

and utility chases will be ventilated by means of exhaust fans pulling 

air from the machine area through the stairwells, corridors, and utility 

chases to atmosphere. The rest rooms and toilet areas will be ventilated 

by means of exhaust fans pulling air from the interior area and exhausting 

it to the other building interior areas. The heating and ventilating 
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units for the maintenance and shop areas will be locally prefabricated 

air-handling units complete with filters and steam heating coils. 

Emergency power will be supplied by diesel-driven generators to those 

locations where an interruption of power would cause unsafe working 

conditions, damage to equipment, or major loss of production. The distri

bution system will be arranged so that power can be supplied by either of 

two generators. Throughout the plant, about 13,000 liters of diesel fuel 

will be burned per month to routinely test the emergency generators. 

The building and all equipment critical to production operations and 

safe working conditions will be designed to resist seismically-imposed 

stresses. The design work would involve equivalent static earthquake 

loads or dynamic methods of analysis. The latter approach would be 

preferred for critical plant structures in areas where significant 

seismic activity might occur. Site-specific geological and soil 

characteristics influence the severity of seismic loads on engineering 

structures by virtue of their amplification, attenuation, and mechanical 

properties. Ultimately, the design of a given structure must be based 

on all imposed loads (i.e., live, static, wind, seismic, etc.). 

2,3.1.2 Feed, product, and tails withdrawal systems 

The feed station and product and tails withdrawal facilities will be con

tained in two buildings, each serving four process buildings. Each feed 

and withdrawal building will contain four autoclaves for liquefying and 

vaporizing UFg feed; a tails withdrawal compression-liquefaction system 

consisting of two compressor trains of four compressors in series; and 

a product withdrawal station consisting of condensing and refrigeration 

equipment for desublimation of the gas stream. 

2.3.1.2.1 Building 

Each feed, product, and ta i l s withdrawal building w i l l contain approxi

mately 12,000 f t 2 of f loor space, of which about 9600 f t 2 w i l l be process 

area and 2600 f t 2 w i l l be of f ices, rest rooms, a control room, and 

laboratory. The building access doors, windows, and venti lat ion systems 
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w i l l be designed to confine, within the structure, the most severe 

credible accident that could occur from the hydraulic rupture of a 

14-ton (12,712-kg) cylinder of l iqu id UF6 within an autoclave. Insta l 

lat ion of a manual method for releasing raw steam into the building 

atmosphere has been recommended as a possibi l i ty subject to developmental 

studies. The steam would react with vaporized UF6 to produce U02F2 (a 

particulate) and gaseous HF. The venti lat ion system w i l l be specially 

designed for containment of process materials. 

2.3.1.2.2 Feed 

Each feed station autoclave w i l l house one 14-ton (12,712-kg) feed 

cylinder. Steam at a pressure of about 1.5 atm (8 psig) is used to 

heat the autoclave to about 110°C (230°F). The pressure in the cylinder 

is approximately 5.4 atm (65 psig). The autoclaves w i l l be equipped 

with pressure and electr ical conductivity controls on the steam condensate 

l ine to protect against overpressurization and/or loss of UF6. Should 

the pressure inside the UF6 cylinder exceed a predetermined value, an 

alarm w i l l be actuated. I f the electr ical conductivity of the steam 

condensate leaving the autoclave should exceed a predetermined value 

(as would occur i f UF6 were released from the cylinder into the autoclave), 

the heat would automatically be shut o f f , the cascade feed l ine valve 

and a valve in the condensate l ine would close, and an alarm would sound. 

Under normal operating conditions, the only eff luent from the feed equip

ment w i l l consist of the condensate from the steam heated autoclaves. 

This eff luent w i l l be discharged to the primary holding pond. 

2.3.1.2.3 Product 

The product withdrawal stations consist of desublimation cells designed 

to meet c r i t i c a l i t y requirements. The desublimation cells are cooled by 

low-temperature refr igeration equipment. Secondary liquid-nitrogen traps 

w i l l collect any product escaping the desublimation ce l ls . A chemical 

trap containing activated alumina w i l l back up the l iqu id nitrogen trap 

to prevent UF6 or HF from entering the environment. Mechanical vacuum 

pumps are provided to remove noncondensable gases from the system before 

going on-stream. 
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2.3.1.2.4 Tails 

The tails withdrawal compression-liquefaction system for each building 

contains two compressor trains having four compressors in series. Each 

compressor has an aftercooler. These heat exchangers are of a U-shaped, 

finned-tube-within-a-tube design, with an annular buffer between the 

process gas and the cooling water. The buffer layer is filled with helium 

to improve heat transfer. A condenser is located after the compressors 

to condense the gaseous UF6 to a liquid which is then collected in an 

accumulator. 

2.3.1.2.5 Utilities and services 

Process piping will consist of feed lines, product lines, tails lines, 

and vacuum lines for the desublimer cells. Service piping will include 

steam and refrigerant lines. 

Building utilities will consist of electrical services for area lighting, 

cranes, door operators, ventilation fans, and all other items, excluding 

the compressor trains, refrigeration units, and vacuum pumps that are 

supplied by process services. Piping services for sanitary water supply 

for rest rooms, drinking fountains, and safety showers are required. A 

fire-water system will be required for the building wet-type sprinkler 

system. Sanitary drainage will be provided for the rest rooms, sinks, 

and drinking fountains. Storm drainage will be provided for roof drains. 

A building floor drainage system will permit draining to a collection 

tank for monitoring before release to the primary holding pond. This 

action will allow recovery of materials lost to the floor drain. Cooling 

water will be supplied from the enrichment plant cooling tower. Other 

services required are steam, compressed air, and process water from the 

plant systems. 

Emergency power supplied by diesel-driven generators will be provided 

where an interruption of power would cause unsafe working conditions, 

damage to equipment, or major loss of production. The emergency power 
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demand for each building will be supplied by a distribution system 

arranged so that power can be supplied by either of two generators. 

The building and all equipment critical to production operations and 

safe working conditions will be designed for seismic loading. 

2.3.1.3 Recycle/assembly plant 

The recycle/assembly plant will provide all the facilities necessary to 

accommodate a twofold purpose. First, it will assemble machine sub

assemblies during the construction phase and secondly, it will be capable 

of accepting disabled machines from the enrichment areas, performing 

fault-detecting diagnostic operations, reclaiming the machines (whenever 

possible) for return to normal operation, and providing facilities for 

decontamination and scrap processing, as required. 

The total project will consist of constructing and equipping a multilevel 

building containing about 450,000 ft2 of floor space. Each basic functional 

area, together with the specific work assigned to it, is shown in Fig. 

2.3-1. 

2.3.1.3.1 Assembly process 

A flow chart for the assembly process is presented in Fig. 2.3-2. Large 

components (e.g., rotors, cases, and posts) are received in large return

able containers and are stored in a shed-type area within the building 

proper (see Fig. 2.3-1). Small parts and subassemblies are received, 

inspected, and then stored. A post is brought from storage and inserted 

into the rotor, and the lower suspension assembly is attached. 

The major wastes generated during the assembly process are solid wastes 

in the form of packing material and packing crates. These wastes are 
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disposed of in the sanitary landfill. Occasionally, component parts 

will be damaged beyond repair and will be disposed of. 

The assembly process flow chart, showing environmentally related discards, 

is presented in Fig. 2.3-3. 

2.3.1.3.2 Recycle process 

The failed machines and subassemblies are received from the enrichment 

facility and are unloaded by crane. Centrifuges returning from the 

cascade areas will be diverted into three disassembly areas: select 

repair, full disassembly, or wrecked rotor disassembly. Most of the 

UF6 inventory in the centrifuges will be removed in the cascade, except 

for those machines going to wrecked rotor disassembly. All centrifuges 

sent to the recycle facility from the cascade area will have been back

filled to atmospheric pressure with dry air. 

The disassembled subassemblies are cycled through decontamination to the 

diagnostic centers. If the subassemblies are found to be defective, they 

are repaired, inspected, and returned to inventory. The subassemblies 

that pass diagnostic testing are returned to inventory directly and, 

along with the repaired units, are used in either final assembly or 

select repair. The repaired machines and newly assembled units exit the 

facility through a final conditioning and inspection. 

A preventive maintenance program will be used in the cascade area and the 

machine recycle process. Such a program results in the recharge, on a 

routine basis, of all oils, such as damper oil, diffusion pump oil, and 

lubricating oil. Work areas will be diked to contain oil spills result

ing from routine oil charging. The used oils will be slightly contami

nated with UF6 (1 to 100 ppm). Amounts of uranium will be dependent on 

the condition of the machine and the length of time it operated before 

failure. These oils will be reprocessed, if practical, for reuse. If 

not practical, the oils will be disposed of in an environmentally accept

able manner. 
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The main sources of potential discharges to the environment are in the 

areas of machine disassembly, decontamination of parts, large subassembly 

repair, rotor repair, preparation for burial, and receiving. A descrip

tion of these areas is given in the following sections. 

Disassembly areas 

In general, all machines returned from the cascade area will go through 

some phase of disassembly operation. Some will be completely disassembled, 

while others will be only partially disassembled. During any disassembly 

operation, gaseous HF will be released through the building exhaust system. 

The exhaust system will have two high-efficiency particulate air (HEPA) 

filters in series to prevent essentially all airborne uranium particulates 

from escaping to the atmosphere. 

Small and large subassembly decontamination 

All machine parts are decontaminated before repair to a maximum wipe count 

of 1000 a counts/min/100 cm2 (1923 dis/min/100 cm 2). 

Small parts will be placed in a dishwasher-type cleaning operation and 

decontaminated by the high-pressure jet action of unheated water. The 

first cycle wash will remove most of the uranium; this wash solution 

containing uranium will be piped to the uranium recovery operation. A 

second rinse will be used to remove remaining traces of uranium; this 

rinse solution will be discharged to the primary holding pond. 

Large parts, such as casings and posts, will be decontaminated in enclosed 

automatic equipment. A primary water wash and a secondary water rinse 

will be employed. The primary wash will go to the uranium recovery opera

tion, while the secondary rinse will go to the primary holding pond. 

Large subassembly repair 

Large subassemblies (casings and posts) are inspected, cleaned, and 

repaired. An area is included for making minor welding repairs on casings, 
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sandblasting the surfaces, and spray painting the casings. Also in the 

area is equipment for disassembling posts, making minor repairs to the 

sections (such as straightening), and replacing damper f l u i d . A scrubber 

or adsorption system w i l l be used to remove paint vapors from the venti la

tion system. The sandblasting w i l l be done in an enclosure. 

Rotor repair 

Rotors that are repairable are delivered to this area and decontaminated 

to a safe working condition with a water-nitr ic acid-aluminum nitrate 

solution. The uranium-bearing solution is piped to the uranium recovery 

operation. A venti lat ion system similar to the disassembly areas w i l l 

have two HEPA f i l t e r s in series to prevent a l l but trace amounts of 

airborne uranium particulates from escaping to the atmosphere. 

Contaminated scrap processing 

These areas receive a l l par t ia l ly decontaminated parts that have 

been judged nonrepayable. Preparation for burial consists mainly of 

compacting the parts and bagging them in polyethylene for ease of 

handling. The materials are then sent to the burial grounds. 

Clean scrap processing 

This area receives small parts and subassembly shipping containers and 

other packaging materials and prepares them for disposal. The category 

consists primarily of corrugated fiberboard and cardboard which is 

checked for freedom from radioactive contamination and baled for recycle 

to the paper industry. Contaminated paper goods are prepared for deposit 

in the contaminated burial grounds. Wood refuse is disposed of by burial 

in the sanitary l a n d f i l l . Packing material consisting primarily of poly

ethylene f i lm and expanded polystyrene cushioning material is buried in 

the sanitary l a n d f i l l . Total amounts of material are presented in Sect. 

2.3.1.15. 
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2.3.1.4 Facility for uranium recovery 

A uranium recovery system is necessary to handle the uranium solutions 

that are generated in the decontamination and leaching operations of the 

machine recycle facility. A flow sheet of the uranium recovery operation 

is presented in Fig. 2.3-4. The general steps are (1) evaporation to 

prepare a concentrated feed material, (2) solvent extraction to purify 

the uranium, and (3) post evaporation and calcination (denitration) to 

prepare uranium oxide for recycle to the fluoride preparation step. All 

process equipment will be sized to avoid nuclear incidents by geometry 

control. Calculations for process effluents are based on the high-acid 

flow sheet currently in use at the Oak Ridge Gaseous Diffusion Plant (ORGDP). 

The concentration of uranium in the solution from washing, leaching, and 

rinsing operations is assumed to be a maximum of 2.6 g/liter. This solution 

will be adjusted by evaporation and acid addition to 20 g of uranium per 

liter and 2.5 M HN03 for feed to the solvent extraction process. 

In the solvent extraction step the solvent or organic phase is a solution 

of 20% tributyl phosphate (TBP) in Varsol, and the aqueous phase is a 

solution of uranyl nitrate in dilute nitric acid. The fundamental chemical 

reaction for the extraction process is: 

(U02
+2 + 2NO3) aqueous + (2TBP) organic - (U02{N03}2-2TBP) organic. 

Most contaminants (Al+3, F", etc.) present with the uranium are not 

extracted; the uranium is easily stripped from the organic phase with 

water. The extraction and stripping steps occur as the aqueous and 

organic streams are contacted in countercurrent flow in vertical pipes 

(columns). Each column is fitted with slowly rotating impellers on a 

central shaft with the impellers separated by baffles. 

Following the solvent extraction step, the uranium solution goes to a 

post-evaporation and calcination step, with the product being uranium 

trioxide (U03). This uranium oxide powder is returned to the feed plant 

for fluorination to UF6 for recycle to the separations plant. 
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A l i s t of effluents and quantities is given in Table 2.3-1. 

The combined action of chemical reaction by the presence of n i t r i c acid 

and radiation damage by the uranium and i t s daughters causes some degrada

tion of the solvent's capacity for extracting uranium. By intermittently 

purging an equivalent of 0.1% of the extraction column solvent flow rate 

and replenishing, the extraction power of the solvent can be maintained. 

The effluents from the recovery f ac i l i t y w i l l be handled by the following 

method. The pre-evaporation condensate and the solvent extraction waste 

w i l l be discharged to the primary holding pond. The pre-evaporation 

noncondensables w i l l be vented to the atmosphere, and the waste solvent 

from the extraction step w i l l be incinerated. 

Calcination noncondensables w i l l be scrubbed with concentrated n i t r i c 

acid to collect U03 dust and approximately 30% of NO . The n i t r i c acid 
A 

solution w i l l be recycled. 

2.3.1.5 Steam plant 

The steam plant generates steam used for process heating purposes, as well 

as space heating. The installed capacity will be about 400,000 Ib/hr, 

although 300,000 lb/hr is the normal winter rate required. An average 

rate requirement will be about 120,000 lb/hr. The plant capacity require

ments for steam are 20,000 lb/hr for process needs, 300,000 lb/hr for space 

heating of the gas centrifuge plant, and 80,000 lb/hr for space heating 

of the construction site. The space heating requirements will fluctuate, 

depending on climatic conditions. It is assumed that the plant will be 

coal-fired with a peak requirement of 20 metric tons/hr of coal because 

this represents a conservative approach. Approximately 50,000 gph 

(4550 m3/day) of softened sanitary water is required at peak loads. 

A condensate return system will supply approximately 60% of the 

flow to the boiler during peak loadings. This will not require 

additional treatment. The capability for providing 100% sanitary water 

for peak loadings is designed for cases when the condensate water may 
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TABLE 2.3-1 

EFFLUENTS FROM GAS CENTRIFUGE ENRICHMENT PLANT 
URANIUM RECOVERY FACILITY 

Effluent 
Effluent quantity 

(kg/week) (metric tons/year) 

Condensate 

Pre-evaporation 

Water 
HN03 

U 
A1(N0 ) 

3 3 

Total 

56,000 
14 

Trace 
Trace 

* 56,000 

2,900 
0.73 

Trace 
Trace 

* 2,900 

Solvent extraction, post-
evaporation, and denitration 

Aqueous waste 

Water 
HN03 

A1(N03)3 

U (20 ppm) 

Totala 

Noncondensable offgas 

N0V U 

8,700 
1,300 
1,600 

20 
0.127 

% 11,600 

Total 

* 3§ Trace 

* 38 

450 
70 
80 
1 
0.0066 

600 

Trace 

a ^Density = % 1.19 kg/liter. 
Scrubbing with concentrated HN03 will be necessary to avoid discharging 

U0 dust to atmosphere. 
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not be suitable for reuse. Waste effluents result from the softening 

process, boiler blowdown, combustion of coal, and disposal of ash. 

Hydrogen and sodium zeolite units in parallel are used to soften sanitary 

water for use in the steam plant. Waste streams result from the regenera

tion of these units. The sodium zeolite softener is regenerated with a 

strong solution of sodium chloride. Metallic ions removed from the zeolite 

flow to the primary holding pond as a solution of chloride salts (along 

with the excess sodium chloride). The hydrogen zeolite softener is regen

erated with dilute acid (usually sulfuric acid), and the resulting sulfates 

and excess acid are discharged to the primary holding pond. The portion of 

water run through each unit is dependent on the alkalinity of the influent, 

the alkalinity of the mixed effluent, and the free mineral acidity of the 

hydrogen zeolite effluent. Details of the effluent from zeolite regen

eration are shown in Table 2.3-2. 

After softening, a degasifier will remove C0 2 and the water will be treated 

for corrosion control. This treatment is reflected in the boiler blowdown. 

Maximum boiler blowdown will amount to about 5% of the steam production or 

approximately 2500 gph (227 m3/day) at peak production. The effluent 

stream is described in Table 2.3-2. 

The primary gaseous emissions due to the combustion of coal are particu

lates, carbon dioxide, water vapor, sulfur dioxide, and oxides of nitrogen. 

Smaller quantities of carbon monoxide, hydrocarbons, and aldehydes are 

also present in the stack effluent. Electrostatic precipitators will 

remove over 99% of the particulates from the stack effluents. The fly ash 

and bottom ash will be collected in a slurry and pumped or sluiced to the 

steam plant ash pond. 

Sulfur dioxide will be removed using the wet lime or limestone method or 

the best available technology. The wet lime and limestone processes gen

erate a large volume of sludge, which will be disposed of in the steam 

plant ash pond. The pond will be sized to store the fly ash and sludge, 
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TABLE 2.3-2 

SUSPENDED/DISSOLVED SOLID EFFLUENTS AND ZEOLITE SOFTENING 
REGENERATES FROM GAS CENTRIFUGE ENRICHMENT STEAM PLANT 

(Blowdown rate = 60,000 gpd = 227 m3/day at maximum rate) 

Constituent Quantity 

Suspended solids, ppm 
Calcium as CaO 
Magnesium as MgO 
Phosphate as P2O5 
Silica as Si02 
Iron as Fe203 
Loss on ignitiona 

Total 

Dissolved solids, ppm 
Sodium and potassium salts of 
chloride, sulfate, silica, sulfite, 
and orthophosphates 

Calcium and magnesium complexes of 
phosphate or chelant 

Soluble or colloidal organics 
and silica 

Total 

Zeoli te softening - excess regenerates 

Max 

60°BC H2S04, kg/day 79.5 
NaCl, Kg/day 41.2 
Flow, M3/day 285 

Normal max 

59.6 
30.9 
214 

Av 

23.8 
12.4 
85.5 

45 
30 
60 
45 
60 
60 

300 

2030 

Comprises lignins, tannins, water of hydration, and unidentified organics. 

Assumes that the flow through the hydrogen zeolite softener is three times 
the flow through the sodium zeolite softener, and that sulfates and 
chlorides will be present in the regenerate. 

cDegrees Baume' 
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and to provide an effluent conforming with existing EPA guidelines. The 

gaseous effluents of a coal-f ired plant are detailed in Table 2.3-3. 

2.3.1.6 Miscellaneous support f ac i l i t i es 

Unless otherwise ident i f ied, there w i l l be no signif icant effluents from 

these f a c i l i t i e s , other than sanitary waste (discussed in Sect. 2.3.1.12). 

2.3.1.6.1 Toll enrichment facility 

The t o l l enrichment f a c i l i t y w i l l serve as the shipping and receiving 

center for private customer-owned cylinders of UF6. The primary function 

of this f a c i l i t y w i l l be the weighing and sampling of both the UF6 received 

from and shipped to private customers. 

Major equipment items for this f ac i l i t y are: autoclaves for heating the 

cylinders containing UF6 during the sampling operations, scales for 

weighing the UF6 cylinders, high-temperature and high-pressure alarm 

systems to prevent overpressurization of the UF6 cylinders during heating, 

a special sampling apparatus, and a radiation alarm system to monitor 

for accidental releases. 

This building w i l l be designed similarly to the feed, product, and ta i l s 

building to prevent accidental releases of UF6. Also, the autoclaves w i l l 

have the same safety features as those in the feed stat ion. The only 

signif icant routine l iquid effluent from this f ac i l i t y w i l l be the steam 

condensate from the autoclaves, which w i l l be discharged to the primary 

holding pond. The only expected gaseous effluents w i l l result from the 

periodic purging of the sampling apparatus. These discharges w i l l be 

passed through alumina traps to remove uranium prior to being vented to 

the atmosphere. The vent stack w i l l be continuously monitored for uranium. 

2.3.1.6.2 Fire and guard f ac i l i t y 

The f i re and guard f ac i l i t y w i l l serve as headquarters for the plant 

emergency forces. The structure w i l l house personnel and equipment 

required to monitor and maintain conditions relative to plant protection. 



2.3-21 

TABLE 2.3-3 

GASEOUS EFFLUENTS FROM A COAL-FIRED STEAM PLANT* a 

Rate 

Effluent [Metric tons/ 
hr (max)] 

[Metric tons/ 
year (av)] 

[Btu/hr [Btu/year 
(max)] (av)] [Ci/year] 

Particulates 0.012 

S02 0.25 

N0X 0.20 

CO 0.004 

Hydrocarbons 0.002 

Heat to stack 

U-238 and 
daughters 

Th-232 and 
daughters 

31.5 

656 

525 

10.5 

5.3 

100 x 106 350 x 109 

4.6 x 10" 

2.2 x 10" 

a Bases of calculations; 

Heat content. 
to steam 
to stack 
Total 

Coal Basis 

Btu/lb coal 
10,000 
3,000 
13,000 

Ash, lb/lb coal 
to particulates 
to recovered 
fly ash 
to bottom ash 
Total 

lb/hr (max) 
Steam lb/hr (av) 

lb/year (av) 

0.0006 

0.0634 
0.0160 
0.0800 

Sulfur, lb / lb coal 0.0250 

SO2 equivalent, 
lb/lb coal 
to air 0.0125 
to sludge 0.0375 
Total 0.0500 

sludge 0.138 

Gaseous effluents, 
lb/lb coal 

N0X 0.0100 
CO 0.0002 
Hydrocarbons 0.0001 

Steam Plant Basis 

400,000 
120,000 
1.05 x 109 

metric tons/hr (max) 20 
Coal metric tons/hr (av) 6 

metric tons/year (av) 52, 500 
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2.3.1.6.3 Intraplant transfer corridor 

There will be eight corridor-buildings constructed to connect the process 

buildings with the recycle/assembly building. Each of the corridor-

buildings will cover about 4000 ft2 and permit the transport of the 

machine containers. The machine container will be removed with a diesel-

powered ground vehicle. 

Change houses will be located so as to minimize the distance the employee 

is required to travel between the portals and his work station. 

2.3.1.6.4 Portals 

The plant entry portals will be designed to permit passage into the plant 

of the expected number of employees within a reasonable time. They will 

be located adjacent to the parking lots and will provide the proper security 

barrier. Public and employee rest room facilities will be provided at 

each portal, and each portal building will include an unclassified meeting 

room. 

The vehicular portals will provide adequate passage for the expected 

number of vehicles. 

2.3.1.6.5 Administration building 

A two-story structure of about 115,000 f t 2 , the administration bui lding, 

w i l l accommodate the personnel required for the operation of a gas centr i 

fuge plant. I t w i l l provide space for of f ices, storage areas, canteens, 

conference rooms, a lunchroom, rest rooms, mechanical equipment rooms, 

and record vaults. The building w i l l be heated by steam. 

2.3.1.6.6 Warehouse 

A materials issue and storage warehouse facility will be constructed and 

equipped with the latest technology for materials handling. The facility 

will provide space for storage of items needed for the gas centrifuge 
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operations; i t w i l l also serve as the central receiving and shipping 

terminal for a l l materials. 

2.3.1.6.7 Garage 

The mobile equipment garage will be responsible for maintenance of all 

plant vehicles. Gasoline and oil will be routinely stored and handled 

in and around this facility; however, there will be no routine discharge 

of these materials. The only materials expected to be discharged are 

commercial cleaning solutions at a rate of less than 3 gal/month. Oil 

resulting from vehicle oil changes will be stored in underground oil 

tanks, similar to those in a typical gas station, and periodically 

sent to an oil reclaimer. 

2.3.1.6.8 Central control building 

A one-level structure of about 6500 ft2 will provide space for the 

equipment and personnel to maintain surveillance of the gas centrifuge 

plant operation. The facility will provide personnel space for the 

shift operations coordinator, the control room operators, the utility 

supervisor, and the record clerks. 

In addition to the alarm monitoring, electronic data processing, and 

display equipment areas, space will be provided for record storage; 

conference, lecture, and training rooms; rest rooms; and a canteen-

lunchroom. 

2.3.1.6.9 Change houses 

The change houses will provide the operating and maintenance personnel for 

the centrifuge plant with suitable and adequate clothing change, wash, 

and shower facilities. Each change facility will include lockers, clean 

clothing storage, soiled clothing storage, showers, lavatories, rest 

rooms, and clock alleys adequate in number and size for the personnel 

expected to use the facilities. 
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2.3.1.6.10 Data processing 

The data processing center will house equipment and personnel required to 

provide both administrative and technical computer support for the gas 

centrifuge plant. Major equipment items will be digital computers and 

peripheral hardware. Typical computer operations generate no significant 

effluents with the exception of paper scrap from printers and punched-

card equipment, which will be recycled to a scrap paper vendor. 

2.3.1.6.11 Cylinder storage yard 

An 8.75 million SWU/year enrichment plant will generate an estimated 

1100 14-ton (12,712-kg) cylinders annually of tails material (UF6 

depleted in uranium-235). These cylinders will be stored at the plant 

site unless return is requested by the customers. 

The cylinder storage yard will require an estimated 12 acres of plant-

site land through the year 2000. Its operation will involve mobile 

material handling equipment for transporting and stacking the UF6 cylinders. 

The stored cylinders will be inspected regularly to assure that their 

structural integrity is maintained. All storm drains in and around this 

storage yard will be discharged to the secondary holding pond. 

2.3.1.6.12 Parking 

At each entry portal, a parking area will be provided to accommodate the 

vehicle parking requirements of the employees entering through the corres

ponding portal. 

2.3.1.6.13 Communications 

The communications f ac i l i t y w i l l house the equipment and personnel required 

to provide communication needs for a l l plant areas. Major equipment items 

for this f ac i l i t y w i l l include switching/control hardware for private 

in-plant and out-of-plant l ines, controls for the plant-wide public 

address and emergency information systems, and special security-related 

equipment. 
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2.3.1.6.14 Medical center 

The medical center will house the medical, industrial hygiene, and 

health and safety departments. The primary function of this facility 

is to oversee employee health and those conditions affecting the health 

and safety of plant personnel. Space will be provided for ward rooms, 

a reception area, record storage, laboratory areas, treatment rooms, 

a library and display area, and offices. The medical facility will 

have decontamination capability. 

Small amounts of typical medical laboratory effluent are expected and 

will be discharged to the sanitary sewer. 

2.3.1.6.15 Cafeteria 

The cafeteria w i l l provide food preparation and dining services for the 

plant personnel. The f a c i l i t y w i l l have three functional areas: food 

preparation, service, and dining. The food preparation area w i l l be 

equipped with standard inst i tut ional kitchen equipment, such as bro i lers, 

ovens, cooking tops, deep fryers, and dishwashers. The service area 

w i l l be equipped with steam tables, food warmers, and beverage-dispensing 

equipment. The dining area w i l l contain tables and chairs primari ly. 

Typical sol id waste involved in food preparation and dining waste w i l l 

be buried in the sanitary l a n d f i l l . Liquid wastes w i l l be discharged into 

the sanitary sewer. 

2.3.1.6.16 Maintenance 

The maintenance facility for the gas centrifuge plant will consist of two 

major areas: general maintenance and instrumentation maintenance. 

The general maintenance area will provide maintenance and fabrication 

services as required to assure continuous operation of plant mechanical 

equipment. Processes in this area will include metal removal, welding, 

metal working, and heat treating. 
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The instrument maintenance area will provide development, fabrication, 

and maintenance of the various types of instrumentation systems used by 

the plant. The only foreseeable discharges from this area are those 

associated with the degreasing of equipment prior to repair and removal 

copper from printed circuit boards. The degreasing will be carried out 

in a hooded tank, containing about 75 liters of perchloroethylene. The 

contents of the tank will be disposed of by evaporation twice a year. 

If disposal is assumed to be through the ventilation system, the exhaust 

would contain about 500 ppm for a period of about 12 hr. The vapors 

removed by the exhaust hood will be discharged to the atmosphere by a 

7000- to 10,000-cfm fan. The concentration of the perchloroethylene in 

this operation is expected to stay below 100 ppm. Time requirements for 

the degreasing operation should not exceed 10 hr/week. 

2.3.1.6.17 Laundry 

All facility-owned clothing worn by plant employees will be washed in 

the laundry facility. The equipment for this facility will be typical 

of that required for institutional and commercial laundries, such as 

washers, dryers, and water heaters. The operation will require about 

100 kg of cleaning agents contained in approximately 95,000 liters of 

water each day. The cleaning agents will consist of such ingredients 

as commercial detergents, petroleum products, fluoride salts, chlorine, 

ammonia compounds, and various softeners. 

Clothing that is washed will be exposed to low level activity, only and 

special handling equipment will not be required. In case of an accident 

where clothing is exposed to high level activity, the clothing will be 

buried. 

Biodegradable products will be selected for use when possible. The 

effluent from the laundry equipment, which is at a temperature of about 

54°C (130°F), will pass through a trap for removal of solids before 

being discharged to the plant's sanitary sewage treatment facility. 
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2.3.1.6.18 Switchyard/switch house complex 

The switchyard/switch house w i l l provide power distr ibut ion from the 161-kV 

transmission lines to a l l areas of the plant. Two transformers for step

ping down the incoming voltage to the 13.8 kV required for plant d i s t r i 

bution w i l l be located in the switchyard. Five o i l - f i l l e d c i rcu i t breakers 

for safeguarding the plant's systems and equipment, along with electr ical 

switchgear for the actual power d is t r ibut ion, w i l l be contained in the 

switch house. 

2.3.1.6.19 Coal yard 

In order to assure continuous operation of the steam plant, a 6-acre coal 

yard with a capacity for about 50,000 metric tons of coal (15 ft in height) 

will be located directly adjacent to the steam plant. The only effluent 

associated with this facility will be runoff during rain. The runoff, which 

will be slightly acidic, will be channeled to the steam plant ash pond by a 

drainage system, where it will be neutralized by the sluiced fly ash before 

being discharged into a natural waterway, stream, or river. 

2.3.1.7 Laboratories 

The function of the laboratories is to provide technical support services 

to the centrifuge enrichment plant and other support facilities. Two of 

the largest efforts are devoted to UF6 analysis and component and dimen

sional inspection. Included in the inspection phase of the laboratory 

responsibility are the metallurgical examination and materials evaluation 

programs. 

A sampling section is involved in the sampling of many and varied materials. 

The major portion of its efforts involves the sampling of UF6, the feed 

material for the centrifuge cascade. This section also provides uranium 

isotopic standards for use in the plant. 

Within the laboratory is a mass spectrometer with a capability for the 

determination, by isotopic ratios, of uranium-235 enrichment of UF6 gas 

samples from cascade operations and for the quantitative analysis of gas 
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mixtures. A surface-ionization mass spectrometer is employed to determine 

absolute values of uranium isotopes, including minor isotopes, and also 

to provide analyses for uranium in water and salvage materials. For the 

purpose of uranium safeguarding as well as for personnel safety, 

radioanalyses are available. Services for health-physics-associated 

problems are available in the laboratory area. The l iqu id effluents from 

the laboratory consist mainly of inorganic chemicals, neutralized acids 

and bases, and some organic materials. These effluents w i l l be discharged 

through sinks and drains into the primary holding pond. 

Trace quantities of organic vapors, as well as products from the decom

position of materials with inorganic acids, w i l l be discharged into the 

atmosphere through the hood exhaust systems. Only insignif icant amounts 

of materials are released in the l iqu id and gaseous effluents from the 

laboratory. Uranium-bearing wastes w i l l be processed in the uranium 

recovery area. 

2.3.1.8 Air plant 

The air plant, approximately 25,000 f t 2 , must supply the recycle/assembly 

f a c i l i t y , process buildings, and support f a c i l i t y requirements for clean, 

dry, o i l - f ree compressed a i r . Atmospheric a i r w i l l be f i l t e red , compressed, 

cooled, dried, re f i l te red , and supplied to the plant distr ibut ion system. 

The required capacity is about 17,000 scfm, which is to be provided at 

a pressure of 7.8 atm (100 psig) nominal. The quality required is < 15 ppm 

moisture by volume and < 50-micron particulate size. The total power 

demand for the plant is about 3330 kW. Environmental effluents are 

lubricating oi ls and noise. Areas w i l l be provided for storage of new 

compressor lubricating o i l and for storage and disposal of used o i l . 

Noise guidelines and regulations w i l l be met. 

2.3.1.9 Recirculating cooling water system 

The recirculating cooling water system furnishes water for the removal of 

heat from process and auxil iary equipment. The required capacity is 

approximately 75,000 gpm (284 m3/min). In general, the system includes 
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the necessary pumps, valves, and control devices to supply cooling water 

to the equipment and to return the water to the cooling towers. A con

tinuous supply of fresh water is required to replace losses due to 

evaporation, d r i f t , windage, and blowdown. 

In the system, recirculated and makeup water is delivered to the cooling 

tower basin from which i t is pumped through the various cooling systems. 

The hot water returned from the process buildings flows through the 

cooling tower cells and loses suff ic ient heat to be recirculated. When the 

hot water flows through the cooling towers, water is lost through evapora

t ion and d r i f t . A proportionate quantity of chemicals and impurities is 

not los t , and the concentration of these materials in the recirculating 

water system increases with each cycle of flow through the cooling towers. 

The concentration w i l l continue to increase and can cause operational 

d i f f i cu l t i es . To prevent t h i s , a stream of recirculating water must be 

blown down continuously. Thermal eff luents, effluents from water t reat

ment, and blowdown effluents result from the operation of this system. 

Thermal effluents w i l l be discussed in Sect. 2.3.1.16. 

The raw water quality affects the degree of concentrations that can be 

permitted, the water treatment required for makeup water, and the blowdown 

requirements. The acceptable number of cycles of concentration for a 

particular water source is indicated by the saturation or s tab i l i t y index. 

This index takes into consideration pH, calcium hardness, total hardness, 

total a l ka l in i t y , dissolved sol ids, and temperature. I t can also be 

used to predict the scale-forming tendency of water at various cycles 

of concentration. Untreated water may be acceptable as a makeup source 

i f the number of cycles of concentration is adjusted to minimize scaling 

problems. Adjustment of the rate of blowdown determines the number of 

cycles of concentration for a particular open recirculating system. I f 

the raw water has a very high scaling tendency at low cycles of concen

t ra t ion , the complete or partial removal of scale-forming constituents 

may be necessary. A system for lime softening w i l l reduce hardness. 

Softening allows an increase in the number of cycles of concentration 

and a reduction in blowdown requirements. 
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The effluents from water treatment are thickened sludges or precipitates 

that must be drawn off periodically and pumped to the primary holding 

pond where the solids will settle out. 

The blowdown rate for a gas centrifuge plant will be approximately 

338 gpm (1840 m3/day), assuming that the quality of the water is such that 

softening is not required, and that the system may be operated at three 

cycles of concentration. 

Blowdown constituents discharged to the environment are shown in Table 

2.3-4. The effluent concentrations are dependent on the chemical treat

ment utilized in the recirculating water system and on the treatment of 

the blowdown waste stream. A recirculating water system treated with 

Orocol-T la and chlorine will contain approximate values of 0.05 ppm 

chromates, 1 ppm phosphates, 0.5 ppm zinc, and 0.2 to 0.5 ppm chlorine. 

Other treatments will result in different concentrations and constituents. 

In addition, sulfates may be added in the form of sulfuric acid for pH 

control, and constituents in the incoming raw water will be concentrated 

three times. 

The blowdown stream must be treated before it is released to the environ

ment. Chromates and zinc will be removed using the chemical reduction 

and precipitation technique. In this technique, sulfuric acid is 

utilized to reduce the pH to approximately 3, and a reducing chemical, 

such as ferrous sulfate, sodium bisulfate, or sulfur dioxide, is added 

to reduce hexavalent chromium to the trivalent form. After the reaction 

is completed, the mixture is transferred to a neutralization tank where 

caustic soda or lime is added to raise the pH to approximately 8. The 

trivalent chrome precipitates as a sludge under these conditions. Zinc 

is also precipitated in this technique. The clarified liquid and sludge 

will flow to the primary holding pond, which will be dredged periodically. 

Orocol is a trade name of Betz Laboratories, Trevose, Pennsylvania. 
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TABLE 2.3-4 

CONSTITUENTS FROM RECIRCULATING COOLING WATER SYSTEM BLOWDOWN 
FOR A GAS CENTRIGUGE ENRICHMENT PLANT (mg/liter) 

(Blowdown rate = 485,000 gpd = 1,840 m3/day) 

Constituent*2 Quantity 

Chlorine 0.2-0.5 

Chromium 0.05 

Zinc 0.5 

Phosphates -1.0 

Sulfates b 

aRaw water constituents concentrated three times. 
&To be removed to meet all Federal, state, and local standards. 
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2.3.1.10 Sanitary water system 

The sanitary water system must provide about 1530 gpm (8330 m3/day) for 

potable and process purposes, 830 gpm (4540 m3/day) for peak steam plant 

requirements, and 2.4 million gal (9090 m3) for fire protection. A 

sanitary system treating 2800 gpm (15,000 m3/day) with three 1.75-million-

gal storage tanks should be adequate to handle the peak loads. Sanitary 

water will be distributed to plant buildings through an underground 

piping network. 

The amount of water treatment required is dependent on the quality of the 

raw water. A typical treatment plant for surface waters provides aeration, 

coagulation and flocculation, sedimentation, rapid sand filtration, and 

disinfection. Additional treatment, such as presedimentation, lime-soda 

softening, chemical additions, or use of activated carbon, may be required 

for some raw water sources. The amount of chemicals required in treatment 

processes depends on the water characteristics. In designing water treat

ment processes, flexibility should be provided to adjust to degradation 

of raw water quality and changes in the cost of chemicals. 

In a typical plant, sludge wastes are produced in the sedimentation 

basin, and a waste stream is produced during backwashing of the rapid 

sand filter. Backwashing requires the disposal of 2 to 3% of treated 

water or about 55 gpm (303 m3/day) for a 2800 gpm (15,000 m3/day) plant. 

Both of these wastes will be diverted to the primary holding pond, where 

the solids will settle out. 

2.3.1.11 Fire-water system 

Water w i l l be supplied for f i r e protection from the sanitary water system. 

The required storage capacity is 10,000 gpm (37.85 m3/min) for a 4-hr 

period or 2.4 mil l ion gal (9090 m3). The f i r e protection water supply 

must be in accordance with the NFPA codes. 
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2.3.1.12 Sanitary-sewage system 

Sewage from sanitary facilities within the gas centrifuge enrichment plant 

site will be collected in a gravity sewer leading to the sewage treatment 

plant. The estimated flow is about 200,000 gpd (757 m3/day). Secondary 

treatment and 85% removal of the B0D5 will be required, and at some sites 

tertiary treatment may have to be considered. Liquid effluents will 

conform with Federal, state, and local standards. 

A typical plant would include a screen, comminutor, primary settling 

basins, biological treatment, secondary settling basins, drying beds, 

and chlorination facilities. The use of an activated-sludge extended 

aeration system for biological treatment could eliminate the need for 

primary settling and would minimize the production of sludge. The 

effluents from an extended aeration system are shown in Table 2.3-5. 

Solids from the screen and primary settling tank will be buried in the 

sanitary landfill. The sludge from secondary settling tanks may require 

digestion, dewatering, and drying, but the sludge produced in an extended 

aeration system is usually conditioned enough to spread directly on 

drying beds. After drying, the solids will be buried in a landfill. 

The quantity of sludge produced is a function of plant operating effi

ciency and waste characteristics. 

2.3.1.13 Storm-drainage system 

The primary purpose of the gas centrifuge plant-site drainage system is 

to col lect surface water from roadways, parking areas, open space, building 

roofs, and building drainage and convey i t to suitable discharge points. 

The construction contractor's plant s i te may be drained using a temporary 

drainage system, such as an open ditch and culvert system. At the gas 

centrifuge plant, closed conduits may be required for main collectors and 

trunk sewers. Fuel and chemical tanks of 5000 gal (18.9 m3) and larger 

w i l l be diked, with provisions for draining rain water. The number of 

drainage effluents should be minimized in order to monitor and control 
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TABLE 2.3-5 

EFFLUENTS FROM SEWAGE TREATMENT PLANT USING EXTENDED AERATION 
TREATMENT FOR A 8.75 MILLION SWU/YEAR GAS CENTRIFUGE PLANT 

(Flow rate = 200,000 gpd = 757 m3/day) 

Constituent Quanti ty 

Sludge, kg/month 1950 

Suspended solids, mg/liter 10 

BOD5, mg/liter 15 

Ammonia, mg/liter 0.5 

Dissolved oxygen, mg/liter >5 

Chlorine residual, mg/liter 0.1-0.5 

pH 6.5-7.5 
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the effluents more easily. All drainage collections having the potential 

of any contamination will be sent to the secondary holding pond before 

being discharged to the environment. 

2.3.1.14 Holding ponds 

The holding ponds associated with the gas centrifuge enrichment plant 

will have a twofold purpose: (1) to dilute accidental discharge of 

chemicals to the environment by having adjustable weirs to pro

vide for emergency containment and (2) to allow settling of low solu

bility solids containing uranium, aluminum, nitrate, and fluorides. 

All effluents will be neutralized to a pH of 6 to 8 prior to discharge 

to the holding ponds or in the holding pond to obtain the optimum 

settling of insolubles and to provide a neutral effluent from the pond. 

Primary pond 

The primary holding pond will receive all chemical liquid effluents and 

should be sized to include about 500,000 ft2 of land and have sufficient 

depth to contain 16 million gal of volume at the maximum level. Accumu

lated sludge may be removed periodically (by dredging) and disposed of in 

the contaminated burial ground. All overflow should be monitored for all 

possible contamination, including acid and radioactivity. Periodically, 

other liquid waste streams may be diverted to this holding pond if they 

are suspected to contain significant amounts of potentially harmful 

materials. The pH of the holding pond will be controlled by monitoring 

the pH of effluents to the pond and neutralizing those that would exceed 

the neutralizing capacity due to equalization. The estimated liquid 

discharges to the environment from this pond are presented in Table 2.3-6. 

Secondary pond 

A secondary holding pond will be available for all process water and 

steam condensate that are to be discharged as effluents. All water 

streams that normally would be discharged to the environment, but have 

been in the process facility and could possibly be contaminated, will 
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TABLE 2.3-6 

LIQUID EFFLUENTS RECEIVED BY AND DISCHARGED FROM THE GAS CENTRIFUGE ENRICHMENT PLANT PRIMARY HOLDING POND 

Decontamination 
and uranium 

recovery 

Cooling tower 
blowdown 

Water 
treatment 
backwash 

Steam plant 
Discharge 
to receiving 

water*2 

Flow 

Leading constituent 

Nitrate fc 

Aluminum 

Fluorine 

Uranium 

Ni t r ic acid 

Aluminum ni t ra te 

Tributylphosphate 

Varsol 

Phosphate 

Chlorine 

Chromium 

Zinc 

Sulfate 

Chloride 

Suspended solids 

Dissolved solids 

PH 

Temperature, °F 

l i ters /day 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/Hter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

mg/l i ter 

9,350 

41,000 

3.07 

266 

1.53 

20,260 

24,200 

30.6 

91.7 

— 
— 
— 
— 
— 
— 

d 

d 

Neutralized 

— 

1,840,000 

— 
— 

— 
— 
— 

— 
— 
— 

1.0 

0.3 

.05 

.5 

d 

d 

d 

d 

Neutral 1 zed 

85 

303,000 

— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 
d 

d 

d 

d 

^ 7 

— 

512,000 

— 
— 

— 
— 
— 
— 
— 
— 

13.3f 

d 

... 
— 

•v, 250 

^ no 

^ 140 

^ 900 

Neutrali zed 

d 

-v. 2,880,000 

130 

1.0° 

0-9 

0.005 

83.4 

8 

0.2 

0.3 

2.8 

e 

0.032 

0.32 

e 

e 

e 

e 

Neutrali zed 

e 

aTotal flow is rounded up to 760,000 gpd (2,880,000 liters/day) to account for Hems which are present in undeter
mined quantities, such as laboratories, roof and floor drains from process buildings, and miscellaneous items. 
Concentrations are based on the total dilution of the 760,000 gpd. 

"These represent total equivalent values and are comprised of the aluminum nitrate and nitric acid in the effluent. 

eAssum1ng 90% Al + 3 settled out as hydroxides of aluminum. 

Present in undetermined quantities. 

eIt is anticipated that Federal, state, and local guidelines and regulations for effluents and receiving waters will 
be met. 

•'Based on a concentration of 30 ppm, ROi, in the boiler blowdown. The blowdown is mixed with waste streams from the 
regeneration of zeolite units to obtain the total liquid effluent from the steam plant. 
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be routed to the secondary holding pond. Potentially contaminated 

storm drains will also be discharged to the secondary holding pond. This 

will give added insurance in the event of accidental release and at the 

same time provide a central monitoring point so that sample duplication 

can be reduced to a minimum. This secondary holding pond should have 

approximately the same capacity as the primary holding pond. Each pond 

should be designed to meet effluent and stream standards when receiving 

all the liquid effluents from the entire facility. Occurrence of signifi

cant sludging in the secondary holding pond is not anticipated. 

Both holding ponds will have oil skimmers at the inlet of the pond, which 

should retain and remove virtually all oil developing from an accidental 

oil spill within the plant. A secondary skimmer located at the outlet 

of each pond should prevent all but traces of oil being discharged to the 

environment. 

Steam plant ash pond 

The effluent resulting from the sluicing of bottom ash and fly ash at the 

steam plant, along with sludges produced from S02 removal, will flow to the 

steam plant ash pond. In addition, runoff from the coal yard will be routed 

to this pond. The pond will cover an area of about 20 acres (assuming a 

25-ft depth) and will be sized to meet Federal, state, and local effluent 

standards. The solids suspended in the effluent will not exceed 

100 mg/liter for one day or 30 mg/liter average for 30 days. 

2.3.1.15 Burial grounds 

There will be two types of burial grounds: a contaminated burial ground 

and a sanitary landfill. 

Contaminated burial ground 

The contaminated burial grounds will be operated so that contaminated solids 

containing less than 10 yCi/kg or less than 10 pCi/ft3 (whichever is con

trolling) will beburied in open trenches with earth cover. Those solids 
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that exceed these levels (in particular, adsorbates from trapping reactor 

returns) will be contained in drums, tanks, or other seal able containers 

and stored in concrete-lined disposal wells. 

An 8.75 million SWU/year gas centrifuge enrichment plant will generate 

large quantities of waste materials requiring disposal. This waste will 

consist mainly of nonreusable parts and material taken from failed 

machines. Table 2.3-7 summarizes the predicted quantities and types of 

scrap materials accumulated through the year 2000 for the first 8.75 mi H i 

SWU/year plant. This waste will consist of security-sensitive materials, 

as well as materials contaminated at low radioactivity levels with 

uranium. 

Contaminated scrap, not otherwise disposed of, will be buried. A typical 

burial operation requires loading onto a scrap transfer system (probably 

trucks), digging of burial area, unloading and stacking in burial area, 

covering, grave marking, and land reclaiming. Monitoring of the burial 

ground will be achieved through the sampling of test wells located 

around the burial area. 

Prior to shipment to the burial site, loose scrap material will be segre

gated by type, decontaminated (partially), compacted, and bagged. Liquid 

waste and those materials not readily compacted will be placed in con

tainers in common lots before burial. 

The total land use for burial ground through the year 2000 rs estimated 

to be 11 acres. This is based on digging a pit 15 ft deep and 10 ft 

wide, filling to a depth of 10 ft, and backfilling with 5 ft of earth. 

Up-to-date records will be maintained on grave contents and location, 

radioactivity levels, and sample well readings. 

The distribution, physical properties, and engineering characteristics 

of formations extending under the site should be known, potential 
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environmental problems related to geologic conditions should be 

identified, and appropriate mitigative measures to minimize impacts should 

be required. 

Sites should be chosen carefully to help ensure that surface and under

ground pollution of soil and water will be minimal. A significant aquifer 

with unfavorable soil characteristics could make a site unfavorable. 

TABLE 2.3-7 

PREDICTED WASTE MATERIALS FROM OPERATIONS ACCUMULATED BY THE FIRST 
8.75 MILLION SWU/YEAR GAS CENTRIFUGE ENRICHMENT PLANT THROUGH YEAR 2000 

Steel 1.93 x lO4 

Aluminum 1.41 x 10^ 

Iron 5.01 x 101 

Brass 2.45 x 102 

Alnico V 7.16 x 102 

Plastic 1.14 x 102 

Rotor material 3.30 x 101* 

Alumina 4.05 x 103 

Diffusion pump oil (4.95 x lO4 liters) 

Damping oif* (2.61 x 105 liters) 

Lubrication oil (3.91 x 105 liters) 

Based on total usage; if a practical method is found for reuse, total 
usage could be as low as about 10% of the above values. 



2.3-40 

Sanitary land f i l l 

The sanitary land f i l l w i l l be used to bury scrap from sources such as 

off ice waste baskets, the cafeteria, and nonradioactive dredgings. 

The majority of waste w i l l come from packaging material for machine parts 

during plant startup and normal operation. Estimates indicate that the 

f i r s t plant w i l l require disposal of about 600 metric tons of wood refuse 

and 100 metric tons of polystyrene packing material through the year 2000. 

Assuming a typical burial depth for the l and f i l l to be about 10 f t , the 

total land use through the year 2000 w i l l not exceed 1 acre. 

2.3.1.16 Heat-dissipation systems 

Process and auxil iary heat is to be removed through a recirculating water 

system and f ina l ly dissipated to the atmosphere through an induced-draft 

industrial cooling tower. The physical structure w i l l be about 200 f t 

in length, 36 f t in width, and 20 f t in height, located over a concrete 

basin. Mechanical-draft fans w i l l be located on top of the structure 

and w i l l be driven by electr ic motors. The capacity required is approxi

mately 75,000 gpm, and the design on-and-off tower temperatures are 

35°C (95°F) and 29°C (85°F), respectively, at a wet-bulb temperature of 

26°C (78°F). 

Liquid thermal discharge 

Only a small fraction of the total energy input is returned to the environ

ment via the l iqu id discharge in blowdown from the cooling towers. The 

estimated blowdown is of the order of 338 gpm (1840 m3/day) for a system 

not requiring softening and operating at three cycles of concentration. 

The thermal discharge is direct ly related to the number of cycles of con

centration at which the recirculating system is operated. During warm 

summer months, the cooling tower blowdown w i l l be the primary source of 

a r t i f i c i a l heat at the gas centrifuge plant. The eff luent w i l l enter the 
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primary holding pond at 29°C (85°F) and will lose significant heat before 

release to the receiving stream. The temperature of the discharge stream 

will not exceed applicable regulatory standards. 

Gaseous thermal discharge 

Operation of large mechanical-draft cooling towers introduces detectable 

quantities of energy and materials into the surroundings. Some fraction 

of the elements contained in the recirculated water system is carried to 

the atmosphere as a result of windage loss. The evaporation loss will 

amount to about 1% of the rate of circulation of water over the cooling 

tower. This results in a maximum discharge of approximately 750 gpm 

(2.84 m3/min) in evaporation. The drift loss for a mechanical-draft 

tower is assumed to be 0.05% of the rate of circulation or about 37.5 gpm 

(0.142 m3/min). Existing cooling tower technology can guarantee a drift 

loss below 0.01% when a .site is particulary sensitive to drift loss 

effects. The assumed drift loss of 0.05% is a practical value for a 

hypothetical site and may be adjusted for specific site requirements. 

2.3.1.17 Radioactive waste systems 

The uranium feed material will normally not be contaminated with nonnatural 

radioactivity. However, some uranium, used previously as fuel in a nuclear 

reactor power plant (hereafter referred to as reactor plant) may be re

turned to one or more of the gas centrifuge enrichment plants. Although 

this reactor return material will be sent through a chemical reprocessing 

plant for decontamination, it will still contain trace amounts of radio

activity, other than that of uranium, when it arrives at the gas centri

fuge plant site. The environmental assessments of operations at the reactor 

plant sites and at the chemical reprocessing plant sites are considered 

at the time those plants are licensed by the U.S. Nuclear Regulatory 

Commission. 

The spent reactor fuel decays initially at the reactor plant site and is 

then transferred to a chemical reprocessing plant where the fuel is allowed 

additional decay time to achieve a minimum decay time between 90 and 180 
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days. The fuel is then dissolved in n i t r i c acid and processed by 

solvent extraction. 

The UF6 product from chemical reprocessing w i l l contain small quantities 

of f ission products and transuranium isotopes. Specifications have been 

published in the Federal Register1 which indicate the maximum acceptable 

l imits for these radioact iv i t ies, that i s , gross alpha due to trans

uranium isotopes —1500 dis/min/(g of U); gross beta due to f ission 

products and transuranium isotopes —10% of the beta act iv i ty of aged 

normal uranium; and gross gamma due to f ission products and transuranium 

isotopes -20% of the gamma act iv i ty of aged normal uranium. Such proc

essed uranium may then be sent to the gas centrifuge s i te . Future 

specifications and/or handling requirements may dictate that further 

decontamination be accomplished at the chemical reprocessing s i te , but 

for the purpose of this report, these operations are assumed to be 

carried on at the gas centrifuge plant s i te . 

The gross alpha radioactivity specification can be translated into the 

following typical distr ibut ion (assuming total solvent extraction plus 

conversion decontamination factors of neptunium - 103, plutonium - 107, 

and transplutonium - 109): neptunium - 9 x 102 alpha dis/min/(g of U)., 

Plutonium - 5 x 102 alpha dis/min/(g of U) and transplutonium - 1 x 102 

alpha dis/min/(g of U). The actual alpha act iv i ty distr ibut ion w i l l 

depend on reactor type, fuel i r radiat ion exposure, type of chemical proc

ess, and the additional conversion and puri f icat ion operations used in 

converting uranyl ni trate hexahydrate (UNH) to UF6. 

The beta-gamma radioactivity l imi ts are based on gross radioactivity as 

related to the background of aged normal uranium. The beta act iv i ty is 

based on a direct beta counting rat io and therefore depends upon the 

variation of counting efficiency with energy. The gamma specification 

is based on a comparative measurement with aged natural uranium using a 

high pressure ion chamber. A reasonable gamma comparison with natural 

uranium could then be equated as 20% of the gamma power [W/(g of U)] of 

aged normal uranium. 
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The gamma power of aged normal uranium can be calculated to be: 

4.30 x 10_1+ W/(g of U) or 269 MeV/sec/(g of U) 

which would result in a gamma specification of approximately 54 MeV/sec/ 

(g of U). 

Typical reactor return material has indicated the fission product gamma 

radioactivity distribution as given in Table 2.3-8. The technetium beta 

and neptunium plus plutonium alpha radioactivity are also included. 

These radioactivities are used to determine the annual inputs and system 

equilibrium concentrations (Table 2.3-9). Technetium-99 beta will con

tribute the remaining beta radioactivity and is also included. Plutonium 

and neptunium concentrations are based on the specifications for trans

uranium isotopes in the reactor return material. 

Gaseous diffusion operating experience, although of almost 30 years 

duration, has been very limited in terms of large throughputs of power 

reactor returns. There has been considerable production reactor material 

returned to the cascade; however, irradiation exposure of that material 

has been ten- to twentyfold less than that for power reactors. Experience 

to date has indicated the following: 

1. A significant quantity of all non-uranium radioactivity (neptunium, 

plutonium, and fission products) is retained in the feed cylinder 

and will be removed when and where the returned cylinder is washed. 

2. PuF6 and NpF6 are easily reduced and therefore removed by trapping 

with CoF2, MgF2, NaF, Cryolite, etc. 

3. Fission product removal (except technetium) with these traps may 

also be significant. However, good data based on low level radio

activity feed have not been obtained. 
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TABLE 2.3-8 

CALCULATED GAMMA RADIOACTIVITY DISTRIBUTION OF FISSION PRODUCTS, 
GAMMA AND BETA RADIOACTIVITY OF ALL FISSION PRODUCTS, AND ALPHA 

RADIOACTIVITY OF TRANSURANIUM AND URANIUM ISOTOPES^ 

Isotope 

Ru-106 

Zr-95-Nb-

Cs-137 

Ce-144 

95 

Other f i s s i on products* 

Tc-99 

U-237 

Pu-239 

Np-237 

U-232 

U-233 

U-234 

U-235 

U-236 

U-238 

% of Gamma 

75 

22 

1 

1 

1 

— 

— 

— 

— 

-_ 

- -

— 

— 

— 

— 

Typical d i s t r i b u t i o n 
based on 

gamma spec i f i ca t i on 
(Y MeV/sec g U) 

Radioact iv i ty 
(Ci /g U) 

Y Radioactivity 

40.0 

12.0 

0.054 

0.054 

0.054 

42.2 

9.3 

^6.9 

^6.9 

^6.9 

3 Radioactivity 

— 

— 

3.16 

2.41 

a Radioactivity 

- -

— 

- -

- -

— 

— 

— 

— 

2.43 

4.32 

9.01 

4.70 

7.59 

1.71 

2.88 

3.14 

x 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

lO- io 

lO- io 

10-H 

i o - i i 

lo-n 

10"8 

io-6 

io-i° 
lO- io 

IO"9 

I O " 1 1 

IO"7 

IO - 8 

IO"7 

IO"7 

Power reactor returns are based on an initial feed of 3.2% U-235, specific 
power 30 MW/metric ton uranium, exposure 33,000 MW day/metric ton, decay 180 
days. 

These fission products are constituted by, but not exclusive to, Sr, Sb, Sn, 
and Te. 
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TABLE 2.3-9 

a CALCULATED FISSION PRODUCT AND TRANSURANIUM ISOTOPE 
ANNUAL INPUTS AND EQUILIBRIUM SYSTEM CONCENTRATIONS 

Isotope Annual Input 
(Ci/year) 

Equilibrium System 
concentration 

(C1) 

Ru-106 

Zr-95-Nb-95 

Cs-137 

Ce-144 

Other fission products • 

Tc-99 (3 only) 

Np-237 

Pu-239 

9.3 

2.0 

0.16 

0.16 

0.16 

70.0 

0.9 

0.5 

0.16^ 

13.5 

0.5 
|_e-0.0266T\k 

0.0266 

0.17 

0.7° 

70.0Td 

0.9Td 

0.5T^ 

a Based on fuel specif ications. 

Not an equil ibrium condition since Cs-137 has a 26-year h a l f - l i f e 
and true equilibrium would only be approached in 130 years. Therefore, 
ac t iv i t y depends on time, T (year). 

^Assuming an average effective h a l f - l i f e of 3 years. 

Very long h a l f - l i f e , never reaches equil ibrium. 
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4. Technetium, compared to other fission or alpha emission products, 

is less likely to be removed by any process. Experience at ORGDP 

indicates that technetium release to the environment would be 10% of 

feed to the liquid effluent and 1% of feed to the gaseous effluent. 

5. Experience also indicates that other fission products and alpha 

radioactivity release fractions should be no more than one-tenth 

of that for technetium. Measurements of gaseous and liquid effluents 

have failed to find any other fission products. However, release 

fractions of 1% to the liquid effluent and 0.1% to the gaseous 

effluent for other fission products will be used to determine 

environmental effects. 

6. Cobaltous fluoride traps will exhibit decontamination factors of 

400 for neptunium and 105 for plutonium prior to feeding to the 

cascade.2 Releases for the system after trapping can then be 

proportioned to those exhibited for uranium in ORGDP release data. 

Thus alpha release fractions will be 4 x IO"6 to the liquid and 

2 x IO"7 to the gaseous effluents for neptunium and 1.6 x IO"8 to 

the liquid and 8.0 x 10~10 to the gaseous effluents for plutonium. 

7. A large portion of the radioactivity entering a settling pond will 

be entrained in the sludge of the pond. 

Releases to the environment will be in three physical states (gas, 

liquid, and solid). The bulk of the radioactivity will be released as 

solids, either entrained on adsorbate or equipment removed from service 

for disposal. Liquid waste will be generated by rinsing (decontamination) 

of recycled equipment. The first rinse solution, which contains the bulk 

of the radioactivity, will be saved to be used as the dilute acid wash 

solution. Subsequent rinses will be sent to the primary holding pond. 

Gaseous wastes will result from purge system venting, venting of evapo

rator overheads at the uranium recovery facility, and venting of decon

tamination hoods in the recycle facility. However, the exact breakdown 
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for retention and release factors for each step is not known. One can 

only make assumptions based on experience with gaseous diffusion. 

Limited experience was used to arrive at the following estimates (see 

Table 2.3-10) about gaseous, liquid, and solid discharges for nonuranium 

radioactivity. 

TABLE 2.3-10 

ASSUMED DISTRIBUTION OF FISSION PRODUCTS AND TRANSURANIUM ISOTOPES 
TO ATMOSPHERE, PRIMARY HOLDING POND, AND BURIAL GROUND 

Isotope 
Fraction released 

to atmosphere 

Fraction released 
to primary 

holding pond 
Fraction input 

to burial ground 

Np-237 

Pu-239 

Tc-99 

Fission Products 

2 x 10~7 

8 x 10-1° 

0.01 

0.001 

4 x IO"6 

1.6 x IO"8 

0.10 

0.01 

VI.0 

VI.0 

0.89 

0.989 

2.3.1.17.1 Gaseous wastes 

Primary plant emitters of gaseous radioactive wastes are the product 

and waste purge systems, the uranium recovery facilities, and the 

recycle plant. Uranium particulates, such as those from uranium recovery 

facilities, are removed by the high-efficiency-particulate-absolute (HEPA) 

filter, which has an efficiency greater than 99.95%. Removal of gaseous 

uranium is achieved through the use of two chemical traps in the pro

duct and waste withdrawal systems, in series, between the cold trap 

and point of discharge into the air. The first trap contains sodium 

fluoride that provides for the adsorption of uranium and certain fission 

or alpha emission products. Through heating and proper valving, the 

trapped uranium may be desorbed and subsequently returned to the cascade. 

The second trap in the series will contain alumina that will be used 

for further removal of uranium prior to discharge of the gas 
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stream to the atmosphere. This trap is nonreversible and uranium 

recovery is accomplished by leaching with nitric acid. The process will 

be carried out in the uranium recovery facility (part of the recycle 

plant). 

That fraction of the feed made up of reactor returns will be fed to two 

gas centrifuge process buildings. This feed will be passed through 

cobaltous fluoride traps prior to being fed into the cascade; the traps 

will remove plutonium, neptunium, and a major fraction of the fission 

products. These products are removed from the gas stream by reduction 

with CoF2 to the tetrafluoride forms that, being particulates, are 

entrained within the traps. Any residual particles not collected by 

the traps are removed as the feed stream flows through sintered nickel 

filters. Used traps are removed from the plant once each year if one 

set of four traps is used per building or once each six months if one 

set of four traps is used for the two buildings required for reactor 

return feed. The traps, when removed from the feed facility, are valved 

off and sealed in a disposal drum prior to being sent to the contaminated 

burial grounds. Retrievable storage of the sealed drums will be in 

marked and monitored concrete-lined wells. 

Quantification of gaseous effluents is difficult because of uncertainties 

about the behavior of certain fission products in feed cylinders, traps, 

piping, and equipment. All assumptions, where necessary, have been made 

to overestimate the magnitude of the source term. Uranium and technetium 

releases were estimated by comparison with operating experience and 

extrapolated to higher operating levels. The fission product releases 

were based on current fission product specifications with releases being 

proportional to that of technetium with the exception that a decontamina

tion factor (DF) and/or retention factor 10 times that for technetium 

was used. This assumption is very conservative since current experimental 

investigations indicate that this factor might be 100 to 1000. Releases 

of the alpha emitters neptunium and plutonium were estimated by assuming 

an alpha specification of 1500 dis/min/(g of U) in reactor returns, a 
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neptunium DF of 400, and a plutonium DF of IO"5 through CoF2 traps. Once 

fed into the cascade, neptunium and plutonium are assumed to be released 

to the environment in the same proportions as uranium. 

The estimated constituents found in this effluent are listed in 

Table 2.3-11. 

2.3.1.17.2 Liquid waste 

The centrifuge plant will discharge radioactive liquid wastes to the 

primary holding pond. The actual detailed pond design has not been 

established; however, total uranium radioactivity effluents were 

calculated based on the estimated amounts of uranium in the discharge 

stream from the uranium recovery operation (Table 2.3-1). Other 

nonuranium radioactivity effluents were based on experience as 

outlined in Table 2.3-10., The total radioactivity discharged from 

the ponds is given in Table 2.3-12. 

2.3.1.17.3 Solid wastes 

A general burial ground will be provided for solid wastes. The con

taminated burial ground will be used for disposal of spent adsorbates, 

contaminated machine parts, and dredged sludge from the settling basin. 

Ordinary low-level contaminated solids will be buried in open trenches 

with earth cover. Adsorbates from feed or purge traps, etc. will be 

contained in drums, tanks, or other sealable containers and stored in 

concrete-lined disposal wells. These wells will be of reinforced 

concrete pipe with a diameter slightly larger than that of the con

tainers. Drums will be stored in these wells and, when filled, the wells 

will be capped with a 3-ft-thick concrete plug, marked, and monitored 

periodically. These disposal wells will be designed such that they are 

retrievable and will ultimately be transferred to a national repository. 
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TABLE 2.3-11 

ESTIMATED RADIOACTIVITY RELEASED TO THE ATMOSPHERE 
FROM A GAS CENTRIFUGE ENRICHMENT PLANTa 

(Transuranic alpha specification = 1500 dis/min/g U) 

Isotope 

U-232 

U-233 

U-234 

U-235 

U-236 

U-238 

Pu-239& 

Np-237c 

Tc-99 

Ru-106 

Zr-95-Nb-95 

Cs-137 

Ce-144 

ission products 

Radioactivity 
(Ci/year) 

3.3 x IO"5 

1.8 x IO"7 

3.9 x IO"2 

1.5 x IO"3 

1.1 x IO"3 

6.4 x IO"3 

4 x 10-1° 

2 x IO"7 

5.4 x 10"i 

7.2 x IO-3 

1.5 x IO'3 

1.1 x 10-lt 

1.1 x 10_t+ 

1.1 x IO"4 

Relative to Tc-99, the retention of all fission 
products in equipment or traps is greater by a 
factor of 10. 

Cobaltous fluoride trap decontamination factor 
for Pu-239 = IO5. 

eCobaltous fluoride trap decontamination factor 
for Np-237 = 400. 
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TABLE 2.3-12 

ESTIMATED RADIOACTIVITY RELEASED FROM THE PRIMARY 
HOLDING POND OF A GAS CENTRIFUGE ENRICHMENT PLANTa 

(Transuranic alpha specification = 1500 dis/min/g U) 

Isotope 

U-232 

U-233 

U-234 

U-235 

U-236 

U-238 

Pu-2392' 

Np-237c 

Ru-106 

Zr-95-Nb-95 

Cs-137 

Ce-144 

Tc-99 

fission products 

Radioactivity 
(Ci/year) 

7.79 x 10"6 

4.06 x 10"8 

2.71 x 10"3 

1.02 x 10"4 

2.59 x 10"4 

2.18 x 10"3 

8 x 10"9 

4 x 10'6 

9.3 x 10~2 

2 x 10"2 

1.5 x 10"3 

1.5 x 10'3 

0.7 x 101 

1.5 x 10"3 

Relative to TC-99, the retention of all fission products 
in equipment and traps is greater by a factor of 10. 

^Cobaltous fluoride trap decontamination factor for 
Pu-239 = 105. 

GCobaltous fluoride trap decontamination factor for 
Np-237 = 400. 
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Retention ponds will be dredged periodically to remove sludge. The 

staff assumes that the sludge is sent to the burial ground. Based on 

current estimates, the annual activity input to the burial grounds for 

fission products will be as shown in Table 2.3-13. 

Equipment with surface contamination will be decontaminated to <1000 a 

counts/min/100 cm2 (1923 dis/min/100 cm2) of plutonium equivalent before 

open trench burial. The amount of activity associated with 

miscellaneous parts through the year 2000 which will be buried 

(maximum activity per part = 1000 a counts/min/(100 cm2) of plutonium 

equivalent) is presented in Table 2.3-14. 

Based on the estimated failure rates and recovery of uranium, the total 

activity associated with failed parts through the year 2000 is presented 

in Table 2.3-15. 

Alumina traps will be used extensively in a gas centrifuge enrichment 

plant. The amount of activity associated with the buried alumina (after 

uranium removal) through the year 2000 is given in Table 2.3-16. 

2.3.1.18 Biocidal waste systems 

Biocides will be used to control bacteria and to prevent the growth of 

algae in water systems. These systems will utilize chlorine primarily, 

with the sanitary water containing about 1.0 ppm of residual chlorine, 

the cooling tower recirculating water containing 0.2 to 0.5 ppm, and the 

sewage plant effluent containing from 0.1 to 0.5 ppm. Herbicides may be 

required to control the growth of vegetation, and insecticides may be 

necessary to control insects around the plant. 

Sodium pentachlorophenate, a fungicide, may be used in conjunction with 

chlorination, if necessary, for controlling biological growth in the 

cooling towers. The fungicide may be sprayed on the cooling tower wood 

every 6 months or added to the recirculating water periodically. The 

periodic application of sodium pentachlorophenate would result in 

minimal amounts appearing in the blowdown over short periods of time. 
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TABLE 2.3-13 

ESTIMATED FISSION PRODUCT AND TRANSURANIUM ISOTOPE 
RADIOACTIVITY INPUT TO BURIAL GROUND FROM A GAS 

CENTRIFUGE ENRICHMENT PLANT 
(Transuranic alpha spec i f i ca t ion = 1,500 dis/min/g U) 

Isotope Ci/year 
Disposal wel ls Trenches 

Tc-99 

Np-237 

Pu-239 

Ru-106 

Zr-95-Nb-95 

Cs-137 

Ce-144 

Other f i ss ion products 

0.9 

0.5 

8.2 

1.8 

62.0 

2.3 x 10-3 

5.0 x 10-6 

0.9 

0.2 

0.16 

0.16 

0.16 
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TABLE 2.3-14 

URANIUM RADIOACTIVITY INPUT TO BURIAL GROUND FROM FIRST 
GAS CENTRIFUGE ENRICHMENT PLANT MISCELLANEOUS PARTS 

BURIED THROUGH THE YEAR 2000 

T ^ + ™ ~ Radioactivity 
Isotope i £ - \ J 

U-232 9.29 x 10"6 

U-233 4.84 x 10"8 

U-234 3.23 x 10"3 

U-235 1.23 x 10_1+ 

U-236 2.97 x lO'1* 

U-238 2.60 x 10"
3 

Total 6.26 x 10~
3 
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TABLE 2.3-15 

URANIUM RADIOACTIVITY INPUT TO BURIAL GROUND FROM 
FIRST GAS CENTRIFUGE ENRICHMENT PLANT FAILED 
MACHINE PARTS BURIED THROUGH THE YEAR 2000 

T ^ ^ + « ^ Radioactivity 
Isotope /c.\

 J 

U-232 5.86 x 10~3 

U-233 3.05 x 10"5 

U-234 0.204 x 101 

U-235 7.71 x TO"2 

U-236 1.87 x 10"1 

U-238 0.164 x 101 

Total 0.395x 101 
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TABLE 2.3-16 

URANIUM RADIOACTIVITY INPUT TO BURIAL GROUND FROM 
FIRST GAS CENTRIFUGE ENRICHMENT PLANT ALUMINA 

BURIED THROUGH THE YEAR 2000 

Isotope Radioactivity 

U-232 1.33 x 10 - 2 

U-233 6.94 x 10~5 

U-234 0.463 x 101 

U-235 1.75 x 10"1 

U-236 4.26 x 10"1 

U-238 0.371 x 101 

Total 0.895 x 101 
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2.3.1.19 Other chemical waste systems 

2.3.1.19.1 Gaseous wastes 

All gaseous effluents have been identified in the preceding sections. A 

summary of the effluents is presented in Table 2.3-17 to show the total 

gaseous discharge to the atmosphere. 

2.3.1.19.2 Liquid wastes 

A block diagram, showing all liquid discharge points for the gas centri

fuge enrichment under normal operation, is presented as Fig. 2.3-5. 

Liquid effluents from the gas centrifuge plant will meet Federal, state, 

and local standards. 

2.3.1.20 Effluent monitoring 

The monitoring of effluents from a gas centrifuge plant will be 

conducted to determine the quantities of the various pollutants released 

to the environment. Not only will this information provide a basis for 

determining compliance with specific standards, but it will also allow 

for the evaluation of the effectiveness of containment, effluent treatment 

methods, and overall effluent control. 

The monitoring systems utilized will vary, depending upon the charac

teristics of the effluent to be monitored. In general, measurements will 

be made, insofar as is practical, at the point of final release to the 

environment; that is, after all engineered waste treatment and effluent 

controls have been effected. Sampling frequency and type will be 

determined by considering the purpose for which the data are to be 

obtained and the chemical and physical properties of the pollutants 

involved. A brief description of each monitoring system follows. 

2.3.1.20.1 Thermal 

The only significant thermal discharges from a gas centrifuge plant 

would be those emanating from the process cooling towers. The parameter 

of particular interest would be the quantity of heat discharged through 



TABLE 2.3-17 

SUMMARY OF GASEOUS EFFLUENTS FROM 8.75 MILLION SWU/YEAR 
STAND-ALONE GAS CENTRIFUGE ENRICHMENT PLANT 

Effluent 

HF 

NOx 

SO2 

Particulates 

CO 

Hydrocarbons 

Ethanol 

Heat to stack 

Drift 

Rate 

metric ton/hr (av) 
metric ton/year (av) 

metric ton/hr (av) 
metric ton/hr (max) 
metric tons/year (av) 

metric ton/hr (av) 
metric ton/hr (max) 
metric tons/year (av) 

metric ton/hr (av) 
metric ton/hr (max) 
metric tons/year (av) 

metric ton/hr (max) 
metric tons/year (av) 

metric ton/hr (max) 
metric tons/year (av) 

metric ton/hr (av) 
metric tons/year (av) 

Btu/hr (max) 
Btu/year (av) 

gpm (max) 

Total process, 
recycle/assembly, 

and support 

5.7 x 10"5 

0.5 

2.28 x 10"4 

3.38 x lO-3 

2.0 

1.1 x 10"5 

0.1 

2.2 x 10'5 

0.2 

1.26 x 10"3 

11 

Steam plant 
[20 metric tons coal/hr (max)] 

[52,500 metric tons coal/year (av)] Cooling Tower 

0.200 
525 

0.250 
656 

0.012 
31.5 

0.004 
10.5 

0.002 
5.3 

100 x 105 
350 x 10-

co 
1 
en 
00 

37.5 
(0.05% of cycle) 
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the cooling towers liquid blowdown stream. The actual frequency of 

monitoring the temperature of this effluent would be specified by the 

National Pollutant Discharge Elimination System (NPDES) permit, which 

would be administered by the EPA. Additional characterization of the 

physical effects of the effluent would be accomplished through boat 

surveys using temperature monitoring instruments. 

2.3.1.20.2 Radiological 

The effluents that would contain radioactive constituents include the 

cascade exhaust, the decontamination and recovery gaseous exhausts 

and liquid discharges, and the liquid discharge from the laundry facility. 

The cascade effluent would be continuously sampled to provide 

for analyses of uranium as well as of reactor-returns radionuclides. The 

other gaseous effluent streams would contain only small quantities of 

radionuclides and would thus not be sampled continuously, but rather on 

some predetermined periodic basis. The liquid stream from the decon

tamination and recovery operation would be sampled by a liquid sample 

located on the facility's settling pond effluent. The radionuclides in 

the laundry wastes would be quantified through the sampling of the sewage 

treatment effluent through which it would flow. As in the case of the 

gaseous radioactive waste streams, these liquid streams would also be 

analyzed for uranium isotopes as well as reactor returns radionuclides. 

The solid radioactive wastes contained in the contaminated burial ground 

would be monitored for possible leaching through the sampling of test 

wells located around the burial area. 

2.3.1.20.3 Biocidal 

Biocidal wastes would be contained in the sewage plant effluent and the 

effluent from the process cooling towers. The sampling and analysis of 

these constituents would be consistent with the requirements of the NPDES 

permits for the plant. 
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2.3.1.20.4 Other chemicals 

All of the chemical wastes would be monitored through samples collected 

and analyzed on a routine basis. Gaseous chemical waste such as HF, S02<c 

and particulates would be collected from stack emissions by applicable 

iso-kinetic samples operated on a routine basis. In addit ion, the ambient 

air concentration of a l l gaseous wastes would be determined by applicable 

sampling techniques. 

The l iquid chemical wastes would be monitored and analyzed according to 

NPDES permit requirements. 

2.3.1.20.5 Sanitary 

The sampling of the sewage treatment plant would involve the collection 

of flow proportionate samples from both the influent and the effluent 

from the f a c i l i t y . The parameters determined from these two streams as 

well as the frequency of sampling would be specified by the NPDES permits. 

Normal sewage plant parameters include the biochemical oxygen demand, 

suspended sol ids, settleable sol ids, chlorine residual, ammonia nitrogen, 

phosphorus, and fecal coliform. 

2.3.1.20.6 Environmental* 

Environmental monitoring requirements for licensed facilities will be 

determined by the responsible agency (i.e., NRC). Regulatory Guide 4.1 

defines an acceptable program for monitoring radioactivity in the environs 

of a nuclear power plant. The general nature of this regulatory guide 

makes it equally applicable to enrichment plants. 

Since extensive effluent monitoring is expected to be required of future 

plants, the need for similarly extensive environmental monitoring is 

greatly diminished. Verification of compliance with 10 CFR 20 radiation/ 

*Text change in response to comment letter 28 (U.S. Environmental 
Protection Agency), p. 6. 
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exposure standards should not be difficult. However, should standards 

be reduced, it will be very difficult to determine if exposures are of 

natural or enrichment facility origin. 

One of the primary purposes of the environmental monitoring network is to 

provide baseline data and data collected during accidental releases. The 

long half-life (i.e., low specific activity) of uranium requires large 

releases before measurable environmental air concentrations can be detected. 

Thus, the collection of environmental air data during an accidental release 

of uranium will in most cases simply verify the lack of offsite radiation 

impact. Liquid releases can be more readily contained; however, should 

uranium reach receiving streams, its presence can often be verified by 

comparison with baseline data. 

Vegetation, sediment, and soil sampling should be conducted routinely on a 

semiannual or annual basis to establish baseline data and for trend 

evaluation. This information is also valuable in calculating public 

radiation exposures through chains other than simple inhalation and 

ingestion of drinking water. 

The need for meteorological data collection will vary with each site. If 

comprehensive, representative wind direction, frequency, and speed data 

are available from weather bureau or airport sources; then only limited 

facilities are needed to assist in response to accidents. Should good 

data not be available offsite, then they should be collected locally for 

routine dose evaluation purposes as well as for use during accidents. 

There are no clear requirements for environmental monitoring of non

radioactive parameters. In almost all cases effluent monitoring is 

sufficient for verification of standards compliance. It is advisable, 

however, to collect baseline data, as with radioactivity, for trend 

evaluation and for comparison with data collected during accidental 

releases. 
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2.3.1.21 Facility construction 

2.3.1.21.1 Site preparation 

Site preparation involves the operations listed in Table 2.3-18. Site 

topography, geology, and optimum elevation will determine the quantities 

involved in each operation. 

TABLE 2.3-18 

SITE PREPARATION 

Clearing and grubbing (acres) 

Stripping tops oil 

Excavating earth (mil l ion yd3) 

Excavating rock 

Grading (acres) 

F i l l 

0-400 

0.3-6.0 

0-400 

TABLE 2.3-19 

GAS CENTRIFUGE ENRICHMENT PLANT LAND USE 

Facility 

Plant site 

Permanent buildings 

Coal yard 

Holding ponds 

Steam plant ash pond 

Burial grounds 

Access road (100 ft wide) 

Railroad spur (100 ft wide) 

Transmission lines (230 ft wi ide) 

Completed area 
(acres) 

350 

100 

2 

23 

20« 

12a 

12 

60 

— 

Land affected 
by construction 

(acres) 

400 

100 

2 

23 

20* 

12a 

12 

60 

140* 

Based on operation of the first plant through the year 2000. 

'Assuming 5 miles to the substation. 
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2.3.1.21.2 Land use 

The land use at the gas centrifuge enrichment plant is detailed in Table 

2.3-19. Site layout will be a function of topography, geology, and 

location of the water source. 

2.3.1.21.3 Water use 

Sanitary water will be transported to the site until the sanitary water 

treatment system is operable. 

Sanitary waste will be transported to an approved sanitary facility. The 

completion of the onsite sewage treatment plant will reduce the amount 

of sanitary waste requiring offsite disposal. 

2.3.1.21.4 Material source and use 

Estimates of some of the basic construction materials necessary for the 

gas centrifuge enrichment plant are shown in Table 2.3-20. Section 

2.3.4.3 describes the transportation details of these materials. 

TABLE 2.3-20 

MATERIAL USAGE 

Material 

Steel 

Aluminum 

Copper 
Zinc 

Transformer cooling o i l 

Concrete 

Quantity (tons) 
230,000 
22,000 
4,300 

185 

280 

(240,000 yd3) 
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2.3.1.21.5 Construction manpower and employment schedule 

The peak manpower required during construction is about 5300 persons. 

This includes a construction manpower of about 4125 and 1175 operational 

personnel during the peak construction period. The crafts included in 

construction manpower are detailed in Table 2.3-21; the schedule for 

construction manpower based on an assumed seven-year* construction schedule 

is shown in Fig. 2.3-6. 

2.3.1.22 Accidents 

The previous descriptions of environmental impacts associated with a 

gas centrifuge enrichment plant were based on normal operating activities; 

other potential sources are accidental releases. Since the proposed 

facilities will be operated with extreme caution, the probability of such 

releases is yery small. However, certain circumstances, such as natural 

phenomena (earthquakes, tornadoes, etc.) and/or equipment failures, could 

result in accidental releases. The following discussions characterize 

these potential accidents. 

2.3.1.22.1 Criticality accidents 

The gas centrifuge enrichment plant will process fissile materials that 

could, under certain circumstances, produce an accidental critical mass 

reaction. However, the probability of a criticality accident is extremely 

small because of design reviews, detailed operating procedures, adminis

trative controls, and regular nuclear safety surveys. 

A criticality incident in a low-enrichment centrifuge plant is highly 

improbable. Detailed evaluations of cascade equipment under normal and 

contingency operating conditions have demonstrated the inherent nuclear 

safety of the cascade. 

aA 9^-year construction schedule (not considering the start of engineering) 
is noted elsewhere in this work. A manpower plant for the longer 
construction schedule has not been developed yet, but would evolve with a 
similar maximum but with a lower employment build-up rate. 



2.3-66 

TABLE 2.3-21 

ESTIMATED MANUAL CONSTRUCTION FORCE PEAK LOAD 
FOR GAS CENTRIFUGE ENRICHMENT PLANT 

Craft Number 

Laborers 410 

Teamsters 190 

Equipment operators 150 

Carpenters 170 

Electricians 1050 

Pipefitters and sprinkler fitters 670 

Sheetmetal workers 60 

Millwrights 320 

Ironworkers 320 

Painters 60 

Masons 30 

Roofers 30 

Asbestos workers 40 

Total 3500 
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YEAR OF CONSTRUCTION 

FIGURE 2.3-6 SCHEDULE FOR CONSTRUCTION MANPOWER 
(EXCLUDING OPERATIONAL PERSONNEL) 
FOR GAS CENTRIFUGE ENRICHMENT PLANT 
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Where the integr i ty of the centrifuge equipment is not breached, 

c r i t i c a l i t y cannot occur in unmoderated, low-enriched UF6 (up to 5% 

uranium-235). Cr i t i ca l i t y is possible in the moderated statea i f the 

necessary quantity of f i ss i l e material is accumulated in a favorable 

configuration. 

I f a c r i t i c a l i t y incident occurs at low enrichment, i t w i l l be a thermal 

system, i e . , one in which the f ission is induced primarily by neutrons in 

substantial thermal equilibrium with the f i ss i l e material. A represent

ative energy for thermal neutrons is about 0.0025 eV (2200 m/sec). The 

fission y ie ld from a typical thermal system accident is of the order of 

only 1017 fissions/sec, which is equivalent to an energy release of about 

1 kWhr. I f releases occurred in the event of a nuclear incident, most of 

the materials would be contained in the equipment or building with only 

nuisance contamination and cleanup in the immediate v i c in i t y . 

For the most part, uranium is handled in the plant in the gas phase at 

low-enrichment conditions where q r i t i c a l i t y incidents are least l i ke ly to 

occur. Operations in which uranium-bearing solutions and solids are 

processed at uranium-235 enrichments above 1% require equipment design 

and operating controls for geometry, mass, or volume which meet nuclear 

safety c r i te r ia . 

Administrative controls w i l l also be in effect to aid in the prevention 

of a c r i t i c a l i t y incident. These are as follows: 

1. When any equipment or process is developed and the design begun, 

nuclear safety personnel w i l l review a l l drawings and procedures to 

ensure that the equipment or process meets nuclear safety c r i te r ia 

required to prevent a c r i t i c a l i t y incident. 

Water is considered to be the most signif icant of the nuclear moderating 
and ordinary reflecting materials generally available. 
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2. A request is made to nuclear safety personnel for a nuclear safety 

evaluation. After review by nuclear safety personnel, a nuclear 

safety clearance is issued. All limitations on handling are stated 

on this form. 

3. At least quarterly, the nuclear safety staff will conduct an audit 

of all plant areas that handle, process, or store enriched uranium. 

This system meets the requirements of ERDA Manual 0530, Appendix, 

Part 2. 

4. A survey of all cascade equipment will be made semiannually. 

2.3.1.22.2 Noncriticality accidents involving radioactive materials 

Cobaltous fluoride (CoF?) trap accident 

Accidents could occur during handling of spent CoF2 chemical traps. 

However, the number of accidents involving the trap which could release 

more than 1% of the contents to the environment is difficult to envisage. 

The CoF2 pellets are retained by an upper and lower screen within a 

10-inch-diam by about 5-ft-long trap. The trap, when exhausted, will be 

valved out of the system, removed, and trucked to the burial facility. 

The trap could be dropped from the truck and one of the valves broken, 

with a release of only the activity associated with the vapor phase 

(about 1%). The entire contents of the trap could be released only as a 

result of a longitudinal rupture or sabotage. The activity so released 

would be adsorbed on the surface of about 2.5 ft3 of CoF2 pellets. During 

the very short time the pellets are left unattended, some activity could 

be released by the action of the wind or rain. Again, the probability of 

more than 10% of the activity being released to the environment before 

health physics procedures are enforced and the spill is cleaned up is 

small. The only way the entire contents could be released would be if the 

trap ruptures and the contents are left to be dissolved during a heavy 

rain. Such a situation would have a very low probability. 
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Table 2.3-22 l i s t s the maximum contents of one trap, assuming a 

two-in-paral lel , two-in-series trapping arrangement for two buildings. 

The f i r s t trap in series is assured to adsorb almost 100% of the incoming 

ac t iv i ty . These traps are changed out every six months. The changeout 

period would be 12 months for a two-in-paral le l , two-in-series arrangement 

for each bui lding, but the act iv i ty on a trap would be approximately the 

same (one-half the flow for twice the time). 

Uranium hexafluoride (UF6) feed station 

The most severe credible accident that could occur would be the hydraulic 

rupture of a 14-ton cylinder of l iquid UF6 within an autoclave or the 

fai lure of a cylinder end plug, which, in the case of the cylinder, is 

at the six o'clock position and thus below the l iquid level . At an 

autoclave temperature of 235°F (UF6 vapor pressure = 77 psia) the entire 

contents of the cylinder could be emptied in approximately 15 min or less. 

Autoclaves in the feed f ac i l i t y w i l l be of the high-pressure type and w i l l 

be designed to contain the UF6 as described in Sect. 2.3.1.2.2. I f in 

addition the automatic containment features associated with the auto

clave fa i led , or i f for some other reason autoclave containment were 

breached, the UF6 would sp i l l into the building. Building containment 

features are described in Sect. 2.3.1.2.1. During a 15-min period, 

about 7500 kg of UF6 would vaporize as the l iquid so l id i f ied . An addi

tional 60 kg would be released as the remaining solid cooled to room 

temperature (75°F or 24°C). The vaporized UF6 would react with moisture 

(preferably supplied by manually releasing raw steam) to produce 

particles of U02F2 and gaseous HF. Assuming a constant vaporization 

rate, U02F2 would be released at a rate of 7 kg/sec. Building features 

and appropriate emergency measures should confine a large part (perhaps 

60%) of the U02F2 to the building where i t could be recovered. U l t i 

mately, practical ly a l l of the HF generated (1700 kg) would be discharged 

to the atmosphere. Table 2.3-23 summarizes isotopic content (subject 

to release) of a 14-ton UF6 feed cylinder and of a 10-ton reactor 

return cylinder. 
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TABLE 2.3-22 

MAXIMUM TRANSURANIUM OR FISSION PRODUCT 
RADIOACTIVITY OF ONE COBALTOUS FLUORIDE TRAP 

Volume of trap = 2.5 ft3 

Loading time = 6 months 
Total uranium flow through trap = 554 metric tons 

Isotope Maximum radioactivity on trap 

Np-237 

Pu-239 

Ru-106 

Zr-95-Nb-95 

Cs-237 

Ce-144 

Others 

(Ci) 

0.23 

0.13 

2.0 

0.25 

0.023 

0.019 

0.043 
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TABLE 2.3-23 

RADIOACTIVITY RELEASED FROM 14-TON UF6 FEED 
CYLINDER AND 10-TON REACTOR RETURN CYLINDER 

Isotope 

U-232 

U-233 

U-234 

U-235 

U-236 

U-237 

U-238 

Np-237 

Pu-239 

Tc-99 

y-f ission product 

Activi 

14-ton cylinder0 

— 

— 

7.2 x 10"1 

3.1 x 10"2 

— 

— 

6.6 x 10"1 

— 

— 

— 

— 

ty released 
(Ci) 

r 10-ton reactor 
return cylinder5 

1.35 x 10~2 

7.04 x lO"5 

1.14 x 10"1 

2.57 x lO"2 

4.32 x lO"1 

0.361 x 101 

4.71 x 10"1 

6.48 x 10"u 

3.65 x 10_lt 

4.74 x 10"2 

8.30 x 10-3 

Releases 2000 kg U in 15 min and 1700 kg HF. 

Releases 1500 kg U in 15 min and 1300 kg HF. 
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The above accident, although credible, is considered to have a minuscule 

probabil ity of occurrence. Other more probable accidents would include 

the rupturing of gas-line manifold p ig ta i l s , leaks from cylinder valves, 

or sheared cylinder valves. For these instances, the severity of the 

release w i l l depend on where in the feed system the break occurs. The 

UF6 in vapor form at 32 to 39 psia is fed from the cylinder to reducing 

stations within the feed building. The gas stream leaves the building 

below atmospheric pressure. I f releases occurred from a l ine where 

the pressure was above atmospheric, prompt action by personnel and 

building containment features would help minimize the quantity released. 

The leak could possibly be plugged. In any event the magnitude of such 

a release should be signi f icant ly smaller than that resulting from the 

rupture of a 14-ton (12,700-kg) cylinder. 

In the case of a break in some subatmospheric section of the process, 

there would be a large inf lux of moist air into the system followed by 

small puffs of UF6 released into the room as a result of back diffusion 

and reverberation. Almost none of this material would leave the room 

to cause an environmental impact. Containment measures have been yery 

successful with this type of release. 

Product withdrawal 

Releases of l iquid UF6 could occur at any point in the transfer opera

tions between traps, accumulators, and shipping cylinders. However, 

since the last transfer (accumulator to cylinder) is one involving equip

ment ( f lexible connecting pigtai ls) that is frequently being removed and 

reconnected, the last transfer is believed to be the source of the most 

credible accident. Transportation of the fu l l cylinder is considered 

part of th is operation. The same considerations as discussed under the 

feed system apply here with smaller quantities of UF6 involved, for 

example, use of 2.5-ton instead of 14-ton cylinders. The probability of 

releases is higher since shipping cylinders fu l l of l iqu id w i l l be dis

connected and moved from the feed and withdrawal buildings to adjacent 

storage areas where the cylinders w i l l be allowed to cool for several 

days before further movement. Assuming that the same percentage of 
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TABLE 2.3-24 

URANIUM ACTIVITY RELEASED FROM 2.5-TON 
PRODUCT (MAXIMUM ASSAY 3.2% U-235) CYLINDER" 

Isotope Radioactivity released 
_ _ 

u-234 0.58 

U-235 2.50 

U~236 0.037 

U-238 0.12 

Releases 360 kg uranium in 15 min and 300 kg of HF. 
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U02F2 is released to the environment as is used for a feed cylinder, a 

total of 300 kg of HF would be released during a 15-min period. The 

radiological release is given in Table 2.3-24, assuming the highest 

product concentration of 3.2% uranium-235. 

Tails withdrawal 

Uranium hexafluoride ta i l s withdrawn from the bottom of the plant w i l l be 

compressed, cooled, l iquef ied, and drained into 14-ton (12,712-kg) 

cylinders for storage. Credible accidental releases could occur in the 

gaseous phase from rupture of process piping, or , as would be more l i ke l y , 

from shaft seal fai lure and consequent flowback in the stage compressors 

operating above atmospheric pressure. At the operating conditions of the 

last stage compressor, the release to the building could amount to 14 to 

16 kg of UF6 per minute for several minutes in the event of pipe rupture. 

As discussed previously, this material would react with moisture in the 

a i r to form U02F2 and HF. Approximately 40% of the U02F2 would be ex

hausted to the atmosphere; the radiological release information is given 

in Table 2.3-25. Assuming the accident would last for a 10-min period, 

a total of 36 kg of HF also would be exhausted to the atmosphere. 

Centrifuge fai lure 

With the exception of the feed and withdrawal systems, al l other process 

equipment, including the centrifuges, operate at subatmospheric pressures. 

TABLE 2.3-25 

URANIUM RADIOACTIVITY RELEASED AS A RESULT OF A SHAFT SEAL 
FAILURE OF COMPRESSOR IN THE TAILS WITHDRAWAL FACILITY" 

Radioactivity released 
Isotope (Ci) 

U-234 M.2 x 10"2 

U-235 7.06 x 10"4 

U-236 1.2 x 10"2 

U-238 3.66 x 10"2 

Releases 110 kg uranium (0.003% U-235) in 10 min. 
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Any pipeline rupture would result initially in air inleakage into the 

cascade. This would be followed by small releases of UF6 due to reverbera

tions and back diffusion. Release of this material from the building is 

unlikely. 

Natural disaster* 

In addition to the above, releases due to operational accidents and 

natural disasters, such as tornadoes and earthquakes, must be considered. 

Designing a building to withstand tornadoes is not practical. If the 

feed building is hit by a massive tornado, the result would be the re

lease of all feed material in the autoclaves - a total of about 51 metric 

tons of UF6. The UF6 would react with the moisture and produce a total 

of about 12 metric tons of HF. The radiological release of normal feed 

and reactor returns are given in Table 2.3-26. 

The seismic criteria for design of new process buildings require 

capability of the structures to remian functional after suffering the 

maximum earthquake which has 16% or less probability of occurrence over 

the next 50 years. Generally, this would be in the range of Richter 5 

unless a high risk zone is considered. Earthquakes of magnitude 

Richter 5 to 8 would be expected to destroy such facilities. 

Criteria for design with regard to tornadoes are not yet well estab

lished. However, current designs call for ability to withstand 100 mph 

winds. The expected 150 to 280 mph winds of a tornado would be expected 

to severly damage the process or feed buildings and some of the process 

equipment with the extent of the damage determined by missiles hurled 

by the winds. The probability of such an occurrence on a national scale 
_3 

at any given site would range from about 4 x 1 0 per year in central 
-5 

Oklahoma to 8 x 10 in low frequency areas. This would yield times 

between occurrence of from 250 years to 12,500 years. For the most 

damaging level of tornadoes the probabilities would drop to a range 

of 1 x 10"6 to 1 x 10'7. 

•Comment letter 11 (Congress Watch), pp. 20-21. 
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Comment letters 22,* 23,* and 25* pointed out the need to better justify 

the conclusion that "Designing a building to withstand tornadoes is not 

practical." It was also noted that the assumed loss of 51 metric tons 

was "unnecessarily extreme" and that the designer should examine the 

economic trade-off between the purchase of a large exclusion area versus 

improved building integrity. Each of these comments is well taken and 

deserving of consideration. 

Designing a building to withstand tornadoes may indeed be practical, 

depending on the tornado's consequences. Similarly, it may be possible 

to protect vulnerable components within a feed builidng (e.g., a cylinder 

at less expense). Site-specific characteristics, such as exclusion areas, 

population distribution, tornado frequencies, etc., must be considered by 

NRC as part of their determination of practicability during licensing of 

commercial enrichment plants. 

It may be possible to justify a less conservative assumption of 

release following a tornado than that listed in Table 2.3-26 and 

analyzed in Sect. 3.2.1.7. Even without tornado protection, it 

appears highly unlikely that four cylinders would lose their contents, 

because they are designed to withstand severe traffic accidents, and 

are themselves contained in autoclaves capable of containing the total 

release of their contents. The havoc created by a tornado is, however, 

so difficult to evaluate that a highly conservative assumption of UF5 

loss has been made and shown in Sect. 3 to be of little hazard due to 

the tornado's ability to disperse the released material. 

General releases of uranium hexafluoride 

The previous discussion defines many ways accidental releases of UF6 

could occur. However, over the last 20 years, a \/ery good record involv

ing accidental releases of UF6 has been maintained at gaseous diffusion 

plants that use essentially the same type of UF6 handling systems as will 

•Comment letter 22 (Nuclear Regulatory Commission), p.l. 
Comment letter 23 (Atomic Industrial Forum), p. 3. 
Comment letter 25 (Exxon Nuclear Company), p. 2. 
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be used in a gas centrifuge enrichment plant. A l i s t of a l l accidents 

that occurred prior to upgrading UF6 handling procedures3 and that 

involved releases of more than 5 kg of uranium at one of the gaseous 

diffusion plants is given in Table 2.3-27. These few incidents carry 

a strong implication that effectual process design, operating procedure 

administrative controls, and emergency procedures can be very instru

mental in lessening the environmental impact of UF6 releases in a gas 

centrifuge enrichment f a c i l i t y . 

TABLE 2.3-26 

RADIOACTIVITY RELEASED FROM FEED BUILDING HIT BY A TORNADO 

Isotope 

U-232 

U-233 

U-234 

U-235 

U-236 

U-237 

U-238 

Np7237 

Pu-239 

Tc-99 

Y-fission products 

Cylinder 

Four 14-ton UF6 
cylinders'2 

1.23 

5.25 

1.14 

content of Feed Building 
Three 14-ton UF6 cylinders 
one 10-ton reactor return 

cylinders^1 

Radioactivity 
(Ci) 

0 

0 

x 101 

x 10"1 

0 

0 

x 101 

0 

0 

0 

0 

released 

5.80 x 10-2 

3.03 x 10-** 

1.41 x 101 

5.04 x 10-1 

0.186 x 101 

1.55 x 101 

1.05 x 101 

2.78 x lO-3 

1.57 x 10~3 

2.04 x 10"1 

3.45 x lO"2 

Releases 50,848 kg UF6 (112,000 lb) and 11,556 kg HF. 

^Releases 47,670 kg UF6 (105,000 lb) and 10,834 kg HF. 
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TABLE 2.3-27 

SUMMARY OF GASEOUS DIFFUSION PLANT ACCIDENTAL 
RELEASES OF UF6 (>5 kg URANIUM) FROM FEED CYLINDERS 

Quantity 

Date 

12-1-52 

6-28-53 

7-15-53 

7-31-53 

4-9-54 

6-18-54 

3-15-55 

11-28-55 

3-10-56 

10-1-58 

3-19-59 

11-17-60 

3-17-66 

Uranium 
(kg) 

92 

31 

460 

38 

40 

666 

414 

15 

63 

163 

45 

3,077 

8 

UFc 
(lb) 

300 

101 

1,500 

124 

130 

2,171 

1,350 

49 

205 

531 

147 

10,033 

26 

Cause of accidental releas 

Foreign material lodged in valve 

Ruptured cylinder pigtail 

Ruptured thermocouple 

Ruptured cylinder pigtail 

Sheared cylinder valve stem 

Sheared cylinder valve stem 

Broken cylinder pigtail 

Broken cylinder pigtail 

Broken cylinder pigtail 

Failed cylinder end plug 

Broken cylinder pigtail 

Ruptured cylinder 

Ruptured cylinder when cylinder 
dropped 

Source: Environmental Survey of the Uranium Fuel Cycle, WASH-1248, U.S. 
Atomic Energy Commission, April 1974, p. D-24. 
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2.3.1.22.3 Other accidents 

Product withdrawal system 

Environmental impacts could result from the accidental release of 

materials other than UF6; namely, those associated with the refrigeration 

process. As a heat exchange medium, trichloroethylenea will be used with 

the primary trap. This will be pumped at -100°F through the coils of the 

trap, then back to the refrigeration unit where the heat will be extracted. 

Rupture of the pumping system could lead to a release of several hundred 

gallons of trichloroethylene in a short period of time. All material is 

assumed to run to a floor drain and discharge to the holding pond. 

Liquid nitrogen will be used in the secondary trap. No environmental 

impact results from vaporization and dispersion of this liquid nitrogen. 

Tails withdrawal system 

A possible release associated with the compressors in the train could be 

from a rupture in the lubricating oil system. This could spill a hundred 

or more gallons of standard high-speed turbine hydrocarbon oils in a 

few minutes. The dikes around the compressors would prevent most of the 

oil from entering the building drains. All oil that enters the building 

drain will be discharged to the holding pond where it will be removed 

with the use of oil skimmers. 

Process building (cascade area) 

A large number of mechanical vacuum pumps are used throughout the process 

buildings. Sizes vary from pumping capacities of 50 to 300 cfm. Quantities 

of oil in these pumps vary from 2.5 to 45 liters. The oil charge is 

integral to each pump. Hydrocarbon oils such as the Welch Duoseal vacuum 

pump oil are used. All vacuum pumps will have drip pans, sized to con

tain the total oil charge. Accidental spills of this oil may occur, 

aor methylene chloride, depending on availability. 
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and the o i l could get into the building drain system. Possible o i l 

releases w i l l be discharged to the holding pond where the o i l w i l l be 

recovered with o i l skimmers. 

Recycle/assembly building 

As previously described, the recycle/assembly f a c i l i t y w i l l provide com

pletely assembled machines for use in the gas centrifuge enrichment plant, 

by component and/or subassembly reclamation (recycle) as well as by 

u t i l i za t ion of vendor-supplied materials. As can be seen from the detailed 

discussions of Sect. 2.3.1.3, these recycle/assembly operations w i l l mainly 

involve testing/inspection, cleaning, and replacement of components and 

subassemblies, as well as a lesser amount of material joining (welding, 

soldering, e tc . ) . Materials required to sustain these operations include 

those for the gas centrifuge and minor amounts of various process materials 

such as solvents. 

Those materials that w i l l be maintained at signif icant inventory levels 

and that could cause or contribute to an accident of notable environmental 

consequence are presented in Table 2.3-28. 

Fires 

Al l buildings proposed for th is f a c i l i t y w i l l be constructed of noncom-

bustible materials and have finishes with low flame spread. All equipment 

instal led in each building w i l l have low-flame-spread, low-fuel -

contribution, and low-smoke-density concentrations. Hazardous areas 

are isolated by f i r e walls and spatial separation and w i l l be protected 

by fixed extinguisher systems. Standards and codes w i l l be used that 

w i l l result in an "improved or highly protected r isk" insurance 

c lassi f icat ion. 

However, a f i re accident is remotely conceivable. Results of conceptual 

engineering studies in progress (April 1975) w i l l further define the 

effects of f i r e accidents. A l i s t i ng of process o i ls (and f i re-related 

properties) used in signif icant quantities in the recycle/assembly 

f a c i l i t y is presented in Table 2.3-29. 
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TABLE 2.3-28 

MATERIALS OF SIGNIFICANT QUANTITIES IN 
RECYCLE/ASSEMBLY FACILITY 

Average number of 55-gal-drum 
Material drums inventory 

Diffusion pump oil 3 

Damping oil 1 

Lubrication oil 2 



2.3-83 

TABLE 2.3-29 

FIRE-RELATED PROPERTIES OF MAJOR INVENTORY ITEMS IN 
THE RECYCLE/ASSEMBLY FACILITY 

Material 

Diffusion pump oil 

Damping oil 

Lubrication oil 

Fl ash point 
(°C) 

270 

360 

260 

Fi re point 
(°C) 

290 

375 

280 
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Hypothetical equipment fai lure 

The ful l -scale recycling of gas centrifuges requires the routine con

veyance of fai led machines by overhead cranes. Hypothetically, an 

equipment malfunction could result in the dropping of a complete fai led 

machine onto a pal let loaded with three 55-gal drums of diffusion pump 

o i l in t ransi t . Each of the three drums would rupture, releasing up to 

165 gal (625 l i te rs ) of diffusion pump o i l into the plant drainage system, 

which is discharged to the primary holding pond. 

Natural disasters 

In the case of most accidents, structural considerations and appropriate 

action by operating personnel w i l l effectively restr ic t releases of 

eff luents. However, in the case of a major natural disaster such as a 

tornado, these factors would not have notable effects. 

A tornado passing directly through the recycle/assembly f ac i l i t y would 

result in nearly a l l inventoried materials (Table 2.3-28) being released 

direct ly to the environment. 

Transformers 

The gas centrifuge electrical switchyard w i l l contain two electr ical 

transformers and f ive o i l - f i l l e d c i rcu i t breakers. A total of 50,000 gal 

of mineral o i l w i l l be involved in the electr ical equipment. The storm 

drainage system around the switchyard area is assumed to be discharged 

to the secondary holding pond. In the event of an equipment fa i lu re , i f 

any o i l is lost most of i t can be contained in the area by o i l sorbent 

equipment. Oil that is not contained in this manner w i l l be discharged 

to the secondary holding pond where i t can be recovered by o i l skimmers. 

The manner in which environmental protection i f offered for the potential 

loss of o i ls is dependent on a given s i te . 

Al l transformers inside the building w i l l be the air-cooled type. 
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2.3.2 Gas centrifuge rotor fabrication plant and other component 

manufacturing 

In general, the operation of the rotor fabrication plant will be more 

compact, requiring only about 30 acres for the total site. A typical 

site layout for this facility is presented in Fig. 2.3-7 and all services 

are assumed to be provided within the plant. 

The rotor fabrication building will provide: (1) manufacturing capacity 

to produce rotor tubes, (2) facilities to assemble these tubes with com

mercially produced components, and (3) facilities to balance the completed 

rotor assembly and transport it to a centrifuge recycle/assembly plant. 

The fabrication building will require about 340,000 ft2 of floor space 

and will be of a multilevel design. 

The main fabrication building will contain offices and laboratories, and 

may contain cafeteria facility requirements. Typical waste involved in 

food preparation and dining, if located onsite, will be buried in the 

sanitary landfill. 

The manufacture of rotor tubes cannot be treated in any detail without 

disclosing classified information. A simple block diagram is presented 

in Fig. 2.3-8, showing the basic steps of rotor manufacture and the 

source of environmentally related discards during the manufacture of 

rotor assemblies. 

2.3.2.1 Rotor tube manufacture 

In general, the area of rotor tube manufacturing would include operations 

such as material preparation, inspection, and cleaning. 

In all work areas where solvents are used, proper ventilation accompanied 

by air monitoring stations will ensure that exposures to personnel will 

be below the threshold limit value. 
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FIGURE 2.3-7 BUILDING COMPLEX FOR A TYPICAL ROTOR FABRICATION PLANT 
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FIGURE 2.3-8 ROTOR MANUFACTURING PROCESS FLOW CHART AND SOURCES 
OF ENVIRONMENTALLY RELATED DISCARDS 
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As raw materials are received from vendors, lot samples will be analyzed 

to ensure that the material meets specifications. Materials meeting 

specifications are then stored until ready for use; those not meeting 

specifications will be returned to the appropriate vendor. 

The gas centrifuge operation requires that all items in contact with the 

UF6 gas be scrupulously cleaned of foreign matter before installation. 

Therefore, the solvent cleaning of rotors and associated equipment is a 

major operation. 

2.3.2.1.1 Rotor tube fabrication 

Two cleaning stations are required in the rotor manufacture. About 68 

l i ters/day of the Freon-TA (89% 1,1,2-trichlorotrif luoroethane, 11% 

acetone) w i l l be lost through venti lation from each of the cleaning 

stations. The venti lation from each station discharges to a common 

exhaust stack. After the f inal cleaning, the rotor tube is ready for 

inspection. 

2.3.2.1.2 General equipment cleaning 

Equipment used in rotor tube fabrication occasionally requires cleaning. 

Blaco-Tron TCM, an industrial solvent, is used in a vapor degreaser to 

clean parts. This solvent is an azeotrope (39.1% 1 ,1,2- t r ichlorotr i -

fluoroethane, 51.6% methylene chloride, and 9.3% cyclopentane) and, there

fore, no preferential concentration of any one component is in the vapor. 

Solvent recovery w i l l be accomplished by simple d i s t i l l a t i on . When the 

concentration of the sludge builds up to a certain level in the vapor 

degreaser, the material is pumped into a s t i l l and the solvent is stripped 

of f . The remaining sludge, about 19 l i ters/day, w i l l be placed in sealed 

drums for bur ia l . The venti lation system for the cleaning operation and 

d is t i l l a t ion system w i l l exhaust about 38 l i ters/day of solvent to a 

common exhaust system, where i t is discharged to the atmosphere. Table 

2.3-30 summarizes the gaseous eff luents. 
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2.3.2.1.3 Recovery of reject material and cleaning 

During the fabrication process, some scrap material can be cleaned as 

shown in Fig. 2.3-8. This step requires the use of a solvent (1,1,2-

tr ichlorotr i f luoroethane). During this operation, about 900 kg/day of 

solid waste is disposed of by placing in sealed metal containers and 

burying. Since this material is insoluble in water, groundwater contami

nation should not be a problem. 

TABLE 2.3-30 

SUMMARY OF CONCENTRATIONS OF GASEOUS EFFLUENTS DISCHARGEDa 

TO THE ATMOSPHERE FROM ROTOR TUBE FABRICATION PROCESS, 
FABRICATION EQUIPMENT CLEAN-UP, SCRAP AND REJECTED 
MATERIAL CLEAN-UP, AND ROTOR ASSEMBLY OPERATIONS 

Effluent Concentration 
(ppm) 

Blaco-Tron TCM 0.7 

Freon-TA 1.9 

Tr ichlorotr i fluoroethane 1.5 

Perchloroethylene 0.3 

aTotal discharge is ^ 4.1 x 105 cfm, and stack height is ^100 f t above 
ground level . 

Solvent recovery w i l l be accomplished by simple d i s t i l l a t i o n . During 

this operation, about 136 l i ters/day of tr ichlorotrif luoroethane w i l l 

be lost through the venti lat ion system to a common exhaust system that 

discharges to the atmosphere. The concentration of this solvent and 

other gaseous effluents is given in Table 2.3-30. 

2.3.2.1.4 Rotor tube inspection 

After tubes have been cleaned, they are cut and trimmed to the proper 

length and wastes are sent to the scrap processing stat ion. Samples of 

the cut-off portion from each tube are sent to the laboratory for analysi 
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2.3.2.1.5 Rotor assembly operations 

The basic operation performed in the assembly step is the attachment of 

the end caps and baffles to the rotor. 

All end caps and baffles, which are vendor supplied, are cleaned in a 

vapor degreaser before being attached to the rotor. Perchloroethylene 

is used as a solvent in the degreaser. An estimated 19 liters/day is 

lost through the ventilation system which discharges to a common exhaust 

stack. The concentration of perchloroethylene discharged to the atmos

phere is 0.3 ppm (Table 2.3-30). 

2.3.2.1.6 Rotor f in ish 

Completed rotors are sent to balance stands where they are brought up to 

operating speed and balanced. No effluent would result from this 

operation. 

2.3.2.1.7 Storage 

After balancing, the rotor assemblies will be put into storage pending 

transportation to the recycle/assembly plant. 

2.3.2.2 Steam plant 

The steam plant w i l l require approximately 40,000 Ib/hr of steam, the bulk 

of which w i l l be at 21.5 atm (316 psia). Some of the steam produced w i l l 

be reduced to approximately 0.7 to 1 atm (10 to 15 psia) and used for 

building heating purposes. 

The space heating requirements w i l l f luctuate, depending on climatic 

conditions. The plant is assumed to be coal-f ired with a peak requirement 

of 2 metric tons/hr of coal. Approximately 80 gpm (450 m3/day) of softened 

sanitary water w i l l be required at peak loads (no condensate return). A 

condensate return system w i l l supply about 60% of the flow, which w i l l not 

require additional treatment, to the boiler during peak loadings. A 

capability for providing 100% sanitary water for peak loadings is designed 
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for cases where the condensate water may not be sui table for use. Waste 

e f f luents resu l t from the softening process, bo i l e r blowdown, combustion 

of coa l , and disposal of f l y ash. 

Eff luents from the steam plant would t y p i c a l l y be about one-tenth of the 

value shown i n Tables #2.3-2 and 2.3-3 fo r the gas centr i fuge f a c i l i t y . 

2.3.2.3 Miscellaneous support f a c i l i t i e s 

Unless otherwise i d e n t i f i e d , there w i l l be no s ign i f i can t e f f luents from 

these f a c i l i t i e s , other than sani tary waste which is discussed in Sect. 

2 .3 .2 .8 . 

2.3.2.3.1 Fire and guard 

The f i r e and guard f a c i l i t y w i l l serve as headquarters for the plant 

emergency forces. The st ructure w i l l house personnel and equipment re 

quired to monitor and maintain conditions re la t i ve to plant pro tect ion. 

2.3.2.3.2 Portals 

The plant entry portals will be capable of passing into the plant the 

expected number of employees within a reasonable time. They will be 

located adjacent to the parking lots and will provide the proper security 

barrier. Public and employee rest room facilities will be provided at 

each portal and each portal building will include an unclassified meeting 

room. 

The vehicular portals will provide adequate passage for the expected 

number of vehicles. 

2.3.2.3.3 Parking 

At each entry portal there will be a parking facility designed to accom

modate the vehicle parking requirements of the employees entering through 

the corresponding portal. 
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2.3.2.3.4 Compressor room 

Two pressure levels of compressed air are required for the continual 

operation of the fabrication plant. The required capacities are 2000 

and 16,000 scfm (1 atm and 21°C) and w i l l be provided at nominal pressure 

levels of 9.5 atm (125 psig) and 16.3 atm (225 psig), respectively. 

Required quality w i l l be <50 micron particulate size. The room wi l l re

quire about 4000 f t 2 of area. 

2.3.2.3.5 Disposal process and scrap center 

Rejected parts w i l l be compressed to reduce volume and fac i l i t a te 

packaging for bur ia l . Floor space requirements for equipment and 

handling are about 9000 f t 2 . Approximately 2.2 metric tons of sol id 

material w i l l be processed each day. 

2.3.2.3.6 Power distr ibut ion center 

The power distr ibution center w i l l house necessary transformers and c i r 

cuit breakers to provide power distr ibut ion from the 17-kV transmission 

lines to a l l areas of the plant. 

2.3.2.3.7 Laundry 

The laundry f ac i l i t y w i l l wash al l facility-owned clothing worn by plant 

employees. The equipment for this f ac i l i t y w i l l be typical of that re

quired for inst i tut ional and commercial laundries (washers, dryers, and 

water heaters). The operation w i l l require about 20 kg of cleaning 

agents contained in about 17,000 l i t e rs of water each day. The cleaning 

agents w i l l consist of such ingredients as commercial detergents, petro

leum products, fluoride sa l ts , chlorine, ammonia compounds, and various 

softeners. Biodegradable products w i l l be selected for use when possible. 

The effluents from the laundry equipment, which are at a temperature of 

about 54°C (130°F), w i l l pass through a trap for removal of solids before 

being discharged to the plant's sanitary sewage treatment f a c i l i t y . 
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2.3.2.3.8 Coal Yard 

In order to assure continuous operation of the steam plant, a coal yard 

with a capacity for about 3000 metric tons of coal will be located directly 

adjacent to the steam plant. The only effluent associated with this 

facility will be runoff during rain. The runoff, which will be slightly 

acidic, will be channeled to the steam plant ash pond by a drainage 

system where it will be neutralized before discharge into a natural 

waterway, stream, or river. 

2.3.2.4 Laboratories 

The material and process laboratory w i l l conduct tests, both chemical and 

mechanical, on al l incoming raw materials as well as on finished rotor 

tubes. The laboratory w i l l be typical ly equipped as a general chemical 

laboratory. In practice, a l l used solvents w i l l be retained and kept in 

appropriate containers. Classified waste w i l l be enclosed in plastic 

bags and buried. 

The quantity of solvents, flammable and combustible, w i l l be held to a 

minimum and kept in "flammable chemical" storage cabinets. 

Approximately 2 gal , one day's supply, of acetone and methyl ethyl ketone 

are stored in the laboratory at one time. Approximately one 55-gal drum 

of solvent w i l l be los t , either by sp i l l or evaporation, each month. 

2.3.2.5 Recirculating cooling water system 

Two types of recirculating water systems w i l l be required. A system for 

removing heat from process and auxil iary equipment w i l l use about 4000 gpm 

(21,802 m3/day). A system of chi l led water for air-conditioning parts of 

the building w i l l require about 7500 gpm (40,878 m3/day). The total flow 

to the cooling tower w i l l be about 11,500 gpm (62,680 m3/day). In general, 

the systems include the necessary pumps, valves, and control devices to 

supply cooling water to the process and air-conditioning equipment and to 

return the water to the cooling towers. A continuous supply of fresh 

water is required to replace evaporation losses, windage losses, and 

blowdown. 
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The blowdown rate for the rotor fabrication plant w i l l be about 52 gpm 

assuming that the water w i l l not require softening and that the system 

may be operated at three cycles of concentration. 

The effluents associated with the blowdown w i l l be about one-sixth the 

values presented for the gas centrifuge plant (Table 2.3-4). 

2.3.2.6 Sanitary water system 

The sanitary water system must provide about 250 gpm (1370 m3/day) for 

potable and process purposes. A sanitary system treating 400 gpm (2180 m3 

day) with two 0.1-million-gal storage tanks should be adequate to handle 

the peak loads above. Sanitary water will be distributed to plant 

buildings through an underground pipe network. 

In a typical plant, sludges are produced in the sedimentation basin, and 

a waste stream is produced during backwashing of the rapid sand filter. 

Backwashing requires the disposal of 2 to 3% of treated water or about 8 

gpm (5 m3/day) for a 400 gpm (2180 m3/day) plant. Both of these wastes 

may be diverted to the primary holding pond where the solids will settle 

out. 

2.3.2.7 Firewater system 

Water w i l l be supplied for f i re protection from the sanitary water system. 

The required storage capacity is 1500 gpm (5.7 m3/min) for 4 hr which is 

0.36 mil l ion gal (1370 m3) of storage. The f i re protection water supply 

must be in accordance with the National Fire Protection Association codes. 

2.3.2.8 Sanitary sewage system 

Sewage from sanitary fac i l i t i es within the rotor fabrication plant si te 

w i l l be collected in a gravity sewer leading to the sewage treatment 

plant. The estimated flow to the plant is about 57,600 gpd (218 m3/day). 
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Secondary treatment and 85% removal of the B0D5 will be required. Liquid 

effluents should conform with Federal, state, and local standards. 

Operation of the sewage system will be about the same as the sewage system 

for the gas centrifuge enrichment plant. The effluents from an extended 

aeration system will be about one-fourth of the effluents shown in Table 

2.3-5 for the gas centrifuge enrichment plant. 

2.3.2.9 Storm drainage system 

The primary purpose of the rotor fabrication plant s i te drainage system 

is to col lect surface water from roadways, parking areas, open space, 

building roofs, and building drainage and convey i t to suitable discharge 

points. (The construction contractor's plant s i te may be drained using 

a temporary drainage system, such as an open ditch and culvert system.) 

Closed conduits may be required for main collectors and trunk sewers. 

Fuel and chemical tanks 5000 gal (18.9 m3) and larger should be diked 

with provisions for draining rain water. The number of drainage effluents 

should be minimized in order to more easily monitor and control the 

eff luents. 

2.3.2.10 Heat dissipation systems 

Process and auxil iary heat is to be removed through a recirculating water 

system and f ina l l y dissipated to the atmosphere through an induced-draft 

industrial cooling tower. The physical structure w i l l be located over 

a concrete basin. Mechanical-draft fans w i l l be located on top of the 

structure and w i l l be driven by electr ic motors. The capacity required 

is about 11,500 gpm and the design on-and-off tower temperatures are 

35°C (95°F) and 29°C (85°F), respectively, at a wet-bulb temperature of 

26°C (78°F). Up to 55 mil l ion Btu/hr in heat may be discharged into the 

atmosphere during periods when the conservation of this heat would be 

uneconomical. The maximum amount of conservation of this energy w i l l 

be effected within the l imitations of reasonable cost. 
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2.3.2.10.1 Liquid thermal discharge 

Only a small fraction of the total energy input is returned to the en

vironment via the l iquid discharge in blowdown from the cooling towers. 

The estimated blowdown is of the order of 52 gpm (191 m3/day) for a 

system not requiring softening and operating at three cycles of concen

t ra t ion. The thermal discharge is direct ly related to the number of 

cycles of concentration at which the recirculating system is operated. 

The temperature of the system discharged to the receiving water w i l l not 

exceed applicable regulatory standards. 

2.3.2.10.2 Gaseous thermal discharge 

The evaporation loss will amount to about 1% of the rate of circulation 

of water over the cooling tower per 10F° drop of water temperature 

through the tower. This results in a loss of about 115 gpm (627 m3/day) 

in evaporation. The drift loss for a mechanical-draft tower is about 

0.05% of the rate of circulation, or 6 gpm (32 m3/day). 

2.3.2.11 Holding ponds 

The holding ponds associated with the rotor fabrication plant will pre

vent accidental discharge of harmful chemicals to an adjacent stream or 

industrial waste system. Adjustable weirs permit emergency containment 

of pond containments. 

All acid effluents will be neutralized to a pH of about 6 to 8 prior 

to discharge to the holding ponds or in the holding pond for optimum 

settling of insolubles and provide a neutral effluent from the pond. 

2.3.2.11.1 Primary holding pond 

The primary holding pond will receive all chemical liquid effluents and 

should be sized to include about 1.5 acres of land and have sufficient 

depth to contain about 30 days of expected plant liquid effluents (2.25 

million gal) under emergency conditions. 
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An oil skimmer will be located at the inlet of the pond, which should 

retain and remove virtually all oil developing from an accidental oil 

spill from within the plant. A secondary skimmer located at the outlet 

of the pond should prevent all but trace amounts of oil from being 

discharged to the environment. A block diagram illustrating the source 

of discharges to the holding pond and liquid discharges to the environ

ment is shown in Fig. 2.3-9. The estimated liquid discharges to the 

environment from this pond are given in Table 2.3-31. 

2.3.2.11.2 Steam plant ash pond 

The effluent resulting from the sluicing of bottom ash, fly ash, and 

the scrubbing of S0 2 at the steam plant will flow to the steam plant 

ash pond. In addition, runoff from the coal yard will be routed to this 

pond. The pond will cover an area of about 2.5 acres (assuming a 25-ft 

depth) and will be sized to meet Federal, state, and local effluent 

standards. The pond's effluent-suspended solids will not exceed 100 mq/ 

liter for one day or 30 mg/liter average for 30 days. 

2.3.2.12 Burial grounds 

Two types of burial grounds, a classified burial ground and a sanitary 

landfill, will be provided. 

2.3.2.12.1 Classified burial ground 

The materials to be buried will consist of compacted solids and sludges 

buried in plastic bags. Total anticipated solid waste through the year 

2000 is estimated to be about 19,000 metric tons. In addition, about 

4100 metric tons of sludge will require burial. 

The total land use for burial ground through the year 2000 is estimated 

to be <2 acres. This figure is based on digging a pit 15 ft deep, fill

ing to a depth of 10 ft, and backfilling with 5 ft of earth. 
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FIGURE 2.3-9. LIQUID DISCHARGE POINTS FOR ROTOR FABRICATION PLANT UNDER NORMAL OPERATING CONDITIONS. 



TABLE 2.3-31 

LIQUID EFFLUENTS RECEIVED BY AND DISCHARGED FROM ROTOR FABRICATION PLANT PRIMARY HOLDING POND 

Suspended Dissolved 
Flow Phosphate Chlorine Chromium Zinc Sulfate Chloride Solids Solids 

(liters/day) (kg/day) (mg/liter) (kg/day) (mg/liter) (mg/liter) (mg/liter) (mg/liter) (mg/liter) (mg/liter) (mg/liter) 
pH Temperature 

(°F) 

Cooling tower 
blowdown 283,000 0.28 1.0 0.0849 0.3 .05 Neutralized 85 

Water treatment 
backwash 

Steam plant 

Laboratories 

Floor drains 

44,000 

51,000 0.68 13.3C •\-250 ^110 -̂ 140 *v900 Neutralized a 
ro 
co 
i 

vo 

Miscellaneous 

Total 378,000 0.96 3.0 0.0849 b 0.037 0.37 b ^-Neutral 

Present in undetermined quantities. 

I t is anticipated that Federal, State, and local guidelines and regulations for effluents and receiving waters w i l l be met. 

"Based on a concentration of 30 ppm, POi, in the boiler blowdown. The blowdown is mixed with waste streams from the regeneration of zeolite units to 
obtain the total l iquid effluent from the steam plant. 

file://�/-250
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2.3.2.12.1 Sanitary land f i l l 

The sanitary landf i l l w i l l be used to bury scrap from sources such as 

off ice waste baskets, cafeteria, and packing material. Assuming a typical 

10-ft burial depth for the l a n d f i l l , the total land use through the year 

2000 w i l l not exceed 1 acre. 

2.3.2.13 Biocidal waste systems 

Biocides will be used to control bacteria and to prevent the growth of 

algae in water systems. These systems will utilize chlorine primarily, 

with the sanitary water containing about 1.0 ppm of residual chlorine, 

the cooling tower recirculating water containing 0.2 to 0.5 ppm, and the 

sewage plant effluent containing from 0.1 to 0.5 ppm. Herbicides may be 

required to control the growth of vegetation, and insecticides may be 

necessary to control insects around the plant. Sodium pentachlorophenate, 

a fungicide, may be used in conjunction with chlorination, if necessary, 

to control biological growth in the cooling towers. The fungicide 

may be sprayed on the cooling tower wood every 6 months or added to the 

recirculating water periodically. The periodic application of sodium 

pentachlorophenate would result in minimal amounts appearing in the 

blowdown over short periods of time. 

2.3.2.14 Effluent monitoring 

The types of monitoring systems ut i l ized vary, depending upon the char

acteristics of each eff luent. Effluent monitoring is conducted to pro

vide adequate measurements of l iquid and airborne effluents as a basis 

for obtaining data on the quantities and concentrations of pollutants 

released to the environment. Not only does monitoring aid in determining 

compliance with applicable standards, but i t also allows an evaluation 

of the adequacy and effectiveness of containment, effluent treatment 

methods, and overall effluent control. 
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2.3.2.14.1 Thermal 

Thermal discharges released from the rotor fabrication plant include 

recirculating cooling water blowdown, steam plant boiler blowdown, the 

laundry effluent, and various smaller effluent streams. Major effluent 

locations will be equipped with thermometers from which the temperature 

will be read three times per day. Background temperature readings will 

be taken three times per day at the sanitary water intake and at the re

circulating water intake. Data will be used to demonstrate compliance 

with thermal guidelines and regulations. 

2.3.2.14.2 Biocidal 

Chlorine residuals w i l l be obtained three times daily using a colorimetric 

technique. The residuals in the effluent streams w i l l be maintained withi 

a range complying with water quality c r i te r ia guidelines. The magnitude 

and shape of the chlorine residual plumes into the effluent stream wi l l 

be determined periodical ly. 

2.3.2.14.3 Other chemical 

As mentioned previously, all effluent streams (gaseous and liquid) will 

be sampled weekly and composited for monthly analyses. In addition to 

the composite samples, grab samples will be taken each month. On a semi

annual basis, additional chemical species will be checked to ascertain 

that new material releases have not occurred. Analytical procedures 

recommended by EPA will be used to determine the concentration of each 

constituent. 

2.3.2.14.4 Sanitary 

Effluent sampling for sanitary purposes will include the analysis of 

biochemical oxygen demand (BOD), suspended solids, ammonia, dissolved 

oxygen, pH, and residual chlorine. The BOD determinations are made both 

before and after treatment and may be used to determine the efficiency 

of the sewage treatment plant. Analyses will be run on grab samples 

once every week. 
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2.3.2.15 Faci l i ty construction 

2.3.2.15.1 Site preparation 

The i n i t i a l effects of construction w i l l depend largely on site location. 

A f l a t si te w i l l require less excavation than a h i l l y s i t e , assuming 

underlying materials of similar load-bearing competency. Assuming a 

fa i r l y f l a t s i t e , about 130,000 yd3 of material w i l l have to be exca

vated. This material w i l l have to be disposed of in some manner. 

Normally, i t should be used as f i l l , preferably near the si te from 

which i t is removed. Under some conditions, the material could be 

used to build dikes or levees for flood control. This material cannot 

be allowed to interrupt normal drainage patterns, to enter streams, 

r ivers, or lakes as sediment, or to become windblown. 

2.3.2.15.2 Land use 

Approximately 30 acres of well-drained land will be required with a min

imum of 850 ft of frontage on a main highway or connecting road which 

will allow heavy truck travel. The site should not be located in a 

flood plain or below the maximum probable flood level unless protective 

measures against flooding are to be taken. These measures include the 

use of levees and dikes or building the plant on fill material. 

Geological factors are considered in order to meet safety and engineering 

requirements and to anticipate geological problems, including foundation 

and groundwater considerations. The site location should be described 

geologically and the formations extending under the site should be 

identified. Stratigraphy, history of the strata, seismology, and soil 

descriptions are factors to be considered. 

2.3.2.15.3 Water use 

Sanitary water will be transported to the site until the sanitary water 

treatment system is operable. Sanitary waste will be transported to an 

approved sanitary facility. The completion of the onsite sewage treat

ment plant will reduce the amount of sanitary waste requiring offsite 

disposal. 
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2.3.2.15.4 Material source and use 

Preliminary estimates of some of the basic construct ion materials 

necessary f o r the f u l l ro to r fabr ica t ion plant are: 

Structural and rebar steel 7,500 tons 

Miscellaneous metal products 1,000 tons 

Paving materials 1,100 tons 

Concrete 32,000 tons 

2.3.2.15.5 Construction and employment schedule 

The ro tor fabr ica t ion plant design and construct ion w i l l require approx

imately 57 months fo r completion. Table 2.3-32 presents an analysis o f 

both peak and average construct ion manpower requirements. 

TABLE 2.3-32 

ESTIMATED MANUAL AND N0NMANUAL CONSTRUCTION MANPOWER REQUIREMENTS 

Manpower 

(av) (max) 

NonmanuaZ. 

Engineers 210 210 

Operators 520 670 

ManuaJL 

Mechanical workers 320 320 

Structural workers 345 345 

E lec t r i ca l workers 135 135 

Total 1530 1680 

2.3.2.16 Accidents and sabotage 

The major i ty o f accidents occurring w i th in the plant w i l l be of the 

normal indus t r ia l type involv ing human fac to rs , such as carelessness 

and errors o f judgment. Adequate plant safety prac t ices , frequent i n 

spections of po ten t ia l l y hazardous materials and t h e i r storage areas, 
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and adequate enforcement of safety rules will limit accidents to the 

extent that any external impact will be negligible. 

There will be some flammable materials in the laboratory and in the 

hazardous materials vault or storeroom. A one-day supply of flammable 

solvents, about 2 gal, will be in the laboratory and probably no more 

than two 55-gal drums will be stored. The hazardous material vault 

will be located on a corner of the building to keep it away from main 

operating areas and to isolate any fire or explosion that might occur 

within it. It will have a separate external entrance so that the larger 

quantities of materials will not have to be brought into the plant, and 

it will be separated from the rest of the plant by a 4-hr-rated fire 

wall to minimize fire or explosion damage. The vault will have a separate 

ventilation system and a separate sprinkler system. Combustible materials, 

such as oily rags or waste, will be temporarily stored in containers 

throughout the plant, but reasonable removal times and adequate safety 

practices will be observed to minimize danger of fire from these sources. 

Fires within the plant, because of the small amount of flammable materials, 

dispersal of the materials, and adequate sprinkler and ventilation systems, 

present no significant problem of environmental damage. Fires will be 

small and quickly controlled, and resulting effluents will be minimal. 

In no case will the magnitude of accidents caused by fire or other credible 

industrial-type accidents approach that of accidents that could be caused 

by a natural catastrophe, such as a flood, tornado, earthquake, or tidal 

wave. Areas of high seismic activity, areas subject to tidal waves or 

floods, and areas subject to high incidence of tornadoes will be avoided 

as building sites as far as practicable. The maximum catastrophe would 

probably involve a tornado of such magnitude that all solvent in process 

and storage inventory would be released, causing a high concentration of 

effluents. The total amount of each solvent is presented in Table 2.3-33. 
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TABLE 2.3-33 

SOLVENTS RELEASED FROM ROTOR FABRICATION PLANT 
RESULTING FROM A TORNADO 

Solvent 

Trichlorotrifluoroethane 

Freon-TA 

Blaco-Tron-TCM 

Perchloroethylene 

In-manufacture 
inventory 
( l i t e rs ) 

4500 

2700 

2800 

1700 

Storage 
inventory 
( l i t e rs ) 

1100 

1400 

600 

200 

Total 
release 

( l i t e rs ) 

5600 

4100 

3400 

1900 

The effect of any credible act of sabotage would not approach that of a 

natural disaster. 
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2.3.2.17 Other component manufacturing 

The materials of construction used in the manufacture of component parts 

for the gas centrifuges in the 8.75 million SWU/year separation plant 

are mostly of a metallic nature and include steel, aluminum, iron, and 

brass. Many types of metal fabrication processes are involved and 

include casting, extrusion, machining, and threading. Nonmetallic 

materials that are used include plastics, rubber, and ceramics. 

The amounts of metals used for finished component parts over the 3- to 

4-year centrifuge installation period are shown in Table 2.3-34. Data 

are also presented to indicate the percentage of national production 

that will be involved. The estimated amounts of scrap metals remaining 

after completion of finished parts are shown. This material probably 

will be recycled at the vendor sites. The quantities of nonmetallic 

materials that will be used are insignificant when compared to the 

amounts of metals used. Appropriate action will be taken to assure 

that the effluents from the manufacturing operations to produce centri

fuge component parts will be in compliance with applicable state and 

Federal standards of environmental quality. 

The staff believes that water usage in such manufacturing operations 

would be less than that used for a centrifuge enrichment plant in full 

operation. The staff also believes that the land required to house the 

manufacturing facilities would also be less than the estimated 350 acres 

required for the centrifuge enrichment operation and storage areas. 

The number of equivalent full-time new jobs created for the manufacturing 

facilities is highly dependent on each vendor's method of operation. 

However, a possible range would be of the order of 1000 to 2000 equivalent 

full-time jobs created over the period of 3 to 4 years during construction 

of the first gas centrifuge separation plant. The equivalent number of 

jobs would increase somewhat to the year 2000 as more gas centrifuge plants 

are built. 



TABLE 2.3-34 

QUANTITIES OF METALS IN FINISHED CENTRIFUGE COMPONENTS AND QUANTITIES OF SCRAP METALS 
(During 3-year machine installation period for 8.75 million SWU/year plant) 

Metal 

Steel 

Alumi num 

Iron 

Brass 

Fi nished components 
(short tons) 

115,400 

7,990 

443 

151 

Pereent of 
national production 

^ . l a 

^0.06fc 

^0.0004c 

<v0.02d 

Vendor-site scrap, 
(short tons) 

27,900 

1,280 

11 

14 

ro 

i 

o 
•>4 

Source: National production percentage data calculated from data supplied in: Survey of Current 
Business 54 (10) (October 1974). 

aCompared to total steel mill products in 1973, page S-32. 

^Compared to total aluminum products in 1973, page S-33. 

^Compared to total pig iron production in 1973, page S-32. 

"Compared to total brass and bronze foundry products, page S-33. 
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2.3.3 Full scale gaseous diffusion enrichment plant - 8.75 Million SWU/Yr 

2.3.3.1 Production facilities 

A new stand-alone diffusion enrichment plant would be built at an as yet 

unspecified new plant site. It would be designed to produce uranium 

enriched to U-235 assay lavels up to about 3.2% with a tails assay of 

0.30%. The optimized design conditions for this plant can be achieved 

using three sizes of diffusion stage equipment. These three equipment 

sizes range generally from capacities equaling those of the three 

largest existing stage sizes, as a minimum, up to capacities about 

30% greater. 

The numbers of diffusion stages of each of the three sizes required 

for the plant vary with the stage sizes selected and will be finally 

determined in an optimization analysis performed when site specific 

information becomes available. The cost of electric power at dif

ferent site locations and other site factors enter into optimization 

determinations. Table 2.3-35 indicates the approximate capacities and 

numbers of stages required for each of the three stage sizes. An 

additional 60 stages of small size will be required at the top of the 

production cascade to separate and remove from the enriched UFg stream 

the light gas contaminants such as oxygen and nitrogen that leak or 

are admitted by purging operations. 

Process stages are grouped into cells for operating convenience. The 

cell is the smallest group of stages that can be isolated from the 

operating cascade for maintenance purposes . Each production cell 

consists of 16 stages. The purge cascade consists of 10 six-stage 

cells of which six have low-speed centrifugal compressors and four 

have high-speed centrifugal compressors. 

The production stages will be housed in four separate process buildings 

with the three stage equipment sizes interconnected to place the largest 

stages near the middle of the process flow sequence and with the medium-

sized stages divided above and below the large stages. The feed stream 

will be introduced at a point somewhat above the middle of the large 
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TABLE 2.3-35 

APPROXIMATE NUMBER AND SIZES OF PRODUCTION STAGES 
FOR A 8.75 MILLION SWU/YR GASEOUS DIFFUSION PLANT 

Stage 

1 

2 

3 

Total 

size Stage size« 

Small 

Intermediate 

Large 

Approximate number 
of stages 

375-350 

400-325 

575-500 

1350-1175 

Actual compressor suction volumes are classified. 
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stage group. The small stages will be divided and placed at the top and 

bottom ends of the cascade flow sequence. This equipment arrangement 

provides the taper in interstage flows necessary to match the assay 

gradient and flow continuity requirements. 

The two items of cascade equipment that most strongly affect diffusion 

plant efficiency are the diffusion barrier and the process gas com

pressors. Both have been the subject of intensive and productive 

efforts to improve their performance characteristics since the last 

diffusion plant construction program in the United States that ended in 

1955. Significant improvements in ducting aerodynamics have also been 

made during this period. The improved equipment these development efforts 

have produced will be used in this plant and will permit greater 

production per unit of power consumed than is achieved in any of the three 

existing diffusion plants. Axial flow compressors will be used for all 

production stages. 

The entire process system consists of a welded leak-tight assembly of 

steel piping and vessels, compressors, valves, and auxiliary systems 

designed to circulate process gas, uranium hexafluoride, for the purpose 

of separating the uranium isotopes, The motor-driven compressors 

represent the only major dynamic equipment in the cascade. All process 

equipment, piping, compressors, and valves are within insulated metal 

panel enclosures that act to maintain the required warm ambient air 

temperature around the process equipment. The compressor drive motors 

are outside the insulated enclosures, 

The process gas is heated as it passes through each stage compressor. 

To maintain the required fixed process gas temperature level a gas 

cooler is provided for each stage. An evaporative coolant, CC1F2-CC1F2 

(R-114) is used as the primary coolant. The R-114 coolant is maintained 

at a pressure greater than the UFg process stream so a gas cooler leak 

would result in a leakage of R-114 into the process stream rather than 

a leak of UF5 into the R-114 system. The R-114 is chemically compatible 
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with the UFg and causes no significant problem when small quantities leak 

into the process stream. Large inleakage rates of R-114 into the cascade 

require isolation of the leaking cell equipment for repair. Any R-114 

that gets into the process stream migrates up the cascade where it is 

removed from the process by the purge cascade. 

The R-114 enters the gas cooler as a liquid and boils as it removes heat 

from the UFs stream. At each cell four water-cooled condensers remove 

the heat from the R-114 which recirculates to the stage coolers as a 

liquid from the condensers. The condenser cooling water is supplied by 

the plant recirculating cooling water (RCW) system, Hot water returns 

to the central plant cooling tower system where it is cooled and recir

culated to the condensers by the RCW pumps. A small amount of the RCW 

flow is supplied to the lube oil coolers at each cell lube oil system. 

Oil is pumped continuously to compressor and motor bearings where it 

experiences a temperature rise before it is returned through a gravity 

drain line to the lube oil system provided for each cell, A water-cooled 

lube oil cooler maintains the oil at the required temperature level. 

New plant cell equipment layouts have been developed by ERDA which differ 

from all existing cells in their compressor drive arrangement. One 

motor drives two compressors rather than having one motor for each com

pressor. This provision places two motors at opposite ends of each row 

of four compressors and reduces motor ventilation and electric power 

distribution costs. It also permits closer spacing of stage equipment 

and hence a reduction in total process building floor area. 

Another major ERDA new plant design concept has been developed that 

makes process buildings single-level structures with the operating cascade 

equipment on grade level. Such a design has inherently greater seismic 

resistance than the two-level design in existing plants. Elimination of 

the ground floor level requires other design adjustments to relocate 

plant equipment and functions formerly accommodated in this area. The 

narrower process building can be ventilated without requiring the ground 
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floor area to house the ventilation fans and act as a supply air plenum. 

Coolant drain tanks and equipment can be placed outside the process 

buildings using an arrangement similar to that provided for the lube oil 

systems. 

Two types of UF5 inventory control or storage systems can be provided in 

the plant. Banks of surge drums act as storage volume for gaseous UFg 

removed from operating equipment for maintenance purposes. Freezer 

sublimer units can also be furnished to hold large quantities of UF6 as 

a solid and are particularly useful if a need arises to reduce plant 

compressor electric power demand on occasions with relatively short 

notice. 

The two major utility services required by a diffusion plant are electric 

power and recirculating cooling water. The latter system is described 

in Sec. 2.3.3.5. 

The electric power load for the plant is approximately 2400 MW. This 

power will be furnished under contracted agreements with a utility group 

and will enter the plant at the plant high voltage substation where it 

will be transformed to an intermediate lower voltage level for distri

bution within the plant to substations that serve each process building 

and the other plant buildings. Over 90% of the power is used by the pro

cess gas compressors. This power is transformed from intermediate voltage 

down to motor operating voltage in the individual process building sub

stations. The largest motors will probably operate on 6.9 kV power with 

lower voltages for the smaller motors. 

A separate complex of buildings is furnished for maintenance of process 

equipment. Experience in existing diffusion plants has demonstrated a 

very low failure rate for the process system components but the high 

dollar value of equipment, on-stream time necessitates maintenance 

facilities for converters, compressors, and motors. General shops 

are furnished for maintenance of all plant process equipment. The 
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converter assembly and maintenance area will be constructed early in the 

plant construction period and will be used to assemble the new converters 

for the plant. Converter components such as shells, heads, and hardware 

will be furnished by industrial vendors and the barrier will be manu

factured in the ERDA barrier plant located at the Oak Ridge Gaseous 

Diffusion Plant and shipped to the new plant site for converter assembly. 

A plant central control building will be provided to which instrument 

lines will deliver the plant equipment monitoring signals necessary for 

controlling plant operation. Scanning and display devices will permit 

the operators to call up specific information for display during normal 

operation or in the event that abnormal operation is suspected or indi

cated by alarms. The diffusion cascade is basically a very stable and 

easily controllable process and with modern instrumentation can be 

operated with a relatively small staff and with a high degree of safety. 
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2.3.3.2 Feed, product, and tails withdrawal systems 

The feed, product, and tails stations function to maintain the required 

flow of UFg process gas into and out of the cascade system. The UFg is 

shipped and stored in steel cylinders that contain up to 14 tons of 

UFg, each designed for a maximum of 4.5% enrichment U-235 due to criticality 

requirements. The UF in cylinders is normally in the solid state but is 
6 

liquefied and vaporized by heating in a steam autoclave for removal 

to the cascade. A typical design for these systems is discussed under 

Section 2.3.1.2 of the gas centrifuge plant. 

2.3.3.2.1 Feed 

Each feed station autoclave will house one 14-ton (12,712-kg) feed 

cylinder. Steam at a pressure of about 1.5 atm (8 psig) is used to heat 

the autoclave to about 110°C (230°F). The pressure in the cylinder is 

approximately 5.4 atm (65 psig). The autoclaves will be equipped with 

pressure and electrical conductivity controls on the steam condensate 

line to protect against overpressurization and/or loss of UFg. Should 

the pressure inside the UFg cylinder exceed a predetermined value, an 

alarm will be actuated. If the electrical conductivity of the steam 

condensate leaving the autoclave should exceed a predetermined value 

(as would occur if UFg were released from the cylinder into the auto

clave), the heat would automatically be shut off, the cascade feed line 

valve and a valve in the condensate line would close, and an alarm would 

sound. The residual condensate would be collected for uranium recovery. 

Under normal operating conditions, the only effluent from the feed 

equipment will consist of the condensate from the steam-heated auto

claves. This effluent will be discharged to the primary holding pond. 

2.3.3.2.2 Product 

The product withdrawal system consists of desublimation cells designed 

to meet criticality requirements. Steel cylinders into which product 

is to be withdrawn are cooled by low temperature refrigeration equip

ment. Secondary liquid nitrogen traps collect any product that is not 

deposited in the product cylinder. A chemical trap containing activated 
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alumina backs up the liquid nitrogen trap to prevent UFg or HF from 

escaping to the environment. Mechanical vacuum pumps are provided to 

remove noncondensable gases from the system before going on stream. 

2.3.3.2.3 Tails 

The depleted tails stream is removed from the bottom stage of the produc

tion cascade into 14-ton steel cylinders. The tails withdrawal compression-

liquefaction system for each building contains two compressor trains 

having two compressors in series. Each compressor has an aftercooler. 

These heat exchangers are of a U-shaped, finned-tube-within-a-tube design, 

with an annular buffer between the process gas and the cooling water. 

The buffer layer is filled with helium to improve heat transfer. A con

denser is located after the compressors to condense the gaseous UFg to 

the liquid state, which is then collected in an accumulator. 

2.3.3.3 Toll enrichment facility 

A toll enrichment facility will be provided for the purpose of receiving, 

weighing, sampling, assaying, and making purity determinations on 

cylinders of UFg materials received for enrichment on a toll basis for 

customers. 

Major equipment items for this facility are: autoclaves for heating the 

cylinders containing UFg during sampling operations; scales for weighing 

the UFg cylinders; high-temperature and high-pressure alarm systems to 

prevent overpressurization of the UFg cylinders during heating; a special 

sampling apparatus; and a radiation alarm system to monitor for accidental 

releases. If the electrical conductivity of the steam condensate leaving 

the autoclave should exceed a predetermined value (as would occur if UFg 

were released from the cylinder into the autoclave), the heat would auto

matically be shut off, the cascade feed line valve and a valve in the 

condensate line would close, and an alarm would sound. The residual 

condensate would be collected for uranium recovery. 
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These services can be housed in a structure roughly 100 ft square 

equipped with the necessary cylinder storage yard area, 14-ton cylinder-

moving equipment, and sampling and analytical support facilities. The 

toll enrichment facility is customarily located near the plant perimeter 

where uncleared customer representatives can be provided access with a 

minimum of interference with normal plant security functions. 
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2.3.3.4 Process equipment assembly and maintenance facilities 

A complex of approximately three buildings with a combined ground coverage 

of approximately 8 acres will be furnished to house maintenance shops and 

facilities. The three major items of large cascade equipment that require 

maintenance facilities are converters, which contain the barrier and gas 

cooler, compressors, and compressor motors. The shops will be capable 

of performing all required maintenance functions necessary to the sup

port of plant operations. 

The converters represent a special requirement. They will be assembled in 

the converter assembly and maintenance buildings for installation as the 

plant is constructed. For this reason this particular facility will be 

constructed early enough to ensure the delivery of completed converters 

to meet plant construction schedules. This facility will serve after 

plant construction for converter maintenance. 

Converters, compressors, and other equipment exposed to the UFg process 

stream require decontamination to remove small residual surface amounts 

of uranium after removal from the cascade and prior to performance of 

maintenance work. A decontamination facility is included in the 

maintenance area together with chemical cleaning and rinse tanks and de-

greasers for cleaning components as required. Cleaning solutions generated 

which contain uranium will be processed for recovery of the metal, Other 

types of cleaning, such as vapor degreasing, would be about the same as 

was identified for a gas centrifuge plant in Sect- 2.3.1.6.16. Over

head cranes capable of handling the heaviest assemblies are provided in 

the maintenance buildings, 

A small controlled environment shop area will be provided for assembly and 

subsequent maintenance of compressor shaft seal assemblies. Environmental 

control is required in this shop area. 

Environmental control is also required in those areas in which the barrier 

material is installed in the converter assemblies. Similar control 

may be required in the area in which barrier tubes received from the 

Oak Ridge manufacturing plant are stored prior to use in converter assembly. 
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The failure rate in diffusion cascade equipment has proven in experience 

to be very low. A ^/ery limited investment is made in spare equipment 

for replacement and the maintenance facilities provided for the plant 

are adequate to ensure long-term, dependable productive plant operation. 
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2.3.3.5 Recirculating cooling water system 

The recirculating cooling water (RCW) system for the diffusion plant is 

one of the two major required utility services, the other being electric 

power. Over 90% of the total RCW steady-state flow rate of about 250,000 

gpm is used to condense the R-114 evaporative coolant in the stage coolant 

systems. The heat of compression is transferred from the UFg process gas 

by the R-114 system to the RCW system. The balance of the RCW flow is 

used for cooling at interbuilding process booster pump stations, for 

evacuation pump station cooling, and for lube oil coolers. 

Cooling towers cool the water from an on-tower temperature of about 140°F 

to about 90°F for recirculation through the system. Cooling water 

temperatures to the cooling towers from the R-114 condensers for some 

sets of design conditions optimize above 140°F, but in such 

cases a blend cooling system with water from the cooling tower basin is 

used to reduce the on-tower water temperature to 140°F which is the highest 

temperature at which redwood cooling towers exhibit economically long life. 

For a plant of the size in question a group of four 350-ft-lonfj-cooling 

towers is required for typical southeastern United States climates. A 

concrete holding basin adjacent to the cooling towers is provided to 

hold sufficient water for from 12 to 24 hrs. of plant operation with the 

makeup water system out of service. For a 24-hr. supply this corresponds 

to a 25 million gal. holding capaciity. 

The makeup water is required to restore water lost from the RCW system. 

The major loss at full plant load is about 17,000 qpm bv evaporation from 

the cooling towers. The blowdown of from 800 to 3000 gpm of water to 

control mineral buildup due to evaporative concentration of dissolved 

solids is the next largest loss from the RCW system. The blowdown rate 

is dependent upon the quality of the water available at the plant site, 

but in calculating the source term the worst case of 3000 gpm was 

assumed. Finally, drift loss from the tower is estimated at 25 gpm or 

a 0,01% drift rate. 
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A pumphouse is provided adjacent to the cooling tower and storage basin 

area to deliver water through the RCW system. Underground water lines 

distribute water to the plant area and are looped to ensure that a single 

water line failure will not shut down more than perhaps 5 to 10% of the 

process stages. 

A makeup water treatment facility is provided to treat raw water which 

may be expected to come from a river near the plant site. A detailed 

discussion of makeup water requirements is found in Sect, 2.3,1.9. 

Corrosion inhibitors are added to the RCW system and may be expected to 

introduce approximately 9.0 ppm of chromium as hexavalent chromium as well 

as 1 ppm phosphate, 2.0-4.0 ppm zinc, and 0.2 to 0.5 ppm chlorine treatment 

of blowdown will be provided by reduction precipitation which will reduce 

chromium concentrations to 0.05 ppm and zinc concentration 0.5 ppm in 

the effluent to the primary holding pond. A description of the reduction 

precipitation process is found in Sect. 2.3.1.9. 

2.3.3.6 Nitrogen plant 

The plant nitrogen system is designed to distribute nitrogen gas through

out the process buildings and other areas at 50 psig. The steady-state 

process demand is approximately 35 scfm, but the system will be designed 

to handle much larger flows for short periods. 

Liquid nitrogen is received at the plant by rail or truck tank car and 

stored in a cryogenic tank. A steam heated converter serves to vaporize 

liquid nitrogen in response to plant demand. Provisions are also made to 

withdraw liquid nitrogen for laboratory cold trapping and other uses. The 

nitrogen storage and distribution plant occupies an area of about 5 0 0 0 ft^. 

The nitrogen gas distribution system is designed to include pressure re

ducers from the 50 psig header as is required to protect any connected 

plant equipment not designed for 50 psig service. Essentially all nitrogen 

used in the plant is released back to the atmosphere directly or through 

traps, when required, to prevent release with the nitrogen of atmospheric 

contaminants in excess of allowable concentrations. 
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2.3.3.7 Air plant 

Compressed dry air is distributed throughout the process and maintenance 

areas of the plant at a nominal pressure of 100 psig. The air is filtered 

and dried in alumina driers. A plant steady-state demand of approximately 

2000 scfm is estimated with a peak demand of about 5000 scfm. Standard 

commercial air compressor units will be provided in the compressed air 

plant. Air is used for ventilation controls, pneumatic tools, process 

buffering, etc. 

Environmental effluents are trace amounts of lubricating oils from compres

sor exhaust and noise. Areas will be provided for storage of new com

pressor lubricating oil and for storage and disposal of used oil. Noise 

emission from compressors will meet applicable regulations. 
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2.3.3.8 Steam plant 

A steam supply system consisting of four 100,000 lb/hr boilers will sup

ply the steam load for the plant. Peak steam load is estimated at 300,000 

lb/hr with an additional 100,000 lb/hr boiler provided as a spare. Steam 

will be furnished at 100 psig. The boilers are assumed to be coal-

fi red. 

Steam will be used during the startup operations to heat process equipment 

enclosures until such time as available process heat is sufficient to 

maintain operating temperatures. Thereafter, steam use for process system 

heating will be minimal except at the feed vaporization station where 

steam will be used regularly to heat the feed vaporization autoclaves. 

Steam will also be used for maintenance services such as heating of 

cleaning tanks and for winter heating of plant buildings (unless process 

waste heat is used for this purpose). A condensate return system will 

be furnished but will not return condensate from such points of use as 

the feed vaporization autoclaves. Steam exhausted from the feed vapor

ization autoclaves is delivered to a plant holding pond. 

A detailed discussion of the gaseous and liquid emission, and waste treat

ment system assumed for a 400,000 lb/hr steam plant are provided in 

Sect. 2.3.1.5 for maximum and average operating rates. 
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2.3.3.9 Heat dissipation systems 

Gaseous diffusion is a constant temperature process, the majority of the 

heat from which is removed through a closed cooling system utilizing 

a fluorinated hydrocarbon as the primary coolant and water as the 

secondary coolant. The water system for a new plant would consist of 

water through cooling towers. For the purpose of illustration, these 

cooling towers are assumed to be of the mechanical-draft type. There 

would probably be one tower for each production process building. Dimen

sions of a tower are approximated at 350 length, 75 width, and 60 

height. The design on-and-off tower dimensions are 60°C (140°F) and 

31°C (87°F), respectively, at a wet bulb temperature of 26°C (79°F) 

The rate of water recirculating through a heat dissipation system would 

be dependent upon the heat load to be removed; for the plant in question 

this rate would be about 250,000 gpm (360 Mgd), since the diffusion 

process is characteristically stable, this rate of flow should remain 

relatively constant so that the subsequent rate of heat rejection should 

remain relatively constant. The majority of this heat (greater than 

90%) would be released through evaporation to the atmosphere with about 

5 to 10% being released to the atmosphere via building ventilation 

systems, and therefore only a small fraction being released through the 

blowdown stream. The following paragraphs present a discussion of these 

heat rejection pathways. 

2.3.3.9.1 Liquid thermal discharge 

In order to utilize to the fullest the capacity of the water to remove 

process heat, the diffusion cooling system would recirculate the water 

through the system several times. Since a large quantity of the 

water would be lost through evaporation (approximately 17 Mgd), the con

centrations of dissolved solids (such as sulfates and calcium) would 

eventually increase to a level where they would create operational 

problems. Therefore, in order to prevent such problems, a quantity 

of water would be discharged to a receiving water body. This 
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discharge is commonly referred to as blowdown and would be dependent upon 

the quality of the intake water; i.e., the lower the dissolved solids 

concentrations in the intake water, the greater would be the number of 

cycles of concentration. For purposes of illustration, the blowdown from 

the plant being described is estimated to be about 4.3 million gpd. 

This blowdown rate is based on five cycles of concentration and implies 

a poor quality of intake water. A gaseous diffusion plant could be 

located on a good quality makeup water source, in which case the cycles 

of concentration could be as many as 15 and the blowdown would approach 

about 1.2 Mgd. However, in order to present a worst-case cooling 

tower effect, the blowdown rate is predicted to be 4.3 Mgd. 

The temperature of the blowdown should be no more thanlOF greater than 

the ambient stream temperature. Therefore, based on techniques described 

8 
by Pritchara, the thermal plume depicted in Fig. 2,3-10 can be pre
dicted for a stagnant receiving water body. Should the receiving stream 
be flowing, the plume would be translated in the direction of flow, thus 
occupying a less significant portion of the stream width. 

2.3,3.9.2 Gaseous thermal discharges 

The primary release of heat to the atmosphere would result from the 

evaporation of the 17 Mgd. of water by the cooling towers. The 

plumes generated by this evaporation would be expected to extend for no 

more than 2500 ft from the tower, with the average plume length being 

about 750 ft. Normally, the height of the plume would be expected to 

rise to about 750 ft. 

The rejection of the water vapor by the cooling towers would increase the 

potential for fogging in the vicinity of the cooling towers. Since 

natural fog is a function of the season of the year as well as the time 
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a. Horizontal Profile 

b. Vertical Profile 

FIGURE 2.3-10. PROJECTED TEMPERATURE PROFILE FOR MAXIMUM COOLING 
WATER BLOWDOWN. 
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of day, the additional fog produced by the cooling towers would also be 

expected to be a function of the same parameters. Specifically, the 

potential would be greater during the fall and winter between the hours 

of 5 and 8AM. Since a quantitative description of fogging is dependent 

upon the meteorological conditions, it is site-dependent. Therefore, no 

quantitative description of the fogging potential of the hypothetical 

cooling towers of this document is presented. However, based on studies 

conducted at the Oak Ridge Gaseous Diffusion Plant, it is predicted that 

no more than 300 hours of additional fog would be generated during a year 

from the operation of the cooling towers. The maximum distance downwind 

of the towers that this fog would be observed is extremely difficult to 

project. Again however, observation at the Oak Ridge plant reveals a 

maximum distance of approximately 0.3 mile. 

The drift released from the cooling towers would be expected to amount 

to about 0.01% of the total recirculating flow, or about 25 gpm (36,000 

gpd). This drift would contain approximately 10 ppm of hexavalent chromium 

in addition to lesser concentrations of zinc and phosphates and settles 

to the ground within 600 m of the tower. 
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2.3.3.10 Sanitary water system 

A separate sanitary water system is provided to furnish potable water 

throughout the plant. This water will be taken from a river or from wells 

near the plant site and treated as required using clarifiers, aeration 

basins, sand filters, and chlorination to meet established potable water 

standards. A capacity to deliver about 400 gpm is estimated which exceeds 

the requirements of plant personnel sufficiently to meet peak use periods 

and periodic boiler feed water makeup. Some washing, cleaning, and 

rinsing water demands will also be met by this water system, 

Depending upon the treatment specified for fire protection water stored in 

elevated tanks to supply hydrants and sprinkler systems, a somewhat larger 

capacity for the sanitary water treatment plant could be specified. 

Although the high flow rates typical of the makeup water treatment 

system could easily handle the refilling of large stored fire protection 

water tanks when required, the chromate corrosion inhibitor in this water, 

approximately 20 ppm, makes it undesirable to deliver to the environment 

the large quantities of this water typical of fire fighting usage. If 

sanitary water rather than water from a separate fire protection water 

treatment system, is used to fill these reservoirs, a somewhat larger 

capacity than the 400 gpm specified above would be required. 

2.3.3.11 Fire water system 

A permanently installed system of sprinklers, hydrants, and hose stations 

is provided throughout the plant for fire protection. A separate under

ground piping system is provided for the distribution of fire protection 

water from elevated storage tanks. The holding capacity of these tanks 

will be sufficient to meet the demands of the system for extinguishing the 

most severe postulated fire in terms of total water volume required. For 

estimating purposes the volume of stored fire protection water can be 

taken as roughly 2.4 million gal. Sprinkler systems for process areas 

are designed to supply 0.15 gpm per square foot and may be expected to 

function over an area of roughly 50,000 ft for a given fire. 



2.3-128 

In the extreme event of a fire that consumes all fire protection water in 

elevated storage systems, the large volume of water stored in the recir

culating cooling water basin is available with suitable pumping and piping 

facilities for delivery into the fire water mains. This source could 

furnish over 10 million gallons, depending upon the plant RCW basin capa

city. This water contains corrosion inhibitors including hexavalent chromi 

at a concentration of about 20 ppm. For this reason, this water would not 

be used for fire fighting except in an emergency case. 

2.3.3.12 Sanitary sewage system 

A sanitary sewage system will be built to serve the plant area. A primary 

and secondary treatment plant with a capacity of about 112,000 gpd will be 

furnished to support an estimated 1400 persons employed in the plant area. 

Wastes containing significant amounts of chemical substances will not be 

drained into the sanitary sewer system. Except for size, the system would 

be similar to that described in Sect. 2.3.1.12 for the gas centrifuge 

plant. Effluent concentrations will be the same as shown in Table 2.3-5, 

but the flow rate will be lower. 

2.3.3.13 Storm drainage system 

The paved and roofed areas to be constructed will measurably increase the 

runoff rate from parts of the plant site area following rain storms. Run

off from building roofs, paved areas, and the general plant area will be 

handled through a storm sewer system designed to prevent erosion and to 

deliver the runoff into the regional topographic drainage system without 

creating flooding or erosion problems. 

Special interim conditions will exist during construction and site grading. 

During this period temporary open ditch storm drain provisions will be used 

to control runoff and to minimize silting until the permanent plant storm 

sewer system is functional. 

Storm water from any plant areas subject to significant levels of chemical 

contamination will be drained into holding ponds for monitoring, retention, 

equalization, and release to offsite areas in conformance with allow

able effluent stream standards. 
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2.3.3.14 Holding ponds 

Diffusion plant holding ponds are provided (1) to prevent accidental dis

charge of harmful chemicals to the environment and (2) to allow settling 

of low solubility solids. Adjustable weirs permit emergency containment 

of pond contents. The actual holding pond configurations would be 

developed to match the topography and plant layout for a specific site. 

The functions and functional relationships for holding ponds can be 

described without the site-specific information. 

2.3.3.14.1 Primary pond 

A primary holding pond will be provided to receive all liquid chemical 

wastes from the plant including those containing residual amounts of 

uranium. Neutralization or other treatment of this pond is possible, 

but treatment of the individual source streams will generally minimize or 

obviate this requirement. Waste water from decontamination and uranium 

recovery operations in the process equipment assembly facilities, cooling 

tower blowdown, water treatment backwash and the steam plant will flow 

into the primary pond. The effluent from the primary pond is monitored 

to maintain water quality within allowable environmental limits. 

2.3.3.14.2 Secondary pond 

A secondary holding pond for aqueous discharge streams from the plant is 

provided to receive water streams that would normally be discharged to the 

environment, but have been in the process area and could possibly be 

contaminated. These include such streams as the discharge from potentially 

contaminated storm drains and condensate from steam-heated process equip

ment. Under normal circumstances the primary pond achieves sufficiently 

low contaminant concentrations to deliver its effluent stream directly 

to anoffsite stream. It is possible, however, to discharge the primary 

pond effluent through the secondary pond if additional retention time is 

desired. 

Some sludge formation and settlement will normally occur in the primary 

pond, but this effect will be minimal in the secondary pond. Both ponds 
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will have oil skimmers at the pond inlet that should retain and remove 

virtually all oil from accidental oil spills within the plant. A 

secondary skimmer at the outlet of each pond should prevent all but 

traces of oil from being discharged to the environment. 

2.3.3.14.3 Raw water treatment waste 

A sludge basin will be provided at the water treatment plant into which 

the sludge from the water clarifiers will be pumped as a slurry. The 

settlement of sludge from the slurry will give rise to an effluent 

stream of water which will be retained for clarification in the primary 

pond prior to discharge. 

2.3.3.14.4 Steam plant ash pond 

The effluent resulting from the sluicing of bottom ash and fly ash at the 

steam plant, along with sludges produced from S0 2 removal, will flow to 

the steam plant ash pond. In addition, runoff from the coal yard will be 

routed to this pond. The pond will cover an area of about 20 acres 

(assuming a 25-ft depth) and will be sized to meet Federal, state, and 

local effluent standards. The solids suspended in the effluent will not 

exceed 100 mg/liter as a daily maximum or 30 mg/liter average for 30 

days. 

The detailed design of facilities for a given site will produce possible 

variations in the holding pond provisions described, but the significant 

environmental considerations are embodied in the material presented above. 
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2.3.3.15 Burial grounds 

Burial ground requirements fall into two classes: sanitary land fill and 

contaminated scrap. With increasing limitations imposed upon burning and 

incineration of combustible wastes, burial of normal noncontaminated 

plant wastes in sanitary landfill areas requires enlarged landfill areas 

to accommodate the increased volumes of paper, shipping cartons, scrap 

lumber, and similar materials in addition to the traditional landfill 

materials such as metals, plastics, and mineral wastes such as wallboard, 

insulation materials, and masonry wastes. Roughly three acres will be 

satisfactory to accommodate construction waste materials in a landfill 

that provides for trenching, trash fill, and reclamation with graded 

soil backfill and cover. An additional acre will suffice to accommodate 

the waste produced during operation of the plant over a long operations 

period. Sites would be chosen carefully to help insure that surface and 

underground pollution of soil and water will be minimal. A significant 

aquifer on areas with unfavorable soil characteristics could make a site 

undesirable. 

The second burial ground requirement is for classified or residually con

taminated scrap materials that accumulate in the normal course of plant 

operation. The extent of the area required for this purpose is dependent 

upon the extent to which smelting or recovery operations reduce the 

volume of materials to be buried. In any case, the normal operation of 

diffusion plants imposes only a small requirement for burial of materials 

that retain residual amounts of uranium contamination, and one acre of 

land suitable for soil excavation and backfill will meet plant require

ments for a long period of time. 

2.3.3.16 Plant administration and service facilities 

In addition to the production and production support facilities described 

in preceding paragraphs, an additional group of plant buildings will be 

required to house administrative and service facilities. These include 

an administration building and buildings to house such facilities as the 
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dispensary, laundry, coal pile, cafeteria, fire department, guard head

quarters, garage and heavy equipment shop, and warehouses and storage 

areas for gas cylinders, oil drums, and UF,. cylinders. These facilities 
o 

and these effluents would be about the same as those described in the 
gas centrifuge plant under miscellaneous support facilities (Sect. 2.3.1.6). 

A suitable network of plant and plant perimeter roads, fencing, and 

lighting will be provided together with plant access portals, guard 

houses, and parking lots. A network of railroad tracks will be provided 

to process electric substation, maintenance, steam plant, nitrogen 

plant, and storage yard areas. 

Depending upon the location of the plant relative to a river or other 

source of raw water for plant use, the raw water intake and pumping 

facilities may be at an offsite location, and suitable land areas or 

rights-of-way will be acquired to meet these needs for any specific site. 
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2.3.3.17 Facility Construction 

An estimated total land area of about 750 acres should be included 

in the overall plant reservation. Actual construction operations 

would only involve clearing and grading of a fraction of this total area, 

but possible requirements for buffer zone distances between the plant 

perimeter and cooling towers or sources of noise must be taken into 

consideration. 

2.3.3.17.1 Site preparation 

Site preparation for construction involves the several activities listed 

in Table 2.3-36. 

2.3.3.17.2 Land use 

The process buildings, electric power substations, and immediately adjacent 

road, railroad, and land area will cover approximately 200 acres. The 

total plant facilities may be expected to occupy about twice this area 

assuming typical separation distances between major plant structures and 

yard areas. The estimated areas for major plant facilities are indicated 

in Table 2,3-37. 

2.3.3.17.3 Water use 

Sufficient sanitary water will be required during construction to meet the 

needs of a peak construction force about four times the size of the total 

post-construction operating force. During the latter half of construction 

the operating contractor personnel will build up toward full strength also. 

A peak force of roughly 7000 persons is indicated. A temporary sanitary 

water supply system will be used during construction until the permanent 

system is available for use. 
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TABLE 2.3-36 

ESTIMATED EXTENT OF STTE PREPARATION WORK 
FOR 8.75 MILLION SWU/ YEAR GASEOUS DIFFUSION PLANT 

Activity Quantity 

Clearing and grubbing 

Stripping topsoil 

Total grading 
3 

Excavation, million yd 

Compacted fill, million yd' 

Spoil, yd3 

150-250 acres 

85 acres 

200 acres 

2-5 

1.5 - 4.5 

0 - 1 
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TABLE 2.3-37 

AREAS OCCUPIED BY MAJOR PLANT FACILITIES 
OF 8.75 MILLION SWU/ YEAR GASEOUS DIFFUSION PLANT 

F a c i l i t y 

Plant s i t e 

Permanent bu i ld ings 

E lec t r i c substations 

Coal yard 

Holding Ponds 

Steam plant ash pond 

Burial ground 

Sanitary 1 and f i l l 

Roads 

Rai1 roads 

Parking 1 ots and por ta ls 

Construction s i t e 

Completed area 
(acres) 

400 

65 

60 

2 

10 

20 

2 

5 

30 

10 

7 

Land af fected by 
const ruc t ion , (acres) 

400 

65 

60 

2 

12 

23 

2 

6 

30 

10 

25 

100 
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Water will also be required to support such construction activities as 

making concrete, cleaning equipment, watering temporary dirt roads to 

prevent dusting, and for temporary fire protection. Temporary water supply 

facilities will be constructed for use as long as they are required, 

2.3.3.17.4 Material source and use 

Estimates of some of the basic construction materials necessary for the 

gaseous diffusion plant are shown in Table 2.3-38. 

2.3.3.17.5 Construction manpower and employment schedule 

The peak manpower required during construction is about 6850 persons. 

This includes a construction manpower of about 5300 construction 

workers (4800 manual and 500 supervisory) and 1550 operational person

nel during the peak construction period. The crafts included in 

construction manpower are detailed in Table 2.3-39; the.schedule for 

construction manpower based on an assumed seven-yeara construction 

schedule is shown in Fig. 2.3-11. 

An 8-1/2 year construction schedule (not considering the start of engi
neering) is noted elsewhere in this work (Sect. 2.3.6), based on the 
most recent planning estimates. A manpower plan for the 8-1/2 year 
project has not been developed as yet but would evolve from the 7 year 
schedule with a similar maximum but lower employment buildup. 
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TABLE 2.3-38 

ESTIMATED CONSTRUCTION MATERIALS FOR 8.75 MILLION SWU/YR 
GASEOUS DIFFUSION PLANT 

Concrete, yd3 300,000 

Steel, tons 200,000 

Copper, tons 6,000 

Aluminum, tons 7,250 

Nickel, tons 5,300 

Monel, tons 300 

Fiberglass insulation, tons 615 

R-114 coolant, tons 2,500 

Lube oil, gal 200,000 

Redwood, bd ft 360,000 

Transformer oil, tons 5,000 
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TABLE 2.3-39 

ESTIMATED MAXIMUM MANUAL CONSTRUCTION FORCE Fi 
8.75 MILLION SWU/YR GASEOUS DIFFUSION PLANT 

Craft Number 

Laborers 

Teamsters 

Equipment operators 

Carpenters 

Iron workers 

Electricians 

Pipefitters 

Millwrights 

Sheet metal 

Painters 

Masons 

Insulators 

Roofers 

TOTAL 

740 

290 

170 

200 

340 

1080 

1310 

320 

100 

70 

60 

70 

50 

4800 
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7,000 

6,000 

5,000 

— PEAK LOAD TOTAL FORCE = 5300 
(PLUS 1550 OPERATIONAL PERSONNEL) 

v 
at 
O 4,000 
O 
CO 

< 

85 3,000 
co 

Z 

2,000 

1,000 

PEAK LOAD - MANUAL = 4800 

3 4 5 
YEARS OF CONSTRUCTION 

FIGURE 2.3.-11 SCHEDULE FOR CONSTRUCTION MANPOWER 
(EXCLUDING OPERATIONAL PERSONNEL) FOR 
8.75 MILLION SWU/YR. GASEOUS DIFFUSION 
ENRICHMENT PLANT. 
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2.3.3.18 Radioactive waste systems 

A detailed description of the radionuclides associated with a uranium 

enrichment facility of any type is presented in Sect. 2.3.1.17. 

As described in that section, much of the activity enters enrichment 

plants in recycled uranium from nuclear power plants. The sources of 

these wastes from a gaseous diffusion plant would be the diffusion purge 

facility, the decontamination and recovery facility, and the laundry. 

The ultimate disposal of these wastes is described below. 

2.3.3.18.1 Gaseous wastes 

The gaseous radioactive wastes generated by a diffusion plant would in

clude those discharged from the purge cascade and from the decontamina

tion and recovery area. The amount of radioactivity discharged from both 

of these facilities would be dependent upon the trapping systems used. For 

illustrative purposes, the traps employed are assumed to be similar to 

those described in Sect. 2.3.1.17. The resulting radioactivity discharged 

to the atmosphere from a diffusion plant would thus also be similar to that 

discharged from a similar-sized centrifuge plant. A quantitative 

description of radionuclides released was presented in Table 2.3-11. 

2.3.3.18.2 Liquid wastes 

The liquid radioactive wastes discharged from a gaseous diffusion plant 

would include those from the decontamination and recovery facility and 

the laundry. The decontamination and recovery wastes would flow through 

the primary holding pond prior to being released to the receiving water 

body. The laundry wastes would flow through the sewage treatment 

facility prior to being released. A hypothetical tabulation of 

effluent streams is presented in Table 2.3-40. 

2.3.3.18.3 Solid wastes 

The solid radioactive wastes generated by a gaseous diffusion plant would 

include those accumulated in the various trapping systems as well as 

those settled in the primary holding pond. The traps would be buried in 
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TABLE 2.3-40 

RADIONUCLIDES DISCHARGED THROUGH LIQUID EFFLUENTS 
FROM A 8.75 MILLION SWU/YEAR GASEOUS DIFFUSION PLANT 

Radionuclide Release rate 
(Ci/year) 

U-232 

U-233 

U-234 

U-235 

U-236 

U-238 

Pu-239 

Np-237 

Ru-106 

Zr-Nb-95 

Cs-13^ 

Ce-144 

Tc-99 

4.13 

2.15 

1.44 

5.93 

1.32 

1.16 

8.00 

4.00 

9.30 

2.00 

1.50 

1.50 

0.7 

X 10"6 

X 10-8 

X 10-3 

X 10"5 

x io-4 

X 10"3 

X 10~9 

X 10"6 

X IO"2 

X IO"2 

X IO"3 

X IO-3 

X IO1 
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retrievable burial facilities while the holding pond accumulation would 

be periodically removed and placed in the contaminated burial ground. 

The quantity of solid waste generated will be significantly smaller 

than that from a gas centrifuge plant because there will essentially 

be no contaminated equipment to dispose of. 

2.3.3.19 Biocidal waste systems 

Biocides would be used to control the growth of algae and bacteria in the 

plant's water systems, vegetation grwoth around fences, railroads, 

parking lots, etc., insects in and around various buildings. Chlorine 

residuals would be maintained at about 1.0 ppm in the sanitary water 

system, between 0.1 and 0.5 ppm in the sanitary sewage effluent, and 

between 0.2 and 0.5 ppm in the recirculating water system. The herbicides 

used for vegetation control as well as the pesticides used for insect 

control would be EPA-approved. 
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2.3.3.20 Other chemical waste systems 

2.3.3.20.1 Gaseous wastes 

The chief chemical gaseous waste generated by a gaseous diffusion plant 

would include (1) the fluorides emitted from the purge cascade, (2) the 

oxides of nitrogen emitted from decontamination and recovery operations 

in the process equipment assembly and maintenence facilities, (3) the 

oxides of nitrogen from the steam production facility, and (4) the sulfur 

dioxide and particulates emitted from both the decontamination and re

covery incinerator and the steam plant. A summary of emissions is 

presented in Table 2.3-41. 

2.3.3.20.2 Liquid wastes 

The liquid chemical wastes generated by a gaseous diffusion plant include 

the effluents from the decontamination and recovery operations, the 

recirculating water blowdown, the steam plant water treatment operation, 

and the sanitary water plant backwash operation. Table 2.3-42 lists the 

pertinent characteristics of each of these effluents. 

2.3.3.21 Effluent monitoring 

Effluent monitoring for the gaseous diffusion plant will be similar to that 

for gas centrifuge plants as described in Sect. 2.3.1.20. 



TABLE 2.3-41 

SUMMARY OF GASEOUS EFFLUENTS FROM 8.75 MILLION SWU/YR STAND-ALONE 
GASEOUS DIFFUSION ENRICHMENT PLANT 

Eff1uent Rate Total 

2 
2 

1 

1 

5 

4 

4 

0 

7 
4 

2 

1 

X 

6 

3 

4 

process 

x IO ' 4 

x IO - 4 

IO"7 

x IO ' 3 

x IO - 5 

Steam plant 
[20 metric tons coal/hr (max)] 

[52,500 metric tons coal/yr (av)] Cooling tower 

HF 

NO, 

so2 

Particulates 

CO 

Hydrocarbons 

Heat to Stack 

Drift 

metric ton/hr 
metric ton/yr 

metric ton/hr 
metric ton/hr 
metric ton/yr 

metric ton/hr 
metric ton/hr 
metric ton/yr 

metric ton/hr 
metric ton/hr 
metric ton/yr 

metric ton/hr 
metric ton/yr 

metric ton/hr 
metric ton/yr 

BTU/hr (max) 
BTU/yr (av) 

gpm (max) 

av) 
av) 

av) 
max) 
av) 

av) 
max) 
av) 

av) 
max) 
av) 

max) 
av) 

max) 
av) 

.200 
525 

.250 
656 

.012 
31.5 

0.004 
10.5 

0.002 
5.3 

100 x IO6 

350 x IO9 

oo 
i 

en 

25 
(0.01% of cycle) 
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TABLE 2.3-42 

LIQUID EFFLUENTS RECEIVED BY AND DISCHARGED FROM THE GASEOUS DIFFUSION ENRICHMENT PLANT PRIMARY HOLDING POND 

Decontamination 
and uranium 

recovery 

Cooling tower 
blowdown 

Water Discharge 
treatment Steam plant to receiving 
backwash water 

Flow 

Leading constituent 

N i t ra te 3 

Alumi num 

Fluorine 

Uranium 

Ni t r ic acid 

Aluminum n i t ra te 

Tributyl phosphate 

Varsol 

Phosphate 

Chlorine 

Chromium 

Zinc 

Sulfate 

Chloride 

Suspended solids 

Dissolved solids 

PH 

Temperature, °F 

l i ters /day 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/1i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

mg/ l i ter 

4,500 

20,300 

136 

250 

1.9 

19,700 

1,080 

38 

114 

— 

— 

— 

— 

— 

— 

b 

b 

Neutralized 

— 

16,300,000 

— 

— 

— 
— 

— 

— 

— 

— 

1.0 

0.3 

0.05 

0.5 

b 

b 

b 

b 

Neutralized 

85 

303,000 

— 

— 

— 

— 

— 

— 

— 
— 

— 

— 

— 

— 

b 

b 

b 

b 

-v.7 

— 

512,000 

— 

— 

— 

— 

— 
— 

— 

— 

13.3d 

b 

... 

... 

•v250 

1-110 

•O40 

-v-500 

Neutralized 

b 

•*. 17,100,000 

5.3 

0.04 

0.07 

0.0005 

5.2 

0.28 

0.01 

0.03 

0.70 

0.285 

0.047 

0.475 

a 

o 

a 

o 

Neutralized 

a 

aThese represent total equivalent values and are comprised of the aluminum nitrate and nitric acid in the 
effluent. 

^Present in undetermined quantities. 

"it is anticipated that Federal, state, and local guidelines and regulations for effluents and receiving waters 
will be met. 

dBased on a concentration of 30 ppm PO,, in the boiler blowdown. The blowdown is mixed with waste streams from 
the regeneration of zeolite units to obtain the total liquid effluent from the steam plant. 
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2.3.3.22 Potential gaseous diffusion accidents 

The previous descriptions of a gaseous diffusion plant were based upon 

normal operating activities only. Other potentials for environmental 

impacts lie within the probabilities of accidental releases. 

2.3.3.22.1 Cr i t i ca l i t y accidents 

Criticality accident considerations for gaseous diffusion plants are 

about the same as those discussed previously for a gas centrifuge plant. 

Administrative controls to aid in the prevention of an accident will be 

somewhat different from those of gas centrifuge plant cascades because 

diffusion plant equipment and consequently UFfi inventories will be 

larger, and operating conditions will differ. No criticality accidents 

have occurred in the entire 30 years of operating history of the 

existing gaseous diffusion plants. 

2.3.3.22.2 Non-criticality accidents involving radioactive materials 

Accidents involving the cobaltous fluoride chemical traps for fission 

products, the operations of the toll enrichment station, the uranium 

hexafluoride (UFfi) feed station, and the product and tails withdrawal 

facilities (including natural disasters such as a direct hit by a tor

nado) and general releases of UFg would be essentially the same in a 

gaseous diffusion plant as in a gas centrifuge plant. A discussion of 

these subjects for gas centrifuge operations was given in Sect. 2.3.1.22. 

Since the details of the operation of a gaseous diffusion plant cascade 

are classified "Secret", a meaningful unclassified description of the 

potential accidents associated with cascade operations including the 

results of a natural disaster such as a tornado cannot be given here. 

This particular material is presented in the classified supplement to 

this document. 
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2.3.3.22.3 Other accidental releases 

Due to the nature of the operations at a gaseous diffusion plant, various 

acidic, caustic, and oil-containing materials would be utilized, and 

thus stored, within the plant. Among these materials would be sulfuric 

acid, hydrochloric acid, nitric acid, anhydrous hydrofluoric acid, 

potassium hydroxide, transformer oils, and lubricating oils. All such 

materials would be stored in tanks surrounded by dikes capable of con

taining more than the contents of the tanks. Lubricating oil drain tanks, 

containing up to 6000 gal each, will be in open concrete pits outside 

the process buildings. Therefore, no significant quantity of any liquid 

material would be expected to be released to the environment due to the 

rupture of a storage tank or the failure of a supply and operating system, 

except as follows: 

Hydrogen fluoride 

Gaseous releases from a failure of one of these tanks, specifically an 

anhydrous hydrofluoric acid (HF) tank, could result in significant environ

mental effects. The potential for such a release is due to the fact that 

the boiling point of HF is about 67°F. Above this temperature, as would 

be the case on a hot summer day, it would be in the gaseous phase at 

atmospheric pressure. 

For the hypothetical gaseous diffusion plant being described, the inven

tory of anhydrous HF would be expected to be about 10,000 lb. It would be 

stored in a thick-walled steel tank that would be routinely checked for 

corrosion. This type of storage has been accomplished at the Oak Ridge 

Gaseous Diffusion Plant for more than 20 years without any detectable 

corrosion.) The storage tank would be enclosed within a dike capable of 

containing the entire contents of the tank. In addition, the area 

surrounding the tank would contain several HF detectors that would 

actuate an alarm in the plant's central control room should an extremely 

low concentration of HF be detected in the atmosphere. Thus, any leakage 

would be detected soon after it occurred and would be subsequently 

halted before a significant HF release occurred. For this reason, the 

probability of a large HF release is considered to be extremely remote. 

However, for the sole purpose of addressing the maximum possible HF 

release, the following accident is hypothesized: 
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For some undefined reason, the HF storage tank would rupture so 

that the entire contents (10,000 lbs) of the tank would be 

released into the dike. To compound this worst-case assumption, 

the ambient air temperature is hypothesized to be 90 F. Since the 

boiling point of HF is approximately 67°F, about 8.75% of the 

material released would immediately vaporize (flash) to the 

atmosphere. This would imply an instantaneous release of 875 lb, 

thus leaving about 9125 lb of HF in the dike to vaporize at a rate 

dependent upon the surface area of the dike. For a typical diked 
2 

area of 400 ft (20 ft by 20 ft), it would require about two days 

to evaporate. This would result in an average release rate (after 

the instantaneous release) of about 0.05 lb/sec (24 g/sec). 

In reality an accidental release of HF would not be left in the diked 

area, but would be removed as soon as emergency action could be taken. 

Presumably any HF in the diked area, but would be removed within several 

hours. 

Nitric acid 

Nitric acid would be used in converter cleaning and electroless nickel 

plating operations. Possible accidents associated with acids would be 

similar for both a gaseous diffusion and a gas centrifuge plant. Over 

a specific time period, a few large parts would be decontaminated (mainly 

with acids) in a diffusion plant, whereas a large number of small parts 

would be decontaminated with acids in a centrifuge plant. Nitric acid 

would be stored in a 2000 gal tank farm. The tank area would be diked 

and sloped to drain to the holding pond where pH adjustment (perhaps 

with limestone) would be made in case of an accidental release. 
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Coolant 

A system is provided to deliver Coolant R-114 to each gas cooler. In the 

event of a rupture of a cell coolant system to the atmosphere, up to 

20,000 lb of the coolant could be released into the process building as 

a gas or a liquid at an estimated rate of between 200 and 300 1b/min. 

Evaporation of the release would result in dissipation of the entire 

amount into the atmosphere. Coolant and other leaks are discussed further 

in the classified supplement. 

If one of the cooler tubes were to break into two parts so that liquid 

coolant flowed into the hot process system from both ends of the broken 

tube, the volume of vaporized coolant added to a cell would not be 

serious as long as the equipment was on stream. Such a leak would be 

detected almost immediately by the continuous scan of the line recorder 

equipment, and the cell would be isolated and shut down for gas cooler 

repair. There can be, of course, small coolant leaks into the process 

gas and these move upstream into the purge cascade. There appears to be 

no credible mechanism to cause the multiple tube failure that would be 

required to overpressure any on-stream section of cascade. 

Oils 

Lube oil is used to lubricate motor and compressor bearings. Failure to 

do this will lead ultimately to bearing failure and high vibration. With 

high vibration, there is a distinct possibility of bearing and seal damage 

and rupture of other cascade equipment. The results could be the escape 

of UFg and possibly a reaction between the process gases and the lube 

oil, with a resulting fire, Since bearing life, even with ideal lubrica

tion, is not infinite, a vibration detection system is provided to reduce 

the possibility of a major compressor failure as the result of a bearing 

failure. 

In addition, a lube oil storage tank or pipeline failure could result 

in a release of up to 6000 gal of oil in an outdoor drain pit. Inside 

a process building a distribution system failure, such as a pipe break, 
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would lead to an estimated 500 gal loss of oil before corrective action 

would cut off the flow. Oil separation and retention basins are pro

vided to minimize oil drainage to the plant holding pond or surface 

waters. Any oil reaching the holding pond can be recovered with the 

use of oil skimmers. If a significant oil spill reaches the holding 

pond, the adjustable weirs can be used to provide emergency containment 

until the oil is recovered. The manner in which environmental protec

tion is offered for the potential loss of oil is dependent on a given 

site. 

Hydrocarbon oil in transformers and storage tanks in the switchyards could 

conceivably leak and discharge to the holding pond via the storm drain 

system. These units might have a maximum capacity of 35,000 gal each. 

In the event of an oil spill, most of the oil can be contained in the 

area by oil sorbent equipment. Any oil reaching the holding pond can 

be recovered by the use of oil skimmers. 

Refrigerants 

The potential accidental release of refrigerants from the product and 

tails withdrawal systems is basically similar to that described under 

gas centrifuge plant accidents. 

Natural disasters 

In the case of most accidents, building confinement characteristics and 

appropriate action by operating personnel will limit the releases of 

effluents. In the case of a major natural disaster such as a tornado, 

these factors would be less effective in limiting releases. A tornado 

passing directly over a production area could release to the environment 

much of the stored materials (oils, coolant, acids, etc.) in the 

directly affected area. Since the feed facilities of the centrifuge and 

diffusion plants are of the same size and embrace similar design con

cepts, a natural disaster such as a tornado passing through a facility 

would release the same amount of material (HF, U0 F , etc.) from 

either plant. 
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2.3.3.23 Component manufacturing 

The construction of a gaseous diffusion plant requires both standard 

structural and equipment items and components designed and manufactured 

specifically to meet diffusion plant requirements. With the exception 

of the gas diffusers (converters), assembled equipment items will be 

purchased from commercial sources. 

The process gas compressors, motors, gas coolers, and block valves differ 

sufficiently from the manufacturers' customary product lines that special 

planning will be undertaken to develop vendor sources for these com

ponents. 

The adequacy of the compressor manufacturing facilities currently available 

in the shops of potential vendors to produce compressors at the rate re

quired varies between vendors. Whether or not additional manufacturing 

facilties are required to meet diffusion plant construction delivery 

schedules will also depend upon the extent to which the vendors' facilities 

may be allocated to other commitments. The facilities required for manu

facturing compressors include shop floor space with crane equipment, 

machine tools, metal cutting, die casting, forming and welding equipment, 

jigs, fixtures, and inspection services. A typical compressor purchase 

contract with a vendor that finds it necessary to expend capital funds for 

manufacturing facilities could be expected to stipulate that the entire 

capital investment in such additional facilities must be recovered in the 

price of the compressors covered by the contract. 

Electric motors for process gas compressors are larger than those customarily 

in volume production but are generally within the size range for which 

manufacturers have designs and manufacturing facilities. Because of the 

relatively large amount of motor power required for a diffusion plant, 

there is a strong economic incentive to specify motors that have somewhat 

higher efficiencies than are standard. Major motor manufacturers generally 

have facilities adequate to produce the required motors without constructing 

capital facilities unless other commitments have prior claim on production 

capacity. 
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Process gas coolers are a part of the converter assembly for each diffusion 

stage and will be designed as part of the total converter design. There 

are complex trade-off relationships between coolant and process gas flow, 

pressure loss, and heat transfer parameters for these coolers that are 

important to the overall optimization for minimum production cost. 

Assembly and maintenance considerations are also important. 
Extensive new tooling or capital facilities are not anticipated to be 

required by any prospective gas cooler vendor. 

The process block valves must meet design and performance specifications 

not satisfied by any commercially produced valves. Commercial manufacturers 

will be developed to supply these valves through use of design contracts. 

Significant capital investment are not expected to be required to supple

ment vendors valve production facilities. 

The converter assembly is the heart of the diffusion operation and involves 

classified barrier technology. The domestic expertise necessary to design 

the converter resides primarily with the operating contractors of the 

existing Government gaseous diffusion complex. Standard converter com

ponents such as shells, dished heads, nozzles, tube sheets, and hardware 

will be purchased from commercial sources and delivered to the diffusion 

plant site where they will be assembled into completed converters. The 

barrier will be manufactured in an existing and presently operating barrier 

plant at the ERDA Oak Ridge Gaseous Diffusion Plant. 

Two additional requirements for manufactured products are worthy of mention. 

Nickel plating of the internal surfaces of all steel process gas equipment 

is required to prevent corrosion by the process gas. Nickel plating will 

be performed by commercial platers or, in some cases, in plating facilities 

provided by an equipment manufacturer. New and/or expanded plating 

facilities will be required if a new gaseous diffusion plant is built. 
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The many other maufactured components required for a gaseous diffusion 

plant lend themselves to standard commercial production techniques. 

Multiple vendors can be employed, if necessary, to prevent the necessity 

of building new manufacturing facilities. 
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2.3.4 Electrical, transmission, transportation, and security requirements 

2.3.4.1 Electrical production facilities 

The principal sources of power generation in modern electric utility systems 

are hydroelectric, fossil-fueled, and nuclear-fueled generating plants. The 

electrical energy distributed by the utilities is derived either from combus

tion of a fuel (coal, oil, or gas), from flow of water through a turbine, or 

more recently from nuclear fission. A small utility may have less than five 

stations, whereas a large utility may have more than a hundred, and the size 

of each utility may range from one hundred to many millions of kilowatts. 

2.3.4.1.1 Gas centrifuge enrichment plant 

The gas centrifuge enrichment plant requires approximately 240 MW. More 

details on the effects of the effluents associated with the above power 

requirements are provided in Sect. 3.4.1. 

Gas centrifuge rotor fabrication plant 

The rotor fabrication plant requires about 16 MW. More details on the ef

fects of the effluents associated with the above power requirements are 

provided in Sect. 3.4.1. 

2.3.4.1.2 Gaseous diffusion enrichment plant 

A gaseous diffusion plant requires approximately 2400 MW. More details on 

the effects of the effluents associated with the above power requirements 

are provided in Sect. 3.4.1. 

2.3.4.2 Power transmission facilities 

Virtual ly a l l e lectr ic power transmission in the U.S. is by means of a l ter

nating current, and the past decade has seen a rapid expansion in the use 

of 345- and 500kV ac as primary transmission levels. Prior to 1969, the 

highest transmission voltage in the U.S. was 500 kV; in the f a l l of 1969 

the f i r s t 765-kV transmission f a c i l i t y was placed in service, and by 1980 

some 3500 c i rcu i t miles of 765-kV transmission may be in use. 
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2.3.4.2.1 Gas centrifuge enrichment plant 

The gas centrifuge enrichment plant is assumed to require 161-kV trans

mission lines over a distance of five miles. Further information on the 

effects of transmission lines is provided in Sect. 3.4.2. 

Gas centrifuge rotor fabrication plant 

The rotor fabrication plant is assumed to require 161-kV transmission 

lines over a distance of five miles. Further information on the effects 

of transmission lines is provided in Sect. 3.4.2. 

2.3.4.2.2 Gaseous diffusion enrichment plant 

The transmission lines for a gaseous diffusion plant could vary between 

345 and 765 KV. A typical value to consider on a generic basis is 

500 kV. For this size line a distance of 25 miles would be required for 

transmission lines. 

2.3.4.3 Transportation 

2.3.4.3.1 Traffic activities 

Gas centrifuge enrichment plant 

-Construction activity 

During the construction of the gas centrifuge enrichment plant, two 

levels of transportation activities will exist. Initial construction 

will require shipping structural steel, concrete, building equipment, 

etc., which is typical for any large construction site. Traffic 

activity is identified in Table 2.3-43 for the initial construction 

period. Such a construction period would last for two to three years 

before the activity.would increase significantly. 

After the first process building has been completed, centrifuge installa

tion will begin. Current planning indicates that the additional shipping 

activity during centrifuge assembly and installation will be mostly by 

rail, although the trucking activity will increase about 1% during this 

period. Estimated transportation activity is presented in Table 2.3-43. 



TABLE 2.3-43 

TRANSPORTATION ACTIVITY DURING CONSTRUCTION OF 8.75 MILLION SWU/YEAR 
GAS CENTRIFUGE ENRICHMENT PLANT 

Truck activity Rail activity 

(trucks/week) (vehicle miles/year) (cars/week) (rail/year 

Average activity during initial construction period (5 to 6 years) 

250-mile round trip 130 1.7 x 106 a a 

500-mile round trip 130 3.4 x 10 a a 

Average activity during last 3 to 4 years of construction and machine installation 

250-mile round trip 140 1.8 x 106 75 1 x 106 

500- mile round trip 140 3.6 x 106 75 2 x 106 

CO 
I 

en 

No significant rail activity during initial construction is anticipated. 
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In addition to shipping construction materials, the construction site 

will maintain a fleet of approximately 500 vehicles. These vehicles 

would consume about 1000 gal of gasoline and diesel fuel per day, 

which would amount to a usage rate of approximately 2 gal per vehicle 

per day. 

The peak work force during construction (5300 people) would drive approxi

mately 3 500 private vehicles (assuming 1.5 people per car) to work each 

day. Considering the entering and leaving schedules of these vehicles span 

periods of about 1 hr in the morning and afternoon, the highways in the 

immediate vicinity would bear a load of about 58 vehicles/min during these 

1-hr periods. 

Plant operation 

During the period of plant operation, two types of materials, incoming 

centrifuge replacement parts and UF6 will be shipped. 

The traffic activity associated with centrifuge replacement parts will con

sist primarily of rail with only a nominal amount of trucking as illustrated 

by Table 2.3-44. All shipment of centrifuge parts will be from centrifuge 

part manufacturers and, as such, will be free of any radiological contami

nation. 

Traffic activity associated with UF6 shipping is identified in Table 2.3-45. 

For this statement, all shipping activity to and from the plant is assumed 

to involve the use of trucks. In order to identify the maximum traffic for 

UF6 shipment, the staff assumed that 50% of normal feed will be delivered 

in 14-ton cylinders and the remainder in 10-ton cylinders; a single cylinder 

will be transported on each truck. All reactor returns are considered to 

be shipped in 10-ton cylinders (one per truck) and all product material is 

shipped in 2.5-ton cylinders (three cylinders per truck). 

All the above shipments contain solid UF6 at subatmospheric pressures and 

are regulated by both ERDA and the Department of Transportation (DOT) 

and ERDA/NRC. Under these regulations, all UFg shipping containers must 

meet ANSI N1471 specifications. Also, all enriched material having an 



TABLE 2.3-44 

AVERAGE TRANSPORTATION ACTIVITY DURING PLANT OPERATIONS 
FOR CENTRIFUGE REPLACEMENT COMPONENTS 

Truck activity Rail activity 
(trucks/week) (vehicle miles/yea~r7 (cars/week) (rail miles/year) 

4 
250-mile round trip 1 1.3 x 10 30 0.4 x 10 

4 6 
500-mile round trip 1 2.6 x 10 30 0.8 x 10 



TABLE 2.3-45 
AVERAGE TRUCK TRANSPORTATION ACTIVITY DURING PLANT OPERATIONS 

FOR SHIPMENT OF UFC 

250-mile round t r i p 500-mile round t r i p _ 
(trucks/week) (vehicle miles/year") Ttrucks/week) (vehicle miles/year) 

Natural feed 

Reactor returns 

Product 

Total 

26 

4.5 

8.5 

0.4 x 10° 

0.06 x 106 

0.1 x 106 

0.56 x 106 

26 

4.5 

8.5 

0.8 x 10° 

0.12 x 106 

0.2 x 106 

1.12 x 10* 
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assay greater than 1.0% uranium-235, and/or exceeding 3.0 Ci, must be 

shipped in steel cylinders enclosed with ERDA-DOT approved protective 

packages. These protective packages, which enclose 14-, 10-, or 2.5-

ton cylinders of UFg, must meet stringent specifications that pertain 

to their resistance to fire, water, and a 30-ft drop, as outlined in 

10 CFR 71, Appendix B. In addition, an extensive effort has been ex

pended on the design and development of the package tie-down apparatus 

to ensure that the package remains intact with the carrier. 

The regulations governing the shipments of UF6 containing <3.0 Ci do not 

require protective packages. This type of shipment is characteristic of 

the transportation of normal feed material and some reactor returns. 

In addition to shipping material into and out of the gas centrifuge plant, 

the plant will maintain a fleet of about 250 vehicles. These vehicles 

would consume about 15,000 gal of gasoline and diesel fuel per month, which 

would amount to usuage rate of approximately 2 gal per vehicle per day. 

The work force during operation (2500 people) would drive about 1650 

private vehicles (assuming 1.5 people per car) to work each day. The 

entering and leaving schedules of these vehicles span periods of about 1 hr 

in the morning and afternoon. The highways in the immediate vicinity would 

bear a load of approximately 27 vehicles/min during these 1-hr periods. 

Gas centrifuge rotor fabrication plant 

Construction activity 

During the construction of the rotor fabrication plant, about 24 trucks 

per week will be arriving at the construction camp with various materials 

of construction. This activity is expected to last for approximately 

57 months. 
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In addition to shipping construction materials, the construction site will 

maintain a fleet of about 120 vehicles. 

These vehicles would consume 240 gal of gasoline and diesel fuel per day, 

which would amount to a usage rate of about 2 gal per vehicle per day. 

The peak work force during construction O680 people) would drive about 

1000 private vehicles (assuming 1.5 people per car) to work each day. Con

sidering the entering and leaving schedules of these vehicles span periods 

of about 1 hr in the morning and afternoon, the highways in the immediate 

vicinity would bear a load of about 18 vehicles/min during these 1-hr 

periods. 

Plant operation 

During the period of plant operation, the only incoming material will re

sult from incoming raw materials and small vendor-supplied parts. 

Incoming traffic activity will involve about ten, but no more than 15, 

truckloads of raw material per week. Shipment of centrifuge rotor 

assemblies is covered in the discussion of the gas centrifuge enrichment 

plant (Table 2.3-44). 

No significant fuel consumption for trucks within the plant is anticipated. 

The work force during operation (1050 people) would drive about 700 private 

vehicles (assuming 1.5 people per car) to work each day. Considering the 

entering and leaving of these vehicles span periods of about 1 hr in the 

morning and afternoon, the highways in the immediate vicinity would bear a 

load of about 12 vehicles/min during these 1-hr periods. 
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Gaseous diffusion enrichment plant 

Construction activity 

Traffic activity during the construction of a gaseous diffusion enrich

ment plant is identified in Table 2.3-46. In addition to the shipment, 

a peak work force of approximately 6850 would drive about 4600 private 

vehicles (assuming 1.5 people per car) to work each day. Considering 

the entering and leaving of these vehicles span periods of about 1 hr 

in the morning and afternoon, the highways in the immediate vicinity 

would bear a load of about 76 vehicles/min during these 1-hr periods. 

The number of vehicles onsite would number about the same as for a centri

fuge enrichment plant, that is., about 500 vehicles requiring 1000 gal of 

fuel per day. 

Plant operation 

The traffic activity associated with plant operations, excluding ship

ment of UF6, is anticipated to be about the same as at any industrial 

facility of comparable magnitude - perhaps one to two trucks per day. 

Uranium hexafluoride shipments will be the same as was identified for a 

gas centrifuge plant (Table 2.3-45). 

In addition to shipping material into and out of the gaseous diffusion plant, 

the plant will maintain a fleet of about 250 vehicles. These vehicles would 

consume about 15,000 gal of gasoline and diesel fuel per month, which would 

amount to usage rate of approximately 2 gal per vehicles per day. 

The work force during operation (1400 people) would drive about 930 

private vehicles (assuming 1.5 people per car; to work each day. The enter

ing and leaving schedules of these vehicles span periods of about 1 hr in 

the morning and afternoon. The highways in the immediate vicinity would 

bear a load of approximately 16 vehicles/min during these 1-hr periods. 



TABLE 2.3-46 

TRANSPORTATION ACTIVITY DURING CONSTRUCTION OF 8.75 MILLION SWU/YEAR 
GASEOUS DIFFUSION ENRICHMENT PLANT 

Truck activity Rail activity 

(trucks/week) (vehicle miles/year) (cars/week) ( ra i l miles/year) 

Average act iv i ty during i n i t i a l construction period (5 to 6 years) 

35 0.45 x 106 6 0.86 x 106 

35 0.9 x 106 6 1.7 x 106 

250-mile round t r i p 

500-mile round t r i p 

250-mile round t r i p 

500-mile round t r i p 

Average act iv i ty during last 3 to 4 years of construction 

40 0.5 x 106 7 0.1 x 106 

40 1.0 x 106 7 0.2 x 106 

oo 

CT> 
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2.3.4.3.2 Connections 

Uranium enrichment plant 

The level of traffic to the plants would require the construction of a multi-

lane road to the nearest state highway or interstate system. Such a road, 

assuming an average length of about 1 mile and including right-of-way, would 

require about 12 acres of land. 

Rail connection would also be required to the plant site. A single track 

5 mi long feeding into an existing rail network system would require, 

including right-of-way, an additional 60 acres of land. 

Gas centrifuge rotor fabrication plant 

The plant site front should be on a main highway. Railroad service should 

be available from a sample drill track to a straight spur alongside of 

the building, although the plant must be far enough (more than 150 ft) 

from any main railroad line to minimize effects of vibration from passing 

trains. 

In general, the staff assumes that the total land use required for trans

portation connections would be approximately the same as that for 

uranium enrichment plants. 

2.3.4.3.3 Transportation accidents 

Uranium enrichment plant 

A discussion follows for accidents involving the shipment of uranium hexa-

fluoride. Outside the boundaries of an enrichment plant it makes no differ

ence whether the uranium was enriched at a centrifuge or gaseous diffusion 

plant. In a generic sense, the same vehicle miles and number of shipments 

would be observed from enrichment plants of equal separative capacity. 
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Case I 

A truck carrying one unpackaged, 14-ton cylinder of natural material 

(about 0.71% uranium-235) or one 10-ton cylinder of reactor returns is 

hypothesized to become involved in a severe accident that results in a 

puncture of a 6-in.-diam in one of the cylinders (in the void space). A 

200-MWt fire results having a temperature of 1475°F, an emissivity of 0.9, 
4 

and a duration of 1.7 hr. According to statistical analysis, the 

probability of occurrence of this type of accident is about 1 x 10" 

per vehicle mile. Because the longest trip in Table 2.3-45 requires 
5 

about 8 x 10 vehicle miles per year for normal feed, one accident of 
5 

this type would be expected to occur every 1.3 x 10 years. 

When the fire first begins, conduction and convection should be the 

controlling mechanisms for transferring heat from the cylinder wall to 

the solid UF,,. Since UF,. is a very poor conductor of heat, its surface 
6 6 

temperature would quickly rise to about 140 F where its vapor pressure 

is about 20 psia. At this point, the solid UF, at the wall would 

vaporize and subsequently the gaseous UFg would flow out of the cylinder. 

A gap between the solid UF, and the wall of the cylinder would result. 

Radiant heat transfer would then become the controlling mechanism for 

transferring heat to the solid UFg. Based on this consideration, the 

predicted rate of the UF, release would increase exponentially until it 

peaked at a cylinder temperature of about 1300 to 1400 F. During the 

course of the 1.7-hr fire, about 22,400 lb of Ufg (about 80% of the con

tents of the cylinder) from the 14-ton cylinder or 16,800 lb of UFg from 

the 10-ton cylinder would be released. A fire of less duration would 

obviously release less material. As this material flowed from the cyl

inder it would react with the moisture in the atmosphere to form uranyl 

fluoride (U02F2) and hydrogen fluoride (HF). A summary of the pertinent 

characteristics of this release is presented in Table 2.3-47 for normal 

feed and Table 2.3-48 for power reactor returns. 



2.3-167 

TABLE 2.3-47 

SUMMARY OF CHARACTERISTICS OF RELEASE FROM ONE 14-TON 
NATURAL FEED (0.71% U-235) CYLINDER INVOLVED IN AN ACCIDENT 
RESULTING IN A 6-in.-DIAM PUNCTURE OF THE CYLINDER AND A 

FIRE OF 1.7-hr DURATION 
(Transportation accident Case I) 

Character of release Quantity 

Material released, kga 

UF6 10, (22,400 lb) 

Material actually dissipated to the 
environment, Kg 

U02F2 8,899 

HF 2,311 

Release duration, hr 1.7 

Average Release rate, g/sec 

U02F2 1,454 

HF 378 

Temperature of release, °C 802 

Radioactivity released, Ci 

U-234 2.46 

U-235 0.11 

U-238 2.28 

The assumption is made that the 14-ton cylinder contains the maximum 
allowable weight of UF6 (28,000 lb). 
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TABLE 2.3-48 

SUMMARY OF CHARACTERISTICS OF RELEASE FROM ONE 10-TON 
REACTOR RETURN CYLINDER INVOLVED IN AN ACCIDENT RESULTING IN A 
6-in.-DIAM PUNCTURE OF THE CYLINDER AND FIRE OF 1.7-hr DURATION 

(Transportation accident Case I) 

Characteristic of release Quantity 

Material released, kga 

UF6 7,627 (16,800 lb) 
Material actually dissipated to 

the environment, kg 
U02F2 6,674 
HF 1,733 

Release duration, hr 1.7 
Release rate, g/sec 

U02F2 1,091 
HF 283 

Temperature of release, °C 802 
Radioactivity released, Ci 

U-232 4.64 x 10~2 

U-233 2.42 x 10"^ 
U-234 0.391 x 101 

U-235 8.82 x 10"2 

U-236 0.148 x 101 

U-237 1.24 x 101 

U-238 0.162 x 101 

Np-237 2.23 x 10"3 

Pu-239 1.25 x 10"3 

Tc-99 b 1.63 x 10"1 

Y-Fission products 2.76 x 10-2 

aThe assumption is made that the 10-ton cylinder contains the maximum 
allowable weight of UF6 (21,000 lb). 

Y-Fission product composition listed in Table 2.3-8. 
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Case II. A truck carrying one unpackaged, 14-ton cylinder of low 

specific activity (natural) material is hypothesized to become involved 

in a severe accident that does not result in the puncture of a cylinder. 

However, as in Case I, a 1.7-hr fire having a temperature of 1475°F does 

engulf the cylinder. According to statistical analyses, an accident of 
5 

this type could occur once every 1.3 x 10 year. 

As heat was added to the UFg in the closed cylinder, its temperature would 

rise to about 145 F, at which point the UFg would begin to melt; its vapor 

pressure would be about 22 psia. If the heat were added slowly, as in 

a steam chest, the UFg solid and liquid would remain at about 145°F until 

all of the solid had melted. However, since the fire associated with 

this accident supplies heat at a rapid rate and the UFg is a poor con

ductor of heat, the surface of the UFp should quickly rise to a temperature 

much higher than 145 F. The vapor pressure in the cylinder would then 

increase correspondingly. 

While sufficient information is not available to predict the detailed be

havior of the UF,. under these accident conditions, a series of fire tests 
o 5 

conducted on small UFg cylinders at ORGDP provide enough information to 

formulate an adequate description of the cylinder failure. In these tests, 

the cylinders were exposed to flames from a pool, of burning diesel fuel 

that provided a temperature of about 1500°F. The largest cylinder tested, 

which was constructed of nickel and measured 8 in. ID by 3/16 in. thick by 

48 in. long, failed explosively 8.5 min after the fire was started. Based 

on the yield strengths of the nickel used for the small test cylinder and 

the steel used for shipping cylinders, the internal pressure required for 

rupture of both cylinders was determined to be approximately the same. 

When the amount of UFg that must be evaporated in each cylinder to reach 

this rupture pressure was assumed to be directly proportional to the void 

volume within the cylinder, and when the rate of heat transfer into the 

two cylinders was assumed to be the same per unit of surface area, the 

time required for the large cylinder to fail was determined to be about 

48 min. While the uncertainty of the assumptions employed in this analy

sis would surely preclude any inference regarding the exact time required 
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for cylinder to fail, it appears certain that the 1.7-hr fire associated 

with this particular accident would apparently result in a cylinder 

failure. 

The release resulting from the cylinder failure would be characterized by 

an initial outburst of UFg, followed by a diminishing rate of release. 

If the resistance to heat transfer into the cylinder and its contents were 

high, large temperature gradients would develop and the failure would occur, 

due to the high vapor pressure, a relatively short time after the fire 

began. Since only a small quantity of UF, would have melted, the initial 

release should be relatively small. On the other hand, if good heat trans

fer into the UFg developed before the rupture, due to the convective move

ment of the liquid UF,in the cylinder, a large quantity of the contents 

might melt before the failure occurred. In this case, a relatively large 

initial release would result. In either case, the contents of the cyl

inder should be expelled explosively, causing the residual solid UF, to 
0 

break up and thus provide a large area for reaction with available mois

ture. As in the previous accident case, the reaction products would 

consist of U0„F2 and HF. 

Since the release rates of these two compounds would depend upon the 

quantity of UFg that remained in the solid phase, two source terms for 

this accident are presented in Tables 2.3-49 and 2.3-50 for normal 

feed; one represents the case in which a large portion of the UFg (90%) 

was in the solid form at the time of the rupture and the other represents 

the case in which a small portion (20%) remained in the solid form at that 

time. Tables 2.3-51 and 2.3-52 present data for the same accident in

volving a 10-ton reactor return cylinder. 

Case III. A truck carrying one unpackaged, 14-ton cylinder of low 

specific activity (natural) material or one 10-ton cylinder of reactor re

turned material is hypothesized to become involved in an accident that 

results in a hole being punctured in one of the cylinders. Since impact 

tests with currently used UF, cylinder cradles and tie-down methods have 

shown that an accidental separation of the cylinder from the vehicle is 

unlikely, both the carrier and the attached cylinders are assumed to fall 
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TABLE 2.3-49 

SUMMARY OF CHARACTERISTICS OF RELEASE FROM ONE 14-TON 
NATURAL FEED (0.71% U-235) CYLINDER INVOLVED IN AN ACCIDENT 
RESULTING IN A FIRE OF 1.7-hr DURATION, NO PUNCTURE OF THE 

CYLINDER, AND A SMALL INITIAL RELEASE 
(Transportation accident Case II) 

Characteristic of release Quantity 

Material released, kga 

UF6 

Material actually,dissipated to the 
environment, kg 

U02F2 

Instantaneously 
During next 4 hr 

HF 
Instantaneously 
During next 4 hr 

Release rates, g/sec 
U02F2 

Initial 
During next 4 hr 

HF 
Initial 
During next 4 hr 

Radioactivity released, Ci 
Airborne 

U-234 
U-235 
U-238 

On ground at accident site 
U-234 
U-235 
U-238 

12,700 (28,000 lb) 

1,112 
10,011 

289 
2,600 

Instantaneous 
695 (to ground) 

Instantaneous 
181 (to atmosphere) 

0.31 
0.01 
0.29 

2.77 
0.12 
2.57 

The assumption is made that the 14-ton cylinder contains the maximum 
allowable weight of UF6 (28,000 lb). 

It is assumed there is an instantaneous release of 10% of gaseous 
UF6 which hydrolyzes to form U02F2 and HF. The remaining solid UF6 is 
thrown out of the influence of the fire where it hydrolyzes over a period 
of about 4 hr. 
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TABLE 2.3-50 

SUMMARY OF CHARACTERISTICS OF RELEASE FROM ONE 14-TON 
NATURAL FEED (0.71% U-235) CYLINDER INVOLVED IN AN ACCIDENT 
RESULTING IN A FIRE OF 1.7-hr DURATION, NO PUNCTURE OF THE 

CYLINDER, AND A LARGE INITIAL RELEASE 
(Transportation accident Case II) 

Characteristic of release Quantity 

Material released, kg 
UF6 

Material actually dissipated to the 
environment, kg& 

U02F2 

Instantaneously 
During next 1 hr 

HF 
Instantaneously 
During next 1 hr 

Release rates, g/sec 
U02F2 

Initial 
During next 1 hr 

HF 
Initial 
During next 1 hr 

Radioactivity released, Ci 
Airborne 

U-234 
U-235 
U-238 

On ground at accident site 
U-234 
U-235 
U-238 

12,700 (28,000 lb) 

8,898 
2,225 

2,311 
578 

Instantaneous 
618 (to ground) 

Instantaneous 
161 (to atmosphere) 

2.46 
0.10 
2.29 

0.62 
0.03 
0.57 

a. The assumption is made that the 14-ton cylinder contains the maximum 
allowable weight of UF6 (28,000 lb). 

It is assumed there is an instantaneous release of 80% of gaseous UF 
which hydrolyzes to form U02F2 and HF. The remaining solid UF6 is thrown 
out of the influence of the fire where it hydrolyzes over a period of about 
1 hr. 
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TABLE 2.3-51 

SUMMARY OF CHARACTERISTICS OF RELEASE FROM ONE 10-TON 
REACTOR RETURN CYLINDER INVOLVED IN AN ACCIDENT RESULTING 
IN A FIRE OF 1.7-hr DURATION, NO PUNCTURE OF THE CYLINDER 

AND A SMALL INITIAL RELEASE 
(Transportation accident Case II) 

Characteristic of release Quantity 

Material released, kga 

UF6 
Material actually,dissipated to the 

environment, kg 
U02F2 

Instantaneously 
During next 4 hr 

HF 
Instantaneously 
During next 4 hr 

Release rates, g/sec 
U02F2 

HF 

Intial 
During next 4 hr 

Initial 
During next 4 hr 

Radioactivity released, Ci 

U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
Np-237 
Pu-239 
Tc 
Y-Fission products 

9,525 (21,000 lb) 

834 
7,508 

217 
1,950 

Instantaneous 
531 (to ground) 

Instantaneous 
135 (to atmospp 

Airborne 

5.80 x 10"3 

3.03 x 10-5 

4.89 x 10_1 

1.10 x 10~z 

1.86 x 10"1 

0.155 x 101 

2.02 x 10"1 

2.78 x lO"4 

1.57 x 10~4 

2.04 x 10-1 

3.45 x 10-2 

l 

lere) 

On ground 
at accident 

site 
5.22 x 10"2 

2.72 x 10-* 
0.440 x 10"1 

9.90 x 10-2 

0.167 x 101 

1.40 x 101 

0.182 x 101 

2.51 x 10"3 

1.41 x lO-3 

aThe assumption is made that the 10-ton cylinder contains the maximum 
allowable weight of UFC (21,000 lb). 

6 

It is assumed there is an instantaneous release of 10% of gaseous HF 
which hydrolyzes to form U02F2 and HF. The remaining solid UF6 is thrown out 
of the influence of the fire where it hydrolyzes over a period of about 4 hr. 

Fission products for the purpose of these calculations are assumed to 
be volatile. This would be the case under oxidizing conditions. Under 
reducing conditions, they may remain on the ground or with the cylinder. 
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TABLE 2.3-52 

SUMMARY OF CHARACTERISTICS OF RELEASE FROM ONE 10-TON 
REACTOR RETURN CYLINDER INVOLVED IN AN ACCIDENT RESULTING 
IN A FIRE OF 1.7-hr DURATION, NO PUNCTURE OF THE CYLINDER, 

AND A LARGE INITIAL RELEASE 
(Transportation accident Case II) 

Characteristic of release Quantity 

Material release, kga 

UF6 

Material actually,dissipated to the 
environment, kg 

U02F2 

Instantaneously 
During next 1 hr 

HF 
Instantaneously 
During next 1 hr 

Release rates, g/sec 
U02F2 

Initial 
During next 1 hr 

Radioactivity released, Ci 

U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
Np-237 
Pu-239 
Tc 
Y-Fission products 

9,525 (21,000 lb) 

6,674 
1,668 

1,733 
433 

Instantaneous 
120 (to atmosphi 

Airborne 

4.64 x 10"2 

2.42 x 10"1* 
0.391 x 101 

8.82 x 10"2 

0.148 x 101 

1.24 x 101 

0.162 x 101 

2.33 x 10"3 

1.25 x 10-3 

2.04 x 10'1 

3.45 x 10"2 

ere) 

On ground 
at accident 

site 
1.16 x 10"2 

6.05 x 10"5 

9.79 x 10_1 

2.21 x 10~2 

3.71 x 10"1 

0.311 x 101 

4.05 x 10 _ 1 

5.57 x 10-tf 

3.13 x 10_lt 

The assumption is made that the 10-ton cylinder contains the maximum 
allowable weight of UF6 (21,000 lb). 

^It is assumed there is an instantaneous release of 80% of gaseous UF 
which hydrolyzes to form U02F2 and HF. The remaining solid UF6 is thrown 
out of the influence of the fire where it hydrolyzes over a period of about 
1 hr. 

Fission products for the purpose of these calculations are assumed to 
be volatile. This would be the case under oxidixing conditions. Under 
reducing conditions, they may remain on the ground or with the cylinder. 
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into a flowing body of water. The reaction of the water with the UF6 will 

produce U02F2 and HF that will flow from the cylinder; the time required 

for the entire contents of the cylinder to enter the stream has been 

determined to be about 3 hr.G Insufficient data are available to predict 

the probability of this type of accident. 

The behavior of the U02F2 and HF solution would depend upon the size of the 

opening and the characteristics of the receiving water body. For example, 

should the cylinder fall into a deep pool within the bed of a lake or 

reservoir, the high density of the solution combined with a relatively low 

stream flow could result in almost complete containment of high concentra

tions of the solution within the pool, at least until the first flood 

occurred. In this case the U02F2 and HF solution could probably be removed 

before significant environmental damage resulted. On the other hand, should 

the cylinder fall into a relatively fast-flowing stream, the escaping U02F2 

and HF would become completely mixed with the stream and could adversely 

affect a relatively large area, depending on the amount of added dilution 

provided by tributaries. Since the latter example is both more severe and 

more probable, the concentrations of uranium and HF resulting from this case 

only are listed in Table 2.3-53 for normal feed and Table 2.3-54 for reactor 

returns. 

Accidents involving product cylinders. Tables of accidents involving 

product cylinders are not presented. In all cases involving a product con

taining about 3.2% uranium-235, that product would be shipped in 2.5-ton 

cylinders in DOT specification protective overpacks. When the contents of 

this cylinder are compared to that of a feed cylinder (14-ton) of normal 

uranium, the following ratios are obtained: 

Uranium content (product cylinder/14-ton cylinder) 0.179 

HF release potential 0.179 

Uranium-234 activity 0.80 

Uranium-235 activity 0.80 

Uranium-238 activity 0.174 

Total alpha-activity 0.51 
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TABLE 2.3-53 

STREAM CONCENTRATIONS OF URANIUM** AND FLUORIDE RELEASED 
FROM ONE 14-TON NATURAL FEED (0.7% U-235) CYLINDER 
INVOLVED IN AN ACCIDENT RESULTING IN PUNCTURE OF THE 

CYLINDER AND THE CYLINDER AND CARRIER FALLING INTO THE 
FLOWING BODY OF WATER 

(Transportation accident Case III) 

Stream 
flow 
(cfs) 

100 

1,000 

10,000 

aRadioactivi 

U-234 
U-235 
U-238 

ty 

Fluoride ion 
concentration 

(mg/liter) 

135 

13.5 

1.4 

released, Ci 

3.08 
0.13 
2.86 

Uranium 
concentration 

(mg/liter) 

281 

28.1 

2.8 

Total 
radioactivity 

(C i / l i t e r ) 

2.0 x 10~7 

2.0 x 10"8 

2.0 x 10-9 

Total 6.07 
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TABLE 2.3-54 

STREAM CONCENTRATIONS OF URANIUM** AND FLUORIDE RELEASED 
FROM ONE 10-TON REACTOR CYLINDER INVOLVED IN AN ACCIDENT 
RESULTING IN PUNCTURE OF THE CYLINDER AND THE CYLINDER 
AND CARRIER FALLING INTO THE FLOWING BODY OF WATER 

(Transportation accident Case III) 

Stream Fluoride ion Uranium Total Radioactivity 
flow Concentration concentration (Ci/liter) 
(cfs) (mg/liter) (mg/liter) a e 

100 101 211 2.9 x lO"7 5.2 x 10"7 

1,000 10.1 21.1 2.9 x 10"8 5.2 x 10"8 

10,000 1.0 2.1 2.9 x 10~9 5.2 x 10 - 9 

Radioactivity released, Ci 

U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
Np-237 
Pu-239 
Tc 
Y - Fission 

5.80 x 10"2 

3.03 x lO'4 

0.489 x 101 

1.10 x 10'1 

0.186 x 101 

1.53 x 101 

0.202 x 101 

2.78 x lO"3 

1.57 x lO"3 

2.04 x 10'1 

3.45 x 10"2 

products 

Total 15.7 (B) 
8.94 (a) 
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Overpacks are of course designed to protect product cylinders in 

disasterous situations such as wrecks and fires. If one wanted to 

assume the accidental shipment of bare cyclinders or the loss of the 

integrity of an overpack, then one can proportion the consequences of the 

corresponding accidents involving normal uranium feed by the above ratios 

to obtain the consequences of a similar accident involving a product 

cylinder. 

Rotor fabrication plant 

A maximum traffic flow for raw materials was presented in Sect. 2.3.4.3.1 

to be about 15 trucks per week. Approximately 80% of this traffic 

activity will involve the transportation of solid material. 

Accidents resulting from transport of solid material. Transportation 

of solid material would result in a yearly average of 312,000 vehicle nilQs, 

assuming 500 miles per trip. With a probability of a minor accident for 
-7 k 

truck traffic of 9 x 10 per vehicle mile, one would expect a minor 

accident every 3.5 years. Since these solids are not water soluble, no 

emissions would result from such an accident other than those that would 

result from any typical trucking accidents. Damages from such accidents 

would be physical in nature (typical automobile accident). 

Accidents resulting from transport of liquids. Assuming 500 miles 

per trip, transportation of liquids would result in a yearly average of 

78,000 vehicle miles. With a probability of a minor accident for truck 
-7 "* 

traffic of 9 x 10 per vehicle mile, one would expect a minor accident 

to occur once every 14.2 years. Damages from such minor accidents would 

be limited to those associated with typical automobile accidents. 

The probability of a severe accident is about 1 x 10" u p er vehicle mile, 

and one would expect a major accident to occur approximately once every 

1.3 x 10 years. The worst accident is assumed to involve the trans

portation of the industrial solvents used. Since these solvents are not 

flammable, no fire hazard exists in transit. A truck hauling 40 55-gal 

drums of solvent is assumed to be involved in an accident in which all 

drums are thrown out of the truck, the drums are punctured, and all 
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material is spilled on the ground. Further, this accident is assumed 

to occur on a hot summer day with a temperature of 30°C (86°F). 

Data on evaporation rates cannot be stated in absolute figures because 

these rates are affected by a great variety of influences, many of which 

cannot be evaluated properly. Some of the factors that affect evaporation 

rates are the temperature of the fluid, temperature of the atmosphere 

above the liquid, rapidity of the escape of solvent vapor from the surface 

of the fluid, heat conductivity, molecular association, molecular weight, 

vapor pressure, surface tension, humidity, latent heat of evaporation, 

vapor density, etc. An approximation is made that the relative evapora

tion rate is proportional to the molecular weight times the vapor pressure. 

N-butyl acetate is used as the reference, where 100% evaporation at 30°C 

would occur after approximately 8 hr.7 

Based on the above method of calculation, Table 2.3-55 presents the 

approximate time required to evaporate 100% of the solvent spill. The 

limiting factor will be the rate at which the solvents drain from the 

drums. Assuming the drums are punctured in such a manner that all drums 

drain in approximately 10 min results in an evaporation rate as listed 

in Table 2.3-55. 

TABLE 2.3-55 

CALCULATED EVAPORATION TIME AND RATE OF EVAPORATION 
OF SOLVENTS FROM FORTY 55-GAL DRUMS INVOLVED IN AN ACCIDENT 

THAT RESULTS IN PUNCTURE OF THE DRUMS AND DRAINAGE 
OF ALL DRUMS IN 10 MINUTES 

(PROBABILITY OF OCCURRENCE: ONCE EVERY 1.3 x 106 YEARS) 

Trichlorotri-
fluoroethane 

Freon-TA 

Blaco-Tron-TCM 

Perch!oroethylene 

Total weight 
of solvent 

(kg) 

4000 

4800 

1800 

750 

Time 
100% 

to evaporate 
of solvent 
(min) 

0.7 
0.6 
0.6 
12.0 

Rate of evaporation 
(kg/sec) 

7 
8 
3 
1 
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2.3.4.4 Safeguards and sabotage 

Enriched uranium for use 1n light-water reactors is of a nominal 3.0% 

enrichment. Although this low assay material could not be used to manu

facture nuclear weapons, both the diffusion and centrifuge processes are 

capable of enriching uranium to a higher enrichment suitable for use in 

nuclear weapons. 

2.3.4.4.1 Protection of technology 

The gaseous diffusion process of uranium enrichment requires large power 

supplies and physical plant sizes. Due to the nature of the process, a 

small gaseous diffusion plant built to produce a small quantity of en

riched uranium suitable for use in nuclear weapons would require a huge 

capital investment (in excess of a hundred million dollars). The German 

jet diffusion process, often called the separation nozzle process, and 

the South African stationary-walled centrifuge process probably fall into 

this category. Since the gas centrifuge process does not have these 

high cost restrictions for small-scale plants, the unrestricted availa

bility of gas centrifuge technology could increase the capability of 

small countries or subnational groups to construct and operate a 

clandestine gas centrifuge enrichment plant to produce material for 

nuclear weapons. Because of this possibility, the U.S. ERDA classified 

as Secret Restricted Data advances in centrifuge technology in its 

centrifuge development program. 

The gas centrifuge process has been posed as a threat to nonproliferation 

and although such notions may represent oversimplifications, there does 

appear to be acceptance that, at the present time, small gas centrifuge 

plants may be employed to produce enriched uranium for use in a nuclear 

weapons effort. In any case, the physical basis for isotopic alterations 

via centrifugation is established, so that the question of whether a nation 

uses the process to obtain weapons level material is.largely one of 

economics and international relations. Our purpose here is to provide 

some material relating to the characteristics of an enrichment facility 

for high assay (U-235) uranium production and to indicate for several 

cases the impact on a foreign effort of the establishment of a large-

scale enrichment enterprise in the United States. 
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Three cases need to be considered: (1) nations with enriching capa

bilities; (2) overt efforts in nations currently without enriching 

capabilities; and (3) covert efforts. In every case, there are basic 

requirements which need to be acknowledged. First, feed material as 

uranium hexafluoride must be available; a facility for reducing the 

enriched material to uranium metal must be available; a facility for 

reducing the enriched material to uranium metal must be available; 

and the know-how to assemble a weapon must be obtained or developed. 

These are not insignificant tasks but will not be further discussed. 

Second, consideration must be directed to the feed requirements and 

the separative capacity required. These factors are related to the 

product requirements in a basic manner. If feed gas is readily avail

able and economics are not involved, then a minimum of about 150 separative 

work units (SWU) are needed to produce 1 kilogram of uranium enriched 

to 90% in uranium-235 from natural (0.7% uranium-235) uranium. For this 

case, the waste stream will contain about 0.52% uranium-235 and about 

500 kg of feed will be required. By expending separative work to ex

tract more of the uranium-235 from the waste stream, the feed require

ment can be reduced. For example, if the waste is stripped to 0.3% 

uranium-235, then the feed required is reduced to 220 kg. In this 

case, a minimum of 190 SWU are required for the 1 kg of product. If 
9 s 

following Will rich and Taylor , we assume that 11 kg of 90% uranium-235 

material is the "strategically significant quantity," then it would 

appear reasonable to consider a production rate of some 25 kg of 90% 

uranium-235 product per year as a minimum quantity for a nation even con

sidering a nuclear capability. Thus, a minimum separative capacity of 

about 3750 SWU/year (150 SWU/kg x 25 kg/year) at a feed of 12,500 kg/year 

are needed. For a more reasonable feed usage of 5500 kg/year, the 

minimum separative capacities become 4750 SWU/year. [Note: These are 

minimum separative capacities which are closely approached in well designed 

cascades.] 
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Case I: Nations with enriching capabilities 

At the present time, England, the Netherlands, West Germany, and Japan 

have centrifuge cascades in operation. The European Tripartite centrifuges 
10 

are considered to have separative capacities of 2 to 10 SWU/year while 

the Japanese have not announced the machine characteristics. In any case, 

the efforts in all instances are aimed at improving the economic posture 

of the process. 

Relative to the Tripartite (England, the Netherlands, and West Germany), 

it was stated in 1972 that for large plants, that is plants with 

capacities exceeding 1,000,000 SWU/year, the specific investment will be 

in the $200/SWU/year range. Thus, for a capacity of 4750 SWU/year, an 

investment of about $1,000,000 is indicated. This clearly is a small 

increment on the total investment, hence, given the situation that a 

fair size enrichment facility is to be built using centrifuges, the in

clusion of a section to produce small quantities of weapons-level 

material is a relatively inexpensive effort. [Note: Recent expressions, 

(e.g., the increase in the cost of separative work announced by the Tri

partite), indicate their cost forecasts of the 1968-1972 vintage are low. 

Nonetheless, the conclusion is unchanged.] According to Dr. Bogaardt of 

the Netherlands group, as the size of the enrichment facility is decreased, 

the specific investment increases quite rapidly, but Bogaardt does not 

provide estimates anywhere near the case of interest here. However, 

applying a factor of 20 to allow for cost reductions via high volume 

will "only" increase the capital required to $20 million. 

The situation in Japan is different only in the time scale; the Japanese 

started their effort later, in 1961, and on a smaller scale than the 

Europeans. However, the Japanese have completed an experimental plant 
14 

of 180 centrifuges and have a cascade (probably the same facility) 
x 1 5 

operating since last autumn (1974). Even if these are centrifuges 
with low separative capacities, they have made a large step in the 

direction of obtaining the needed capabilities. Further, they may 

have all the needed technology right now since they talk of 
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upgrading rotor speeds from 400 m/sec and of possibilities for economic 

mass production. The 180-centrifuge pilot plant cascade had a construction 
16 17 

budget of $10 million in 1973, but in the 1972 the total effort, in

cluding the necessary research and development, to build a pilot plant was 

reported by the Uranium Enrichment Technology Development Council of Japan 

as $320 million. Operating budgets for the last two years have been in the 

range of 10 billion Yen, or about $30 million per year. The indications 

are clear that, if they desire, their announced accomplishments and efforts, 

if true, will provide them with the technology needed for a small facility 

to produce high assay uranium. And again, this could be independent of the 

U.S. situation. In this case, acquisition of U.S. technology might speed 

their efforts to reduce their costs, hence protection of technology and 

classification are desirable; but it is likely that the Japenese are 

capable of going the route alone. 

Case II: Overt efforts in nations without enriching capabilities 

Referring to the gas centrifuge process, J. Beckman in the first Pugwash 

Monograph (1969) stated, "There can be little question that despite the 

complex demands made on materials technology, and the need for extreme 

thermal and mechanical stability, most advanced industrial nations could 

master the technique, and could afford to do so, if only to produce 

cheaper nuclear fuel for power." Others have made similar statements. 

In many cases the authority of the statement is questionable, and in 

most cases the situation is oversimplified. However, it is not to be 

denied that working centrifuges have been built and operated by a fair 

number of organizations so that one indeed should accept that given a 

supply of uranium, most advanced industrial nations could obtain highly 

enriched material via centrifugation albeit at significant cost of time 

and money. Japan is a case in point. After 10 years at a relatively 

low level of effort, they were able to design and in some three years 

build a pilot plant. As they stated, some $300 million were involved 

although the pilot plant itself cost but $10 million. 

Clearly, both the time and the money required would be reduced by access 

to either the U.S. or Tripartite technology. This is the basis for our 
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classification effort. Although for the past 10 years both the U.S. 

and Tripartite efforts have been aimed at factors influencing the process 

economics, in many cases these factors and basic technology are intertwined 

so that protection of technology- ts applted to nearly all centrifuge actlv 

ities. These efforts serve merely as deterrents in the case of technically 

advanced nations. 

The time and money requirements to obtain a capability for uranium enrich

ment to high assay increase as the technical capabilities 1n a nation 

decrease. In fact, as indicated by an examination of any of the basic 

descriptions of gas centrifuges (e.g., Zippe report, encyclopedia articles, 

and Groth reports), a fair spectrum of technical talents is needed. A gap 

in a nation's capabilities, such as lack of precision machining or lack of 

measurement and control equipment, could prove extremely costly in the 

nation's attempt to develop a centrifuge process. Here again our (U.S.) 

classification systems are aimed at assuring that no aid is given to 

efforts at obtaining enriching capabilities. 

Case III: Covert efforts 

Covert efforts, in any case, are factors, if not orders of magnitude, more 

expensive to establish than overt facilities, Considering the nature of 

the materials and facilities required for a centrifuge facility, it is 

doubtful that any but a very advanced nation could establish an effort 

without notice by the rest of the world. And, of course, such efforts 

would not be influenced by activities in the U.S. 

Conclusions 

In considering the safeguarding of gas centrifuge technology, consideration 

should also be given to the fact that before the full potential of nuclear 

power was widely appreciated, basic centrifuge technology for meaningful 

separation of gaseous isotopic mixtures was developed without restriction 

and was widely disseminated, Together with a basic understanding of the 

theoretical principles of centrifugal isotopic separation, this early 

developmental technology is sufficient to permit the operation of inef

ficient but effective gas centrifuges for uranium enrichment. 
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Classified technological appraisals of the centrifuge process have been 

periodically conducted. These appraisals included an assessment 

of the probability of further nuclear proliferation through centrifuge 

enrichment of uranium. In each instance, these appraisals concluded 

that, given the existing base of unclassified technology, a major 

financial investment in further centrifuge development could lead to 

the production of nuclear weapons material. All reports recommended the 

maintaining of tight classification restrictions about the U.S. AEC 

centrifuge program. 

This classification policy was retained by the AEC for the duration of 

the agency. ERDA has adopted and strongly supports this policy and has 

not released technical information which would facilitate the acquisition 

of nuclear weapons capability. This restrictive policy has been adhered 

to even during the recent expansion of the program to private industry. 

Access to centrifuge technology is granted only to a limited number of 

cleared personnel of companies qualified to contribute to establishing 

industrial enrichment capacity. 

The security measures for protecting information defined as restricted 

datci under the classification policy of the United States include physica 

protection, personnel clearances pursuit, apprehension and recovery 

of stolen materials of an informative nature, and possible fine and 

imprisonment for violation of relevant legislation. The measures are 

considered adequate and can be applied with greater vigor if future need 

arises. 

Although successful development of gas centrifuge technology by foreign 

countries is likely regardless of U.S. activities, ERDA will maintain 

tight classification restrictions on U.S.-developed centrifuge technology 

and will continue to encourage foreign countries to restrict the dis

semination of information regarding their centrifuge development 

programs. 
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2.3.4.4.2 Material Safeguards System 

Expansion of U.S. uranium enrichment capacity is subject to safeguards 

provisions of the Atomic Energy Act of 1954, as amended, and the Energy 

Reorganization Act of 1974. The expansion may also become subject to 

international safeguards applied by the International Atomic Energy 

Agency. 

Domestic Safeguards 

For private nuclear activities in the U.S. Title 10 of the Code of 

Federal Regulations (10 CFR) provides that no person may receive title 

to, own, acquire, deliver, receive, possess, use, transport, import, 

or export SNMa without a license. Specific safeguards requirements 

for materials and plant protection are published in Title 10, Code of 

Federal Regulations. The Nuclear Regulatory Commission carries out 

the following activities to assure effective compliance with the require

ments: (1) prelicensing evaluation of a license applicant's proposed 

nuclear activities including safeguards procedures; (2) issuance of a 

license to authorize approved activities subject to specific safeguards 

requirements; and (3) inspection and enforcement to assure that appli

cable safeguards requirements are met by implementation of approved 

procedures. 

Materials accountability is one of the fundamental measures used in 

the safeguarding of nuclear materials and is applicable to all types 

of nuclear facilities. It includes preparation of detailed and cur

rent records on the form, quantity, and location of SNM and the com

pletion of material balances based on physical inventories. 

SNM - Special nuclear material for uranium-235 is defined to be 
greater than 5 kg and greater than 20% uranium-235. 
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Material accountability includes "material balance" accounting in which 

statistical information is generated so that the accounting data can be 

evaluated. The sensitivity of this technique is limited by the accuracy 

of the measurements, and the timeliness is limited by the interval 

between physical inventory measurements. 

Licensees authorized to possess at any one time more than one effective 

kilogram in unsealed form are required to establish a measurement system 

and physical inventory procedures adequate (1) to assure that the un

certainty of the material balance is within prescribed limits and (2) 

to calculate material balances based on physical inventories at bi

monthly intervals for uranium enriched to 20% or more in the isotope 

Uranium 235 and at semiannual intervals for uranium enriched to less than 

20% in the isotope uranium-235; licensees authorized to possess from 350 g 

up to one effective kilogram of contained uranium 235 are required to con

duct physical inventories at least annually. 

During operation of a licensed facility, a program of onsite inspec

tions assures continued effective implementation of the protection 

plans. Each licensee is required to afford the Nuclear Regulatory 

Commission opportunity to inspect the nuclear materials and the premises 

and facilities where the materials are used, produced, or stored; to 

perform or permit the NRC to perform necessary tests of materials and 

equipment; and to make available any records pertaining to possession, 

use, or transfer of nuclear material. 

Inspection strategy is directed at achieving its objectives on a sys

tematic basis, where the scope, frequency, and intensity of inspection 

are determined primarily by considering: (1) strategic value of the 

SNM, (2) the accessibility of the SNM, and (3) safety significance. 

Effective kilogram of SNM for uranium 235 means: (1) 1% and above -
•element weight in kilograms multiplied by the square of its enrichment 
expressed as a decimal weight fraction, and (2) less than 1% - by its 
element weight in kilograms multiplied by 0.0001. 
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If items of noncompliance or deficiencies are found in the licensee's 

implementation of safeguards requirements, the licensee is instructed 

to take prompt corrective action and to inform the NRC of the results. 

The Nuclear Regulatory Commission has the authority to modify, suspend, 

or revoke the licenses and to impose civil penalties on licensees for 

noncompliance with the terms and conditions of their license. Violators 

may be guilty of a crime and, upon conviction, may be punished by fine 

or imprisonment or both as provided by law. 

NRC procedures provide for response to: 

(1) any suspected or actual theft of SNM or other material that could 

present a radiological hazard; 

(2) any threat of sabotage to a facility containing such materials; and 

(3) any threat involving the destructive use of such materials. 

Licensees are required to inform the NRC promptly, and will normally 

inform local law enforcement agencies, in the event of a suspected or 

actual theft or of a threat of sabotage. 

Upon being informed of any of the circumstances listed above, the NRC 

would promptly inform the FBI, which has statutory responsibility for 

investigating all such incidents. The NRC and ERDA support the FBI 

with specialized technical assistance, especially in connection with 

the recovery of stolen material. 

More systematic and comprehensive safeguards measures will be required 

for the future expanding nuclear power system and a methodology for 

future safeguards is being developed, based on an appreciation of the 

nature and dimensions of the threat and the establishment of safeguards 

requirements directed at countering the threat. 
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If expansion of U.S. uranium enrichment capacities is accomplished in 

ERDA facilities, the facilities may not be subject to licensing but 

will be subject to an equivalent safeguards and security system. 

Safeguard operating costs including courier services, laboratory, and 

accounting are estimated to amount to less than 1% of an enrichment 

plant annual operations cost. 

International Safeguards 

With regard to international safeguards and the role of the International 

Atomic Energy Agency (IAEA), the question arises as to whether U.S. private 

enrichment plants will fall under the terms of the U.S. Presidential offer 

to place the entire U.S. nuclear program under IAEA safeguards, excluding 

only those activities having a "direct national security significance." 

This is an issue that the U.S. Government would propose to address at such 

time as the proposed new facilities near completion. If at that time the 

subject facilities meet the test of the U.S. offer, then we would be 

prepared to have them subjected to IAEA safeguards. If, however, these 

enrichment facilities are judged at that time to have direct national 

security significance they will not be incorporated under the scope of 

of the offer. 

2.3.4.4.3 Plant security and sabotage 

The major deterrent to acts of sabotage at uranium enrichment plants is 

a well-trained and armed security department. Chainlink fencing 

surrounding the enrichment plant will be about 8-ft high, including 

barbed-wire strands along the top of the fence. Guard portals will be 

located adjacent to the parking lots and will be manned with armed guards 

to provide the proper security barrier. No unauthorized persons will be 

allowed within the plant. 

It is not possible to protect against every type of sabotage. For example, 

if a terrorist group managed to attack the enrichment plant with hand-

carried weapons, such as bazookas or mortars, some damage could be done 

before they were stopped. In this manner the terrorist group would not 
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have to gain access within the facility. However, it is pointed out 

that this activity would have no more effect on the environment than 

the results of a tornado. The plant could possibly be shut down for 

a short period of time (days to weeks, depending on the damage). In 

no way would an act of sabotage result in a nuclear explosion. 

* * 
Comment letters 11 and 14 expressed the desire for expanded discussion 

of sabotage. Letter 11 explicitly requested information on the proba

bility of successful sabotage and the related consequences. Consequences 

postulated in letter 11 were possible crippling of nuclear power and the 

release of tremendous amounts of radioactivity. The statement in the 

draft EIS comparing tornado effects to sabotage was criticized due to 

possible different probabilities of occurrence. 

We are unable to expand this discussion in the manner and depth desired 

by the commentees. The probability of successful sabotage is impossible 

to quantify due to the lack of a relevant data base. It is possible 

to predict statistically the frequency of occurrence of such phenomena 

as tornados, earthquakes, or transportation accidents; however, we are 

not aware of data relating sabotage attempt frequencies and their relative 

success. 

In regard to the consequences of successful sabotage, the staff feels that 

the very conservative tornado accident assumption and analysis of impact 

reflect an upper bound of reasonably occurring impact from sabotage. We 

are unable to provide potential sabotage scenarios to support this con

clusion due to national security restrictions. These restrictions are 

felt necessary to avoid providing potential saboteurs with "blueprints" 

of action. The inhouse evaluation of scenarios are, of course, valuable 

in identifying weak points in security and areas which could have adverse 

environmental or operational impact if successfully attacked. 

Comment letter 11 (Congress Watch) pp. 21-22; 
Comment letter 14 (National Science Foundation), p.2. 
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The concern expressed in comment letter 11 regarding crippling nuclear 

power and/or the release of tremendous amounts of radioactivity is 

considered to be unfounded. Although damage to plant systems could 

conceivably disrupt operations for short periods of time, the avail

ability of stockpiled enriched uranium, as well as the infrequency of 

power reactor refueling, makes it unlikely that any electrical production 

disruptions could occur by attacking the enrichment portion of the LWR 

fuel cycle. The potential release of small quantities of radioactivity 

as a result of sabotage has been recognized; however, "tremendous amounts" 

of radioactivity are not present at the enrichment plants. 

2.3.4.4.4 High temperature gas-cooled reactors 

High-temperature gas-cooled reactors (HTGRs) require uranium enriched to 

>90% uranium 235 which would be suitable weapons material. Existing ERDA 

uranium enrichment facilities currently have the capacity to supply the 

projected demands for the HTGR (Table 2.4-1) until the early to mid 1990s, 

but this is somewhat dependent on military requirements. Modifications 

to existing facilities would be required. 

* * 
Comment letters 22 and 23 desired discussion of high uranium enrichment 

(HEU) (i.e., >20% enrichment), physical security, and/or safeguards. Com-
* 

ment letter 14 expressed the need for further assurances that check and 

balance systems exist for Federal (nonlicensed) facilities. The following 

discussion of safeguards and security at ERDA's Portsmouth Gaseous 

Diffusion Plant is intended to respond to these comments and to be appli

cable at either government or private enrichment facilities. The actual 

safeguards and security requirements imposed upon a licensee by the NRC 

are expected to be at least as stringent as those currently in use. As 

stated in their comment letter (22), NRC does not feel that present safe

guards are adequate for a substantially expanded HEU industry. They are 

currently studying both plutonium recycle and high enriched uranium fuel 

cycles to determine safeguards needs. It is the intention of NRC to have 

a safeguards plan in February 1976. 

•Comment letter 22 (Nuclear Regulatory Commission) pp. 2-3 
Comment letter 23 (Atomic Industrial Forum) p.l 
Comment letter 14 (National Science Foundation) p.2 
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Security 

An extensive security program is maintained at the Portsmouth Gaseous 

Diffusion Plant because of national defense purposes. Extensive 

security measures assure adequate protection for the enriched uranium 

produced, the facilities used for enrichment, and the technical in

formation vital to the production of enriched uranium. 

There are several terms associated with security that require precise 

definitions to fully understand the Portsmouth Gaseous Diffusion Plant 

security program. The following definitions are in common use at the 

plant and within the U.S. Energy Research and Development Administration: 

Classified material and information: Information and/or material 

withheld from general circulation for reasons of national security. 

National agency checks: a background record inquiry through 
the files of the FBI (fingerprint, criminal, and subversive 
files), the U. S. Civil Service Commission (reference file 
and security investigation index), and other Federal agencies 
as appropriate. 

Full field (background) investigation: A comprehensive back
ground investigation by the FBI or Civil Service Commission to 
develop information by personal contact to ascertain whether 
access to classified information by the person being investigated 
will endanger the common defense and security and is consistent 
with the national interest. It provides for inquiry into the 
pertinent facts bearing on the character, association, and loyalty 
of the individual. 

Q clearance (access authorization): An administrative 
determination based on national agency checks and a field 
investigation by the Civil Service Commission or the FBI, that 
the individual is eligible for access to classified information 
necessary to the performance of his job. 

Limited area: An area with a protected boundary within which 

classified material and information are maintained. The boundary 

is protected by fences, lighting, guards, and other measures. 
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A guard force is provided to conduct regular inspection of buildings 

and grounds to assure that classified information and material are 

properly protected. Additional inspections are conducted when facili

ties are not attended by .normal maintenance and operational personnel. 

The guard force is trained in all phases of police operations. 

A personnel security program is in effect and maintains appropriate access 

to classified information based on the need-to-know principle. The 

basic controlling mechanism for access authorization is the Q clearance. 

After obtaining a Q clearance the employee receives a comprehensive 

security orientation and periodic reviews. This assures that the em

ployees are knowledgeable in their individual responsibilities per

taining to the protection of classified material and information. The 

same procedures apply to subcontractors and all other personnel working 

on the plant site. 

The existing Portsmouth Gaseous Diffusion Plant is fenced to prevent 

unauthorized entry into the plant by personnel without official busi

ness on the site. The boundary of the government-owned property is 

fenced with barbed wire on wooden posts. Metal frame, wire fabric, 

swing gates are located in this fence system at roads entering govern

ment property. These gates can be closed and padlocked if situations 

arise that necessitate control of vehicular traffic leading to the 

plant perimeter road. This road, circling the plant, is located approxi

mately 10 ft outside a chainlink security fence which surrounds the 

area occupied by the process buildings, process auxiliary systems, and 

support facilities necessary for operation of the plant. 

The chain-link fence is a No. 9 gauge wire fabric installed on steel posts, 

8 ft high topped with three strands of barbed wire attached to brackets 

angled outward. 

Access to the security area is controlled by guards at stations strate

gically located for vehicular and pedestrian entry to the plant. Rotary 

exit gates are provided at designated emergency exit points in the security 
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fence. Access cannot be gained through the rotary gates to the security 

area. The control of authorized personnel entering the plant is main

tained at the manned guard posts and utilizes a picture badge and a 

personal identification picture card issued to each employee and to 

other persons having official business in the security area. The pic

ture badges are retained at the portals except when issued and worn by 

persons entering the security area. 

Special control devices, such as vaults and intrusion alarms, have been 

provided for special areas within the plant limited area. These areas 

include computer rooms, libraries, and highly enriched uranium storage. 

Safeguards 

The safeguards system consists of management systems, operating proce

dures, storage facilities, and physical security for the protection of 

nuclear materials on the plant site. The system was established to pre

vent unauthorized parties from gaining access to nuclear materials, both 

because of the intrinsic value of the materials and because of their 

possible use for sabotage or terrorist activities. 

The nuclear materials management system contains those factors necessary 

for material safeguards, internal control, measurements, proper inven

tory techniques, a records system, and system evaluation. A nuclear 

materials manager is responsible for all procedures associated with 

the nuclear materials management system. 

The internal control system is designed to promote efficiency and to 

assure adherence to procedures. It includes a system of checks and 

balances in the division of duties designated so that the work of one 

person will serve to verify the work of another. The system also provides 

information concerning location or disposition of materials, a method 

of reducing the probability of errors in the records and reports, and 

necessary checks to decrease the risk of theft or other loss of material. 
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Approved operating procedures specify controls to safeguard the transfer 

of nuclear materials between the Portsmouth plant and other ERDA facili

ties and licensees. The procedures provide for responsible handling of 

materials. Responsibilities for nuclear materials management are divided 

into two main categories: nuclear materials engineering and nuclear 

materials accounting. 

Nuclear materials engineering performs administrative, statistical, and 

engineering functions. The administrative function includes the control 

of production data and shipments and receipts to and from the plant, which 

are the elements of production and inventory control. The adminis

trative function also provides information for determining inventory 

status and for preparation of production and materials management plans. 

The custodial operation of nuclear material storage vaults are part of 

the administrative function. The statistical function includes the design, 

maintenance, .and revision of required quality control methods to assure 

adequate uranium and uranium 235 material balances for all flows. In

cluded in this function are the collection and presentation of data 

necessary to permit proper evaluation and disposition of matters and 

problems associated with material balances. The engineering function in-

includes the design and development of technical and operational pro

cedures to be employed in maintaining appropriate material balances. A 

necessary part of this function is the supervision of physical inven

tories. The engineering function also includes design and development 

of sampling devices and techniques, revaluation of physical inventory 

methods, determinations of equipment volumes, and analyses of inventory 

data. Information gained from these investigations is used to change or 

refine inventory and operating procedures. 

Nuclear materials accounting is responsible for the documentary accounting 

applicable to nuclear materials. A highly specialized system for account

ability of nuclear materials is used at the Portsmouth plant. Because of 

the many areas handling large quantities of nuclear material on the site, 

the system has internal material balance areas, records to reflect the 

measured flow of material within and between areas, and the results of 

physical inventories within each area. Appropriate journals, registers, 

and ledgers are maintained to account for the nuclear materials and to 
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meet the requirements of the ERDA reporting system. Nuclear materials 

transfer reports are completed and distributed as materials are moved 

from one area to another. The monthly materials status report, known 

as the Nuclear Materials Accountability Report, reflects appropriate 

material movements and inventories. 

A reliable and effective measurement program is used to establish the 

quantities of materials received, shipped, and in inventory and to permit 

the timely identification and localization of losses and loss mechanisms. 

The measurement system provides measurement of all material movements. 

The results of these measurements also serve in process control, criti-

cality control, environmental safety, and inventory management. The 

accountability measurement method includes weighing and determining the 

volume of bulk material and analyses for chemical and isotopic content 

from representative samples. Quality control programs are maintained for 

all measurement components. These include laboratory analyses as well 

as bulk measurement and sampling. 

Physical inventories are taken in accordance with good nuclear materials 

management. Physical inventories are scheduled in advance so that pro

cess operations can be coordinated to provide maximum dependable data for 

inventory periods and yet preclude interference with or from the plant 

operations. Inventory instructions are issued to material custodians 

sufficiently in advance so that they may review their nuclear material 

holdings and aid in proper conduct of the inventory. In storage areas 

or in areas where a large number of inventory items are on hand, in

ventory is conducted by teams. The inventories are subsequently 

reconciled by the material custodian and nuclear materials accounting. 

The records system is a double-entry accounting system consisting of a 

general ledger which has a series of control accounts summarizing account 

data. In addition, a transfer register provides for a record of offsite 

receipts and shipments. The records reflect all external transactions 

and the results of all physical inventories. The records, as a result 

of a generation of quantity data, provide information for other uses, 
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such as cost and physical accounting and production planning and control. 

Data are integrated so that information is provided for both the Finan

cial Information System and the Management Information System reports 

required by ERDA. 

The safeguards control and nuclear materials management system undergo 

constant review. Special emphasis is placed on those areas where there 

are changing conditions. In view of the expanding production capabilities 

of the enriching facilities, the number of shippers and receivers of 

nuclear materials is constantly increasing. This fact also requires a 

continual review of nuclear materials and specifications control. 

Facilities for the storage of nuclear material are certified for the 

receipt, storage, handling, transfer, sampling, recovery, and analysis 

of nuclear materials. They are provided with protection to meet the 

requirements of directives covering physical security. With the 

prospects of additional process capability, the need for storage, 

handling, and protection of nuclear materials will increase. 

Nuclear material is received or shipped by rail and truck. Rail move

ments enter and exit the plant via a railroad spur under the surveillance 

of plant personnel. Truck movements are made in ERDA-owned or commercially-

owned carriers. Nuclear materials are moved in accordance with ERDAM-

2405 or 10 CFR, Part 73. 

Several means of protection are used for nuclear materials, 
aepenaing upon material assay. These include security containers, 
locked buildings, and separately locked storage areas within 
buildings. Some nuclear material areas are manned by armed 
guards 24 hrs a day, seven days a week, while others are manned 
by armed guards when not attended by operating personnel, or are 
subject to frequent guard patrol. The plant perimeter is subject 
to continual guard patrol during all off-hour shifts including 
Saturdays, Sundays, and holidays. Surveillance personnel are 
familiar with nuclear materials and are instructed on nuclear 
material protection. All nuclear material containers have 
characteristic markings, shapes, and colors to identify nuclear 
material in storage, final product, scrap for recyclinq, or waste. 
Within storage areas lighting, aisle clearances, and color coding 
of appropriate items are maintained. 
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2.3.5 Gas Centrifuge Development/Engineering Program* 

The ongoing development program is currently being conducted by UCC-ND at 

Oak Ridge, Tennessee, and AiResearch Manufacturing Company at Torrance, 

California. The activities of these groups are aimed at developing the 

best centrifuge machine and best centrifuge plant technology possible for 

a large gas centrifuge plant. Significant capital investments are also 

involved at these two sites in the form of development and test facilities 

for the development and testing of viable candidates for the first large 

gas centrifuge plant. 

Current efforts, of course, also include the major conceptual engineering 

activity referred to in Sec. 2.2.1 to provide a sound conceptual design 

base for the first gas centrifuge plant for either a private or government 

ownership. The ongoing development, testing, and engineering efforts will 

provide the base by FY 1976-1977 for a decision relating to construction 

of the first centrifuge enrichment plant. 

2.3.5.1 The First Production Cascade (FPC) 

As an adjunct to these development and engineering efforts, current plans 

include government construction (proposed for FY 1977 with completion in 

mid-FY 1980) of a first production cascade (FPC) representing a production 

plant unit cascade of the configuration to be employed in the first large 

centrifuge plant. The primary purpose of the FPC will be to provide 

engineering with key information to allow final checking and refinements 

of the plant design in construction techniques that will be employed in 

the first large centrifuge plant. 

Current plans are for this FPC to be located at Oak Ridge. It will consist 

of a production cascade housed in a separate building adjacent to some of 

the current test facilities but connected to them by a transfer corridor. 

*Text change in response to comment letter 10, (Centar Associates), p. 4. 
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Product and tails assays will be the same as projected for the first 

centrifuge plant. Feed and withdrawal facilities will be located in 

close proximity but separate from the FPC building. The separative 

capacity of the FPC will be less than 1/2% of the capacity of the full-

scale first gas centrifuge plant (8.75 million SWU/year). Consequently, 

effluents from this facility and possible future development facilities 

were conservatively considered to be about 3% of the values for a full-

size facility. The amount of land required for the FPC will be less 

than two acres. 

2.3.5.2 Rotor Fabrication Facility 

Centrifuges for the FPC are expected to be purchased from private industry. 

Rotor manufacturing technology has been transferred to a number of 

manufacturers through the Industrial Participation Program and several 

have expressed interest in providing the machines for the FPC. It is 

expected that CPL-type facilities being constructed by some of the 

manufacturers now will be able to build the machines required for the 

FPC at a rate commensurate with the proposed construction schedule. Such 

a rotor fabrication facility or facilities will be considerably smaller 

than the one required to supply a large centrifuge plant. Effluents from 

such manufacturing facilities and possible future development facilities 

were conservatively considered to be about 3% of the values for a full-

size facility. 
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2.3.6 Uranium enrichment facilities projected through the year 2000 

2.3.6.1 Uranium enrichment plants 

As a reasonable planning case and one judged by the staff to represent a 

situation of maximum environmental impact, eleven 8.75 million SWU/year 

enrichment plants must be constructed in this country by the year 2000 

to enable the U.S. enrichment industry to supply the projected separative 

work requirements given in Table 2.1-15 for domestic and foreign nuclear 

power. The production from about seven of these plants would be deployed 

for domestic nuclear power while the remaining four would service foreign 

nuclear power requirements. 

In order to assess the environmental impact of the operation of new 

enrichment plants, assumptions must be made concerning the future use 

of diffusion and centrifuge processes. Although the centrifuge process has 

the desirable feature that it requires only one-tenth the power of the 

gaseous diffusion process, full-scale plant operation has never been 

demonstrated. The transition of new technologies such as the gas centri

fuge process from pilot plant operation to full-scale plant operation can 

be expected to cause delays due to unexpected engineering and operational 

problems. Although every effort is being made in the gas centrifuge pro

gram to prevent such plant size scaling problems, the possibility for 

unexpected delays still exists. In view of the long lead times for con

struction of enrichment facilities, design and construction of new 

enrichment facilities must start in the immediate future in order to 

meet additional enrichment requirements. In light of the foregoing 

considerations, the staff has assumed that the first new enrichment 

capacity will utilize the gaseous diffusion process and that all 

following plants will incorporate the low power consuming gas centri

fuge process. If design of a second new enrichment plant were based 

upon the gas centrifuge process and construction were to commence at 

the same time as the first plant, minor delays in plant construction 

could be tolerated. 
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The projected construction and operation of one diffusion and ten 

centrifuge plants is considered a reasonable basis for future 

uranium enrichment expansion planning. ERDA looks to private industry, 

however, to provide this additional enrichment capacity and thus industry 

will in the final analysis choose the enrichment process for these 

future plants. 

A few commentators (10, 22, 25)* have suggested treatment of an alternative 

where all 11 new enrichment plants needed by the year 2000 would use the 

centrifuge process alone (i.e., a no-gaseous-diffusion option). The staff 

believes that the mix of one diffusion plant and 10 centrifuge enrichment 

plants represents a realistic approach in planning to meet requirements 

and there is no reason to give a "no-gaseous-diffusion option" priority 

over any other mix of enrichment processes. The statement, as prepared, 

gives the reader sufficient information on a unit plant basis to permit 

reevaluations of impacts of different mixes of centrifuge and diffusion 

plants. 

The construction schedule for the hypothetical expansion program is pre

sented in Table 2.3-56. Construction of a gaseous diffusion plant would 

take nine years (from the start of engineering to the completion of 

contractor activity) while the project duration for each centrifuge plant 

is estimated to be 9.75 years. As more and more centrifuge plants are 

built, the time required may decrease because of learning and the 

application of new techniques. 

Our national capacity to produce special construction materials and 

equipment could be taxed by some of the specific construction requirements. 

This is attributable mainly to the limited production facilities in 

existance. The construction schedule in Table 2.3-56 assigns a minimum 

spacing of one year between centrifuge plants in order to ease the demands 

on industrial suppliers. 

•Comment letters 10 (Centar Associates), p. 3. 
22 (U.S. Nuclear Regulatory Commission), p. 4. 
25 (Exxon Nuclear Co., Inc.), p. 1. 
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Construction personnel requirements for a gaseous diffusion plant have 

been shown in Sect. 2.3.3.17 while those for a gas centrifuge plant are 

listed in Sect. 2.3.1.21. 

The cumulative, undiscounted construction cost for the projected expansion 

program will be about $33.4 billion in 1975 dollars. Adequate capital 

is assumed to be available due to the overall importance of adequate 

energy supplies in the continued growth of the U. S. economy. Actual 

plant justification, funding, and construction will occur on a plant-by-

plant basis. 

The availability of natural uranium feed for the equivalent seven pro

jected enrichment plants to meet domestic requirements is also considered 

to be adequate. Foreign feed may have to be supplied by the customers of 

the projected equivalent four enrichment plants needed for foreign require

ments. Uranium reserve estimates are based on the price charged for 

uranium and a greater reserve exists as more expensively mined ore is con

sidered. Based upon existing plant plus projected domestic plant require

ments, the total consumption of U 30 8 from 1979 to 2000 at 0.3% tails assay 

will approach 2 million tons; approximately 65% of the estimated 3.1 mil

lion metric tons of reserves and potential U.S. resources of U30„ at a cost 

of up to $30/1b. 

While an 8.75 million SWU/year plant may consist of a number of process 

buildings, the construction plan calls for contractors to complete a 

section (and its services) of a process building and then release the 

completed process section to the owner or operating contractor for im

mediate startup and operation. Separative work could therefore be pro

duced in ever-increasing amounts, starting as early as 3 years before 

the entire project is complete. As sections of process buildings and 

their services are completed and turned over to the operator, process 

power is applied to the cascades so they can be used immediately to pro

vide separative work. The "partial operational start" entry in 

Table 2.3-56 lists the dates when the first process power will be 

applied to the new plants through the year 2000. 
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Subsequently, the construction contractor turns over more and more process 

buildings to operations until the plant is fully operational. The "full 

operation date" entry in Table 2.3-56 includes the date that full plant 

capacity is realized. 

One can calculate the amount of separative work produced in stepwise in
creasing operations before the end of construction and express that 
quantity in equivalent years at full design rate production. An entry 

under "equivalent full production start date" reflects those equivalent 

years before the end of construction. In the opinion of the staff, the 

"equivalent full production start dates" should be used to base the 

start of accumulated environmental impacts of the full program to 2000. 

Use of these dates results in a total of 86.5 equivalent years of 

centrifuge operations and 16.5 years of gaseous diffusion plant 

operation for the projected plants through the calendar year 2000. 

All operational schedules will meet the separative work requirements given 

in Table 2.1-15 (Sect. 2.1.5.2) and are compatible with the construction 

plan. 

Nominal startup schedules for the gaseous diffusion plant and the first 

centrifuge plant are given in Table 2.3-57 and Table 2.3-58, respectively, 

together with the operator's employment buildup. At the completion of 

construction, the operator's employment drops off as noted and eventually 

levels out at the steady-state values of 1400 for gaseous diffusion and 

2500 for gas centrifugation. 

The projected number of facilities could be affected by various circum
stances such as: 

1. The separative work needs of the nuclear power industries could change. 

2, Private centrifuge enrichment plant owners may choose to build smaller 

plants (e.g., 4.375 million SWU/year capacity), because of apparent 
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relatively easier financing. In such cases, if the separative work 

requirement schedule is to be met, more of the smaller plants would 

be necessary to meet the prospected requirements for separating 

capacity. 

3. The number of new facilities could change if another technology 

proved to be preferable in the future. 

Additional new enrichment facilities are not now projected beyond the 

year 2000. Availability of natural uranium could limit the ability to 

supply any further facilities beyond the eleven projected. The staff 

anticipates that the number of operating enriching plants will gradually 

decline sometime after 2000. 

2.3.6.2 Rotor fabrication plants 

The projected number of rotor fabrication plants required through the 

year 2000 is dependent on the following future events and developments: 

(1) the number of and construction schedules for gas centrifuge enrich

ment plants, (2) the centrifuge failure rate, (3) the number of private 

companies entering into the manufacture of rotor assemblies, and (4) the 

capacity of the individual rotor fabrication plants. 

Four rotor fabrication plants will be required through the year 2000 to 

support the ten gas centrifuge plants forecast above. A construction 

schedule for these plants is presented in Table 2.3-59. The project 

duration for each plant between the start of engineering and the end 

of construction is estimated to be about 57 months. An equivalent of 

45 years of operation will be involved in rotor fabrication plants 

through the year 2000. 
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SCHEDULE FOR THE CONSTRUCTION Op ELEVEN 8,75 MILLION SWU/YEAR PLANTS 
FOR URANIUM ENRICHMENT PROGRAM 

(All dates are for the first of the month) 

Plant 
No.a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Engineering^ 

Oct. 

Oct. 

July 

July 

Jan. 

May 

Aug. 

Mar. 

Mar. 

Dec. 

Dec. 

1976 

1976 

1979 

1980 

1982 

1983 

1984 

1986 

1987 

1988 

1990 

Construction 
at site 

Apr. 

Apr. 

Jan. 

Jan. 

July 

Nov. 

Feb. 

Sept. 

Sept. 

June 

June 

1977 

1977 

1980 

1981 

1982 

1983 

1985 

1986 

1987 

1989 

1991 

Start date 
Partial 
operation 

Sept. 

Apr. 

Jan. 

Jan. 

July 

Oct. 

Jan. 

Sept. 

Sept. 

June 

June 

1983 

1983 

1986 

1987 

1988 

1989 

1991 

1992 

1993 

1995 

1997 

Equivalent 
full production 

July 1984 

Feb. 1985 

Nov. 1987 

Nov. 1988 

May 1990 

Aug. 1991 

Nov. 1992 

July 1994 

July 1995 

Apr. 1997 

Apr. 1999 

Full 
operation 

July 1985 

Apr. 1986 

Jan. 1989 

Jan. 1990 

July 1991 

Oct. 1992 

Jan. 1994 

Sept.1995 

Sept.1996 

June 1998 

June 2000 

Date of end of 
construct!'ona 

Oct. 

July 

Apr. 

Apr. 

Oct. 

Jan. 

Apr. 

Dec. 

Dec. 

Sept. 

Sept. 

1985 

1986 

1989 

1990 

1991 

1993 

1994 

1995 

1996 

1998 

2000 

ro 
co 
PO 

o 

aThe gaseous diffusion process would be employed for the first enrichment plant. All subsequent plants 
would be of the gas centrifuge design. The project duration for the diffusion plant is assumed to 
be 9 years and that for each centrifuge plant 9-3/4 years. The construction period for the first two 
plants would be roughly coincident. 

bThe project duration period - from the start of engineering through the end of construction - for the 
diffusion plant is assumed to be 9 years and for each centrifuge plant 9-3/4 years. 
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TABLE 2.3-57 

NOMINAL 8.75 MILLION SWU/YEAR GASEOUS DIFFUSION PLANT 
STARTUP SCHEDULE 

Production 

Month/year 

9/83 

12/83 

3/84 

6/84 

9/84 

12/84 

3/85 

6/85 

7/85 

Steady-state 

Monthly 
SWU (x 106) 

0.044 

0.222 

0.310 

0.354 

0.354 

0.544 

0.629 

0.715 

0.729 

0.729 

Equivalent 
annual 

SWU (x 106) 

0.53 

2.66 

3.72 

4.25 

4.25 

6.53 

7.55 

8.58 

8.75 

8.75 

Operating 
contractor 
personnel 

1150 

1350 

1400 

1450 

1500 

1550 

1450 

1400 

1400 

1400 
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TABLE 2.3-58 

NOMINAL 8.75 MILLION SWU/YEAR FIRST GAS CENTRIFUGE PLANT 
STARTUP SCHEDULE 

Production 

Month/year 

4/83 

7/83 

10/83 

1/84 

4/84 

7/84 

10/84 

1/85 

4/85 

7/85 

10/85 

1/86 

4/86 

Steady-state 

Monthly 
SWU (x 106) 

0.023 

0.037 

0.063 

0.099 

0.144 

0.191 

0.246 

0.308 

0.380 

0.471 

0.562 

0.653 

0.729 

0.729 

tqulvalent 
annual 

SWU (x 106) 

0.27 

0.44 

0.75 

1.18 

1.73 

2.30 

2.95 

3.69 

4.56 

5.65 

6.74 

7.83 

8.75 

8.75 

Operating 
contractor 
personnel 

900 

1000 

1200 

1350 

1600 

1800 

2000 

2200 

2350 

2550 

2650 

2650 

2200 

2500 
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TABLE 2.3-59 

ROTOR FABRICATION CONSTRUCTION SCHEDULE 

(All dates are for the first of the month) 

Plant No. 
Start 

engineering 

Start 
construction 
at site 

End of Project 
construction duration 

1 
2 
3 
4 

Aug. 

Aug. 

Oct. 

Nov. 

1977 

1982 

1985 

1988 

Mar. 1978 

Mar. 1983 

May 1986 

June 1989 

May 1982 

May 1987 

July 1990 

Aug. 1993 

57 months 

57 months 

57 months 

57 months 
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2.4 ANTICIPATED BENEFITS 

2.4.1 Expansion benefits 

The expansion of U.S. uranium enrichment capacity will allow nuclear 

power to remain a possible source of electricity for meeting the nation's 

increasing energy requirements. If additional enrichment facilities are 

provided according to the schedule presented in Sect. 2.3.6.1 and if utili

zation of nuclear reactors increases according to the schedule assumed in 

Sect. 2.1.5.2, the electricity presented in Table 2.4-1 could be produced.1 

This additional electricity production is essential for attaining national 

energy goals, particularly reducing foreign fuel imports.2 

Enrichment expansion will also allow the continued sale of uranium 

enrichment services to foreign countries, which will have an important 

effect on the U.S. balance of payments. For example, assuming a separative 

work charge of $75 (per SWU), projected foreign requirements for U.S. 

enrichment plants in 1990 and 2000 represent revenues of $1.6 and 

$3.2 billion (1975 dollars). If an excalation rate of 6% is assumed, 
these projected revenues would increase to $3.8 and $13.6 billion. 

The increase in domestic electricity production and the revenues from 

foreign sales noted above will provide many additional benefits that cannot 

be estimated at this time. These benefits can be reasonably assumed to have 

positive effects on the U.S. economy and the future life-style of the nation. 

2.4.2 Program benefits 

The projected expansion program is based upon gaseous diffusion enrichment 

providing the i n i t i a l increment of increased capacity with gas centrifuge 

enrichment technology being demonstrated and coming on l ine as soon as 

pract ical . This approach has the following key benefits: 

(1) I n i t i a l reliance on the proven gaseous diffusion process 

assures the avai labi l i ty of additional enrichment capacity 

when required. 

2.4-1 
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TABLE 2.4-1 

ESTIMATED DOMESTIC NUCLEAR POWER GROWTH EXCEEDING THE PRODUCTION CAPACITY 
OF THE EXISTING U.S. GASEOUS DIFFUSION PLANTS^ 

Fiscal 
year 

1984 
5 
6 
7 
8 
9 

1990 

1 
2 
3 
4 
5 
6 
7 
8 
9 

2000 
Total 

Power from 
LWRs 

(GWe) 

2 
35 
68 
104 
140 
181 
224 

263 
306 
34.7 
388 
426 
464 
502 
536 
570 

602 
(GWys) 5158 

Power from 
HTGRs 

(GWe) 

1 
6 
13 
19 
26 
33 

41 
48 
55 
62 
69 
76 
82 
89 
94 

100 
814 

Total unsupported 
nuclear power 

(GWe) 

2 
36 
74 
117 
159 
207 
257 

304 
354 
402 
450 
495 
540 
584 
625 
664 

702 
5972 

This table is based on (1) the 27.7 million SWU/year capacity of 
three existing U.S. gaseous diffusion plants following completion 
of the Cascade Improvement Program (CIP) and Cascade Uprating 
Program (CUP), (2) operating tails at 0.3% U-235, and (3) our 
current foreign reactor separative work commitments furnished 
through 2000. 

Source: U.S. Atomic Energy Commission, "Nuclear Power Growth 
1974-2000," WASH-1139(74), February 1974. 
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(2) The demonstration and use of the gas centrifuge process as 

soon as practical w i l l reduce the total operating power 

requirements of enrichment plants by about 90% with a 

corresponding reduction in the environmental effects 

associated with this power production. 

2.4.3 Natural resource benefits 

Uranium contains very large quantities of potential energy capable of 

producing electricity in nuclear reactors. The electrical energy consumed 

by the nuclear fuel cycle is also large, with uranium enrichment represent

ing 80 and 90% of the total expended, based on the centrifuge and diffusion 

technology respectively. However, the total nuclear fuel cycle consumes 

less than 5% of the total electrical output of one 1000-MWe light-water 

reactor when based upon the gaseous diffusion enrichment process. 

When based upon the gas centrifuge process, the nuclear fuel cycle requires 

about 0.5% of a 1000-MWe LWR's output from the uranium enriched. 

2.4.4 Technology benefits 

Technology associated with the gaseous diffusion and gas centrifuge 

enrichment processes is expected to h.ave spin-off applications in 

other industries to the extent that unclassified information can be 

made available. The gaseous diffusion process has been used for over 

30 years and most of the benefits from i ts development have already been 

achieved. The gas centrifuge process is s t i l l relat ively new, and a 

greater potential exists for future technological spin-offs from i ts 

further development; however, these future benefits cannot be projected 

at this time. Listed below are new applications that have already been 

developed as a result of the ERDA centrifuge program. 

2.4.4.1 Purif ication of Drugs and Vaccines 

One very signif icant centrifuge resulting from this e f for t is the K-ll 

zonal ultracentrifuge system, which is a high-capacity, continuou-flow 

centrifuge suitable for commercial applications such as large-scale 



2.4-4 

purification of drugs and vaccines or research applications in biological 

laboratories. The K-ll centrifuge currently is being manufactured 

commercially and is being used by many pharmaceutical firms both in the 

United States and in foreign countries. One major use of the centrifuge 

is for the purification of influenza vaccine. 

2.4.4.2 Liquid Centrifuges 

A series of l iquid centrifuges were designed and fabricated to investigate 

the separation of ce l ls , subcellular particles (including viruses), and 

bio-colloids (including proteins and nucleic acids). 

(1) Intermediate-speed biological centrifuges. The 1.7-liter-capacity 

centrifuge operates at 40,000 rpm for processing various biological 

materials by rate zonal centrifugation, by isopycnic zonal centr i f -

ugation, or by continuous flow centrifugation. 

(2) High-speed centrifuges. Batch-type centrifuges that operate at 

speeds of up to 141,000 rpm can be used for rate zonal or isopycnic 

zonal centrifugation on moderate quantities of f luids in high cen

tr i fugat ion f ie lds. 

(3) Ultrahigh-speed centrifuges. Batch-type centrifuges capable of speeds 

of up to 400,000 rpm with small quantities of f luids can be used as 

preparative or analytical centrifuges. 

(4) Transparent biological centrifuge rotor. Rotors that can operate 

at 6000 rpm have transparent plastic end caps for observing centr i f 

ugation of biological materials at low speeds. 

2.4.4.3 Components for Liquid Centrifuges 

(1) Sealing systems. Self-aligning systems can be mounted direct ly to a 

low-speed centrifuge rotor for admitting or removing f luids during 

rotation with low leakage rates. 

(2) Intermediate-speed seal system. A multipath seal for use on inter

mediate speed centrifuges has a bu i l t - i n preload system for loading 

the seal faces to prevent leakage. The seal permits f luids to move 

into and out of the rotor and also allows the rotor to contain a 
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coolant -d is in fectant f l u i d to prevent pathogenic f l u ids from being 

l os t during cent r i fugat ion at 40,000 rpm. 

(3) Internal cores fo r intermediate-speed centr i fuqes. Several d i f f e ren t 

flow channels can be inserted inside a high-speed rotor to perform 

d i f f e ren t types of separations at speeds of 40,000 rpm. 

(4) High-speed damper bearings. Se l f -a l ign ing journal bearings, i n 

f l e x i b l e mounts wi th damping that can be var ied , can control the 

radial excursions of high-speed rotors and serve as vacuum seals. 

Also, f l e x i b l y mounted damper bearings, with sealed damping f l u i d s , 

fo r use i n high-vacuum systems are avai lable wi th small power losses 

at speeds of up to 141,000 rpm. The bearings can be magnetic or 

f l u i d f i l m types. 

(5) Magnetic support systems. C i rcu i t r y and commercial equipment is 

avai lable for supporting magnetic materials such as ultrahigh-speed 

centri fuges without physical contact with nonrotating supports. 

(6) Bearing Systems. A small-diameter hydrodynamic spherical 

bearing capable of sustaining l i g h t radial and th rus t loads at 

high speeds. 

2.4.4.4 Special L iquid Centrifuge System (Transuranium Project) 

A continuous-flow l i q u i d centr i fuge was designed and b u i l t f o r the purpose 

of sedimenting re l a t i ve small quant i t ies of 0.05- m-diameter double su l fa te 

sa l ts of the transuranium elements. The ro tor has the secondary value of 

being a co l l ec t i on chamber in which the double-sulfate sa l ts are converted 

through metathesis to chlor ide s a l t s . 

The machine, i s unique in three respects. I t must operate in a rad ia t ion 

f i e l d of approximately 200 R/hr fo r a minimum of three years; the ro to r , 

container, and plumbing must be unaffected by high concentrations of 

both acid and caust ic ; and the ro tor must operate wi th a free or uncon

stra ined inner l i q u i d surface ( i . e . , the ro tor is not completely f i l l e d ) . 
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2.4.4.5 Biological Containment and Sterilization 

To prevent contamination of virus cultures and to avoid any loss of the 

material during centrifugation and to provide safety of all personnel 

handling infectious agents, equipment was designed for sterile operation 

and for the complete containment of the rotor and all virus-handling 

systems. Such a system was designed and built for use in centrifugation 

with the liquid centrifuge effort. 
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2.5 CHARACTERIZATION OF THE ENVIRONMENT OF HYPOTHETICAL SITES 

2.5.1 Site considerations for gas centrifuge enrichment plant 

In general, many areas of the country are suitable for the construction 

of a gas centrifuge plant; however, seismic and meteorological conditions 

must be considered. The power, water, manpower, and transportation 

networks required can be provided by most areas, but no one site is likely 

to have all of the preferred characteristics. Economics and environmental 

tradeoffs must be considered during the site-selection procedure. The 

site characteristics considered in this section are based on standard 

criteria for site selection. 

2.5.1.1 Site requirements 

2.5.1.1.1 General location 

There are advantages in locating a gas centrifuge plant near other 

uranium enrichment or fuel cycle plants. A shared-site facility in 

which a gas centrifuge plant is built adjacent to an existing gaseous 

diffusion enrichment plant allows support facilities, such as the toll 

enrichment building, water treatment plant, steam plant, laboratory, 

dispensary, communications center, maintenance, stores, garage, laundry, 

security protection, sanitary sewage treatment plant, and various 

computer systems, to be shared between both plants. This arrangement 

results in less land required, less total construction time and cost, 

more efficient use of personnel and facilities, and less severe impact 

on the environment. 

A desirable location for the gas centrifuge plant would be near a rotor 

fabrication plant and major parts suppliers in order to minimize trans

portation costs. The site need not be located near plants in the 

uranium fuel cycle; however, transportation costs could be minimized by 

a site location in the vicinity of UF6 production plants and/or fuel 

fabrication plants. 

2.5-1 
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Locating in an area with stabil ized ground would be desirable. An area 

of continued sett l ing ground, such as the lower Mississippi delta, would 

not be acceptable. 

The s i te should be located in proximity to developed systems, such as 

commercial communication, highways, rai lroads, and power networks. The 

proximity to sources of required materials should be considered during 

si te selection. Maps of the U.S. showing the location of metals, con

struction materials, industrial minerals, energy raw materials, organic 

fuels, energy sources, and mining and mi l l ing industries, are presented 

in the National Atlas.1 

2.5.1.1.2 Isolation 

An existing population of 100,000 or more within a reasonable traveling 

distance would aid in the provision and absorption of construction and 

operating personnel. Local business centers and reta i l establishments 

are desirable to provide for the needs of workers and their famil ies. 

In less populated areas, housing must be provided and u t i l i t i e s and 

community services should be enlarged and upgraded, as discussed in 

Sect. 2.5.1.1.5. 

The s i te location is l imited with respect to current and future popula

t ion densities in the area. The number of people displaced should be 

minimal, and future population projections should not exhibit large 

increases in the immediate v ic in i ty of the plant. A buffer zone 

surrounding the fenced plant area of about 350 acres is required to 

ensure acceptable land use adjacent to the enrichment plant. 

2.5.1.1.3 Area required 

An 8.75 mil l ion SWU/year plant requires a fenced-in area of about 350 

acres. This acreage does not include the areas required for access of 

power l ines, highways, and railways. The temporary construction si te 

adjacent to the plant w i l l require an additional 150 acres. A buffer 

zone of 1/4 to 1/2 mile surrounding the plant area is desirable. A 

sample layout for a typical gas centrifuge plant is shown in Fig. 2.2-2. 
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2.5.1.1.4 Manpower 

The peak construction contractor manning for engineering and mechanical, 

structural, and electrical construction activities will be approximately 

5300 persons. Detailed estimates of construction manpower and construc

tion and employment schedules are presented in Sect. 2.3.1.21.5. 

A total of approximately 2500 workers will be required to operate the 

plant at steady-state conditions. A per-week schedule of 21 shifts will 

be followed. 

2.5.1.1.5 Housing (as related to manpower) 

Appropriate housing must be available to support the construction and 

operation manpower required. Space for both long-term housing and 

temporary housing (trailer parks) should be available, in addition to 

that occupied by existing housing. Sufficient utilities and services 

including power, sanitary water, sewerage, waste disposal, schools, 

medical facilities, and shopping centers must be available or be provided. 

2.5.1.1.6 Transportation 

Transportation systems are required to transport material, equipment, 

and uranium materials to and from the site. A site location on a 

primary road and in proximity to major road networks and a railroad 

spur is desirable. The distance from such systems influences the extent 

of construction needed to provide the desired facilities. 

The closer these systems are to the site, the less extensive the dis

ruption to the environment. The staff assumes that construction of a 

1-mile access road and a 5-mile access railroad will be required. The 

bearing capacity of roads to the site is important. The heaviest loads 

will occur during construction, but the transportation systems will be 

used extensively in plant operation. 
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In evaluating road and railroad access, vertical and horizontal 

clearances, as well as current or anticipated alternative uses of the 

existing f a c i l i t i e s , must be considered. 

Air and water transportation systems are desirable, but not essential. 

2.5.1.1.7 Power 

Avai labi l i ty of power to meet demand is essential to the location of 

the gas centrifuge plant. Local power plants must provide approximately 

240 MW to support the plant, with no interruptions in existing services 

and at a reasonable cost. The re l i ab i l i t y of power may be ensured by 

using a high voltage distr ibut ion network. The s i te must be located in 

proximity to existing power supplies in order to minimize the construction 

of transmission l ines. Economic and environmental impact are important 

for evaluating the alternative routings available for transmission l ines. 

Factors to be considered include impact on soils caused by construction 

and maintenance of transmission l ines, effects on r iver and stream banks 

where the lines must cross them, impact on terrestr ia l and aquatic systems, 

economic impact that would result from purchase of right-of-way land, and 

possible changes to the use of the land, electr ical radiation effects, and 

aesthetics. 

2.5.1.1.8 Fuel required for heating 

Heating requirements could be satisf ied using natural gas, o i l , or coal. 

The avai labi l i ty and costs of these fuels determine which is most econom

ical to use. In addition to adequate supplies, gas requires transmission 

lines and o i l requires pipelines. The staf f assumes gas supplies w i l l not 

be adequate and o i l supplies w i l l be potentially dependent on foreign 

sources. Coal w i l l probably be used because of i ts potential ava i lab i l i ty . 

However, coal is more expensive to handle, and pollution problems caused 

by i ts use are more d i f f i c u l t to control. Fly ash, particulate matter, 

and sulfur dioxide must be removed from emission stacks. (Further effluent 

details are presented in Sect. 2.3.1.5.) 
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An alternative method for space heating is a circulating hot water system 

that utilizes hot water from existing systems. 

2.5.1.1.9 Water 

A gas centrifuge plant w i l l require a maximum of 5 Mgd of water that must 

be rel iably supplied from surface water or groundwater and should not 

require a high treatment cost. Details of usage are provided in Sect. 

2.3.1.10. River water is often more polluted and harder to treat than 

groundwater. For specific quality characteristics of surface water, 

refer to Water Quality Criteria.2 

2.5.1.1.10 Waste disposal 

Solid waste can be categorized generally as noncontaminated (and non

classified), classified, or contaminated. Contaminated and classified 

wastes require burial or incineration within security fencing. Incin

eration requires less ground area. Uncontaminated wastes may be dis

posed of outside the plant by burial in a sanitary landfill or by 

incineration. 

Liquid wastes may be held in holding ponds or piped to treatment facili

ties. Sanitary sewage may be treated and disposed of at the site or 

pipelines may be connected to public sewage systems. Gaseous effluents 

would be treated as required to meet controlling regulations and 

standards. 

Federal, state, and local standards must be considered in determining 

the adequacy of prospective sites. The Environmental Protection Agency 

(EPA) is responsible for regulating air and water pollution, drinking 

water quality, solid waste disposal, environmental radiation, and noise 

levels. State and local agencies are concerned with these areas as well 

as zoning, public convenience and necessities, pollution control, wild

life, and recreation. 
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2.5.1.2 Topography 

The configuration of the site, incluidng its relief and the position of 

its natural and man-made features, must be considered. A relatively level 

area with a maximum grade of 1.5% and a minimum of site preparation, in

cluding demolition, clearing, grubbing, excavation, and fill, would be 

desirable. The greater the site preparation requirements, the greater 

the land area required during construction for storage of removed material. 

The amount of excavation required could range from several hundred thousand 

cubic yards to several million cubic yards, depending on the topography and 

optimum elevation for the particular site. The most economic elevation 

depends on excavation, drainage, elevation of roads and railroads, and 

suitability of foundation materials. The relocation of roads and rail

roads at the site should be minimized. 

Topographic features can influence the dispersion of effluents. Low 

valleys and high mountains may cause effluents to remain in the valleys 

under certain conditions. 

The site should be located in an area of good drainage and not in a flood 

plain or below the maximum probable flood level unless protective measures 

against flooding are taken. These measures include the use of levees and 

dikes or building the plant on fill material. However, if fill material 

is used, it must settle uniformally. 

2.5.1.3 Geology 

Geological factors are considered in order to meet safety and engineering 

requirements and to anticipate geological problems, including foundation 

and groundwater considerations. Ideally, the site location should be 

described geologically and the formations extending under the site should 

be identified. Stratigraphy, history of the strata, seismology, and soil 

descriptions are factors to be considered. 
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2.5.1.3.1 Stratigraphy 

Stratigraphy is concerned with the sequence of rock types formed on the 

earth's surface. Each stratum is defined by its composition, distribution, 

succession, and geologic era. Information on geologic structure aids in 

determining seismic risk, foundation design, and occurrence and movement 

of groundwater. 

From the engineering standpoint, the strength of the rock is more important 

than the texture of geologic classification. The induration of rock is 

measured in terms of unconfined compressive strength, and the behavior of 

the rock is controlled by its mechanical structure. 

Important characteristics of rock layers include the hardness and thickness 

of the bed, the character of the interface between layers, and whether the 

bed is horizontal, dipping, contoured, or nonconformal. The joint patterns 

and spacings in the bed and the faults and shear zones present are also 

important. Plans may be adapted for most geologic situations if the con

ditions are defined before the foundations are designed. Rock excavation 

should be minimized because of the increased costs of excavation and 

disposal. 

The geological framework of an area provides the most valuable guide to 

the occurrence and availability of groundwater. Extrusive igneous rocks 

or volcanic rocks can be good aquifers (a body of rock capable of trans

mitting significant quantities of water), while metamorphic rocks are 

generally impervious and make poor quality aquifers. Limestones are 

second only to sandstones as a source of groundwater. Unconsolidated, 

sedimentary aquifers include marine deposits, river valleys, alluvial fans, 

coastal plains, glacial outwash, and dune sand. Sands and gravels are by 

far the best water-producing sediments because they have good storage and 

transmission characteristics and are usually replenished at a rapid rate. 

Clays and silts are poor aquifers and tend to confine or impede.the 

movement of water. The most significant environmental effect related 

to geology is the possibility of contaminating usable groundwater with 

leachate from holding ponds. 
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Geological characteristics will usually reveal the presence of groundwater 

and its probable movement. The flow path in relation to possible contam

ination points is important. A low groundwater table with movement not 

occurring under possible containment areas is desirable. Regions contain

ing shale and clay are desirable because they impede the movement of water 

and help prevent contamination. Limestone caverns should be avoided for 

both contamination and structural effects. 

2.5.1.3.2 History 

Geologic history describes the forces active on the strata from the time 

of their formation to the present. Layers formed in early eras may have 

been eroded or worn down, uplifted, tilted, or overturned at several dif

ferent times in later eras. The occurrence of upheaval forces and erosion 

depicts the history of the earth in the particular area studied. The more 

active the history, the more complicated the geologic survey becomes. Un

disturbed beds would be the ideal condition. 

2.5.1.3.3 Seismology 

Regional tectonics. Tectonics refers to the mechanisms and results of 

breakage and warpage in the earth's surface, especially folding and 

faulting. Ideally, the site should not be located near active fault 

zones or epicenters that could cause damage in the event of an earth

quake. Tectonics also refers to the occurrence of synclines and anti

clines in the surface layers. 

Recent seismic history. In choosing a site, the probability of seismic 

activity must be carefully considered. The history of earthquake and 

attendant phenomena in the area should be studied, including the time, 

frequency, location, and intensity of the tremors. These studies and 

the maximum probable seismic intensity may be used to evaluate the risk 

of seismic damage at the site. The severity of damage is determined by 

whether the earthquake causes splitting and shearing, or general movement. 

A site located in a low seismic zone is desirable for minimizing seismic 

risk. Seismic zones existing across the country are shown in Fig. 2.5-1.3 
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ZONE 0 - No damage. 

ZONE 1 - Minor damage; distant earthquakes may cause damage 
to structures with fundamental periods greater than 
1 0 seconds: corresponds to intensities V and VI 
of the M.M • Scale. 

ZONE 2 - Moderate damage: corresponds to intensity VII of the M.M * Scale. 

ZONE 3 - Maior damage, corresponds to intensity VIII and higher of the M M.* Scale. 

I 

FIGURE 2 . 5 - 1 . SEISMIC RISK MAP FOR CONTERMINOUS UNITED STATES (*M.M. 
REFERS TO THE MODIFIED MERCALLI INTENSITY SCALE.) SOURCE: U.S. DEPART
MENT OF COMMERCE, UNITED STATES EARTHQUAKES 1968, ENVIRONMENTAL SCIENCES 
SERVICES ADMINISTRATION, COAST AND GEODETIC SURVEY, U.S. GOVERNMENT PRINT
ING OFFICE, WASHINGTON, D.C. 
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Seismic r isk. Seismic risk is primarily dependent on the seismic zone in 

which the s i te is located. Differences in zones are generally due to d i f 

ferent geologic formations beneath a s i t e . To reduce r isk, the si te should 

be located in a low seismic zone, or seismic design of buildings should be 

considered. Seismic design may involve the use of equivalent stat ic earth

quake loads and/or the use of a dynamic analysis of the structure. In a 

high-risk area, the dynamic design is a preferable approach for c r i t i ca l 

systems. 

The s tab i l i t y characteristics and amplification factors of the soi l are 

important with regard to seismic ac t iv i ty . The occurrence of l iquefaction 

in saturated s i l t y clay soils or sand could cause excessive damage. Fi l ls 

would be required to replace these so i l s . -

2.5.1.3.4 Soil description 

Soil profi les may be used to describe soi l conditions beneath the s i t e . 

Soils are described by their origin and by thei r characteristics, including 

shear strength, density, compressibility, permeability, color, structure of 

the s o i l , and composition (grain size, shape, p las t ic i ty , mineralogy e tc . ) . 

These characteristics w i l l determine the su i tab i l i t y of the soi l for foun

dation material. Suitable foundation materials permit the use of econom

ical foundations for structures. Soil materials must be stable and not 

subject to extensive settlements. A f i l l material may be required to 

replace unsuitable s o i l . 

2.5.1.4 Hydrol ogy 

Hydrology is concerned with the or ig in , d is t r ibut ion, and properties of 

the water of the earth and of the earth's atmosphere. Hydrologic char

acteristics of a region are largely determined by i t s climate and i ts 

geologic structure. Among the climatic factors that affect the hydrology 

are the amount and distr ibut ion of precipi tat ion, the occurrence of snow 

and ice, and the effects of wind, temperature, and humidity on evaporation 

and snow melt. In some areas of the country, the evaporation rate may 

approach or exceed the precipitation rate. Hydrologic factors w i l l 

affect the design of heat rejection systems and water treatment 
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f a c i l i t i e s , and must be considered in safety evaluations on releases 

of radionuclides or chemicals. 

2.5.1.4.1 Surface waters 

Surface waters include streams, r i v e r s , lakes, and oceans. Most surface 

waters can be adapted for use as a water supply, depending on the degree 

of treatment that w i l l be provided. The drainage patterns and hydrologic 

properties i n a drainage basin are determined by r a i n f a l l charac te r i s t i cs , 

topography of the land, so i l charac te r i s t i cs , and the type of vegetation 

and covering in the area. These factors a f fec t the amount of surface 

water avai lable for use. The size and character is t ics of the r i ve r dra in

age area, along wi th the 7-day, 10-year low f low, provide information for 

determining the adequacy of flow for use by a gas centr i fuge p lan t . The 

gas centr i fuge plant should not withdraw more than 10% of the 7-day, 10-

year low flow of a r i ve r . 

The amount of water avai lable i n a lake depends on the volume of the lake, 

the inf low and detention t ime, and the present uses of the lake water. The 

level o f the lake should not vary g rea t ly , fo r both aesthetic and recre

ational reasons. A man-made lake may be impounded by bu i ld ing a dam across 

a stream to provide a su i tab le water supply. I t s economical development 

depends on the value of the water in the region, runoff and i t s va r i a t i on , 

access ib i l i t y of catchment areas, interference with ex is t ing water r i g h t s , 

and costs o f construct ion. 

Before a surface water is selected for water supply, the locat ion of intake 

and discharge l ines in re la t ion to navigable waters, the water depth near 

shore, the ef fects o f t i da l act ion in oceans and estuar ies , the h is tory of 

storm damage, and the aquatic l i f e cycles in the region of the intake and 

discharge structures must be considered. The use of surface waters should 

not i n te r fe re with present uses or a c t i v i t i e s in the basin and the down

stream population should not be adversely a f fec ted. 

Surface water can be contaminated from groundwater discharges, atmospheric 

f a l l o u t , or by d i rec t e f f l uen t discharge. Eff luents should be monitored 

and contro l led in accordance with the 1972 Water Pol lu t ion Control Act. 
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2.5.1.4.2 Groundwater 

Groundwater normally of fers a natura l ly purer water supply than surface 

water. Factors that must be considered in using groundwater fo r water 

supply include the e f fec t i ve water content or maximum volume of water that 

can be withdrawn ( funct ion of e f fec t ive porosity and storage coe f f i c ien t of 

the water-bearing ma te r ia l ) ; the a b i l i t y of the aqui fer to transmit water 

in necessary quant i t ies to wel ls ( funct ion of permeabil i ty and t rans-

m i s s i v i t y ) ; the s u i t a b i l i t y of water fo r the intended use; and the re

l i a b i l i t y and permanence of the avai lable supply with respect to both 

quant i ty and qua l i ty of water. Water should not be withdrawn at a faster 

rate than i t is replaced and i t s use for water supply should not c o n f l i c t 

wi th current uses. The s t a f f assumes that s u f f i c i e n t groundwater w i l l not 

be avai lable for use as a water supply fo r the gas centr i fuge p lan t . 

A shallow groundwater elevat ion is undesirable because i t would increase 

the cost of s i t e preparation and foundations to avoid unacceptable d i f f e r 

ent ia l settlement of plant s t ruc tures . 

Groundwater may be contaminated by leaks or breaks in pipes or reservoirs 

or as a resu l t o f washing of contaminated surfaces. Groundwater movement 

in re la t ion to possible contamination points should be a prime consider

a t ion . Ion exchange rate in so i ls and the groundwater movement rate are 

related to t h i s . 

Locations downstream of populations using groundwater fo r t h e i r water 

supply are desirable in order to avoid potent ial contamination. 

2.5.1.5 Meteorology 

Meteorology is an important factor in the s i t i n g of gas centr i fuge p lants . 

Wind loads, snow loads, and p rec ip i ta t ion inf luence the design and con

s t ruc t ion cost. Relative humidity, a i r temperature, and wind character

i s t i c s af fect the operation of cooling towers. Prevai l ing wind d i rec t i on , 

wtnd speed, and atmospheric s t a b i l i t y a f fec t the dispersion of emissions. 

Meteorologic conditions also re late to hydrologic condi t ions. 
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2.5.1.5.1 Regional 

Physical features such as mountains or oceans inf luence the average course 

or condit ion of weather over a period of years (cl imatology) . The movement 

of a i r masses and storm patterns also a f fec t the cl imatology. 

2.5.1.5.2 Local 

Meteorology is an important consideration in the design, construct ion, and 

operation of the plant and in the dispersion of e f f l uen t s . 

Because temperature af fects the amount o f bu i ld ing insu la t ion and heating 

required and r a i n f a l l determines the amount of f lood protect ion needed, 

these factors must be considered i n the design. Designs must also be 

adapted fo r severe storms, such as tornadoes, hurr icanes, maximum wind 

speeds, ice storms, snow storms, and thunderstorms. Sites should be 

located in areas wi th a low probab i l i t y o f tornadoes and hurr icanes. 

Hurricanes occur pr imar i ly along the east coast (National A t l a s , 1 p. 116) 

and tornado areas are shown i n F ig . 2 .5-2 . 

In construct ion considerat ions, low temperatures r e s t r i c t the pouring 

of concrete and extend the required construct ion per iod. Heavy snowfall 

and r a i n f a l l w i l l also lengthen the construct ion per iod. Pumping may be 

required to remove water from the construct ion area during heavy ra ins . 

During plant operat ion, fuel requirements fo r heating are greater in 

colder c l imates, and maintenance costs are greater fo r snow removal. The 

operation of cooling towers is affected by wind speed and d i r ec t i on , a i r 

temperature, and re la t i ve humidity. A greater number o f fog days may re

s u l t from the operation of cooling towers. 

Eff luents are affected by wind speed and d i r ec t i on , the a i r temperature, 

and the occurrence of a i r stagnations. I dea l l y , p reva i l ing winds should 

not blow toward population centers. Areas with a i r po l l u t i on problems 

should be avoided. Special precautions may be necessary in areas with 

high po l lu t ion potent ia ls (F ig . 2 .5-3) . 
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FIGURE 2.5-2. FREQUENCY OF TORNADOES, 1953-1962. EACH DOT REPRESENTS 
THE APPROXIMATE LOCATION OF TWO OCCURRENCES DURING THE TEN-YEAR PERIOD. 
SOURCE: U.S. GEOLOGICAL SURVEY, NATIONAL ATLAS OF THE UNITED STATES OF 
AMERICA, U.S. DEPARTMENT OF THE INTERIOR, 1970. 
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FIGURE 2 . 5 - 3 . DAYS OF HIGH AIR POLLUTION POTENTIAL FORECASTED. SOURCE: 
U.S. GEOLOGICAL SURVEY, NATIONAL ATLAS OF THE UNITED STATES OF AMERICA, 
U.S. DEPARTMENT OF THE INTERIOR, 1970. 
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2.5.1.6 Ecology 

Descriptions of the t e r r e s t r i a l and aquatic ecology of a potent ia l s i t e 

and i t s environs, along wi th information on engineering design, e f f l uen t s , 

land use, and water use, form the basis fo r assessing the potent ia l 

ecological impacts of any large f a c i l i t y such as a gas centr i fuge p lan t . 

Surveys of possible ecological ef fects can be superimposed over a var iety 

of regional environments to ar r ive at candidate areas that might prove 

acceptable for s i t i n g purposes. More detai led environmental assessments 

of selected s i tes w i l l then permit modi f icat ion of engineering design and 

construction and operating practices to minimize unavoidable adverse 

impacts on t e r r e s t r i a l and aquatic b io ta . 

2.5.1.6.1 Ter res t r ia l 

From a generic standpoint the t e r r e s t r i a l ecology of a s i t e can be 

characterized by iden t i f y ing the important f l o ra and fauna in the region, 

t he i r habitats and d i s t r i b u t i o n , and the relat ionships between species 

and t h e i r environment. As set fo r th in the USAEC Regulatory Guide A.2,h 

a plant or animal species is "important" i f (1) i t is commercially or 

recreat ional ly valuable; (2) i t is rare or endangered; (3) i t af fects 

the wel l -being of some important species w i th in the above two c r i t e r i a ; 

or (4) i t i s c r i t i c a l to the st ructure and funct ion of the regional 

ecological system. A "rare or endangered" species is any species o f f i 

c i a l l y designated as such by the U.S. Fish and W i l d l i f e Service. Further, 

i n any s i t i n g plan the local and regional d i s t r i b u t i o n of habitats must 

be compared wi th projected losses due to s i t i n g . 

For selected and a l ternat ive s i t e s , a t tent ion must be given to the abun

dance of important species, to area u t i l i z a t i o n ( e . g . , winter ing grounds, 

breeding and nursery areas, migration routes, e t c . ) , to l i f e h is to r ies 

of important species and t he i r normal seasonal population f luc tuat ions 

and habi tat requirements ( e . g . , temperature, cover, e t c . ) , and to the 

i d e n t i f i c a t i o n of food webs and other important i n te rspec i f i c r e l a t i on 

ships. The status of ecological succession and pre-ex is t ing environmental 

stresses are also important considerations in select ing s i tes with minimum 

potent ial fo r undesirable impacts. 
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From the standpoint of prudent use of ex is t ing resources there are several 

areas that should be avoided in planning additions to f u l l enrichment 

capacity. These are: (1) Federal and state reserve lands, (2) s i tes in 

areas that harbor numbers of rare , threatened, or otherwise important 

species, and (3) coasta l - f resh, brackish, and saltwater marsh systems. 

Federal reserve lands include the national parks, fo res ts , monuments, and 

w i l d l i f e refuges as shown in the National Atlas.5 State reserve lands 

include state forests and state parks. These Federal and state lands 

are generally administered to preserve and manage recreat iona l , watershed, 

t imber, range, and w i l d l i f e resources. Concomitantly, many natural w i l d 

l i f e habitats are preserved. Although a gas centr i fuge plant of the 

present design requires a. r e l a t i ve l y small amount of land (400 acres), 

s i t i n g w i th in the above-mentioned areas would be eco log ica l ly undesirable 

and should be avoided. 

Sites should not be selected i f they contain special habitats used by 

one or more of the l i f e stages of important commercial, recreat iona l , or 

rare and endangered species. This exclusion therefore applies to such 

areas as breeding, nursery and winter ing grounds, and migratory routes 

used by important species. Sites that contain a r ich endemic f l o ra and 

fauna or desirable habitats unique to a region should also be avoided. 

Fresh-, brack ish- , and sal t -water marsh ecosystems usual ly provide habi tat 

fo r many important species. These ecosystems are h ighly productive and 

provide food sources as well as protect ive cover fo r juven i le aquatic 

species and breeding and migrating b i r d species. In add i t ion , many of 

these areas have been drained and f i l l e d or otherwise d isturbed, leading 

to speculation that the resource may be c r i t i c a l l y reduced i f current 

development o f these areas continues.6 For these reasons, marsh eco

systems should be avoided in s i t i n g a gas centr i fuge p lant . 
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2.5.1.6.2 Aquatic 

Aquatic ecology broadly refers to the complex in ter re la t ionsh ips among 

aquatic organisms and the physical and chemical character is t ics of the 

aquatic environment. These physical and chemical conditions tend to 

l i m i t the kinds of plant-animal communities able to l i v e in an aquatic 

environment. L imi t ing physical conditions include water body morphology 

and substrate, water movement, temperature, and l i g h t penetrat ion; impor

tant chemical parameters include dissolved s a l t s , dissolved gases, and 

pH. Although several of these parameters are closely i n te r re l a ted , there 

are many d i f f e ren t na tura l ly occurring combinations of these physical -

chemical l i m i t i n g fac to rs . As a r e s u l t , the aquatic ecology of many water 

bodies is o f ten , i n the s t r i c t e s t sense, unique. However, aquatic env i 

ronments may in general be d i f fe ren t ia ted in to lakes, r i v e r s , es tuar ies , 

or oceans, on the basis of water movement and dissolved s a l t concentrations. 

In s i t i n g a gas centr i fuge plant —whether on or near a lake, r i v e r , 

estuary, or ocean —the same general ecological c r i t e r i a must be con

sidered for the local surface waters po ten t ia l l y affected by construct ion 

and operation of the p lant . As wi th t e r r e s t r i a l ecology (Sect. 2 .5 .1 .6 .1 ) , 

these considerations include important species, habi ta t requirements and 

u t i l i z a t i o n by important species, i n te rspec i f i c re la t ionsh ips , local and 

regional habi ta t a v a i l a b i l i t y , and pre-ex is t ing environmental stresses. 

Although potent ia l s i tes must be evaluated on a case-by-case bas is , the 

best s i tes from the standpoint o f aquatic b io ta are r ivers with large flow 

volumes (100 cfs min and 1000 cfs pre fer red) . Lakes, although acceptable, 

are generally less desirable than r ivers as s i tes fo r a gas centr i fuge 

p lant . Estuaries and coastal zones are even less desirable and in most 

cases should be avoided. Other special aquatic environments that should 

be avoided as plant s i tes include water bodies w i th in Federal and state 

reserved lands and habitats used by important recreat iona l , commercial, 

or rare and endangered species. 
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Most r i vers have greater reaeration capacity than standing waters. Also, 

f lowing systems are open with continual renewal o f water, whi le standing 

waters are r e l a t i ve l y closed ecosystems and can " t rap" po l lu tan ts . For 

instance, waste nutr ients (such as phosphorus and nitrogen) released in to 

a lake can recycle i n the lake fo r years; the resu l t may be eutrophi cation 

with major undesirable changes in the aquatic b i o ta . Because of the lower 

capacity of lakes and other re l a t i ve l y closed systems to mix and remove 

waste, impacts on aquatic b iota w i l l generally be greater than in r i ve r s . 

However, potent ia l d i f f i c u l t i e s wi th s i t i n g a gas centr i fuge plant on a 

lake can be overcome, at greater costs, by employing more e f f i c i e n t waste 

treatment pract ices. 

Estuarine and coastal zone marsh ecosystems are the least desirable s i t e s . 

Estuarine ecosystems are found in s a l i n i t y ranges between about 0.3 and 

30 ppt where r i ve r mouths meet the ocean; coastal zone marsh ecosystems 

are found in f r esh - , b rack ish- , and salt-water-covered lowlands in d i s 

continuous stretches along the U.S. coast. The most important b io log ica l 

character is t ics of such areas are high b io log ica l p roduct iv i ty and generally 

large concentrations of organisms. These areas are used as breeding and 

nursery grounds for many important commercial f i n f i s h and s h e l l f i s h 

species. Because of the vu lne rab i l i t y of these ecosystems to undesirable 

environmental impact,7 gas centr i fuge plants should not be s i ted on 

estuaries or i n marsh ecosystems in the coastal zone. 

Federal and state reserve lands are l i s t e d as undesirable s i tes from the 

standpoint of t e r r e s t r i a l ecology (Sect. 2 .5 .1 .6 .1 ) , land use (Sect. 

2 .5 .1 .9 ) , and water use (Sect. 2 .5 .1 .10) . There are also compelling 

reasons for gener ical ly excluding these areas from s i t e consideration 

from the standpoint of aquatic ecology. Surface waters w i th in the 

boundaries of these reserved lands include a substant ial percentage of 

the habi tat of important recreational and rare or endangered aquatic 

species. Along wi th the other intended mul t ip le use functions of these 

reserve areas, they serve as important habi ta t preserves and should be 

avoided. 
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2.5.1.7 Social P ro f i l e 

2.5.1.7.1 Demography and other social character is t ics 

'Population growth: actual and projected 

Estimates of annual population growth are based on rates of b i r t h s , deaths, 

and net immigration to the U.S. The component of population growth that 

is most l i k e l y to vary during the next 50 years and to exert a major 

impact on the rate of population growth in the U.S. is the f e r t i l i t y 

r a te . 8 Four series of population project ions cur rent ly used are based 

on four d i f f e ren t assumptions concerning the completed cohort f e r t i l i t y 

rate (number o f chi ldren born to a group of 1000 women of the same age 

at the completion of chi ldbearing years) , as fo l lows: 

Projected series Completed f e r t i l i t y rate 

(births/woman) 

Series C 2.8 

Series D 2.5 

Series E 2.1 

Series F 1 .8 

As a resu l t of rapid ly decreasing f e r t i l i t y rates during the 1960s and 

1970s, Series A and Series B population pro jec t ions, which assume high 

f e r t i l i t y rates of 3.35 and 3.1 births/woman ( respec t i ve ly ) , no longer 

are used. Surveys in 1971 and 1972 of wives, 18 to 24 years of age, 

indicated that present f e r t i l i t y rates approximate levels assumed by 

Series E population pro jec t ions . 8 

Population estimates are based on two addit ional assumptions: (1) net 

immigration rates of 400,000 persons/year to the year 2020 and (2) s l i g h t 

decrease i n mor ta l i ty rates to the year 2020.8 Actual and projected 

population estimates for each f e r t i l i t y assumption are shown in Fig. 

2.5-4. 

The age composition of the actual and projected population fo r 1950-2000 

is shown in Table 2 . 5 - 1 . Trends fo r the Series E project ion indicate 
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FIGURE 2.5-4. ACTUAL AND PROJECTED POPULATION, 1900-2020. SOURCE: 
EXECUTIVE OFFICE OF THE PRESIDENT: OFFICE OF MANAGEMENT AND BUDGET, P. 
233 IN SOCIAL INDICATORS 197Z, U.S. GOVERNMENT PRINTING OFFICE, WASHINGTON, 
D.C., 1973. 



TABLE 2.5-1 

ACTUAL AND PROJECTED POPULATION, BY AGE: 1950-2000 
(thousands) 

Age and projection 
series 

Actual population 

1950 1960 1970 1975 

Projected population 

1980 1985 1990 1995 2000 

ALL AGES 

Series 
Series 
Series 
Series 

C 
D 
E 
F 

152,271 180,671 204,879 

215,872 
215,324 
213,925 
213,378 

230,955 
228,676 
224,132 
221,848 

248,711 
243,935 
235,701 
230,913 

266,238 
258,692 
246,639 
239,084 

282,766 
272,211 
256,015 
245,591 

300,406 
285,969 
264,130 
250,686 

UNDER 20 YEARS 

Series C 
Series D 
Series E 
Series F 

51,672 69,527 77,156 

77,033 
76,485 
75,086 
74,539 

80,014 
77,735 
73,191 
70,908 

87,038 
82,262 
74,028 
69,240 

96,981 
89,435 
77,382 
69,826 

104,984 
94,970 
80,156 
70,272 

109,986 
97,797 
80,743 
69,255 

ro 
en 
i 
ro 
ro 

20 TO 64 YEARS 

Series C 
Series D 
Series E 
Series F 

88,202 94,464 107,543 116,669 126,888 135,748 141,490 

148,952 
148,111 
147,030 
146,490 

161,578 
159,329 
154,845 
152,591 

65 YEARS AND OVER 

All series 12,397 16,679 20,177 22,170 24,051 25,924 27,768 28,829 28,842 

Note: Includes Armed Forces overseas. Data are for July 1 of each year. 

Source: Bureau of the Census, Current Population Reports3 Series p-25, Nos. 310, 483, 490, and 493. 
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that the population w i l l stabi l ize due to decreasing f e r t i l i t y rates. 

The recent decrease in .b i r th rates w i l l result in older age structure of 

the U.S. population by the year 2000. 

2.5.1.7.2 Distribution of population 

Urban-rural population growth 

Since 1920, various economic, social , po l i t i ca l , and technological factors 

have stimulated a continual rise in population growth in metropolitan 

areas of the U.S. (areas having a total population of 100,000 or more).9 

Between 1960 and 1970, metropolitan areas experienced a large population 

increase of 23.4 mi l l i on , with a net gain of only 0.5 mi l l ion people in 

other areas of the nation. Approximately 90% of the metropolitan growth 

occurred in Great Metropolitan Areas (GMAs) that contain at least one 

mil l ion people; during the same period, the number of GMAs increased from 

23 to 29.9 

Projections of future population growth show enormous increases by the 

year 2000, part icularly in GMAs. In 1970, 71% of the national population 

resided in metropolitan areas; projections based on low and high f e r t i l i t y 

rates indicate that approximately 85% of the U.S. population w i l l be 

metropolitan by the year 2000 (Table 2.5-2).9 By 1980, there w i l l be at 

least 39 GMAs that w i l l encompass 54% of the population; more than 63% 

of the populace w i l l reside in 44 GMAs by the end of the century, so that 

at least 6 out of 10 U.S. residents w i l l l ive in these areas.9 

The projected low levels of population growth in medium sized and small 

metropolitan areas are attributed to two factors: (1) the merging of many 

medium and small metropolitan areas into larger ones and (2) the conversion 

of many individual medium and small metropolitan areas to GMAs by increase 

in population to one mi l l i on . 9 

Within metropolitan areas, suburban growth outside of c i ty centers is 

increasing, and projected trends indicate an increase of 62 to 75%; con

comitantly, central ci ty growth would decline.10 However, this would 

vary s l ight ly on a regional basis. 



TABLE 2.5-2 

PAST AND PROJECTED METROPOLITAN GROWTH 

Census Series E projection 
Quantity 1960 1970 1980 1990 2000 

Total, U.S. population (in millions) 179.3 203.2 224.7 246.9 265.5 

Metropolitan areas >100,000: 

Population (millions) 118.4 144.3 173.2 203.8 225.2 ^ 

Number of areas 204 216 216 213 219 T 

Percent of U.S. population in 
metropolitan areas 66.0 71.0 77.1 82.5 84.8 

Great Metropolitan Areas (GMAs) >1,000,000: 

Population (millions) 

Number of areas 

Percent of U.S. population in GMAs 

Source: Jerome P. Pickard, "U.S. Metropolitan Growth and Expansion, 1970 - 2000, with Population 
Projections" (paper prepared for the Commission on Population Growth and the American Future, 
1972) Appendix tables. 

68.2 

23 

38.0 

89.3 

29 

44.0 

122.3 

39 

54.4 

147.7 

40 

59.8 

167.9 

44 

63.2 
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Regional changes i n population growth 

The d i s t r i b u t i o n of population growth among indiv idual or regional urban 

areas is highly uneven, regardless of f e r t i l i t y ra tes . 1 0 Projections of 

regional d i s t r i b u t i o n from 1970 to 2000 indicate that a large share of 

growth w i l l grav i ta te toward rapid ly growing metropoli tan centers, which 

are located mostly in the South and West; at the same t ime, population 

loss w i l l continue i n the North Central and Northeast regions. This 

uneven regional d i s t r i b u t i o n of metropolitan population is a t t r i b u t e d , 

to a large extent , to the red i s t r i bu t i on of people by in ternal migra t ion . 1 0 

Table 2.5-3 shows the actual and projected d i s t r i b u t i o n of metropol i tan 

population for each region. The components of th is regional change are 

shown i n Table 2.5-4. 

2.5.1.7.3 Labor force projections 

Projections of labor force par t i c ipa t ion to the year 2000 (based on Series 

E project ions) indicate a general decline in the annual average rate of 

increase with a corresponding decrease in net size increase for future 

labor forces (Table 2 . 5 - 5 ) . 1 1 Trends also show growing dominance of the 

"white co l l a r " occupations between 1960 and 2000, with the most dramatic 

increase occurring among professional and technical workers (Table 2 .5 -6 ) . 

Another s t r i k i n g dif ference in projected labor force pa r t i c ipa t i on is a 

change i n age and sex d i s t r i b u t i o n of the labor force from 1960 to 2000 

(Table 2 .5 -5 ) . 1 1 Between 1960 and 1980, approximately 35% of the increase 

in labor force w i l l be comprised of young adu l ts , aged 16 to 24, with 12% 

consist ing of workers older than 55 years. During 1980 to 2000, the 

number of younger workers w i l l decl ine, with most of the labor force size 

increase occurr ing in the 25 to 51 age group.1 1 At the same t ime, a higher 

proport ion of women w i l l enter the labor force. Both age and sex d i s t r i b 

utions are d i r ec t l y re lated to the decl in ing f e r t i l i t y rate which gradually 

w i l l (1) decrease the number o f young persons who may enter the labor 

force and (2) increase the number o f women avai lable fo r work by 

decreasing the proport ion of women wi th young chi ldren to care f o r . 1 1 



TABLE 2.5-3 

PROJECTED METROPOLITAN GROWTH FOR CENSUS BUREAU REGIONS 
(percent) 

Series E-1 projection 

Region 

Distribution of Distribution of Concentration ratio Distribution of 
Metropolitan population, Metropolitan population, (4)-Kl) Metropolitan population, 

1970s 1970-2000 2000* 
(Series E-1) 

0) J£L (3) (4) 

West 

South 

North central 

Northeast 

U.S. total 

19.41 

24.96 

26.71 

28.91 

99.99 

29.01 

28.11 

21.86 

21.03 

100.01 

1.49 

1.13 

0.82 

0.73 

22.13 

25.85 

25.33 

26.68 

99.99 

ro 

en 

ro 

In Standard Metropolitan Statistical Areas as defined in 1970. 

Source: P.A. Morrison. "The Impact of Population Stabilization on Migration and Redistribution." Chapter 2, Part IV, 
Commission on Population Growth and the Ameriaan Future, Research Reports, Vol. V, Population Distribution 
and Policy, p. 554. 
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REGIONAL PROJECTIONS, WITH COMPONENTS OF CHANGE 
(numbers in thousands) 

Region 

Series E-1 projection 

Natural 
increase 

(1) 

Net c iv i l ian 
immigration 

Internal 
immigration 

(2) (3) 

TOTAL 

West 

South 

North Central 

Northeast 

METROPOLITAN 

West 

South 

North Central 

Northeast 

11,995 

16,746 

15,969 

10,070 

9,779 

10,966 

12,137 

8,588 

2,878 

1,882 

1,800 

5,543 

2,463 

1,395 

1,497 

5,062 

+3,253 

+1,041 

-2,680 

-1,321 

+3,950 

+3,328 

-1,434 

-1,909 

Internal migration 
as % of gain 
[(3MD+C2)] 

(4) 

+21.9 

+5.6 

-15.1 

-8.5 

+32.3 

+26.9 

-10.5 

-14.0 

ro 
en 
I 

ro 

Source: P. A. Morrison. "The Impact of Population Stabilization on Migration and Redistribution," 
Chapter 2, Part IV in Commission on Population Growth and the Ameriaan Future, Research 
Reports, Vol. V, Population Distribution and Policy, p. 554. 



TABLE 2.5-5 

TOTAL POPULATION, TOTAL LABOR FORCE, AND LABOR FORCE PARTICIPATION RATES, BY AGE AND SEX, 
1960, 1980, 2000-Series E 
(numbers in thousands) 

Age and sex 

BOTH SEXES 

T o t a l , 16 and over 
16 t o 24 years 
25 to 54 years 
55 years and over 

MALES 

T o t a l , 16 and over 
16 to 24 years 
25 to 34 years 
35 to 44 years 
45 to 54 years 
55 to 64 years 
65 years and over 

FEMALES 

T o t a l , 16 and over 
16 to 24 years 
25 to 34 years 
35 to 44 years 
45 to 54 years 
55 to 64 years 
65 years and over 

1960 actua l 

Popula
t ion 

121,817 
21,773 
67,764 
32,279 

59,420 
10,951 
11,347 
11,878 
10,148 
7,564 
7,530 

62,397 
10,822 
11,605 
12,348 
10,483 
8,070 
9,115 

Labor 
force 
rates 

59.2 
58.4 
68.8 
39.6 

82.4 
74.0 
96.4 
96.4 
94.3 
85.2 
32.2 

37.1 
42.7 
35.8 
43.1 
49.3 
36.7 
10.5 

Total 
labor 
force 

72,104 
12,720 
46,596 
12,788 

48,933 
8,101 

10,940 
11,454 
9,568 
6,445 
2,425 

23,171 
4,619 
4,159 
5,325 
5,150 
2,964 

954 

1980-Series 

Popula
t ion 

167,130 
37,803 
84,654 
44,672 

80,391 
19,154 
18,419 
12,586 
10,786 

9,812 
9,634 

86,739 
18,649 
18,360 
12,938 
11,566 
11,369 
13,857 

Labor 
force 
rates 

61.5 
62.2 
74.4 
36.6 

79.1 
71.2 
96.0 
96.1 
94.0 
80.5 
22.0 

45.2 
52.9 
52.6 
54.3 
54.8 
45.2 
8.6 

E 
Total 
labor 
force 

102,818 
23,514 
62,949 
16,355 

63,574 
13,640 
17,682 
12,095 
10,139 
7,903 
2,115 

39,245 
9,874 
9,666 
7,025 
6,343 
5,140 
1,197 

2000-Series 

Popula
t ion 

201,969 
36,262 

114,145 
51,563 

97,424 
18,422 
18,296 
21,006 
17,480 
10,655 
11,565 

104,545 
17,839 
18,088 
21,107 
18,167 
12,071 
17,272 

Labor 
force 
rates 

62.7 
61.7 
76.0 
34.0 

79.4 
69.4 
96.0 
96.1 
93.7 
79.8 
17.0 

47.1 
53.8 
55.9 
58.2 
56.5 
47.6 

7.5 

E 
Total 
labor 
force 

126,660 
22,373 
86,772 
17,515 

77,387 
12,782 
17,565 
20,187 
16,378 
8,509 
1,966 

49,272 
9,591 

10,109 
12,274 
10,259 
5,745 
1,294 

ro 
en 
I ro 

CO 

Source: D. F. Johnston. "Illustrative Projections of labor force of the United States to 2040. 
in: Commission on Population Growth and Ameriaan Future, Recearch Reports, vol. II, 
Economic Aspects of Population Change. 



TABLE 2.5-6 

PROJECTED OCCUPATIONAL DISTRIBUTION OF EMPLOYED CIVILIAN WORKERS 16 AND OVER, 
1980 AND 2000, SERIES BAND E<* 

(numbers in millions) 

Major occupation qroup 
Total labor force 

Armed forces 
Civ i l ian labor force 

Unemployed^ 
Employed 

White-collar workers 
Professional & technical 
Managers, o f f i c i a l s , 
and proprietors 
Clerical workers 
Sales workers 

Blue-collar workers 
Craftsmen and foremen 
Operatives 
Nonfarm laborers 

1960 
actual 
72.1 
2.5 

69.6 
3.8 

65.8 

28.6 
7.5 

7.1 
9.8 
4.2 

24.0 
8.5 

11.9 
3.6 

198CF 
100.7 

2.7 
98.0 
2.9 

95.1 

48.3 
15.5 

9.5 
17.3 
6.0 

31.1 
12.2 
15.4 
3.5 

2Q00 

Series E 
126.7 

2.4 
124.3 

3.7 
120.6 

68.6 
26.2 

10.5 
24.9 
7.0 

33.4 
14.3 
16.3 
2.8 

Change: 
1960 

Amount 
28.6 
0.2 

28.4 
-0.9 
29.3 

19.7 
8.0 

2.4 
7.5 
1.8 

7.1 
3.7 
3.5 

-0.1 

to 1980 

Percent 
39.7 
8.0 

40.8 
-23.7 
44.5 

68.9 
106.7 

33.8 
76.5 
42.8 

29.6 
43.5 
29.4 
-2.8 

Change: 
1980 to 

Amount 
26.0 
-0.3 
26.3 
0.8 

25.5 

20.3 
10.7 

1.0 
7.6 
1.0 

2.3 
2.1 
0.9 

-0.7 

2000 E 

Percent 
25.8 

-11.1 
26.8 
27.8 
26.8 

42.0 
69.0 

10.5 
43.9 
16.7 

7.4 
17.2 
5.8 

-20.0 

ro 
en 
i 

ro co 

Service workers 8.0 13.1 17.6 5.1 63.8 4.5 34.4 

Farm workers 5.2 2.6 1.0 -2.6 -50.0 -1.6 •61.5 

^Source: D. F. Johnston. "Illustrative Projections of the labor force of the United States to 2040." 
in Commission on Population Growth and Ameriaan Future, Research Reports, Vol. II, Economic 
Aspects of Population Change, p. 175. 

feThe unemployment rate for 1980 and for 2000, both series, is assumed to be 3.0% of the civilian labor 
force. 
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Addit ional social s t a t i s t i c s are given in the Statistical Abstract of 

the United States (1973).12 Some of the subjects (with page numbers) 

included in the abstract , in addit ion to those discussed previously, 

are: education (102-141); law enforcement, Federal courts and prisons 

(143-162); publ ic lands, parks, recreat ion, and t rave l (193-211); labor 

force, employment and earnings (215-249); social insurance and welfare 

services (282-315); s tate and local government finances and employment 

(409-433); t ransportat ion - land (535-562); and construct ion and housing 

(670-696). 

2.5.1.8 Po l i t i ca l structure 

2.5.1.8.1 Local government 

The governments of the nearby c i t i e s , as wel l as the county government 

with j u r i s d i c t i o n over the f a c i l i t i e s , w i l l be considered when a spec i f i c 

s i t e is selected. A l l applicable permits must be obtained ( i . e . , con

s t r uc t i on , hea l th , sewage disposal , and occupational). The tax st ructure 

and j u r i s d i c t i o n w i l l be addressed. The operation of local government 

and the hea l th , safety , secur i t y , educat ional , and other such services 

are of concern. 

2.5.1.8.2 State government 

The state government w i l l be considered when a spec i f i c s i t e is selected. 

The above considerations wi th regard to the s ta te government w i l l also be 

made i n the s i t e - s p e c i f i c environmental assessment. A l l appl icable s ta te 

e f f l uen t standards must be met and the required state discharge permits 

obtained. 

2.5.1.9 Land use 

2.5.1.9.1 Present 

Factors regarding land use that must be considered when s i t i n g a gas 

centr i fuge plant include (1) the compat ib i l i t y of p lant construct ion and 

operation with local and regional land resource plans, (2) the ef fects of 

removal of agr icu l tu ra l land from production, and (3) the potent ia l ef fects 
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of gaseous ef f luents from the plant on local and regional land use. In 

add i t ion, Federal and state reserve lands and coastal zones should be 

avoided because of t he i r ex is t ing resources (Sect. 2 .5 .1 .6 .1 ) . The to ta l 

acreage required can be minimized by s i t i n g the plant i n the v i c i n i t y of 

ex is t ing transmission corr idors and substat ions. 

The primary respons ib i l i t y fo r land use regulat ion and planning l i e s at 

the state and local level (see Sect. 2 .5 .1 .9 .2 ) . Major categories of 

land use include rural r es i den t i a l , urban res i den t i a l , i n d u s t r i a l , a g r i 

c u l t u r a l , and na tu ra l . Under most ex is t ing state and local land use 

po l i c ies , a gas centr i fuge plant or other nuclear f a c i l i t y would be s i ted 

by ordinance i n an indust r ia l -use zone. I f feasib le s i tes in i n d u s t r i a l -

use zones are not ava i lab le , the impacts o f f o r f e i t i n g current land use 

on the 400 acres required fo r the gas centr i fuge plant and on surrounding 

regions must be evaluated. Location of a gas centr i fuge plant i n an 

urban or rural res ident ia l zone i s undesirable because of socio-economic 

costs related to population displacement. Urban areas in general are not 

su i table fo r plant s i tes because of the radioact ive materials involved. 

Federal and state lands set aside fo r conservation, aesthet ics, and 

recreat ional use, as speci f ied in Sect. 2 . 5 . 1 . 6 . 1 , should not be con

sidered fo r s i t i n g a gas centr i fuge p lan t . Federal lands are generally 

administered on the basis o f mult iple-use and sustained-yie ld po l i c i es . 

The f i ve use categories speci f ied for national forests (comprising 25% 

of federa l ly owned land) are: (1) outdoor recreat ion, (2) t imber, (3) 

watershed pro tec t ion , (4) w i l d l i f e , and (5) range.13 Construction and 

operation of a gas centr i fuge plant would not be consistent with these 

po l i c i es . 

Coastal regions of the U.S. are a highly valuable resource fo r recreational 

use and aesthetic values. More than 50% of the U.S. population l ives in 

counties bordering the Great Lakes and the ocean.14 The oceans are also 

an important source of food, pa r t i cu la r l y in the coastal and estuarine 

zones. With the increasing demands on the f i n i t e coastal environment, 

and the uniqueness and value of i t s resources, a gas centr i fuge plant 

should not be s i ted in these areas. 
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Whether or not agr icu l tura l land should be removed from food production 

fo r use as a s i t e fo r a gas centr i fuge plant depends upon the qua l i t y o f 

, the farmland and the "value" of the crop produced. Use of Class I 

agr icu l tu ra l land, as defined by the U.S. Department of Ag r i cu l tu re , 1 5 

fo r a gas centr i fuge s i t e should be avoided. Of a l l land inventoried in 

the U.S., 44% (631 m i l l i on acres) is in classes I , I I , and I I I and is 

su i tab le fo r regular c u l t i v a t i o n . Of th is land, 7% (47 m i l l i o n acres) 

i s Class I . 1 5 

The potent ial ef fects of gaseous ef f luents on local and regional land use 

should be considered when choosing a s i t e . A number of agr icu l tu ra l and 

native plant species are especial ly sensi t ive to a i r po l lu tan ts . Two of 

the pr incipal atmospheric e f f luents from a gas centr i fuge plant [hydrogen 

f luor ide (HF) and su l fu r dioxide (S02 ) ] are known to damage a broad 

spectrum of agr icu l tu ra l and nat ive vege ta t i on . 1 6 ' 1 7 The detrimental 

effects of f luor ide emissions on l ivestock and other herbivores are also 

well documented.18 Although a i r po l lu t ion control measures designed in to 

the gas centr i fuge plant (Sect. 2.3.1.18 and 2.3.1.19) seek to e l im

inate most problem e f f l uen ts , release of a i r pol lutants may in te r fe re 

with surrounding land use and/or require large buf fer zones, and therefore 

should be care fu l l y considered in plant s i t i n g . 

2.5.1.9.2 Projected 

Federal and state agencies and the publ ic are becoming increasingly aware 

of the need fo r conserving land for agr icu l tu ra l use, preserving scenic 

areas, protect ing the rural environment, and preserving wetlands and 

natural regions as educational and s c i e n t i f i c resources. Proposed Federal 

land use l e g i s l a t i o n , which would encourage states to protect c r i t i c a l 

areas and control large-scale development and growth, has been considered 

by Congress. A number of states have enacted comprehensive land use laws 

( e . g . , Florida and Oregon); other states are formulating s im i la r l eg i s l a 

t i on or have laws concerning coastal zone, shore l ine , or wetland 

regu la t ion . 1 9 Although the exact d i rec t ion of future land use l eg i s l a t i on 

is not known, regulations are l i k e l y to become more conservative and 

s t r ingent as the amount of undeveloped land in the U.S. diminishes. 
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Af te r the useful l i f e o f a gas centr i fuge p lan t , the land w i l l probably 

be used for an updated nuclear f a c i l i t y . Other future uses of the land 

may be precluded; fo r example, the potent ia l agr icu l tu ra l product iv i ty 

may be reduced because of so i l compaction or possible tox ic substances 

in the so i l s covering holding ponds and bur ia l grounds. A l l these factors 

should be considered when select ing a gas centr i fuge plant s i t e . 

2.5.1.10 Water use 

2.5.1.10.1 Present 

Operation of a gas centr i fuge plant w i l l require a maximum of 5 Mgd of 

water. A maximum of 1.3 Mgd w i l l be consumed through waste heat 

d i ss ipa t ion ; the remainder w i l l be returned to the receiving body of 

water, conveying some plant wastes. Appropriate withdrawal and discharge 

permits must be secured in accordance wi th s t a te , EPA, NRC, and other 

Federal agency ru les . 

Two c r i t e r i a should be applied when considering s i tes for a gas centr i fuge 

p lant : (1) a v a i l a b i l i t y o f water fo r withdrawal and consumption and (2) 

compat ib i l i t y o f proposed water use with ex is t ing water uses. 

Areas of the U.S. where water supplies of sa t i s fac to ry qua l i t y are already 

heavily appropriated should not be conisdered fo r gas centr i fuge plant 

s i t i n g . Comparison of the mean annual runoff wi th current consumptive use 

of water indicates the present water quant i ty s i tua t ion i s favorable i n a l l 

areas except the Rio Grande, lower and upper Colorado, Ca l i f o rn i a , and Great 

Basin regions (F ig . 2 .5-5) . Because of per iod ica l l y recurr ing drought 

condi t ions, the Texas-Gulf and Missouri regions also would face an unfavor

able water supply-demand balance.20 Regional summaries do not disclose 

local water shortages w i th in a region. This i s p a r t i c u l a r l y t rue w i th in 

regions such as Columbia, Missour i , and Arkansas-White-Red, where water 

flows through a r id lands, or in the high plains of Texas and central Arizona 

where use of groundwater exceeds recharge. Although water a v a i l a b i l i t y f o r 

gas centr i fuge plant operation must be determined on a s i t e - s p e c i f i c basis 

(see Sect. 2 .5 .1 .4 ) , the seven regions shaded in F ig . 2.5-5 should be avoid

ed because of the water supply-demand condit ions out l ined above. With

drawal of water would be preferred from a large lake, a reservo i r , or a 

r i v e r wi th a 100-cfs low f low. 



ES-1577 

0 1 

REGION WITH AN UNFAVORABLE WATER SUPPLY-DEMAND RATIO; 
1970 CONSUMPTIVE USE GREATER THAN ONE-THIRD TOTAL WATER AVAILABILITY. 

AT FLOWS AVAILABLE. 9 5 % OF THE YEAR, WATER SUPPLY-CONSUMPTIVE 
USE RATIO LESS THAN TWO. 

FIGURE 2 . 5 - 5 . WATER RESOURCES REGIONS IN U.S. SOURCE: U.S. WATER 
RESOURCLS COUNCIL, TEE NATION'S WATER RESOURCES^ PART I , U.S. GOVERNMENT 
PRINTING OFFICE, WASHINGTON, D.C. , 1968, P. 5. 
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Each state is required under the Water Quality Act of 1965 to define a 

water use classif icat ion system. Typically, state water-use classi f ica

tions identi fy uses to be made of a particular stretch of a r iver , lake, 

or coastal water, such as recreation, drinking water, indust r ia l , agri

cu l tura l , f ish and w i ld l i f e propogation, or a combination of two or more 

of these uses.21 Ideally, s i t ing should subscribe to an industrial water 

use category, and should be consistent with local and regional water and 

land resource management plans. Lands and waters set aside for conserva

tion and aesthetic uses w i l l not ordinari ly be considered for s i t ing 

since construction and operation of a plant in these regions would be 

contrary to and deleterious to present uses. These areas include: (1) 

surface waters in Federal and state reserve lands as specified in 

Sect. 2.5.1.6.1, (2) waters designated under the Wild and Scenic Rivers 

Act of 1968,19 and (3) important recreational waters such as coastal 

shorelines. 

2.5.1.10.2 Projected 

Projections of water use and total consumptive water use in the U.S. for 

the year 200020 indicate that the seven regions noted on Fig. 2.5-5 plus 

the Arkansas-White-Red region w i l l have unfavorable water supply-demand 

rat ios. In the remaining areas, degradation of water quality and/or 

inept management may be more of a problem than scarcity of water. However, 

recent legislat ion on water quality is directed at this problem. 

The objective of the Federal Water Pollution Control Act and Amendments 

of 197222 is "to restore and maintain the chemical, physical, and bio logi

cal integr i ty of the Nation's waters" . . . The national goal is to 

eliminate the discharge of pollutants into the navigable waters by 

1985, and "wherever attainable, an interim goal of water quality which 

provides for the protection and propagation of f i sh , she l l f i sh , and 

w i ld l i f e and provides for recreation in and on the water be achieved by 

July 1 , 1983." Whether or not these goals are achieved on the timetable 

established in the Act, water quality in U.S. surface waters w i l l probably 

improve in future years. Therefore, the spectrum of water uses for a 

currently polluted body of surface water may broaden to include such 
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things as water sports and f i sh and she l l f i sh propogation. Therefore, 

both current and future water qua l i t y standards must be considered in 

s i t i n g a gas centr i fuge plant as well as in designing plant waste t r e a t 

ment f a c i l i t i e s . 

2.5.1.11 Background radio logical character is t ics 

Background radiat ion to man is pr imar i ly from natural rad ia t ion sources 

but man-made radionuclides ( f a l l o u t ) do contr ibute to exposure. Both 

sources are discussed in th i s sect ion. The s i t e of the gas centr i fuge 

plant could be located anywhere w i th in the continental U.S., and the 

background level for the s i t e selected should be determined p r io r to 

beginning plant construct ion. The present discussion gives an ind ica t ion 

of the radiat ion level l i k e l y to e x i s t , based on the U.S. average.23 

2.5.1.11.1 Natural rad iat ion 

The natural background rad iat ion dose to man is received pr imar i ly from 

cosmic rays and from external and internal t e r r e s t r i a l rad ia t ion sources. 

Cosmic ray radiat ion varies with a l t i t ude and l a t i t u d e . The dose equiv

alent rate for cosmic rad ia t ion ranges from 38 mi l l i rem/year in Flor ida 

to 75 mi l l i rem/year in Wyoming with an average of 44 for the contiguous 

U.S. An even wider var ia t ion occurs in the t e r r e s t r i a l gamma whole-body 

dose rate which ranges from about 15 to 35 mi l l i rem/year in the A t l an t i c 

and Gulf Coastal Plains to a high of 140 mi l l i rem/year on the Colorado 

Plateau. The average for the country is reported to be 40 mi l l i rem/year . 2 3 

The in terna l whole-body dose resu l t ing from potassium-40, carbon-14, 

t r i t i u m , radium-226, and radium-228 and t h e i r decay products is believed 

to be f a i r l y uniform around the country wi th an average whole-body dose 

of 18 mi l l i rem/year. Thus the average whole-body dose rate from a l l 

natural rad iat ion sources i s 102 mi l l i rem/year . 

2.5.1.11.2 Man-made radiat ion 

The to ta l annual whole-body dose from global f a l l o u t is reported to 

have dropped from 13 mi l l i rem/year in 1963 to 4.0 in 1969.23 The statement 

is also made that the re la t i ve l y small nuclear explosive tests conducted 

by the French and Chinese have maintained an annual f a l l o u t deposi t ion. 
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The 4.0 millirem/year is said to be divided as follows: 0.9 millirem from 

external radiation, 2.1 millirem from strontium-90, 0.4 millirem from 

cesium-137, and 0.6 millirem from carbon-14. It is emphasized that these 

are average values and that actual values could vary by a factor of two or 

more because of variation in fallout and diet.23 However, in view of the 

large variations in natural radiation discussed above, the variation in 

fallout dose is likely to have a minor effect on the total background dose. 

2.5.1.12 Regional landmarks 

2.5.1.12.1 Historic, archaeological, and cultural 

The National Atlas1 provides historic and cultural information about the 
U.S. Prehistoric sites and cultural complexes are described (pp. 129 to 
131), the exploration and settlement of the U.S. are discussed (pp. 134 
to 139), and batt le s i tes are shown (p. 143). The la tes t cumulative 
revision of the National Register of Historic Places is given in the 
Federal Register of February 4, 1975, 40(24) p p . 5242-5345; additions 

are published in the Federal Register on the f i r s t Tuesday of each 
month. For a specific s i te the State Liaison Officer for Historic 
Preservation should be contacted regarding properties under consideration 
for nomination to the National Register for Historic Places. An archae
ological survey of the plant s i te area should be conducted before con
struction is started. Plans for preservation of significant areas should 
be included in a site-specific assessment. 

2.5.1.12.2 Scenic and natural 

The National Registry of Natural Landmarks appears in the Federal Register 

of September 5, 1973, 38(171) pp. 23982-23985. Additions to the 
l i s t are given in the Federal Register of June 10, 1974, 39(112) 
pp. 20405-20456, and October 18, 1974, 39(203), pp. 37225-37226. 

Federal lands and their uses (including national parks) are discussed in 

the National Atlas3 pp. 271-274. Plans for preservation of any scenic 

or natural areas of significance affected by a specific plant should be 

included in a site-specific assessment. 
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2.5.2 Site considerations for rotor fabrication plant 

2.5.2.1 Site requirements 

The site requirements presented in this section are similar to those in 

Sect. 2.5.1.1 for the gas centrifuge plant with the following modifications. 

2.5.2.1.1 General location 

In general, the rotor fabrication plant may be located on any relat ively 

f l a t , accessible industrial area zoned for medium to heavy manufacturing 

in any region of the U.S. This area must have u t i l i t i e s available and 

must be near a population center capable of supplying labor, housing, 

and support f ac i l i t i es during the construction and operational phases of 

the plant. Certain heavy industry sites must be avoided. Excessive 

dust and chemical pollutants from neighboring industry could increase 

plant and operating costs. Plants should be located more than 150 f t 

from any main railroad l ine to minimize the effects of vibrat ion. 

The rotor fabrication plant could be located near a gas centrifuge plant 

and major parts suppliers to minimize transportation costs; however, 

transportation is not a major issue. 

2.5.2.1.2 Isolation 

Isolation from other industrial operations is not required except as 

noted above. The operations portions of the si te must be enclosed by 

an approved security fence with guard gate controls. 

2.5.2.1.3 Area required 

Approximately 30 acres of well-drained land w i l l be required with a 

minimum of 850 f t of frontage on a main highway or connecting road which 

w i l l allow heavy truck t ravel . A single, nearly square, si te is preferred. 

A sample layout for a rotor fabrication plant is shown in Fig. 2.3-8. 
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2.5.2.1.4 Manpower 

The peak construction contractor manning for engineering and mechanical, 

st ructural , and electr ical construction act iv i t ies w i l l be 1680 persons. 

Detailed estimates of construction manpower and construction and employ

ment schedules are presented in Sect. 2.3.2.15. 

A total of about 520 persons w i l l be required to operate the plant at 

steady-state conditions. A per-week schedule of 21 shif ts w i l l be 

followed. Operation may begin when the plant is one-quarter completed, 

at which time about 35 ski l led and 15 unskilled workers plus supervision 

w i l l be required. 

2.5.2.1.5 Housing 

This section is equivalent to Sect. 2.5.1.1.5 for the gas centrifuge 

plant. 

2.5.2.1.6 Transportation 

The length of access roads and railroads w i l l be dependent on the loca

t ion of the plant. 

2.5.2.1.7 Power 

Avai labi l i ty of power to meet demand is essential to the location of 

the rotor fabrication plant. Local power plants must provide about 

6800 kW at peak demand to support the plant. 

2.5.2.1.8 Fuel required for heating 

Heating requirements could be sat isf ied using natural gas, o i l , or coal. 

The avai labi l i ty and cost of these fuels determine which is most economical 

to use. Details of heating requirements are presented in Sect. 2.3.15. 
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2.5.2.1.9 Water 

A rotor fabr ica t ion plant w i l l require approximately 605,000 gpd (825,000 

gpd maximum) of water. Details of usage are provided in Sect. 2 .3 .2 .6 . 

2.5.2.1.10 Waste disposal 

The land area required for so l i d waste disposal is discussed in Sect. 

2.3.2.12. L iquid wastes may be held in holding ponds or piped to t r e a t 

ment f a c i l i t i e s . The holding pond area required is 1.5 acres. 

2.5.2.2 Topography 

This section is equivalent to Sect. 2.5.1.2 for the gas centr i fuge 

p lant . 

2.5.2.3 Geology 

This section is equivalent to Sect. 2.5.1.3 fo r the gas centr i fuge 

p lant . 

2.5.2.4 Hydrology 

This section is equivalent to Sect. 2.5.1.4 for the gas centrifuge 

plant. 

2.5.2.5 Meteorology 

This sect ion is equivalent to Sect. 2.5.1.5 fo r the gas centr i fuge 

p lant . 

2.5.2.6 Ecology 

2.5.2.6.1 Ter res t r ia l 

S i t i ng considerations and res t r i c t ions fo r a ro tor fabr ica t ion p lant 

are the same as those discussed for a gas centr i fuge plant (Sect. 

2 .5 .1 .6 .1 ) . Considerations include important species, habi ta t requi re

ments and u t i l i z a t i o n by important species, i n te rspec i f i c re la t ionsh ips , 

local and regional habi tat a v a i l a b i l i t y , and pre-ex is t ing environmental 
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stresses. Areas that should not be considered for s i t i n g include Federal 

and state reserve lands, habitats of important species, and coastal 

marsh ecosystems. 

2.5.2.6.2 Aquatic 

In s i t i n g a rotor fabr ica t ion p lant , the same general factors must be 

considered as those discussed above ( f o r t e r r e s t r i a l ecology) and in 

Sect. 2.5.1.6.2 ( f o r the aquatic ecology o f a gas centr i fuge plant s i t e ) . 

However, since ro tor fabr ica t ion plants require a maximum of only 

825,000 gpd of water, and the l i q u i d ef f luents from the plants are 

po ten t ia l l y less hazardous than those from gas centr i fuge plants (see 

Sect. 3 .2 .2 ) , plant s i tes in the v i c i n i t y of lakes and estuaries are 

feas ib le . 

2.5.2.7 Social p r o f i l e 

Social considerations for s i t i n g a rotor fabr ica t ion plant are the 

same as those for a gas centr i fuge plant (Sect. 2 .5 .1 .7 ) . 

2.5.2.8 Po l i t i ca l s t ructure 

2.5.2.8.1 Local government 

The governments of nearby c i t i e s , as well as the county government with 

j u r i s d i c t i o n over the f a c i l i t i e s , w i l l be considered when a spec i f i c 

s i t e is selected. A l l applicable permits must be obtained ( i . e . , con

s t r u c t i o n , hea l th , sewage disposal and occupat ional) . The tax st ructure 

and j u r i s d i c t i o n w i l l be discussed. The operation of local government 

and the hea l th , safety , secur i t y , educat ional , and other such services 

are o f concern. 

2.5.2.8.2 State government 

The state government w i l l be considered when a spec i f ic s i t e is selected. 

The above considerations with regard to the state government w i l l also be 

made i n the s i t e - s p e c i f i c environmental assessment. A l l appl icable 

state e f f l uen t standards must be met and the required state discharge 

permits obtained. 
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2.5.2.9 Land use 

2.5.2.9.1 Present 

Land use cr i ter ia for s i t ing a rotor fabrication plant are similar to 

those discussed for a gas centrifuge plant in Sect. 2.5.1.9.1, and include 

compatibility of plant construction and operation with local and regional 

land resource plans and removal of agricultural land from production. 

Federal and state reserve lands and coastal zones should be avoided. 

Gaseous effluents from a rotor fabrication plant w i l l be primarily from 

the small associated steam plant (see Sect. 2.3.2.2). With the 

application of appropriate air pollution treatment technology, these 

effluents should not effect additional s i t ing restr ict ions. 

2.5.2.9.2 Projected 

With the projection of continued growth and economic development in the 

U.S., c r i t i ca l land resources which require protection include (1) 

agricultural lands, (2) scenic areas, (3) rural environments, (4) 

wetlands, and (5) natural environments (see Sect. 2.5.1.9.2). Serious 

consideration should be given to avoiding the above regions in s i t ing 

a rotor fabrication plant. Although other land uses are possible after 

the useful l i f e of the plant, industrial use w i l l probably continue. 

2.5.2.10 Water use 

2.5.2.10.1 Present 

Water use cr i ter ia for s i t ing a rotor fabrication plant are similar to 

those discussed for a gas centrifuge plant in Sect. 2.5.1.10.1, that 

i s , water avai labi l i ty for withdrawal and consumption and compatability 

of industrial water use with existing water uses. Since the water 

requirements for a rotor fabrication plant are less than 25% of those 

required for a gas centrifuge plant, the plant s i te is less restricted 

by water ava i lab i l i ty . However, the staf f recommends that a rotor fabr i 

cation plant not be sited where local water supply-demand conditions are 

not favorable. 
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A rotor fabrication plant should be sited on a body of water classif ied 

for industrial use. Lands and waters set aside for conservation, aesthetic, 

and recreational uses (see Sect. 2.5.1.10.1) must be excluded i f con

struction and operation of a plant in these regions would conf l ic t with 

existing uses. 

2.5.2.10.2 Projected 

Projections of water use and total consumptive water use for the year 

200020 indicate that the water supply problem in the southwestern U.S. 

w i l l become more c r i t i c a l . Therefore, before construction is started, 

the projected local water supply-demand conditions should be shown to 

be adequate at a specific si te in such areas for a proposed rotor 

fabrication plant. 

2.5.2.11 Regional landmarks 

Regional landmarks considerations are the same as those discussed in 

Sect. 2.5.1.12. 
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2.5.3 Site considerations for gaseous diffusion enrichment plant 

In general, many areas of the country are suitable for the construction 

of a gaseous diffusion plant; however, seismic and meteorological condi

tions must be considered. The manpower and the transportation networks 

required can be provided by most areas. In contrast with the gas 

centrifuge process, much larger amounts of power and cooling water must 

be available. The site characteristics considered in this section are 

based on standard criteria for site selection. 

Many of the required properties of a site for a gaseous diffusion plant 

will be the same as those noted in Sect. 2.5.1 for centrifuge plants. 

2.5.3.1 Site requirements 

2.5.3.1.1 General location 

A desirable location for the gaseous diffusion plant would be near a 

significant source of cooling water and power-generating facilities. 

The large power requirements, about 2400 MW, suggest location near 

generation facilities to minimize transmission losses and the need for 

additional transmission lines. Cooling requires large quantities of 

make-up water of acceptable quality. Location near other plants in the 
uranium fuel cycle is not necessary; however, transportation costs could 

be minimized by a site location in the vicinity of UFg production plants 

and/or fuel fabrication plants. 

Locating in an area with stabilized ground would be desirable. An area 

of continued settling ground, such as the lower Mississippi delta, would 

not be acceptable. 

The site should be located in proximity to developed systems, such as 

commercial communication, highways, railroads, and power networks. The 

proximity to sources of required materials should be considered during 

site selection. Maps of the U.S. showing the location of metals, con

struction materials, industrial minerals, energy raw materials, organic 
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fuels, energy sources, and mining and milling industries, are presented 

in the National Atlas.1 

There are advantages to increasing gaseous diffusion enrichment capacity 

by enlarging one or more of the existing gaseous diffusion plants, that is, 

by building a so-called "add-on" plant. Only one stage size would be 

necessary for such a plant while three stage sizes would be necessary 

should an independent so-called "stand-alone" plant be built. Increased 

efficiency and lower capital costs are predicted with the add-on design. 

Support facilities, such as the toll enrichment building, water treatment 

plant, steam plant, laboratory, dispensary, communications center, assembly 

and maintenance stores, garage, laundry, security protection, fire protec

tion, sanitary sewage treatment plant, and various computer systems, are 

shared between both facilities. Should the additional capacity be built 

by private industry at the site of an existing diffusion plant, however, 

the difficulties of managing an interwoven private industry-government 

operation might well outweigh the benefits of the add-on approach. 

2.5.3.1.2 Area required 

An 8.75 million SWU/year plant requires a fenced-in area of about 400 

acres. This acreage does not include the areas required for access of 

power lines, highways, and railways. The temporary construction site 

adjacent to the plant will require an additional 50 acres, which when no 

longer in use would become part of the plant's buffer zone. A buffer 

zone of one-quarter to one-half mile surrounding the plant (of about 

350 acres) is desirable. A layout for a typical gaseous diffusion plant 

is shown in Fig. 2.2-3. 

2.5.3.1.3 Manpower 

For an add-on gaseous diffusion plant, the peak construction manning for 

engineering and mechanical, structural, and electrical construction will 

be 2700 persons, Employment by the operating contractor will peak 

at 1000 during installation of equipment and drop to a steady-state level 

of about 450. 
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For the stand-alone gaseous diffusion plant, construction contractor employ 

ment peaks at about 5300. Operating contractor employment peaks at 1550 

during installation of the equipment and drops to 1400 at the steady-state 

level. Detailed estimates of construction manpower and employment 

schedules are presented in Sect. 2.3.3.17. 

2.5.3.1.4 Power 

Availability of power to meet demand is essential to the location of the 

gaseous diffusion plant. Power plants must provide approximately 

2400 MW at peak demand to support the plant, with no interruptions in 

existing services and at a reasonable cost. The reliability of power 

may be ensured by using a high voltage distribution network. The site 

must be located in proximity to existing power supplies in order to 

minimize the construction of transmission lines. Economic and environ

mental impact are important for evaluating the alternative routings 

available for transmission lines. Factors to be considered include 

impact on soils caused by construction and maintenance of transmission 

lines, effects on river and stream banks where the lines must cross 

them, impact on terrestrial and aquatic systems, economic impact that 

would result from purchase of right-of-way land, and possible changes 

to the use of the land, electrical radiation effects, and aesthetics. 

2.5.3.1.5 Fuel required for heating 

Heating requirements could be satisfied by using natural gas, oil, or coal 

The availability and costs of these fuels determine which is most 

economical to use. In addition to adequate supplies, gas requires trans

mission lines and oil requires pipelines. The staff assumes gas supplies 

will not be adequate and oil supplies will be potentially dependent on 

foreign sources. Coal will therefore most likely be used because of its 

potential availability. However, coal is more expensive to handle, and 

pollution problems caused by its use are most difficult to control. Fly 

ash, particulate matter, and sulfur dioxide must be removed from emission 

stacks. (Further effluent details are presented in Sect. 2.3.3.20). 
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An alternative approach to supplying the gaseous diffusion plant heating 

needs would be to utilize the vast amount of waste heat available from 

the plant cooling system. Of the 2400 MW of power required for the 

diffusion plant, about 2200 MW are transferred to the recirculating 

cooling water (RCW) system which delivers this heat to cooling towers 

for dissipation to the atmosphere. This large quantity of heat in the 

RCW system should be adequate for supplying the plant space heating needs. 

Should this approach be used, only a small coal-fired steam plant for 

supplying plant process steam requirements would be necessary. The 

application of this technique might, of course, be dependent upon the 

climatology of the specific site. 

2.5.3.1.6 Water 

A gaseous diffusion plant will require a maximum of 22 Mgd of water that 

must be reliably supplied from surface water or groundwater and should 

not require a high treatment cost. Details of usage are provided in 

Sect. 2.3.3.5. River water is often more polluted and harder to 

treat than groundwater. For specific quality characteristics of surface 

water, refer to Water Quality Criteria.2 

2.5.3.1.7 Seismology 

The gaseous diffusion equipment by its nature is not as sensitive to minor 

earth tremors as that of the centrifuge process. 

2.5.3.2 Topography 

The same general requirement for topography is applicable as itemized in 

Sect. 2.5.1.2 for a gas centrifuge plant. 

2.5.3.3 Geology 

Geological factors are considered in order to meet safety and engineer

ing requirements and to anticipate geological problems, including founda

tion and groundwater considerations. Ideally, the site location should 

be described geologically and the formations extending under the site 
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should be identified. Stratigraphy, history of the strata, seismology, 

and soil descriptions are factors to be considered, 

Other requirements such as stratigraphy, geological history, and soil 

description would be the same as identified for the gas centrifuge 

plant (Sect. 2.5,1.3). 

2.5.3.4 Hydrology 

Hydrology for a gaseous diffusion plant would be generally the same as 

for a gas centrifuge plant (Sect. 2.5.1.4). 

2.5.3.5 Meteorology 

The meteorology site criteria for a gaseous diffusion plant would 

generally be the same as that identified for a gas centrifuge plant 

as discussed in Sect, 2.5.1.5. 
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2.5.3.6 Ecology 

The basic environmental considerations discussed in Sect. 2.5.1.6 for 

s i t i n g a gas centr i fuge plant also hold for a gaseous d i f fus ion p lan t . 

C r i t i c a l regions to avoid include (1) Federal and state reserve lands; 

(2) s i tes in areas that harbor important commercial, recreat iona l , or 

rare and endangered species; and (3) coas ta l - f resh- , b rack ish- , and s a l t 

water marsh systems. However, a substant ia l ly greater source of water 

must be avai lable for the gaseous d i f fus ion plant than fo r a gas 

centr i fuge p lant . In general, the best s i tes from the standpoint of 

aquatic ecology are r ivers with large flow volumes, that i s , 300-cfs 

minimum r i ve r flow to supply the 22-Mgd maximum water requirements 

for a f u l l - s c a l e gaseous d i f fus ion p lant . Potential s i tes must a l l be 

evaluated in fur ther de ta i l on a case-by-case basis. 

2.5.3.7 Social p ro f i l e 

Social patterns and trends are generically described in Sect. 2.5.1.7. 

Siting considerations for a gaseous diffusion plant are similar to those 

for a gas centrifuge plant, except that construction and operating man

powers are 130 and 60% respectively of that for a gas centrifuge 

plant. 

2.5.3.8 Po l i t i ca l s t ructure 

The operations of local and state governments, and the hea l th , sa fe ty , 

secur i t y , education, and other public services w i l l be considered when 

a spec i f ic s i t e is selected (see Sect. 2 .5 .1 .8 ) . 

2.5.3.9 Land use 

Factors regarding land use that must be considered when s i t i n g a gaseous 

d i f fus ion plant are the same as those discussed in Sect. 2.5.1.9 fo r a gas 

centr i fuge p lant . Construction and operation of the plant must be compat

i b l e wi th local and regional resource plans. Therefore, Federal and state 

lands set aside for conservation, aesthet ic , rec rea t iona l , or other uses, 

as speci f ied in Sect. 2 . 5 . 1 . 6 . 1 , should not be considered fo r s i t i n g . 

Coastal regions of the U.S. should also be avoided. In add i t ion , because 
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of the large power requirements for a gaseous diffusion plant, s i t ing 

considerations should include evaluation of lands in the proximity for 

construction and operation of related electr ical production f a c i l i t i e s , 

thereby minimizing the need for transmission l ines. 

2.5.3.10 Water use 

Two cr i te r ia should be applied with regard to water use when considering 

sites for a gaseous diffusion plant: (1) avai labi l i ty of water for with

drawal and consumption and (2) compatibility of the proposed water use 

with existing water uses. Operation of a gaseous diffusion plant requires 

and consumes large quantities of water. As stated in Sect. 2.5.3.6, the 

optimal location for a plant would be on a large r iver with a minimum flow 

of at least 300 cfs. Areas of the U.S. where water supplies are already 

heavily appropriated have been delineated in Sect. 2.5.1.10; these areas 

should not be preferred for gaseous diffusion plant s i t ing . Also, s i t ing 

should be consistent with local and regional water and land resource 

management plans (see Sect. 2.5.1.10). 

2.5.3.11 Background radiological characteristics 

Background radiological characteristics for a generic plant s i te in the 

U.S. have been described in Sect. 2.5.1.11. The average whole-body dose 

rate from a l l natural radiation sources is 102 millirems/year. Regional 

variations in background radiation should be considered in s i t ing . 

Man-made radiation doses are l i ke ly to have only a minor effect on the 

total body dose. 

2.5.3.12 Regional landmarks 

Procedures for obtaining information on h is tor ic , cu l tura l , scenic, and 

natural areas in the U.S. for consideration in plant s i t ing are included 

in Sect. 2.5.1.12. 
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3. ENVIRONMENTAL EFFECTS 

*An evaluation of environmental impact from single uranium enrichment 

plants, as well as the cumulative impact to the year 2000, is made in 

this section. Although an intention of this section is to identify 

potential environment problems, it must be acknowledged that the major 

deterrent to adverse environmental impact lies with the many environ

mental laws and implementing regulations currently in force. 

Some of these Federal environmental laws are the Clean Air Act, the 

Federal Water Pollution Control Act, the Solid Waste Disposal Act, the 

Federal Environmental Pesticide Control Act, the Noise Control Act, and 

the Safe Drinking Water Act. Implementing regulations are voluminious 

and include such requirements as NPDES permits, ambient and emission 

limits, toxic materials limitations, oil and hazardous materials con

tainment, etc. The Atomic Energy Act has multiple implementing regula

tions such as the 10 CFR 20 radiation standards. In addition, NRC has 

established a system of regulatory guides to aid licensees by clarifying 

requirements. The EPA, in addition to implementing many environmental 

laws, has assumed responsibilities formerly assigned to the former 

Federal Radiation Council. A proposed EPA (FRC) regulation sets envi

ronmental radiation standards for the uranium fuel cycle. 

In addition to these many Federal laws and implementing regulations, there 

are numerous regional, state, and local requirements. 

It appears unlikely at this time that NRC or EPA will find it necessary 

to issue new regulations specifically for the enrichment portion of the 

uranium fuel cycle. Additional regulatory guides may be issued, but 

they should be more clarifying in nature rather than imposing additional 

requirements. 

Text change in response to Comment letter 28 (U.S. Environmental 
Protection Agency), p. 4. 

3.1-1 
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This section describes potential environmental impact from 8.75 x 106 

SWU/year capacity plants. Comment letter 10* stressed the feasibility 

and likelihood of 1.0 to 3.0 x 105 SWU/year plants and noted possible 

differences in environmental impact. 

Smaller plants would have smaller impacts on each site area. However, 

the overall social and ecological impacts of a greater number of enrich

ment plants of smaller size (but collectively of equivalent total pro

duction) would be the same as or slightly greater than those of the 

large plants. Careful selection of sites for plants of both sizes will 

minimize the total impacts of the uranium enrichment program on the 

enrichment. The staff believes, even with a larger number of smaller 

plants, the benefits of the program will outweigh the costs. Economics 

and engineering efficiencies should control the capacity of the 

individual facilities. 

3.1 EFFECTS OF CONSTRUCTING URANIUM ENRICHMENT FACILITIES 

A full-scale gaseous diffusion plant will cover an area of about 400 

acres, not including areas required for transmission lines and for access 

to highways and railways. A gas centrifuge plant will require approxi

mately 350 acres. In addition, each gas centrifuge plant will require 

the services of a rotor fabrication facility. Each rotor fabrication 

facility is estimated to supply the needs of two gas centrifuge plants. 

The total area required for a rotor fabrication facility is approximately 

30 acres. The effects of construction of such a plant will be similar 

or identical to those of the enrichment plants, although on a smaller 

scale, and therefore no further discussion is deemed necessary. The 

construction impact associated with gas centrifuge enrichment and rotor 

fabrication demonstration as well as development facilities are minor 

compared with the full-sized plants. They also will not be specifically 

discussed. Similar precautions and criteria must be invoked. Because, 

Comment letter 10 (Centar Associates), pp. 1-2. 
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on the generic level, major impacts from construction of a gas centrifuge 

or a gaseous diffusion plant are similar, both technologies are treated 

jointly below. There are differences in duration and construction 

intensity. However, in all analyses a worst-case situation is assumed. 

A temporary construction site adjacent to either plant will require an 

additional 50 acres. 

During the period of time the plant is under construction, some land and 

water areas will be disturbed and modified where permanent structures are 

to be located and where other areas will be used for temporary access, 

storage of materials and equipment, and disposal of excavated earth. The 

extent of dredging of water areas and clearing, leveling, and filling of 

land areas will depend on the particular site. Special precautions must 

be taken to minimize erosion, siltation, and destruction of biota during 

construction operations and during the interim period before the disturbed 

areas are put into final form. 

For a uranium enrichment plant, provisions of the National 

Environmental Policy Act of 19691 (NEPA) apply whether construction 

is sponsored by the Federal government or by a private corporation. 

Observance of federal agency review procedures intended to 

implement NEPA are usually adequate to indicate and hold adverse 

construction-related to the minimum practicable level. 

3.1.1 On land use 

As described above, construction of a fu l l -scale uranium enrichment plant 

w i l l require up to 400 acres for permanent use. Additional acreage (50 

acres) w i l l be disrupted for temporary f a c i l i t i e s , resulting in a total 
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onsite project requirement of about 450 acres. For any given site the 

affected land area might be further increased by about 300 acres for a 

required buffer region around the plant. 

A full assessment of the probable impact of committing a site for indus

trial use must deal with factors such as (1) previous land use, (2) pre

sence or absence of historical, archeological, or cultural resources, and 

(3) need for offsite facilities, and a variety of considerations required 

to foster judicious site selection (Sect. 2.5.1.9). Given a suitable 

site, the construction of any large facility such as a gas centrifuge or 

gaseous diffusion plant will modify land where permanent structures are 

located and where adjacent areas are used for access, storage, lay-down 

areas, office space, and parking. 

Direct effects of site preparation and construction often include erosion 

of exposed areas with the potential for siltation of adjacent aquatic 

systems (Sect. 3.1.4). This potential problem can be minimized by 

developing a system of runoff controls (berms, ditches, tile drains, 

etc.) and other channeling techniques to direct runoff to settlioa basins 

for the removal of most suspended solids prior to discharge to a receiving 

body. Erosion and erosion control measures are discussed in several 

Federal agency guides2*3 which suggest: (1) limiting vegetation removal 

to an absolute minimum, especially along stream and river banks; 

(2) selecting proper stes for excavation-spoil stockpiles; (3) limiting 

the steepness of inclines; (4) minimizing traffic on the construction 

site, particularly during critical periods such as spring thaw; (5) early 

stabilizing and replanting of exposed soils; and (6) providing runoff 

channels and settling areas to collect and settle surface water runoff 

before releases to bodies of natural surface water. 

By applying the best practicable control technologies, a full-scale 

uranium enrichment plant can be erected in an environmentally acceptable 

fashion. But the broader implications of committing land for industrial 

use must be evaluated on a site-specific basis. In general, however, 
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s t r i c t application of s i te selection c r i te r ia (as in Sect. 2.5.1.9) 

should eliminate unacceptable sites and should minimize potential con

f l i c t s with existing land-use practices. 

3.1.2 On water use 

Water use during construction will amount to about 320,000 gpd; as shown 

in Table 2.2-1, the major water use will be for sanitary facilities. 

Local water quality and water use may also be affected by runoff from 

disturbed land on the construction site and from dewatering for founda

tion construction. 

The use of about 320,000 gpd of water would account for less than 0.5% 

of the flow of a 100-cfs river. Also, in many areas of the U.S., with

drawal of 320,000 gpd from groundwater supplies would account for only 

a small percentage of the available supply. Generally, as long as the 

siting restrictions on water availability are adhered to (see Sects. 

2.5.1.4 and 2.5.1.10), withdrawal of 320,000 gpd during the construction 

period will not significantly compete with established or projected 

local and regional water uses. However, because the availability of 

water is highly variable within regions, a more complete evaluation of 

impacts of water withdrawal on area potable water supplies, groundwater 

depletion, etc., must be made for each potential site. 

The possibility of affecting downstream water uses for aquatic life by 

discharging 220 gpm of treated sewage efffluent (Table 2.2-1) is discussed 

in Sects. 3.1.4 and 3.2.1.5. Other competing downstream water uses 

potentially affected by sewage effluent releases include recreational, 

domestic, and industrial uses. However, since the effluent will be 

required to conform with Federal, state, and local standards, no 

significant impact on these uses is expected. 

The major potential for impact on water use is expected from construction 

in or immediately adjacent to local bodies of surface water. While access 

roads or transmission lines may be built in these areas, the major con

struction projects will probably include intake and discharge structures 
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for the water system and associated channel dredging to assure dependable 

flow. The turbidity, color, and temperature of the water is not expected 

to be altered for more than short periods during construction of these 

structures. Water traffic or shorelines may be temporarily affected if 

breakwaters or barge landings are needed during construction of the 

plant. But such effects are not expected to be significant or persistent. 

Excavations for foundations of major structures often require extensive 

dewatering, a process in which groundwater entering the excavation is 

pumped out to the surface water. Depending on the local groundwater 

recharge, this dewatering may temporarily lower the water table in 

production wells in the vicinity or may affect groundwater flow gradients. 

Careful attention must be given to the condition of the water to be dis

charged during the dewatering process, since pollutants can seriously 

affect water quality. If such problems exist on a given site, measures 

will be required to remove or neutralize pollutants resulting from the 

dewatering operation. 

3.1.3 On terrestrial ecology 

Clearing for construction and site development constitutes an unavoidable 

disturbance to the immediate terrestrial environment. A careful and 

balanced site-selection process (Sect. 2.5.1.6.1) can prevent serious 

long-term ecological damage on either a regional or local scale. 

To assess the effect of plant construction on a generic site, total 

destruction of wildlife habitat and complete mortality of resident wild

life on the 400 to 450-acre site can be assumed. One can also assume 

disturbance of wildlife and relocation from areas adjacent to the site. 

Even with this worst-case approximation, however, the overall impact of 

plant construction on terrestrial biota will be negligible as long as the 

siting restrictions in Sect. 2.5.1.6.1 are followed and as long as local 

and regional inventories of the site habitat and wildlife are not 

significantly affected. 
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The areas on the site not used for permanent facilities can be reclaimed 

by landscaping and reseeding. Proper reclamation can speed up recovery 

processes that lead to some new balance with neighboring ecological 

systems (agricultural, rural, or undeveloped). Such measures minimize 

the long-term impact on terrestrial biota in the area. 

3.1.4 On aquatic ecology 

During construction, impacts on aquatic biota can result from siltation 

of local surface waters, from release and runoff of toxic substances, 

and from release of treated sewage effluent. 

The major potential for adverse impacts on aquatic ecosystems is asso

ciated with an increase of suspended solids and siltation in local surface 

waters resulting from runoff of eroded soil. In addition to being 

aesthetically displeasing, highly turbid water can cause serious short-

term and long-term impacts on aquatic communities.4-6 Turbidity reduces 

light penetration, thereby reducing primary productivity and increasing 

water temperature. If the runoff is high in organic content, the oxygen 

demand of the suspended organic substances can cause reduced dissolved 

oxygen concentrations. Deposition of suspended solids can eliminate 

certain benthic communities by burying plants and animals, altering the 

substrate, and clogging gills and food-collecting structures of aquatic 

insects. Many species of fish are adversely affected by siltation. 

Such effects include (1) damage to and thickening of gill epithelia, 

causing impaired respiratory and salt-regulatory functions; (2) reduction 

in resistance to other stresses, such as disease, toxic chemicals, 

reduced dissolved oxygen, and increased temperature; (3) reduction in 

food availability and impaired feeding behavior; (4) reduction in 

growth rates; and, (5) potential reduction in reproductive capability, 

caused by blocked migration, siltation of spawning beds, and suppression 

of breeding behavior and by increased egg mortalities due to burial and 

reduced dissolved oxygen availability. Because such consequences of 

siltation are severe but avoidable through proper siting and adequate 

erosion control measures (Sect. 3.1.1), these undesirable impacts are 

not acceptable and must be minimized. 
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Depending on the nature of the site and its past uses, erosion and runoff 

of exposed soils can also result in the pollution of local surface waters 

by toxic substances such as insecticides and herbicides. These substances 

are often magnified in the aquatic food chain with potentially serious 

effects on some species. For some sites (e.g., former agricultural land), 

these potential problems contribute an additional reason for erosion 

controls. Also, pesticides are sometimes used on construction sites 

to control unwanted plants and insects. Unless these compounds are 

applied in a careful and approved manner, undesirable pollution of the 

aquatic environment can result from drift and runoff. If use of pesti

cides is considered on a particular construction site, the choice of 

pesticide and the method of application will be controlled to minimize 

potentially undesirable impacts on biota. 

Other potential impacts on aquatic biota during construction can result 

from sewage effluents. Until the onsite sewage treatment plant is 

completed, sanitary wastes will be transported offsite to an approved 

sewage treatment facility (Sect. 2.3.1.21). Although this method avoids 

effects on aquatic biota in surface waters near the site, the receiving 

water at the offsite treatment plant could be adversely affected by the 

added effluents. The impact of these effluents (biochemical oxygen 

demand, suspended solids, dissolved solids, nutrient chemicals, and 

chlorine as discussed in Sect. 3.2.1.5) on aquatic biota will depend on 

the efficiency of the offsite sewage treatment plant and existing condi

tions in the receiving water. Therefore, evaluation of these potential 

problems and recommendations for mitigating measures on a site-by-site 

basis are necessary. After completion of the onsite sewage treatment 

plant, the potential impacts on aquatic biota will be the same as those 

discussed for sewage effluent from the operating plant (Sect. 3.2.1.5). 

Although most potential construction impacts on aquatic biota are limited 

to local surface waters, they can be serious if adequate control 

procedures are not followed. However, if prudent measures are taken 

during planning, site selection, and construction, impacts will be 

minimized and of short duration. 
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3.1.5 Community effects 

In the construction of either a gas centrifuge or a gaseous diffusion 

plant similar construction activities take place and therefore similar 

impacts on the environment result. However, there are differences that 

will affect the surrounding communities. Primarily these are: (1) 

gaseous diffusion construction will require more construction personnel, 

approximately 6850 at peak activity versus 5300 and (2) the duration of 

construction will be shorter for the gaseous diffusion plant, approxi

mately 8.5 years versus 9.25 years for the gas centrifuge. 

3.1.5.1 Physical 

3.1.5.1.1 Air pollution 

The air pollution during construction will not be significant except in 

the immediate vicinity of the construction activity, where dust should be 

reduced to an acceptable level. 

3.1.5.1.2 Traffic 

Construction of an enrichment plant will cause a significant increase 

in truck traffic around the plant site. Traffic control measures will 

be implemented as required to control truck traffic and assure safe 

operations in the vicinity of communities, intersections in rural areas, 

and school bus pickup points. 

Construction workers will also increase the traffic in the area.. The 

frequency of accidents will probably increase during the period of peak 

construction. The staff believes that these impacts can be reduced to 

an acceptable level. 

3.1.5.1.3 Noise 

Noise levels occurring during construction of an enrichment plant will 

be of the same magnitude as those for any similar construction project. 

Construction equipment will be monitored for compliance with all appli

cable regulations regarding noise abatement. 



3.1-10 

If the plant is isolated, the effect of noise during construction on 

the surrounding community will be negligible, except for the noise of 

heavy trucks moving on the streets and highways in or near the community. 

3.1.5.1.4 Population displacement 

Although the plant may be built within or close to a metropolitan area 

of 100,000 people or more, the actual plant site will most likely be rural 

in nature, located on the fringe of the metropolitan region. The selection 

of a site will allow for minimal displacement of the local population, an 

important factor in the siting of the plant. 

3.1.5.2 Economic 

3.1.5.2.1 Employment 

Since the peak construction force for the enrichment plant is greater than 

the actual operating force (about 5300 vs about 2500 employees for a gas 

centrifuge plant and about 6850 vs about 1400 for a gaseous diffusion 

plant), the short-range economic impact of the plant will be felt by the 

local community much more during the construction phase than during the 

operating phase. 

The employment during the construction phase will have a significant 

impact on any local area. The impact, of course, will vary from community 

to community, depending on the local economic base. Although the plants 

are to be sited within a metropolitan region of 100,000 people or more 

(within range of a recognized labor pool), a significant portion of the 

labor force will be recruited from outside the immediate area. This in-

migration of workers and their families (with an average family size of 

3.75 persons per worker), together with those individuals providing 

support services for the workers, will greatly affect the economy of the 

area. The employment of such a large labor force will strain existing 

public and private services and facilities unless advance plans are made 

for handling such an influx of workers. 
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The actual operating force of the plant, though large, is less than the 

number of workers employed during the construction phase. The decline 

in workers will have a noticeable effect on local services. If the 

operating force disperses itself throughout the metropolitan region, the 

decline in the economic base of the immediate area surrounding the plant 

may be greater than if the operating staff chooses to cluster itself 

within the immediate vicinity of the plant. This clustering or dispersion 

of the operating force will vary according to desirability and avail

ability of facilities within the metropolitan region. 

3.1.5.2.2 Other economic considerations 

The construction of an enrichment plant will have a number of other 

significant economic impacts on any local community within or out of a 

metropolitan region. 

During the construction phase, the construction payroll, the acquisition 

of materials, equipment and land, and the taxes to be paid by the plant 

operator to the local jurisdiction will tend to result in interrelated 

economic impacts. 

The average hourly rate for local labor resulting in increased disposable 

income will have a significant impact not only on the immediate area but 

also on the surrounding communities. Depending on where workers desire 

to live and shop, clustered together near the site or dispersed throughout 

the region, an economic impact will be felt. This peak employment of 

a large number of workers will tend to reduce unemployment, to increase 

worker wages, and possibly to encourage workers to learn higher paying 

crafts. 

The addition of major tax revenues to the local jursidiction during 

construction will be a major economic impact on the community. The over

all effect may be to create an extremely favorable tax base for the local 

community. These added monies may be used by the area to provide needed 

facilities (schools, hospitals, etc.) for the influx of workers. The 
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extent to which the additional monies are used for capital expenditures, 

however, will be the responsibility of the local authorities. 

Not only will the construction and operation of a plant bring workers 

to an area, but it will also attract additional support services, both 

public and private, to serve the needs of those employed at the site. 

The number of these added services (restaurants, recreational facilities, 

etc.) will depend on the site's proximity to a metropolitan area. Where 

such facilities are currently available within commuting distance, fewer 

services will move into the immediate area of the site. If the site is 

rural, however, more services will move into the area, adding greater 

numbers of people and increasing tax revenues. 

Toward the end of the construction period there may tend to be a gradual 

economic let-down in the area unless additional industries within the 

region are able to absorb the unemployed construction workers. Unemploy

ment may rise, wages may be reduced, and locally trained craftsmen may 

move to other locations where their craft is marketable for wages com

parable to those received during construction. 

3.1.5.3 Political 

3.1.5.3.1 Local government 

The plant owner will have a great deal of interaction with the local 

jurisdiction whether it be city, town, county, or region. Dependina 

on where the plant is located, the plant owner may be dealing with a 

variety of different levels of government, stratified according to 

functions they perform. 

During the siting and construction phases, all applicable permits must 

be obtained from the various local agencies; the tax structure will have 

to be discussed with local officials; and any problems that arise will 

have to be communicated between the plant owner and the local jurisdiction. 
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3.1.5.3.2 Other political considerations 

Not only will the plant owner have to interact with local government offi

cials but also state and Federal officials. Licenses and permits must be 

obtained, taxes must be paid to both bodies, and regulations must be 

followed — impacting at both the state and Federal levels. Hearings may 

be held to present positions and arguments. In all these areas, a con

tinual ongoing interaction, from the time a site is approved until the 

ongoing operation of the plant proceeds, is needed between the plant 

owner and state and Federal officials. 

3.1.5.4 Service-related 

3.1.5.4.1 Schools 

Adequate schools will need to be provided for the children of construction 

workers of the plant. Depending on where the plant is located, in or near 

a metropolitan area, the school situation will need to be analyzed. Due to 

the number of construction workers coming to the site, the school system 

may be inadequate to handle the expected influx of students. With a peak 

of 5300 to 6850 construction workers, each having about 1.75 children, a 

maximum addition of 9275 students to a school district is possible. If 

the plant is located near a metropolitan area, many workers will not re

locate and therefore their children will not be considered an addition 

to the local school roles. 

The schools that need to be built may be financed by local, state, and 

Federal revenues collected from the plant. School officials may choose 

to build the schools on a local, county, or regional basis, depending 

upon the area. Strict zoning codes should be enforced to ensure that 

the schools that are built will be within reasonable commuting distance 

of all local families and will provide maximum benefits to the children 

in the area. 

During the ongoing operation of the plant, the influx of students into 

the system will be less than during the construction phase. A positive 

situation may develop during the operating phase in which adequate space 
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is available for additional students absorbed into the area by new indus

tries and supportive services, thereby relieving school officials of the 

need to build even more facilities. 

3.1.5.4.2 Water and sewage 

During construction of the plant, adequate water and sewer facilities will 

be needed for the workers of the plant. The availability of these services 

will be a major factor in the siting of the plant. If these services are 

not already available, new services will have to be provided either by 

building new facilities or by "hooking in" with a nearby local jurisdic

tion within the area so that adequate facilities will be available for 

the workers. This second alternative demands the creation of new govern

mental liaisons with surrounding communities and the sharing of operations 

and expenses of the facilities. 

3.1.5.4.3 Solid-wastes disposal 

The availability of an area for solid-wastes disposal will also be a 

major factor in the siting of the plant. The impact of such a large 

number of construction workers and their families on any existing 

facility will be very significant. The development of new facilities 

and the extent to which such development should be permitted or con

trolled will be the responsibility of both the plant operator and local 

authorities, working together to come to a final decision. 

3.1.5.4.4 Utilities 

One of the major factors to be examined in siting a uranium enrichment 

plant is the availability of existing power to deal with the increased 

demand from both the plant and influx of workers into the area. The 

plant owner and local power officials should develop an awareness and 

knowledge of the need for this power. The impact of the local utilities 

will vary according to a number of factors; the primary ones are the 

number of households being supplied and the operation vs nonoperation of 

the plant. The degree to which each of these factors are working 
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separately or together will determine the extent to which the impact is 

felt on the existing facilities. 

3.1.5.4.5 Public health and medical facilities 

The need for medical facilities during the construction period will be 

greater than during the operating period of the plant due to two factors: 

(1) an increase in the number of workers during construction and (2) the 

likelihood of accidents occurring during the construction phase which 

would not occur during the operation of the plant. Medical teams should 

be available to handle accidents if they should occur. 

The influx of a peak of 5300 to 6850 construction workers may strain any 

existing medical facility. Depending on the location of the facility, 

in a metropolitan or nonmetropolitan area, both the plant owner and local 

officials will need to decide the extent to which existing facilities 

within the region can be used and can handle the increased patient load, 

and whether new facilities need to be built within the vicinity of the 

plant to deal with the influx of workers and their families. 

Within any local community there will be a need for some public health 

services and specialized clinical facilities. Where these medical serv

ices are not currently available, they may be developed, depending on 

the anticipated case load and the short- and long-range need for them by 

construction and operating workers and their families. 

3.1.5.4.6 Other social services 

Social services may be public, private, local, state, or Federal, depend

ing on their source of funding. Type, size, and availability of existing 

services will depend on the site of the plant and its relationship to a 

large metropolitan area. In all instances, adequate social services must 

be provided and, if not already available, they must be developed. 

Services will vary according to the clientele serviced. In all locales, 

counseling and psychological services will be needed, as the strains of 
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moving may prove difficult for workers or for their families. In all 

instances, unemployment and welfare workers should also be available. 

Day care should be provided for working mothers and emergency facilities 

should be available. Other social services should be made available to 

the public and maintained as part of the existing social structure. 

3.1.5.4.7 Housing 

The presence of a plant, and hence the in-migration, of a peak of 5300 

to 6850 construction workers, will have a major impact on any housing 

market in any urban or rural, metropolitan, or nonmetropolitan area of 

this country. 

If the plant location is within commuting distance of any significantly 

large metropolitan area, the initial impact on the local housing market 

may be cushioned. Workers may desire to live not only in the locale in 

which the plant is located but in surrounding communities as well, thereby 

taking much of the burden off the local community. Workers will have a 

greater option of choice where to live if situated near a metropolitan 

area. If the plant is not near a metropolitan area, housing will have 

to be provided, built, or brought into the area (i.e., mobile homes), 

having a significant impact on the local community. 

In all instances, whether or not the plant is near a metropolitan area, 

some new housing may need to be constructed for workers, because the 

availability of homes to be purchased or rented may not be able to meet 

the increased demand. New housing may be in the form of mobile parks, 

dormitories, or pre-fabricated homes. Such housing, although not often 

aesthetically pleasing, is functional. Careful attention should be paid 

to the zoning regulations of the existing area to ensure that adequate 

water and sewer facilities are available for the new units and also to 

ensure that the density of the population in the area does not exceed 

the limit. At all times, strict zoning regulations should be followed 

and adequate space should be made available for persons to work and main

tain leisure activities within the community. 
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3.1.5.4.8 Commercial services 

A need will exist to provide adequate commercial services to the construc

tion work force of the plant so that workers and their families are able 

to carry on routine day-to-day shopping activities. Workers and their 

families must have access to all services found in any metropolitan area. 

The availability of these services will depend on the relationship of 

the plant site to an existing metropolitan area. If the site is within 

commuting distance of a city or metropolitan area, fewer new commercial 

facilities will have to be built. If the site is more rural, commercial 

structures will have to be constructed close to the housing of the 

majority of the workers. 

If new facilities are to be built, strict zoning enforcements must be 

followed. Local officials will need to enter into legal relationships 

with proprietors to see that services are provided to the workers on a 

regular basis. 

If new commercial facilities are required, the number of people moving 

to the area will increase. New facilities will also increase the number 

of available jobs and generate additional tax revenues to the local 

community. 

3.1.5.5 Aesthetic effects 

The specific location of the proposed enrichment plant construction will 

be a primary factor in determiniing the aesthetic effect at the site. The 

plant will be visible from certain angles, although it may be hidden 

by high bluffs, trees, and other foliage. Aesthetic impact will be caused 

by earth movement, erosion, dust, construction debris, heavy equipment, 

construction buildings, and unadorned partially completed structures. 
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3.2 EFFECTS OF OPERATION OF A FULL-SCALE GAS CENTRIFUGE PLANT AND 
ROTOR FABRICATION FACILITY 

3.2.1 Effects of gas centrifuge plant operation 

3.2.1.1 Effects of the heat dissipation system 

Most of the waste heat generated by the process and auxiliary equipment 

of a gas centrifuge plant is removed by a recirculating cooling water 

system (Sect. 2.3.1.9), and dissipated to the atmosphere through a 

mechanical-draft cooling tower. A maximum of about 787.5 gpm of water 

is discharged to the atmosphere; evaporation accounts for 750 gpm and 

drift for 37.5 gpm (Sect. 2.3.1.16). The principal sources of liquid 

thermal discharge are the cooling tower blowdown (maximum of 487,000 gpd 

at 85°F), boiler blowdown from the steam plant (60,000 gpd of condensed 

steam at <95°F) and laundry effluents (25,000 gpd at 130°F). The 

cooling tower blowdown and the boiler blowdown are discharged to the 

primary holding pond (Sect. 2.3.1.14); the laundry effluents are dis

charged to the sewage treatment facility. 

3.2.1.1.1 On land use 

The mechanical-draft cooling tower probably constitutes the major poten

tial impact on local land use associated with operation of the heat 

dissipation system. Ground-level plume contact (fogging), drift deposi

tion, and cold weather icing are known to be associated with operation of 

mechanical-draft cooling towers. These localized phenomena can affect 

nearby commercial, industrial, residential, agricultural, and recreational 

land use. The frequency of occurrence and duration of these potential 

effects depend on local topography and weather conditions. The degree 

of the importance of their impact will depend upon local land-use 

practices. Therefore, each proposed site must be examined to determine 

the magnitude of potential impacts at that particular site. 

For evaporative cooling systems, such as mechanical-draft cooling towers, 

the primary atomspheric effects are associated with the discharge of water 

vapor and the formation of a visible (water droplet) plume due to the 
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condensation of water vapor as it mixes with cooler ambient air. The 

length and other dimensions of the plume (e.g., rise, width, depth, 

height of base above ground) depend principally on existing weather 

conditions —air temperature, wind speed, atmospheric stability, and 

prevailing saturation deficit.1 Because the ability of air to hold 

water vapor is quite low at low temperatures, visible plumes will be 

most pronounced at most latitudes during winter. 

Within affected areas, ground-level fogging can occur with a potential 

for interference with traffic and other activities. Conditions conducive 

to fog formation in the plume generally also result in natural fog 

formation. Thus, tower-produced fog may be viewed as an extension of 

the naturally occurring phenomenon, and may, at times, be indistinguishable 

from the fog normally present.2 Typically, the frequency of fogging in the 

vicinity of a cooling tower may be increased by a factor of about 4%.2 

When ambient temperatures are sufficiently low, cooling tower plumes can 

cause icing — that is, liquid droplets in the plume may freeze and fall 

to the ground, or condensation, with subsequent freezing, may occur on 

surrounding structures and surface terrain. Observations of ice deposited 

from freezing plumes or fog indicate that such ice is similar to that 

deposited by naturally freezing fog and is very light and friable. Thus, 

the ice deposited by the operation of evaporative cooling systems is quite 

different in nature and in the effects on plants and structures from the 

often damaging glaze ice formed by freezing rain and drizzle.1 

Experience with mechanical-draft cooling towers indicates that the area 

affected by ground-level fog is limited to a radius of ^400 m (ref. 1), 

and that for a properly located unit, no significant effects from fogging 

or icing will extend beyond that distance. Thus, the impacts of fogging 

and icing on land use, in particular on airports and air traffic, automobile 

traffic, and telephone and electrical transmission lines, should be minor, 

except within this relatively limited radius. Proper plant layout and 

cooling tower design can be combined to reduce fog and ice hazards to a 

minimum. 
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There exists a potential for interaction of cooling tower vapor plumes 

with steam plant stack effluents or other local atmospheric effluents. 

To minimize potential interactions, cooling towers and steam plant stacks 

should be spaced away from one another, taking into account topographic 

features and prevailing wind patterns. 

Carryover of circulating water droplets (i.e., cooling tower drift) and 

the subsequent deposition of chemicals contained in them may pose some 

potential for detrimental effects on land use. (Effects of drift chemicals 

on soils and vegetation are discussed in Sect. 3.2.1.1.3). The physical 

effects of drift chemicals are associated primarily with impaction and 

deposition of drift solids on exposed metallic surfaces, buildings, and 

other structures. In general, such effects would be of relatively minor 

consequence. Use of brackish or saline circulating waters may lead to 

some early deterioration of concrete structures and to increased corrosion 

of mild and stainless steel. Overall, impingement and deposition of drift 

solids on plant facilities may cause onsite problems, but offsite impacts 

will be of minor consequence because some 70% of total drift deposition 

can be expected to occur within a 107-m (350-ft) radius of a mechanical-

draft installation.3 

Noise, primarily due to operation of large fans to induce air flow, may 

constitute a source of annoyance to area residents. A comparison of 

noise levels for a series of five mechanical-draft towers (and nine 

natural-draft installations) is presented in Fig. 3.2-1. At distances 

of 305 m (1000 ft), noise levels for mechanical-draft units are reduced 

to near 60 dB(A). Sound pressure levels of this magnitude [i.e., <65 dB(A)] 

are categorized as "Discretionary-Normally Acceptable in the Housing and 

Urban Development" (HUD) guidelines'* applicable to residential housing 

sites and other projects involving possible HUD funding or approval. 

Considering that a very limited number of individuals would live within 

the specified radius, noise levels associated with cooling tower opera

tion can be considered of minor consequence insofar as local land usage 

is concerned. 
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FIGURE 3.2-1. NATURAL AND MECHANICAL-DRAFT COOLING TOWER SOUND 
LEVEL ENVELOPE. (THE RANGE REPRESENTS THE MAXIMUM AND MINIMUM VALUES 
FOR NUCLEAR POWER PLANTS IN THE U.S.) SOURCE: U.S. ATOMIC ENERGY 
COMMISSION, "NUCLEAR POWER FACILITY PERFORMANCE CHARACTERISTICS FOR 
MAKING ENVIRONMENTAL IMPACT ASSESSMENT," WASH-1355, U.S. GOVERNMENT 
PRINTING OFFICE, WASHINGTON, D.C., DECEMBER 1974. 
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Aesthetic impacts are associated primarily with the attendant visible 

plumes. The physical presence and appearance of the cooling tower per 

se is of little inport in comparison with other plant facilities. Within 

humid and colder regions some visible plume will be present during any 

given period of operation. However, except for instances of ground-level 

contact, the presence of a visible plume will at most contribute to the 

"industrial" appearance of the overall site. Proper site selection and 

adherence to properly established local land use policy will render such 

visual considerations minor for the plant as a whole, virtually eliminating 

any concern for visible cooling tower plumes. 

3.2.1.1.2 On water use 

The major potential impacts on water use from the operation of a gas 

centrifuge heat dissipation system are consumptive loss of water and 

effects of elevated water temperatures on competing water uses. Maximum 

water loss due to evaporation and drift from the cooling towers is 

expected to be on the order of 1.1 Mgd (Sect. 2.3.1.16). Minor consumptive 

losses of water are also likely in other processes. Although no estimates 

of these minor losses are available, they are expected to be only a small 

percentage of the loss due to operation of the cooling tower. The prin

cipal sources of liquid thermal discharge are the cooling tower blowdown 

(maximum 487,000 gpd at 85°F), boiler blowdown from the steam plant 

(60,000 gpd of condensed steam at <95°F) and the laundry (25,000 gpd at 

130°F). The cooling tower blowdown and the boiler blowdown are discharged 

to the primary holding pond, and the laundry effluents are discharged to 

the sewage treatment facility. 

Water consumption 

Consumptive loss of water from operation of a gas centrifuge plant amounts 

to about 2 cfs or less, depending on the volume of minor losses. With 

the plant using a water source of at least 100 to 1000 cfs flow volume 

(Sect. 2.5.1.6.2), the consumptive loss would amount to between 2 and 

0.2% of the available supply. The magnitude of impact due to this loss 

is highly site specific and depends on the nature of competing water uses 
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and the degree of present and projected appropriations of the available 

water supply. Because these factors cannot be known until specific sites 

are considered, a full evaluation of the potential impact must await site 

selection. The siting restrictions discussed in Sects. 2.5.1.6.2 and 

2.5.1.10, however, recommend a water supply flow volume of at least 100 to 

1000 cfs and eliminate regions where water supplies are heavily appro

priated or where consumption is high relative to total water availability. 

So long as these siting restrictions are followed and careful water use 

evaluations are made in selecting a site, the loss of 2% or less of the 

water source flow volume should have no measurable effect on competing 

water uses. 

Thermal effluents 

The impacts of elevated water temperatures on competing water uses depend 

primarily on the temperature and volume of the thermal discharge, tem

perature and volume of the receiving water, extent of the thermal mixing 

zone, and the nature of the competing water uses. For a generic evalua

tion, information is not available on temperature and flow characteristics 

of the receiving water and on competing water uses. For a very conserva

tive evaluation, however, the following assumptions are offered: (1) the 

thermal effluents (listed above) are discharged directly to the receiving 

body with no prior dilution or holdup and (2) the receiving body flow is 

100 cfs at a temperature of 4°C (39°F). Under these conditions the fully 

mixed receiving water thermal increment would be less than 0.24 C° (0.62 F°). 

At ambient temperatures higher than 4°C or with receiving water flows 

greater than 100 cfs, the thermal increment decreases (e.g., 20°C ambient 

with 100 cfs flow would be increased by about 0.09 C°; 4°C ambient with 

1000 cfs flow would be increased by about 0.024 C°). Although the extent 

of the mixing zone cannot be well defined generically, it would be small 

even in a receiving body of 100 cfs, since the thermal effluent (about 

0.9 cfs) constitutes less than 1% of the receiving water flow. However, 

the above estimates of temperature increase are overly conservative be

cause the main thermal effluents (cooling tower and steam plant boiler 

blowdown) will be discharged to the primary holding pond prior to release 
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to the receiving water. The retention time for these effluents in the 

6 million gal holding pond will be about 21 days, allowing partial 

equilibration of the heated effluents, thereby reducing the thermal load 

and the size of the mixing zone. Downstream temperature increases will be 

reduced virtually to zero. Even with the worst-case approximation with 

direct discharge of blowdown, the effect of heated effluents on competing 

water uses would be minor as long as the plant discharge structures are 

designed and located so that the small mixing zone does not interfere with 

other water intakes and fish migration routes. 

Thermal standards 

In accordance with provisions of the Federal Water Pollution Control Act 

and Amendment of 1972,5 the Environmental Protection Agency (EPA) has 

published effluent guidelines and standards for various pollutant source 

categories. As yet, guidelines and standards specifically applicable to 

a uranium enrichment plant source-category have not been promulgated, nor 

is the staff aware of any intention by EPA to do so. However, most 

states are promulgating thermal standards under the state participatory 

provisions of EPA's National Pollutant Discharge Elimination System 

(NPDES).5 These standards, which are subject to approval by the EPA, 

are used in writing NPDES discharge permits. A gas centrifuge plant 

operator must obtain the required NPDES discharge permit from a state 

agency, or from the EPA if the state wherein the plant is to be located 

has not adopted standards acceptable to the Federal agency. Many of the 

state thermal standards6 specify a maximum temperature increase (AT) at 

the edge of the mixing zone, a temperature ceiling that cannot be exceeded 

irrespective of allowable AT, and a maximum mixing zone size which is 

often defined as some fraction of the total receiving body. Many of the 

states6 (e.g., Tennessee, Ohio, Illinois) limit the AT to 3 to 5 F°, which, 

according to the staff's analysis, would be met easily by a gas centrifuge 

plant with a receiving water flow rate of at least 100 cfs. In some 

cases, however, the maximum allowed temperature specified by a state for 

a given water body is very near the summer ambient temperature. Under 

these conditions a very small thermal increment may violate the maximum 
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temperature standard. Therefore, evaluation of this potential problem 

is necessary for each site considered and operational schemes must be 

adapted to comply with prevailing effluent limitations. 

3.2.1.1.3 On terrestrial ecology 

Impacts on wildlife which result from cooling tower operations will con

sist of the loss of some potential habitat for siting purposes and mod

ification of remaining habitat in the vicinity of the towers as a result 

of plume downwash and drift deposition. In addition, noise levels 

associated with mechanical-draft units may pose a threat to species otherwise 

capable of adapting to plant operations. However, the staff does not 

consider noise emissions a problem warranting serious concern. Species 

of the types found in the vicinity of a large industrial facility can be 

expected to habituate to routine noises on the order of 70 to 90 dB(A). 

Sound levels of this magnitude will be restricted largely to the immediate 

vicinity of a given installation, affecting only a small area of potential 

habitat. 

In terms of evaluating potential impacts arising from cooling tower drift, 

consideration must be given to the effects of aerosol concentrations of 

dissolved and suspended circulating water solids, as well as to their 

subsequent deposition on adjacent vegetation and soils. Regarding 

potential damage to vegetation from impaction and foliar absorption of 

drifts salts, results of detailed computer simulations for a saltwater 

natural-draft tower (circulating-water salinity about 45,000 ppm) suggest 

that average near-ground concentrations of drift salts are a factor of 

40 to 100 below levels known to affect the general vigor and distribution 

of plants (i.e., 0.23 to 0.1 yg/m3 compared to 10 yg/m 3). 7 Although 

these results are aimed toward use with natural-draft towers, and as such 

are not directly applicable to evaluations of mechanical-draft tower 

performance, the relatively lower solids concentration of the circulating 

water for proposed freshwater sitings (a maximum of about 1000 ppm com

pared to 45,000 ppm for the saltwater tower) would suggest minimal damage 

to vegetation from exposure to atmospheric salts. For any given site, a 
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localized analysis is necessary to reach a conclusive evaluation, but in 

the staff's opinion, damage due to impaction of drift salts will be 

restricted to the near vicinity (i.e., about 305 m radius [1000 ft]) of 

the tower installation, affecting only a limited area. 

For purposes of evaluating effects of drift deposition on vegetation and 

soils (as contrasted with impaction of drift chemicals) at a particular 

site, local meteorological data, tower performance characteristics, and 

knowledge of circulating water flow rates and chemical content can be 

incorporated with one of several available drift dispersion models to 

quantify drift deposition within varying distances from the tower site. 

Using the calculated deposition rates, a method can be implemented which 

considers drift deposits to be diluted by annual net precipitation and 

applied to the landscape as irrigation water. Comparisons with applicable 

guidelines for irrigation water dissolved solids limitations can then be 

invoked to reach a judgment regarding potential for vegetation damage due 

to deposition of cooling tower drift. A conclusive finding regarding 

the potential for vegetation damage and/or for contamination of 

groundwater supplies due to leaching of drift chemicals must be based 

on site-specific considerations. In general, however, any vegetation 

damage or excessive deposition of trace contaminants (e.g., chromate, 

zinc) likely to be incurred due to operation of mechanical-draft towers 

will be confined to within a 1000-m (0.6-mile) radius of the tower 

installation. This statement is formulated on the basis of examination 

of a number of "state-of-the-art" cooling tower drift analyses, including 

that performed by the Nuclear Regulatory Commission staff in their evalu

ation of alternatives to once-through cooling for two large nuclear power 

stations located on an estuarine receiving body.8 

3.2.1.1.4 On aquatic ecology 

Potential impacts on aquatic ecology due to operation of the heat dis

sipation system include impingement and entrainment effects and thermal 

effects. 
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Impingement and entrainment effects 

Aquatic biota in the water body used for plant makeup water will be 

subjected to impingement on the water intake screens and entrainment 

through the plant water system. Impingement is normally a problem only 

with larger organisms such as fish; entrainment problems relate to fish 

eggs, larvae, and small organisms such as phytoplankton and zooplankton. 

On a generic basis, all impinged or entrained organisms are assumed to 

be killed. If the aquatic biota are uniformly distributed in the source 

water, the impact due to impingement and entrainment would be expected 

to amount to complete destruction of no more than about 8% of the source 

water biota. This rough estimate is based on the total maximum water 

withdrawal requirements of the plant (about 8 cfs or 5 Mgd, Sect. 

2.5.1.1.9) and adherence to plant siting criteria (Sect. 2.5.1.6.2) that 

specify a minimum source water flow of 100 cfs. 

Along with the level of mortality incurred and the relative quantity of 

organisms impinged or entrained form the water body, the relative magni

tude of impact is also dependent on the ecological role of the affected 

organisms and the reproductive strategy of the species involved.9 Since 

this kind of information is not available for a generic analysis, the 

relative magnitude of impact due to entrainment and impingement must be 

considered in site-specific analyses. However, through proper site 

selection and proper intake design and location, the severity of impinge

ment and entrainment losses can be minimized. 

Thermal effects 

The discharge rate for thermal effluents from the gas centrifuge plant 

will be small compared to the minimum receiving water flow requirements 

for an acceptable plant site (see Sect. 3.2.1.1.2 for discussion). Any 

impact of these thermal effluents on aquatic biota will be confined 

primarily to the mixing zone and will depend on the size of the mixing 

zone, the flow characteristics of the receiving water, the temperature 

difference (AT) between the effluent and the receiving water, and the 
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nature of the resident aquatic biota. The most important potential 

impacts on aquatic biota within and around the thermal mixing zone 

include (1) changes in the biotic community structure, (2) heat shock, 

(3) cold shock, and (4) thermal blockage of fish migration. 

Biotic community structure 

Temperature is a principal factor in determining the suitability of a 

habitat for aquatic flora and fauna. The release of heated water into 

an aquatic ecosystem can affect behavior, metabolism, development, growth, 

reproduction, and survival of aquatic species.9*10 The tolerance of 

organisms to any thermal increment, however, is species-specific and 

depends on the magnitude of the AT, the duration of exposure, and the 

previous thermal history of the organism. Also, mobile organisms (fin-

fish, crabs, crayfish, shrimp, etc.) can usually detect and avoid 

unfavorable temperatures that might occur in a mixing zone, while organ

isms with limited mobility (phytoplankton, rooted macrophytes, periphyton, 

oysters, clams, mussels, etc.) cannot. Therefore, in response to ele

vated temperatures within and around the mixing zone, the species 

composition and relative abundance will shift to a community of organisms 

that prefer or can tolerate the elevated temperatures. Generally, these 

shifts might include: an increase in decomposer populations if adequate 

food supply is available; a shift in the algal periphyton population 

from diatoms to green algae to blue-green algae at progressively higher 

mixing zone temperatures; a reduction in the benthic invertebrate popu

lation during the summer and an increase in the population during the 

winter; and, depending on thermal preference and avoidance temperatures 

of local fish species, there may be avoidance of the area by some fish 

and congregation in and around the mixing zone of other fish, especially 

during winter.9 

Although the mixing zone cannot be fully characterized without site-

specific knowledge of flow characteristics of the receiving water, etc., 

the mixing zone is expected to be small because of the long retention of 
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heated blowdown in the primary holding pond and minimum flow characteris

tics of an acceptable receiving body (Sect. 3.2.1.1.2). Under these 

conditions, the affected area where biotic community composition might 

be altered would be small. 

Heat shock 

Abrupt thermal rises may be felt by small organisms (phytoplankton, zoo-

plankton, fish eggs and larvae, and small fish) that become entrained in 

the heated mixing zone. Any detrimental effects of such temperature 

changes depend both on the magnitude of temperature change and the 

duration of exposure. As discussed in Sect. 3.2.1.1.2, the magnitude 

of AT is expected to be small; the duration of exposure will depend on 

the flow characteristics of the effluent stream and the receiving water. 

The overall impact of heat shock on aquatic biota must be evaluated on 

a site-specific basis. As long as proper consideration is given to 

minimizing the extent and AT of the mixing zone, unacceptable impacts 

on aquatic biota can be avoided. 

Cold shock 

Fish attracted to warm thermal discharges in winter can become metabol-

ica l ly acclimated to the higher temperatures and thus susceptible to 

death or severe stress i f the heated effluents are curtai led. Such 

mortalit ies due to aberrant natural conditions or due to power plant 

discharges have been documented.11"13 Again, the potential for and the 

magnitude of any impact due to cold shock is dependent on conditions that 

can only be fu l l y evaluated on a si te-specif ic basis. The potential for 

adverse impact w i l l generally be greater at northern lat i tudes, since the 

AT would be larger, especially during the winter months. However, 

because of the continuous operations associated with enrichment f a c i l i t i e s , 

cold shock is not a l ike ly occurrence. 
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Thermal blockage 

Migrating fishes may encounter the thermal discharge mixing zone and may 

be attracted or repelled by the thermal gradients, depending on the tem

perature patterns and on the thermal preferences and avoidance levels of 

the fish species.10 In principal, this could constitute a potential 

thermal blockage of these movements. Blockage of salmon migrations by 

warm tributaries has been reported.14 Examination of preferred and upper 

avoidance temperatures for the local migrating species and the predicted 

temperature and special characteristics of the mixing zone will permit 

a determination of whether significant thermal blockage could occur at 

various sites. Any potential problems can be minimized by appropriate 

design and location of discharge structures to maximize mixing and to 

limit the horizontal and vertical extent of the mixing zone in the 

receiving water. The thermal effluent guidelines and standards (Sect. 

3.2.1.1.2) specify the allowed size of a mixing zone as a fraction of 

the receiving body size. Adherence to these standards is required for 

a gas centrifuge plant and should minimize or even preclude the possi

bility of significant blockage of a migratory path in a river or along 

a lake shore. However, complete evaluation of this potential problem 

is necessary on a site-specific basis; sites in problem areas must be 

rejected; and an operational scheme to avoid unacceptable impacts on 

migrating fish species must be adopted. 

The impacts on aquatic biota due to heat discharge from a gas centrifuge 

plant are not expected to be serious. The use of mechanical-draft cooling 

towers and a holding pond with about a 21-day retention time for blowdown 

will greatly reduce the amount of heat to be discharged to local receiving 

waters. These design considerations, coupled with the requirement that 

any thermal effluent will have to comply with local, state, and Federal 

standards for mixing zone size and AT, are sufficient to draw a generic 

conclusion that impacts due to heated effluents on aquatic biota will be 

minor or nonexistent. However, evaluation of the potential for thermal 

effects on aquatic biota for each specific site considered is necessary. 

If major problems should be shown to exist for a given site, mitigating 

measures or selection of an acceptable alternate site will be required. 



3.2-14 

3.2.1.2 Effects of radioactive discharges 

Since the radioactive effluents and estimated doses from gaseous diffusion 

and gas centrifuge enrichment facilities are similar, the radiological 

impacts of both facilities will be discussed in this section. Gaseous 

effluents, which contribute most of the radiation dose to man, are the 

same at both facilities. Liquid effluents are the same except for 

uranium radionuclides. The gas centrifuge facility releases about twice 

as much uranium in its liquid effluent as does the gaseous diffusion 

facility. 

3.2.1.2.1 Assumptions and models used to assess environmental effects 

Meteorological data 

The weather condition data used to estimate the expected ground-level 

atmospheric concentrations of radionuclides that originate from the 

plant operations were obtained by averaging meteorological data taken 

from 18 stations in the continental U.S. The locations of these stations 

are shown in Fig. 3.2-2. 

These data consist of the joint frequency of wind speed and atmospheric 

stability category, independent of wind direction. They were averaged 

to obtain mean joint wind speed - stability categories in a typical 22.5° 

sector. The results are presented in Table 3.2-1 in terms of seven 

discrete wind speeds and four stability categories. (For simplicity, 

the A and B stability categories have been combined and called B, and 

the E and F categories have been lumped into F, a generally conservative 

procedure.) 

The joint wind-speed - stability-category frequencies listed in Table 

3.2-1 are independent of direction. In order to include the effect of 

wind direction, data on wind direction from approximately 70 locations 

in the continental United States were examined,15 and the frequency of 

prevailing winds was found to vary from a theoretical minimum of 6.25% 

(neglecting calms) to a maximum of 25% with a mean value of 12.72%. 
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TABLE 3.2-1 

AVERAGE SINGLE-SECTOR JOINT FREQUENCIES OF WIND-SPEED -
STABILITY CATEGORIES USED TO ESTIMATE 

ATMOSPHERIC CONCENTRATIONS 

Wind speed 
(m/sec) 

0.8 

2.5 

4.5 

6.9 

9.5 

12.5 

15.6 

Total 

Frequency 

Ba 

0.0336 

0.0672 

0.0464 

0.0192 

0.00496 

0.00091 

0.00048 

0.172 

for Pasquill 

C 

0.0192 

0.0448 

0.0496 

0.0256 

0.00576 

0.00015 

0.00022 

0.145 

Stability Category 

D 

0.0448 

0.0912 

0.0720 

0.0512 

0.0288 

0.00224 

0.00256 

0.293 

F& 

0.0688 

0.1328 

0.1024 

0.0528 

0.0272 

0.00192 

0.00464 

0.390 

ak and B stability categories have been combined. 

i>E and F stability categories have been combined. 
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Consequently, to obtain an estimated average jo in t frequency of wind-

direction -wind-speed-stabi l i ty category, the values in Table 3.2-1 

were weighted by the factor 0.1272 in two adjacent directions; in the 

remaining 14 directions, the frequencies were weighted by the factor 

0 - 2 x 0.1272)/14 = 0.05326. 

The basic equation used to estimate concentrations of radionuclides is 

Pasquill 's Equation16 as modified by Gif ford:1 7 

texp 

2-na az]i 
exp 

1 /z - H\ •1. exp 1 
2 

(1) 

where 
x = concentration in a i r at the center l ine of a plume x meters 

downwind from the point of release (Ci/m3), 

Q = uniform emission rate from the stack (Ci/sec), 

y = mean wind speed (m/sec), 

? = horizontal dispersion coefficient (m), 

vert ical dispersion coefficient (m), 

effective stack height (physical stack height, h, plus the 

plume r ise, Ah) Cm), 

y = crosswind distance (m), and 

z = vertical distance (m). 

H = 

The application of this equation to compute ground-level a i r concentra

tions and ground deposition rates of released radionuclides has been 

described.18 Concentrations [x in Equation (1)] are averaged over the 

crosswind direct ion, y, for each of 16 22.5° sectors emanating from the 

plant. 
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The equation of Rupp et al.19 was used to estimate plume rise, Ah, caused 

by momentum of emitted stack gases: 

Ah £ 1.5 dw/u (m), (2) 

where 

d = stack or i f ice diameter Cm), 

w = effluent velocity Cm/sec), 

u = wind speed Cm/sec). 

Briggs' equations20 '21 were used to estimate plume rise due to buoyancy 

of hot gases such as are emitted, for example, during accidents involving 

f i res . 

Effluent released in the form of particulate matter deposits on the 

ground at a rate that depends upon i ts deposition velocity. The rate 

of ground deposition is 

Rd = Vd x (Ci/m2 sec) (3) 

For many particulates, Vd averages about 0.01 m/sec, and that value has 

been used in this work. 

Deposition of particulates on the ground as a result of washing out by 

ra infa l l was also estimated by the methods described elsewhere.18 '22 

Depletion of plumes resulting from deposition processes were estimated 

as a function of distance downwind from the plant.1 8 

Because of the yery nature of the occurrence Ci-e., over a short time 

period), the existence of average meteorological conditions during an 

accident cannot be assumed. Generally pessimistic meteorological 

conditions were selected for the analysis of accidental releases of 

radionuclides from the plant. Lapse conditions may exist , typi f ied by 

Pasquill s tab i l i t y category B, with a low wind speed of 1 m/sec. 
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The ground-level a i r concentrations and ground deposition rates were 

computed in the same way as for routine releases except that only a 

single wind direction was considered, and the release was computed for 

a f i n i t e duration. Because of the short duration of releases during an 

accident, plume centerline concentrations were used to estimate the max

imum individual radiation dose instead of 22.5° sector-averaged concentra

tions used for routine releases. 

Transportation accidents involving a f i r e can release radionuclides to 

the atmosphere. For these accidents, a plume rise due to buoyancy of 

hot combustion products was estimated using Briggs1 equations.20 '21 A 

value for the heat input (Q) of 5 x 107 cal/sec was assumed for a 

transportation f i r e . A relat ively high wind speed of 4 m/sec was used 

for this type of accident instead of the lower value of 1 m/sec assumed 

for plant accidents. The higher value is more pessimistic for accidents 

involving f i res because i t results in minimizing the plume rise due to 

buoyancy. 

Demographic data 

A site for a gas centrifuge f a c i l i t y is not l i ke ly to be selected within 

an unusually heavily populated area. Many potential sites have popula

tions of less than 500,000 within a radius of 50 miles; actual sites 

w i l l probably be selected from among these. Since increases in population 

may occur over the years in the v ic in i ty of a fuel cycle f a c i l i t y , a 

population of 1,000,000 people uniformly distributed within a 50-mile 

radius was used in the calculations of population doses. 

This population is equivalent to an average population density of about 127 

persons per sq mile. Population densities (persons/sq mile) for several 

states in the U.S. in 1970 were: New York, 381.3; New Jersey (highest 

value), 953.1; Tennessee, 94.9; Nevada, 4.8; and Wyoming (lowest value), 

3.64.23 
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Radiological exposure pathways 

Environmental transport links the source of release to the receptor by 

numerous exposure pathways. The most important pathways that result in 

exposure of man from environmental releases of radioactivity are 

represented diagrammatically in Fig. 3.2-3. The resulting radiation 

exposures may be either external or internal. External exposures are 

those with the radiation source outside of the irradiated body, and 

internal exposures are those due to radioactive materials within the 

irradiated body. 

Atmospheric releases of radioactive gases and particulates may result 

in external doses via immersion and exposure to a contaminated land 

surface and in internal doses via inhalation and ingestion. Man immersed 

in a radioactive plume receives an external immersion dose and an intake 

of radioactivity via inhalation as long as the plume or resuspended 

radionuclides are present. Deposition of radionuclides from the plume 

on vegetation and on soil creates the possibi l i ty for man to be exposed 

externally to the contaminated surface and to be exposed internal ly via 

the food chain. Following i n i t i a l deposition, the potential for exposure 

of man may persist long after the plume leaves the area, depending on 

the influence of environmental redistr ibut ion. Radionuclide concentrations 

at the point of deposition normally are reduced by i n f i l t r a t i on into the 

soil p ro f i le , by loss of soil particles due to erosion, and by transport 

in surface water and in groundwater. When the effects of these processes 

cannot be quantif ied, a conservative estimate of dose due to external 

exposure to the contaminated surface is obtained by assuming that the 

radionuclide concentrations are diminished by radioactive decay only. 

Man's dietary intake of deposited radionuclides is predicted with an 

expansion of the " terrestr ia l vegetation" and "animals" boxes in Fig. 

3.2-3. The resulting model,24 a simplif ication of a real terrestr ia l 

food-pathway system, is incorporated into a computer code, ident i f ied 

by the acronym TERMOD, which is used to obtain information on food chain 

transfers to man prerequisite to calculation of internal dose. 
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Environmental release of radioactivity in liquid effluents as shown in 

Fig. 3.2-3 may result in external exposure of man by submersion in water 

during swimming or bathing. Aquatic releases may also result in exposure 

of man via numerous food chain pathways. Radionuclides released in 

liquid effluents are assumed to be diluted in the receiving water body 

prior to the estimation of dose to man via drinking water and eating 

fish. 

Additional external irradiation of man is possible due to exposure at 

some distance by gamma radiation. Pathways that exemplify this type of 

direct radiation exposure include plume overpassage; boating on, or 

standing near, a body of contaminated water; and exposure from gamma 

radiation penetrating shipping containers. 

Radiation dose is estimated per year of plant operation for normal 

releases and per event for accidents. Dose is estimated both for 

individuals and for the population that lives within 50 miles of the 

facility. 

Factors for converting external radiation exposures to dose were obtained 

with a computer code EXREM-III,25 which contains models adapted from 

standard texts.26'27 The dose rate above the contaminated land surface 

is estimated for a height of 100 cm. The models for immersion in air 

and submersion in water assume that the entire body surface is in con

tact with a large volume of contaminated air or water. For all external 

exposures, dose estimates for the various internal organs include con

tributions due to photon irradiation only. 

Factors for converting internal radiation exposure to estimates of dose 

were obtained with models and with data published by the International 

Commission on Radiological Protection (ICRP).28 Those models are 

programmed in the INREM computer code,29 which was used to complete the 

calculations for inhaled and ingested radionuclides. Internal exposure 
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continues as long as radioactive material remains in the body, which may 

be longer than the time period of the individual's residence in the con

taminated environment. The best estimates of internal dose resulting 

from an intake are obtained by integrating over the remaining lifetime 

of the exposed individual; such estimates are referred to as "dose 

commitments." The remaining lifetime is assumed to be 50 years for an 

adult. Throughout the text and tables, use of the term "dose" should be 

understood as "dose commitment" whenever contributions from internal 

exposure pathways are included. All dose estimates given are for adults 

unless otherwise specified. The INREM computer code does provide the 

capability for estimating dose as a function of the age of the individual 

exposed. 

Dose is estimated for individuals located at and beyond the site boundary 

for the most significant exposure pathways. The location of maximum 

potential exposure is identified and evaluated, with that point assumed 

to have the highest concentration of radionuclides in the air and on the 

land surface. A further assumption is made that the exposed individual 

resides continuously at the location, with no allowance for possible 

protective shielding provided by a residence, and that this location is 

the point of origin for all food requirements. Estimates of dose were 

made for total body and for a number of reference organs, and those 

radionuclides that contribute large fractions of the total dose are 

identified. Where significant, the estimates of dose to organs other 

than the total body are discussed. 

The total dose received by an exposed population due to releases from 

the facility was estimated by summation of individual dose estimates 

within the population. The area within 50 miles of the facility was 

subdivided into 16 sectors (22.5° each) and into a number of annuli. 

The average dose for an individual in each subdivision was estimated; 

the estimate was multiplied by the number of persons in the subdivision; 

and the resulting products were summed across the entire area. The dose 
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estimates assumed are those for total body, and the unit used to express 

population dose is man-rem. Population dose estimates were calculated 

for a population assumed to be composed entirely of adults. Population 

dose is estimated only for those exposure pathways known to involve a 

signif icant number of persons. Unique aspects of a specific man-rem 

estimate are discussed in conjunction with estimates of individual dose 

for that particular exposure pathway. 

3.2.1.2.2 On people 

Radiation doses to individuals (in millirems) and to the population 

(man-rems) from the pathways discussed in Sect. 3.2.1.2.1 (Radiological 

exposure pathways) were estimated per year of release of radioactive 

effluents from normal operation of 8.75 million SWU/year enrichment 

plants. Tables 3.2-2 and 3.2-3 summarize the estimated total body and 

organ doses to adult individuals at the location of maximum exposure 

(i.e., at the facility boundary 1200 m from the plant). Table 3.1-2 

is a summation of the estimated total body dose from all exposure path

ways to an individual at the facility boundary, including contributions 

for both gaseous and liquid effluents. Gaseous effluents contribute 98% 

of the estimated dose to the total body. Dose estimates due to gaseous 

effluents are given in Table 3.2-3 for a number of reference organs, in 

addition to total body, and the principal dose contributing radionuclides 

are identified for each. Tables 3.2-4 and 3.2-5 are summaries of the 

estimated population doses (man-rems) for a 50-mile radius from the plant. 

Gaseous effluents are shown to be the primary contributors to population 

total body dose (Table 3.2-4). Contaminated ground surface and ingestion 

are the exposure pathways that contribute over 80% of the estimated popu

lation dose for all reference organs other than the lungs, and in that 

case inhalation is the most important (82% contribution) exposure pathway. 

Gaseous effluents 

Effluents will be discharged through rooftop stacks located about 20 m 

above ground level. Plumes released at rooftop level can be caught in 

the turbulent wake of the building or other nearby buildings and can be 
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TABLE 3.2-2 

SUMMARY OF THE ESTIMATED TOTAL BODY DOSE TO ADULT INDIVIDUALS 
AT LOCATIONS OF MAXIMUM EXPOSURE RESULTING PER YEAR 

OF OPERATION OF 8.75 MILLION SWU/YEAR ENRICHMENT PLANTSa 

Dose (mill 

Exposure pathway Gaseous diffusion 

Gaseous effluents 

Immersion in air 3.9E-7C 

Contaminated ground surface 1.4E-1 
Inhalation 2.9E-2 
Ingestion 1.3E-1 

Liquid effluents 

Drinking water 9.2E-4 
Swimming 6.7E-6 
Ingestion (aquatic food chains) 3.8E-4 

Total 0.3 

irem) 

Gas centrifuge 

3.9E-7C 

1.4E-1 
2.9E-2 
1.3E-1 

9.8E-4 
6.7E-6 
3.9E-4 

0.3 
aA stream with an average annual flow of 1000 cfs was considered to be 
more typical of the body of water from which a signif icant number of 
people would obtain drinking water. However, this stream may have 
a 7-day, 10-year low flow of 100 cfs used elsewhere in this report. 

At plant boundary 1200 m from point of release. x/Q value is 1.78E-6 
(added in response to comment le t te r 28 (EPA), p. 5). 

cRead as 3.9 x 10"7. 

In 1000 cfs r iver along boundary. 
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TABLE 3.2-3 

SUMMARY OF THE ESTIMATED CONTRIBUTIONS TO INDIVIDUAL TOTAL BODY 
AND ORGAN DOSES RESULTING FROM EXPOSURE TO GASEOUS EFFLUENTS 

RELEASED FROM A 8.75 MILLION SWU/YEAR ENRICHMENT PLANT 
DURING ONE YEAR OF OPERATION 

Maximum Contribution to dose {%) 
Organ of annual dose • 
reference Cmillirems) Uraniums 99Tc 106Ru 

Total body 
Bone 
Thyroid 
Lungs 
Muscle 
Kidneys 
Liver 
Spleen 
Testes 
Ovaries 
GI tract 

0.4 
2.4 
0.3 
1.3 
0.3 
2.2 
0.3 
0.2 
0.3 
0.2 
8.4 

86 
95 
86 
95 
82 
27 
61 
82 
86 
86 
3 

13 
2 
13 
2 
13 
70 2 
25 2 
13 3 
13 
14 
75 22 

Contributions to annual dose greater than 2%. 
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TABLE 3.2-4 

SUMMARY OF THE ESTIMATED TOTAL BODY DOSE TO THE POPULATION 
FROM ALL PATHWAYS PER YEAR OF OPERATION OF A 8.75 

MILLION SWU/YEAR ENRICHMENT PLANTa 

Dose 

Exposure pathway Gaseous diffusi 

Gaseous effluents 

Immersion 7.4E-7 
Contaminated ground surface 3.2E-1 
Inhalation 5.8E-2 
Ingestion 2.5E-1 

Liquid effluents 

Drinking water 9.2E-3 
Swimming 6.7E-5 
Ingestion (aquatic food chain) 6.9E-3 

Total 6.4E-1 

(man-

ion 

-rems) 

Gas centrifuge 

7.4E-7 
3.2E-1 
5.8E-2 
2.5E-1 

9.8E-3 
6.7E-5 
7.1E-3 

6.4E-1 

aA stream with an average annual flow of 1000 cfs was considered to be 
more typical of the body of water from which a signif icant number of 
people would obtain drinking water. However, this stream may have 
a 7-day, 10-year low flow of 100 cfs used elsewhere in this report. 

fcRead as 7.4 x 10~7. 
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TABLE 3.2-5. SUMMARY OF THE ESTIMATED CONTRIBUTIONS TO POPULATION 
TOTAL BODY AND ORGAN DOSES RESULTING FROM EXPOSURE TO GASEOUS 

EFFLUENTS RELEASED FROM A 8.75 MILLION SWU/YEAR 
ENRICHMENT PLANT DURING ONE 

YEAR OF OPERATION 

Reference 
organ 

Estimated 
dose 

(man-rems) 

Contribution of exposure pathway (%) 

Inhalat ion 

8.9 
0.1 

17.5 
8.4 

82.3 
9.5 

11.0 
10.1 
10.9 
8.5 

12.5 

iniiirci o 

in ai 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

Immersion Contaminated T «„««.+,• 
surface ground I n 9 e s t 1 °n 

Total body 
GI tract 
Bone 
Thyroid 
Lungs 
Muscle 
Kidney 
Liver 
Spleen 
Testes 
Ovaries 

6.4E-V 
1.6E1 
4.6E0 
6.2E-1 
2.6E0 
6.2E-1 
4.2E0 
6.5E-1 
4.4E-1 
6.4E-1 
4.0E-1 

53.1 
4.5 

10.1 
56.0 
9.5 

50.0 
11.4 
40.4 
42.6 
55.4 
34.1 

37.9 
95.3 
72.3 
35.5 
8.1 

40.4 
77.5 
49.4 
46.4 
36.0 
53.3 

Read as 6.4 x 10~J. 
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mixed downward (aerodynamic downwash). For this reason, no plume rise 

was assumed in calculations of the atmospheric dispersion of radioactive 

effluents. A deposition velocity of 1 cm/sec was assumed in the atmos

pheric dispersion calculations for each of the nuclides. Gaseous radio

active effluents are the same for both gaseous diffusion and gas centri

fuge plants. 

Immersion 

The maximum total body dose per year of plant operation from continuous 

immersion in the gaseous eff luents, 3.9 x 10"7 mi l l i rem, occurs at the 

site boundary; the average total body dose within 50 miles of the plant 

from this exposure pathway is 7.4 x 10"10 mil l irem. Radionuclides con

tr ibut ing to the immersion dose include uranium-235 (6%), ruthenium-106 

(48%), niobium-95 (20%), zirconium-95 (19%), and uranium-238 (2%). 

Ground contamination 

For direct exposure to the contaminated ground surface (assuming 

exposure 100% of the time), the maximum individual total body dose of 

1.4 x 10"1 millirem per year of effluent release occurs at the plant 

boundary; the average annual individual dose within 50 miles of the 

plant is 3.2 x }Q~k millirem per year of plant operation. Principal 

radionuclides contributing to this exposure pathway are the uraniums. 

Inhalation 

The estimated dose of 5.8 x 10"2 millirem per year of plant operation to 

the total body (Table 3.2-2) of an individual at the site boundary is 

based on an inhalation rate for an average adult of 2 X 104 liters/day. 

The average total body dose within 50 miles of the plant is estimated to 

be 1.2 x 10"4 millirem per year of plant operation. The estimated 

maximum individual lung dose of 1.3 millirems (Table 3.2-3) via all 

gaseous effluent exposure pathways is contributed primarily by uranium 

radionuclides through the inhalation pathway. 
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Ingestion (terrestrial food chain) 

For most but not all situations, the model used to determine the dose 

from the terrestrial food chain pathway is probably conservative. Each 

individual's entire food supply is assumed to be derived from the con

taminated land that immediately surrounds his location. Radioactivity 

transfer from other areas was neglected. The entire food needs of 

cattle were derived from the contaminated pasture, and the only loss 

mechanisms included were radioactive decay and movement to below the 

root zone. Some nonconservative simplifying assumptions were made; 

for example, cattle excretions were not returned to the pasture and 

radioactivity uptake by cattle from inhalation and from water consump

tion was neglected. The only feedback loop modeled explicity is from 

pasture soil to pasture grass. The nonconservative assumptions were 

made either because detailed studies on selected radionuclides demon

strated a pathway was of second-order importance or inclusion of the 

pathway would require more elaborate modeling, for which transfer co

efficients are unavailable for some radionuclides. 

The maximum individual total body dose via the ingestion pathway is 

estimated to be 1.3 x 10_1 millirem per year of plant operation. The 

average total body dose to individuals within 50 miles of the plant 

would be 2.5 x 10"4 millirem per year from effluent release. Radio

nuclides contributing to total body dose via ingestion include 

uranium-234 (77%), uranium-238 (11%), and technetium-99 (6%). Ingestion 

is the principal pathway of exposure for a number of other reference 

organs. Ingestion of uranium isotopes contributed over 70% of the 

estimated maximum individual kidney dose (Table 3.2-3, 2.2 millirem). 

In contrast the estimated GI tract dose of 8.4 millirem (Table 3.2-2) 

per year of effluent release is not due primarily to uranium isotopes; in 

that case ingested technetium-99 (68%) and ruthenium-106 (20%) contribute 

most of the dose. 
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Liquid effluents 

Drinking water 

Drinking water is assumed to have the concentration of radionuclides given 

in Table 3.2-6, which are the l iqu id effluents diluted by the r iver. No 

further reduction in concentration is credited, although normal water-

puri f icat ion processes would cause a reduction. For an average consumption 

of 1.2 l i ters/day, the estimated total body and organ doses and the pr in

cipal contributing radionuclides are presented in Tables 3.2-7 and 3.2-8. 

I f 1% of the population obtains drinking water from the r iver , the popu

l a t i o n w i l l receive an annual dose of 9.2 x 10"3 man-rem from the gaseous 

diffusion plant effluents and 9.8 x 10~3 man-rem from the gas centrifuge 

plant eff luents. 

Swimming and shore use 

For the case of swimming, an individual is assumed to spend 1% of the year 

swimming submerged in the diluted effluent waters. The annual total body 

dose from swimming is 6.7 x 10"6 mill irem (Table 3.2-7). The radionuclides 

contributing most to the exposure are ruthenium-106 (54%) and zirconium-

niobium-95 (45%). 

I f 1% of the population within 50 miles is assumed to u t i l i ze the r iver for 

recreational purposes, the annual population doses w i l l be 6.7 x 10~5 man-

rem from swimming. 

Ingestion (aquatic food chain) 

Al l foods obtained from the aquatic system are assumed to be freshwater 

species. Whether any edible species w i l l be harvested for human use is 

not known; however, the assumption is made that an individual consumes 

20 g of f ish per day (<1 lb per month). The total body doses from 

ingestion of f ish are 3.8 x lO"4 and 3.9 x ]0"k mil l irem per year for 

diffusion and centrifuge plants, respectively; Tables 3.2-7 and 3.2-9 

summarize the total body and organ doses and the principal contributing 

radionuclides for this pathway. An estimate of the population doses 



TABLE 3 .2-6 

CALCULATED RELEASES OF RADIOACTIVE MATERIALS IN LIQUID EFFLUENTS FROM ENRICHMENT PLANTS 

Radionuclide 

Sr-90 
Nb-95 
Zr-95 
Tc-99 
Ru-106 
Cs-137 
Ce-144 

U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Np-237 
Pu-239 

Gaseous 

Average annual 
release 
(yCi /yr ) 

1.5E32" 
1.0E4 
1.0E4 
7.0E6 
9.3E4 
1.5E3 
1.5E3 

4.1E0 
2.2E-2 
1.4E3 
5.4E1 
1.3E2 
1.2E3 
4.0E0 
8.0E-3 

d i f fus ion plant 

Average annual 
concentration 

in 1000-cfs r i v e r 
(yCi /ml)a 

1.7E-12 
1.1E-11 
1.1E-11 
7.8E-9 
1.0E-10 
1.7E-12 
1.7E-12 

4.6E-15 
2.5E-17 
1.6E-12 
6.0E-14 
1.5E-13 
1.3E-12 
4.5E-15 
9.0E-18 

Gas centr i fuge plant 

Average annual 
release 
(yCi /y r ) 

> Same as for gaseous 

7.8E0 
4.1E-2 
2.7E3 
1.0E2 
2.5E2 
2.2E3 
4.0E0 
8.0E-3 

Average annual 
concentration 

in 1000-cfs r i ve r 
(yCi/ml) 

d i f fus ion plant 

8.7E-15 
4.6E-17 
3.0E-12 
1.1E-13 
2.8E-13 
2.5E-12 
4.5E-15 
9.0E-18 

e »^ 

r\3 

oo 
ro 

aThe l iquid discharges are completely mixed in a r iver with a flow rate of 1000 cfs. A stream with an 
average annual flow of 1000 cfs was considered to be more typical of the body of water. However, this 
stream may have a 7-day, 10-year low flow of 100 cfs used elsewhere in this report. 

^Read as 1.5 x 103. 



TABLE 3.2-7 

MAXIMUM ESTIMATED DOSE TO THE INDIVIDUAL FROM THE LIQUID EFFLUENTS OF MODEL ENRICHMENT 
PLANTS AS A FUNCTION OF EXPOSURE MODES IN A 1000 cfs STREAM3 

Exposure mode 

Swimming 

Eating fishd 

Drinking water6 

Total 

Ga: 

Total body 

6.7E-6C 

3.8E-4 

9.2E-4 

1.3E-3 

seous diffus 

Bone 

1.2E-3 

3.2E-2 

3.3E-2 

ion 

Dose (mi 

Kidneys 

2.4E-3 

9.0E-3 

1.1E-2 

11 irem/year) 

Gas 

Total body 

6.7E-6 

3.9E-4 

9.8E-4 

1.4E-3 

centrifuge 

Bone 

1.4E-3 

3.3E-2 

3.4E-2 

Kidneys 

2.4E-3 

9.3E-3 

1.2E-2 

a A stream with an average annual flow of 1000 cfs was considered to be more typical of the body of water 
from which a significant number of people would obtain drinking water. However, this stream may have a 
7-day, 10-year low flow of 100 cfs used elsewhere in this report. 

Based on submersion in water for 1% of year. 
3Read as 6.7 x 10 - 6. 
f 
Assumed consumption of 20 g of fish per day. 

"Assumed consumption of 1.2 liters of water per day. 

00 

PO 
i 
00 
00 



TABLE 3.2-8 

SUMMARY OF THE ESTIMATED CONTRIBUTIONS TO THE INDIVIDUAL TOTAL BODY AND ORGAN DOSES RESULTING 
FROM INGESTION OF DRINKING WATER CONTAMINATED WITH EFFLUENTS FROM NORMAL OPERATIONS 

OF THE GAS CENTRIFUGE ENRICHMENT PLANT** 

Organ of 
reference 

Annual dose 
to individual 

(millirem) 

Contribution to dose (%) 

Uranium Sr-90 Tc-99 Cs-137 Ru-106 Others 

Total body 

Bone 

Kidneys 

9.8E-40 

3.3E-2 

9.3E-3 

13.3 

6.7 

4.9 

64.3 

90.9 

6.8 

17.3 

1.2 

84.9 

3.3 

2.5 

1.5 0.3 

1.2 

0.9 oo 

I 
oo 
J* a, Similar percent dose contributions apply to gaseous diffusion plants. 

Dose to organs not shown is considered equal to that of the total-body dose. 
cRead as 9.8 x 10 - t t. 
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TABLE 3.2-9 

SUMMARY OF THE ESTIMATED CONTRIBUTIONS TO THE INDIVIDUAL TOTAL BODY AND ORGAN DOSES 
RESULTING FROM INGESTION OF FISH CONTAMINATED WITH EFFLUENTS THAT WOULD BE 
RELEASED DURING NORMAL OPERATIONS OF THE GAS CENTRIFUGE ENRICHMENT PLANT2 

, Annual dose Contribution to dose (%) 
Organ of to ind iv idual 
reference (mi l l i rem) Uranium Sr-90 Tc-99 Cs-137 Ru-106 Others 

Total body 3.9E-4e 5.4 25.6 10.8 56.4 1.8 

Bone 1.4E-3 25.6 36.1 7.8 28.5 1.4 0.6 

Kidneys 2.4E-3 3.5 4.2 83.3 7.5 1.1 0.4 £ 
en 

aSimilar percent dose contributions apply to gaseous diffusion plants. 

Dose to organs not shown is considered equal to that of the total body dose. 
cRead as 3.9 x lO"4. 
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resulting from fish ingestion can be obtained in the following manner. 

A conservative estimate for fish production in a natural river was 

estimated to be 55 g/m2/year as reported by Chapman.30 If the 1000-cfs 

river is assumed to be 6 ft deep and 100 ft wide and have a harvest 

length of 50 miles, a yield of 1.3 X 108 g/year of fish is potentially 

available for human consumption. Ingestion of the entire yield of fish 

from the river will result in an annual population dose to the total 

body of 6.9 X 10~3 man-rem from gaseous diffusion plant effluents and 

7.1 X 10~3 man-rem from gas centrifuge plant effluents. 

3.2.1.2.3 On other biota 

Two recent comprehensive reports have been concerned with radioactivity in 

the environment and with the pathways by which the radioactive materials 

can reach the biota.31'32 Depending on the pathway being considered, ter

restrial and aquatic organisms will receive either about the same radiation 

doses as man or somewhat greater doses. No guidelines have been estab

lished for desirable limits for radioactive exposure to species other than 

man. However, the general agreement is that the limits established for 

humans are also conservative for other species.33 

Terrestrial biota 

External doses to terrestrial animals other than man are determined on the 

basis of gaseous effluent concentrations and of direct radiation contri

butions at the locations where such animals may actually be present. 

Because the concentrations are primarily used in the calculations for 

dose to man, they are discussed in Sect. 3.2.1.2.2. The external doses 

to animals at the same location approximate those to man. 

A conservative estimate can be made for the ingestion dose to a terrestrial 

animal such as a muskrat by maximizing the conditions that might contribute 

to radionuclide intake. Such a situation might exist if a muskrat derived 

all of its diet from aquatic vegetation growing in the plant discharge 

water before release to the river. The estimated internal dose is 2.9 

millirads per year of intake (Table 3.2-10). Animals with a strictly 



INTERNAL 

Radionuclide 

SR-90 
Nb-95 
Zr-95 
Tc-99 
Ru-106 
Cs-137 
Ce-144 
U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Np-237 
Pu-239 

DOSE TO AQUATIC 

Concentrate 
(yCi/ml) 

1.7E-12& 

1.1E-11 
1.1E-11 
7.8E-9 
1.0E-10 
1.7E-12 
I.7E-12 
4.6E-15 
2.5E-17 
1.6E-12 
6.0E-14 
1.5E-13 
1.3E-12 
4.5E-15 
9.0E-18 

TABLE 3.2-10 

BIOTA FROM THE LIQUID EFFLUENTS OF A GAS CENTRIFUGE ENRICHMENT PLANTa 

^n 
J l l 

Aquatic plants 

1.7E-2 
8.4E-2 
2.3E-1 
5.5E-1 
5.2E-1 
1.5E-3 
2.1E-1 
2.5E-2 
2.4E-5 
1.5E0 
5.2E-2 
1.3E-1 
l.OEO 
4.1E-3 
3.1E-6 

Annual dose ( 

Invertebrates 

3.5E-3 
l.OE-2 
1.5E-3 
6.9E-2 
7.9E-1 
1.9E-3 
4.1E-2 
2.5E-3 
2.4E-6 
1.5E-1 
5.2E-3 
1.3E-2 
l.OE-1 
1.6E-3 
8.9E-7 

m i l l i rads ) 

Fish 

1.7E-4 
3.1E+0 
7.5E-4 
2.1E-1 
2.6E-2 
7.5E-3 
1.0E-3 
2.5E-4 
2.4E-7 
1.5E-2 
5.2E-4 
1.3E-3 
l.OE-2 
4.1E-5 
3.1E-8 

Waterfowl or muskrats 

7.6E-1 
2.1E-5 
9.4E-5 
3.9E-2 
1.6E-2 
1.1E-2 
5.7E-4 
3.5E-5 
3.5E-8 
2.1E-3 
7.2E-5 
1.9E-4 
1.5E-3 
5.8E-5 
1.3E-8 

ro 
i 

CO 

aBiota l i v ing in a r iver with an average annual flow of 1000 cfs (8.93 x ]Qlh ml/year). A stream with 
an average annual flow of 1000 cfs was considered to be more typical of the body of water from which 
a signif icant number of people would obtain drinking water. However, this stream may have a 7-day, 
10-year low flow of 100 cfs used elsewhere in this report. 

&Read as 1.7 x 10"12 . 
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terrestr ia l diet would receive a lower food chain dose from atmospheric 

releases because the bioaccumulation factors for terrestr ia l radionuclide 

transfers are lower. 

Aquatic biota 

Doses to aquatic plants, to invertebrates, and to fish that live in the 

river below the discharge region were calculated to be 4.3, 1.2, and 

3.4 millirads/year, respectively (Table 3.2-10). These doses are due 

to water intake and ingestion by organisms that live in a river (1000 cfs) 

that receives the liquid effluent of a gas centrifuge plant. The water 

immersion dose for all biota is shown in Table 3.2-11. The discharge 

region concentrations were those listed in Tables 3.2-6 and 3.2-10, and 

the organisms were assumed to spend all year in water having maximum 

concentrations of discharged radionuclides. All calculated doses are 

based on standard models.34 However, the doses are very conservative, 

since the possibility is highly unlikely that any of the mobile life 

forms will spend a significant portion of their life-span in the discharge 

region that has maximum concentration of radioactivity. Both radioactive 

decay and additional dilution would reduce the dose at other points in 

the river. Radiation doses to biota that receive liquid effluent from 

the gaseous diffusion facility would be slightly less. 

The literature that relates to radiation effects on organisms is extensive, 

but yery few studies have been conducted to determine the effects of con

tinuous low-level exposure to radiation from ingested radionuclides on 

natural aquatic or terrestrial populations. The most recent and pertinent 

studies point out that, whereas the existence of extremely radiosensitive 

biota is possible and increased radiosensitivity in organisms may result 

from environmental interactions, no biota have yet been discovered that 

show a sensitivity to radiation exposures as low as those anticipated in 

the area that will surround the model gas centrifuge UF6 separation plant. 

The BEIR report35 states, in summary, that evidence to date indicates that 

no other living organisms are yery much more radiosensitive than man. 

Therefore, no detectable radiological impact is expected in the aquatic 
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Table 3.2-11 

WATER IMMERSION DOSE TO ALL BIOTA FROM THE LIQUID EFFLUENTS 
OF A GAS CENTRIFUGE ENRICHMENT PLANTa 

Annual dose (millirads) 

Radionuclides 

Sr-90 
Nb-95 
Zr-95 
Tc-99 
Ru-106 
Cs-137 
Ce-144 
U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Np-237 
Pu-239 

Beta plus gamma 

1.7E-5* 
1.6E-4 
3.2E-4 
7.0E-3 
1.9E-3 
2.2E-5 
2.2E-5 
4.2E-9 
4.2E-12 
2.5E-7 
1.9E-7 
2.0E-8 
1.5E-7 
7.9E-9 
7.4E-13 

Gamma 

0.0E+0 
1.6E-4 
3.1E-4 
0.0E+0 
5.3E-4 
1.9E-5 
1.7E-6 
7.7E-10 
7.7E-13 
4.6E-8 
1.8E-7 
3.8E-9 
2.9E-8 
7.1E-9 
9.9E-14 

Biota living in a river with an average annual flow of 1000 cfs 
(8.93 x 10 I ? ml/year). A stream with an average annual flow of 
1000 cfs was considered to be more typical of the body of water 
from which a significant number of people would obtain drinking 
water. However, this stream may have a 7-day, 10-year low flow 
of 100 cfs used elsewhere in this report. 

^Read as 1.7 x 10"5. 
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biota or in terrestrial mammals as a result of the quantity of radio

nuclides to be released into aquatic habitats or into the air by the gas 

centrifuge plant. 

3.2.1.3 Effects of biocidal discharges 

3.2.1.3.1 On land use 

Biocide ut i l izat ion is l imited primarily to pesticides and herbicides 

used in grounds and fac i l i t i es maintenance. I f proper controls are 

implemented, no substantial effects are l ike ly to be incurred on areas 

other than those treated. Controls include using registered materials 

only, consulting with local pesticide control agencies, and conforming 

to state-of-the-knowledge application techniques and dosages. 

3.2.1.3.2 On water use 

The major biocidal l iquid waste associated with a gas centrifuge plant 

is that resulting from the chlorination of the recirculating cooling 

water (Sect. 2.3.1.9), sewage wastewater treatment, and sanitary-water 

backwash (Sect. 2.3.1.18). Cooling tower blowdown, with a maximum flow 

of 487,000 gpd at a total residual chlorine concentration of 0.2 to 

0.5 mg/liter (Table 2.3-4), and sanitary-water backwash, about 79,200 

gpd at 1-mg/liter residual chlorine concentration (Sect. 2.3.1.10), 

are discharged into the primary holding pond. Dilution of the chlorine 

in the holding pond w i l l result in residual chlorine levels no greater 

than 0.4 mg/l i ter. Additional chlorine demand in the holding pond w i l l 

further reduce this residual chlorine concentration. Disinfection of 

sewage wastewaters by chlorination necessitates maintaining a free residual 

chlorine concentration of between 0.1 and 0.5 mg/l i ter (Table 2.3-5). 

The effluent from the wastewater treatment f ac i l i t y is released direct ly 

into the receiving water at flow rates on the order of 200,000 gpd (Table 

2.3-5). 
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Chlorine is na tura l l y unstable in water, so free chlor ine persists only 

for short periods. Chloramines (combined avai lable chlor ine) also de

compose in natural waters to form nearly innocuous ch lor ides, but decom

posi t ion times are longer than for free chlorine and range from a few 

hours to a few days.36 The persistence of the residual chlorines in 

the receiving water system w i l l depend upon ex is t ing chlor ine demand, 

background levels o f residual ch lo r ine , and mixing and d i l u t i on in the 

water body. Since the retent ion time fo r e f f luents in the primary hold

ing pond is about 21 days (see Sect. 3 .2 .1 .1 ) , very l i t t l e residual 

chlor ine is l i k e l y to pers is t at the o u t f a l l . 

Assuming immediate d i l u t i on in the aquatic system, with no reductions in 

residual chlor ine concentration due to chlor ine demand, the maximum 

increase in residual chlor ine levels in a 100-cfs r i ve r receiving plant 

e f f luents is 5.3 y g / l i t e r . However, more r e a l i s t i c ca lcu la t ions , based 

on a near zero concentration of residual chlor ine in the holding pond 

e f f l u e n t , indicate a maximum increase of 1.5 y g / l i t e r (based on 0.5 mg/ 

l i t e r , the maximum expected free residual chlorine concentration in the 

e f f l uen t from the sani tary sewage system). Because of the nature of 

wastewaters from sani tary f a c i l i t i e s , which t yp i ca l l y have high chlor ine 

demands, the 1.5 y g / l i t e r free residual chlor ine level should be of short 

durat ion. 

The EPA-recommended guidel ine for maximum allowable concentration of 

residual chlor ine in a receiving water system is 3 y g / l i t e r fo r protec

t ion of aquatic l i f e . 3 7 Ef f luent l im i ta t ions set fo r steam e lec t r i c 

power generating sources38 s t ipu la te that "neither avai lable chlor ine nor 

to ta l residual chlor ine may be discharged from any un i t f o r more than 

2 hr in any one day . . ." and the free avai lable chlor ine discharged in 

tower blowdown shall not exceed 0.5 mg/ l i t e r maximum and 0.2 mg / l i t e r 

average concentrat ion. On the basis o f near zero residual chlorines in 

the primary holding pond e f f l u e n t , a gas centr i fuge plant should be able 

to comply wi th such regulat ions. 
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Chlorine is used extensively in the U.S. as a bactericidal agent in 

municipal water works, and many industrial waters are also chlorinated to 

control bacteria and other slime-producing organisms. The potential 

carcinogenic effects in public water supplies of chlorinated organic com

pounds resulting from chlorine release from a gas centrifuge plant are 

negligible relative to amounts of chlorine added in public sanitary water 

treatment processes. Traces of chlorine in the water used by food 

processing industries may cause tastes in canned or frozen products, and 

chlorine in waters for metal-plating baths may affect metal deposition. 

However, l imi t ing values for these industries are on the order of 2 mg/ 

l i t e r chlorine,37 a factor of 1000 times greater than that released from 

a gas centrifuge plant. Because of the low effluent volumes involved 

and of the transient nature of residual chlorine in water, residual 

chlorine released from a gas centrifuge plant should not adversely affect 

existing water users. 

Application of fungicide to cooling tower wood every six months (see 

Sect. 2.3.1.18) w i l l result in low-level releases of sodium pentachlo-

rophenate in cooling tower blowdown water. Concentrations of sodium 

pentachlorophenate as high as 20 to 60 mg/l i ter in water drunk by l i ve 

stock produced no adverse ef fects.3 9 No data are available on safe 

concentrations for public water supplies, but a concentration <5 mg/l i ter 

in blowdown water recommended for the protection of aquatic l i f e (Sect. 

3.2.1.3.4) should be more than adequate for maintenance of safe drinking 

water concentrations of sodium pentachlorophenate. 

Relatively minor amounts of pesticides may also be released to the environ

ment during operation of a gas centrifuge plant. Herbicides may be applied 

along fence borders; insecticides may be used for pest control. The 

amounts and types of these biocides to be used w i l l have to be determined 

on a site-specif ic basis. Applications w i l l be periodic, and with the 

proper safeguards, quantities that enter into the aquatic ecosystem 

should be minor. No impact on competing water uses is expected. 
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3.2.1.3.3 On terrestr ia l ecology 

Biocide releases that can affect terrestrial biota during plant operation 

consist primarily of pesticides that are likely to be used on the site. 

Herbicides may be used to control undesirable plants as part of the grounds 

maintainance program; insecticides may be used for pest control. These 

compounds may be accumulated and cause undesirable short- and long-term 

effects in nontarget organisms. Potential impacts can be mitigated, 

however, by restricting pesticide applications to an absolute minimum, 

by applying the pesticides in a safe and approved manner, and by using 

only nonpersistant compounds with low toxicity to nontarget organisms. 

For each proposed gas centrifuge plant, the environmental impact assess

ment for that plant must specify pesticide use plans and evaluate the 

potential effects of each compound on nontarget organisms on and near the 

site. 

3.2.1.3.4 On aquatic ecology 

As described and discussed in Sect. 3.2.1.3.2, the major biocidal dis

charge from a gas centrifuge plant is chlorine in the cooling tower 

blowdown, treatment wastewater and sanitary-waste backwash. Also, minor 

releases of pesticides may be associated with maintenance and pest 

control programs on the plant grounds. 

The tox ic i ty of chlorine residuals on aquatic animals is well documented.36 

The l i terature indicates that tox ic i ty is dependent on both the concentra

tion of chlorine residuals and the duration of exposure. Although some 

aquatic organisms can tolerate short-term residual chlorine exposures, 

chronic exposure at concentrations on the order of 3 yg / l i t e r can cause 

toxic effects in sensitive aquatic species.40 The EPA-recommended guide

l ine for maximum allowable concentration of residual chlorine in a 

receiving water is 3 yg / l i t e r . 3 7 

Evaluation of the residual chlorine releases from a gas centrifuge plant 

(see Sect. 3.2.1.3.2) indicates that, after di lut ion in a 100-cfs r iver , 
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the increase in residual chlorine concentration in the receiving body 

would be about 1.5 yg / l i t e r . This evaluation assumes that the long reten

tion time (about 21 days) and the chlorine demand in the primary holding 

pond wi l l reduce the residual chlorine concentration from the cooling tower 

blowdown to near zero in the effluent from the holding pond. Under these 

conditions, l i t t l e or no impact on aquatic biota can be expected in the 

receiving water after mixing, as long as the existing concentration of 

residual chlorine in the receiving water is no greater than 1.5 yg / l i t e r . 

However, within the mixing zone for the sewage wastewater treatment e f f l u 

ent the free residual chlorine concentration w i l l be as high as 0.1 to 

0.5 mg/l i ter (Table 2.3-5). Intermittant residual chlorine concentrations 

of 0.1 mg/l i ter may cause algistat ic effects on periphyton41 '42 and a 

lethal effect on sensitive sessile benthic organisms. Therefore, within 

the mixing zone some impacts on aquatic biota can be expected, with the 

magnitude of the effects depending on the persistence of the residual 

chlorine and on factors controll ing mixing zone size. Such l imited 

mixing zone effects, however, would be expected to have a negligible 

overall impact on aquatic populations in a large receiving water. 

Periodic release of sodium pentachlorophenate, a fungicide, in blowdown 

water could have an adverse impact on aquatic biota. Toxic concentrations 

reported for aquatic biota vary from 0.15 to 35 mg/ l i te r . 4 3 ' 4 4 However, 

sublethal effects (4.3% abnormal 48-hr oyster embryos [Crassostrea gigas]) 

of sodium pentachlorophenate at concentrations as low as 0.027 mg/l i ter 

have been reported.45 Therefore, the concentration of sodium pentachloro

phenate in the blowdown water must be maintained at <5 mg/l i ter to ensure 

a concentration <0.025 mg/liter in the receiving water; these values are 

based on the assumption of a minimum flow of 100 cfs. These levels should 

be adequate to prevent toxic or sublethal impacts on aquatic biota. 

As mentioned previously (Sect. 3.2.1.3.1), various pesticides including 

insecticides and herbicides may be used intermittantly on the plant s i te . 

These chemicals can wash into local surface waters in storm water runoff, 

and, depending on the persistence of the pesticide, can accumulate in 

aquatic biota. Impacts from persistant pesticides on aquatic ecosystems 
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can be severe and long lasting. However, as long as the plant operator 

is restricted to the use of nonpersistent compounds in a safe and approved 

manner, the impacts on aquatic biota from pesticide applications should 

be minor or negligible. 

3.2.1.4 Effects of other chemical discharges 

3.2.1.4.1 On land use 

Impacts on land use of chemicals discharged during operation of a gas 

centr i fuge plant involve gaseous ef f luents from the process bui ldings 

and steam p lan t , cooling tower d r i f t , and addit ional u t i l i z a t i o n of land 

fo r disposal of so l i d wastes and sludges. Major gaseous ef f luents from 

the process bui ldings and steam plant are detai led in Table 2.3-17. Of 

par t i cu la r importance are hydrogen f luor ide (HF), su l fu r dioxide (S02) , 

and nitrogen oxides (NO ). Minor quant i t ies of perchloroethylene w i l l 

also be released twice per year. Land requirements for disposal of 

wastes generated during operation of a 8.75 m i l l i on SWU/year plant 

through the year 2000 include 11 acres for rad ioact ive ly contaminated 

wastes, 1 acre fo r sani tary l a n d f i l l (Sect. 2 .3 .1 .15) , and 20 acres fo r 

f l y ash, bottom ash, and sludges from S02 removal (Sect. 2 .3 .1 .14) . 

Table 3.2-14 (Sect. 3.2.1.4.5) indicates calculated maximum concentrations 

at the plant boundary of gaseous pol lutants and par t icu la te matter re 

leased from the process bui ldings and the steam plant during normal 

operation of a gas centr i fuge p lan t , based on annual average meteorological 

data and other assumptions as discussed in Sects. 3.2.1.4.5 and 3 .2 .1 .2 .1 . 

Except fo r HF, the maximum concentrations at the plant boundary represent 

less than 1% of applicable National Ambient A i r Quali ty Standards.46 

The HF expected maximum at the boundary is 4.4% of the 0.5 yg/m3 standard. 

In general, without consideration for episodic phenomena, rout ine releases 

of gaseous ef f luents should have no substantial impact on regional a i r 

qua l i t y or land use. However, the ef fects of release of these e f f l uen t s , 

e i the r in areas where the ambient concentrations of these pol lutants 

already approach or exceed Federal a i r qua l i t y standards or in areas 

having very high regional a i r q u a l i t y , should be examined in more d e t a i l . 
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The potential for episodic accumulation of HF, S02, and NO must be eval-

uated on a site-specif ic basis. 

Gaseous emissions of S02 and HF may be converted to their acid forms i f 

the exhaust plume contacts atmospheric moisture. Such moisture can be 

provided by rain, by cooling tower plumes, or by occurrences of high 

atmospheric humidity. Effects attributed to S02 and S03 under such 

conditions47 include metal corrosion, deterioration of building materials 

and discoloration of paint, and reduced tensile strength of tex t i les . 

Similar effects are expected to occur with HF formation. However, 

measurable impacts from such acid formation should generally be confined 

to buildings and materials within the plant buffer zone. 

Air pollutants in relat ively low concentrations have been demonstrated to 

cause injury to native vegetation, as well as to agricultural species. 

The principal factors are S02, hydrogen halides (including HF), and smog 

(including NO ).48 Minimum concentrations reported to produce chronic, 
A 

sublethal injuries to sensitive plants are 0.1 ppm S02 (ref. 4 8 ) , 0.5 ppm 

N0V (ref. 48), and 0.1 ppb HF (ref. 49) (see Sect. 3.2.1.4.3). The calcu-

lated maximum levels of gas centrifuge emissions at the plant boundary 

represent 0.2, 0.05, and 27% of these concentrations, respectively, for 

an annual average meteorology. Except for possible episodic occurrences, 

which must be evaluated on a case-by-case basis, gaseous and particulate 

releases from process buildings and the steam plant do not appear to 

represent any threat to local or regional land use. 

Evaporation of 75 liters of perchloroethylene twice a year will result, 

each time, in a release into the atmosphere of a quantity of perchlo

roethylene sufficient to give a concentration of 500 ppm for a period 

of up to 12 hr (see Sect. 2.3.1.6.16). Dispersion of these vapors would 

reduce perchloroethylene concentrations to about 1.59 x 10"3 ppm at the 

plant boundary (1207 m). The threshold limit value (TLV) for continuous 

exposure to perchloroethylene as set by the American Conference of 

Governmental Industrial Hygenists is 100 ppm. Therefore, gaseous 

emissions of perchloroethylene should have no measurable effects on 

land use. 
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During operation of a gas centr i fuge p lan t , a to ta l of 32 acres w i l l be 

u t i l i z e d f o r waste and sludge disposal (Sects. 2.3.1.14 and 2 .3 .1 .15) . 

The to ta l onsi te land requirement fo r the plant i s about 350 acres, not 

including acreage required for transmission l ines and fo r access to high

ways and rai lways (Sect. 2 .5 .1 .1 .3 ) . Ex is t ing land uses w i l l be f o r f e i t e d 

on these areas. Disposal of rad ioact ive ly contaminated wastes on 11 

acres w i l l r e s t r i c t future usage of t h i s land. The potent ia l also ex is ts 

fo r leaching of contaminated and noncontaminated materials in to groundwater 

f low systems, thereby i n t e r f e r r i n g wi th uses of groundwater down-gradient 

from the plant s i t e . Proper planning and design of bur ia l grounds and 

sanitary l a n d f i l l s , however, can minimize th i s potent ia l impact. 

3.2.1.4.2 On water use 

Liquid e f f luents from a gas centr i fuge plant plus possible contaminates 

in stormwater runoff and groundwater leachates from so l id waste bur ia l 

grounds w i l l be released at four point-sources. Components o f the four 

point-source discharges (sewage treatment p lan t , primary and secondary 

holding ponds, and the steam plant ash s e t t l i n g pond) are summarized 

in Fig. 2.3-5. The major const i tuents , other than biocidal discharges 

(Sect. 3.2.1.3) and sani tary wastes (Sect. 3 .2 .1 .5 ) , are: (1) nu t r ien t 

chemicals (n i t ra tes and phosphates), (2) metals (aluminum, chromium, 

z inc , and uranium), (3) dissolved sa l ts ( t o ta l dissolved s o l i d s , ch lor ides, 

su l fa tes , and f l u o r i d e s ) , (4) suspended so l i ds , (5) organics (detergents, 

o i l s and petroleum products, t r ibuty lphosphate, Varsol ) , and (6) leachates 

from the coal yard , f l y ash t a i l i n g s , and l imestone-sulfate sludge ( e . g . , 

heavy metals and su l f a tes ) . "Po l lu tant " const i tuents in stormwater 

runoff i n the v i c i n i t y of a gas centr i fuge plant may include chromates, 

z inc , and f luor ides from atmospheric deposi t ion. Groundwater contami

nation is also possible as a resu l t of seepage from bur ia l grounds and 

so l id waste disposal areas (see Sect. 2 .3.1.15) . No estimates of the 

importance of these contr ibut ions from runoff and groundwater leachates 

to surface waters are ava i lab le . 
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Estimated concentrations of contaminants in the effluent from the primary 

holding pond and projected levels in a receiving water body (assumed to 

be a river) after complete mixing are included in Table 3.2-12. Calcula

tions are based on data from Table 2.3-6 and Fig. 2.3-5, and on di lut ion 

in a r iver with a flow rate of 100 cfs (the minimum allowable flow rate as 

established in the s i t ing c r i t e r i a , Sect. 2.5.1.6.2) or 1000 cfs. The 

values calculated for the receiving water represent a maximum incremental 

increase in contaminant concentration ( i . e . , the receiving body is assumed 

to have no existing contamination load). Exact concentrations of con

taminants in the receiving water body and their impacts on water use and 

aquatic ecology must be determined on a site-specif ic basis. However, 

for the purposes of a generic analysis of environmental impacts of a gas 

centrifuge plant, the increases in concentration, as recorded in Table 

3.2-12, can be used for i l l us t ra t i ve purposes. 

Available water quality standards for e f f luents , 5 0 - 5 2 and appropriate 

water quality c r i ter ia and recommended l im i ta t i ons 3 9 ' 5 3 ' 5 4 for the 

receiving water body are also included in Table 3.2-12. The routine 

release of relat ively large quantities of nitrates and phosphates into 

a natural aquatic system is expected to be the most severe of any release 

of chemicals during operation of a gas centrifuge plant. Aluminum levels 

may also be c r i t i c a l , but a l l other chemical discharges from the primary 

holding pond carry concentrations about 10% or less of the values allow

able in aquatic systems based on available c r i te r ia and guidel ines. 3 9 ' 5 3 ' 5 

Nutrient chemicals (nitrates and phosphates) 

The addition of effluent that has a nitrogen (as n i t ra te , N03") concen

trat ion of 29.3 mg/l i ter ( t o ta l , 85 kg/day) and a phosphorus (as phos

phate, POit3") concentration of 0.92 mg/l i ter ( t o ta l , 2.6 kg/day) (see 

Table 3.2-12) to an aquatic system may result in accelerated eutrophica-

t ion , depending on existing conditions in the receiving water. The 

potential adverse effects of this nutrient enrichment on water use 

include: (1) simulation of growths of aquatic weeds, nuisance algae, 

and algal blooms, with resultant detrimental effects on recreational and 

aesthetic uses; (2) interference with water treatment processes for public 
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and indus t r ia l water suppl ies; (3) augmentation o f slime growths in 

rec i rcu la t ing water cool ing systems; and (4) sh i f t s in the dominant 

species of f i s h (and other b i o ta ) . Beneficial aspects o f eutrophicat ion 

include the st imulat ion of b io log ica l p roduct iv i ty thereby enhancing f i sh 

growth rates. The impacts o f eutrophicat ion on the b io log ic components 

o f an aquatic ecosystem are discussed in fu r ther de ta i l i n Sect. 3 .2 .1 .4 .4 . 

The sever i ty of potent ia l nu t r ien t problems in an aquatic ecosystem 

depends pr imar i l y on: (1) the degree and rate o f nu t r ien t r e c i r c u l a t i o n ; 

(2) ex is t ing levels of nitrogen (N) and phosphorus (P) ; and (3) present 

t rophic status of the aquatic system. An inland lake i s , to some degree, 

a "sel f -contained system", and nutr ients a r t i f i c i a l l y introduced in to 

the system may be recycled in the lake fo r years. On the other hand, 

f lowing systems such as r ivers do not normally re ta in excess nu t r i en ts , 

and the ef fects of eutrophicat ion usually disappear when nut r ien t 

e f f luents are stopped. The ex is t ing levels o f nutr ients and the trophic 

status of the aquatic system also inf luence the impact o f the a r t i f i c i a l 

addit ion of n i t ra tes and phosphates. Primary product iv i t y i n nu t r ien t -

poor water systems is often l im i ted by the a v a i l a b i l i t y o f nitrogen and 

phosphorus, and therefore b io log ica l p roduc t iv i t y w i l l increase in pro

port ion to addit ions of these elements.55 On the other hand, in an 

aquatic system already "saturated" wi th nitrogen and phosphorus, fu r ther 

increases may produce l i t t l e s t imulat ion of plant and animal growth. 

A r t i f i c i a l eutrophicat ion of an aquatic ecosystem often resul ts in 

st imulat ion of growths of aquatic weeds and algae, and a s h i f t from a 

diatom-dominated plankton population to one dominated by blue-green and/or 

green a lgae. 5 3 For most users the recreational and aesthet ic potent ia l 

of a lake or r i ve r is reduced by overproduction of l i t t o r a l and emergent 

vegetation and heavy blooms of blue-green algae in la te summer. The 

aquatic weeds provide harborage fo r production of mosquitoes and i n t e r 

fere wi th boat ing, swimming, and f i s h i n g . 5 4 Some blue-green algae pro

duce odors and scums that make waters aesthet ica l ly unpleasing and 

undesirable fo r swimming. Nuisance blooms of algae can also release 

substances tox ic to t e r r e s t r i a l and aquatic organisms.53 
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In water supplies for public and industrial use, many forms of plankton 

and filamentous algae can clog sand f i l t e r s , produce undesirable tastes 

and odors in drinking water, and secrete o i ly substances that interfere 

with domestic use and manufacturing processes. Algae also produce slimes 

on surfaces in cooling towers and condensers, thereby reducing the 

efficiency of heat exchange. Filamentous algae may interfere with the 

operation of i r r igat ion systems by clogging ditches, weirs, and screens.53 

Eutrophication of an aquatic system is therefore l ike ly to increase water 

treatment costs for public and industrial water users. 

Eutrophication is often associated with increased biological productivity, 

including enhancement of f ish growth.56 However, shifts in available 

food supply, and physical and chemical changes often associated with 

eutrophication, generally result in a sh i f t in dominant f ish species,56 

(see Sect. 3.2.1.4.4). The impact of such changes on existing sport and 

commercial fisheries depends upon the adaptability of the fisherman, and 

the relative market and nonmarket values of the species involved. 

The recommended guideline for allowable concentrations of total phosphorus 

is 100 yg / l i te r in rivers and 50 yg / l i t e r in streams that enter lakes off 

reservoirs. The naturally occurring ratios and amounts of nitrogen to 

total phosphorus should also not be radically changed.53 On the basis 

of a typical 10:1 nitrogen-phosphorus rat io in natural waters,53 the 

recommended allowable amounts of total nitrogen are on the order of 

1000 yg / l i te r for r ivers, or 500 yg / l i t e r where streams enter lakes or 

reservoirs. The maximum incremental increases in the concentrations of 

nitrogen (as N03") and phosphorus (as PO^3") in a 100-cfs r iver (see 

Table 3.2-12) which result from operation of a gas centrifuge plant 

are 341 and 10.7 yg / l i t e r , respectively. These levels represent 34% 

and 11% of the total allowable concentrations of nitrogen and phosphorus, 

respectively. However, since injections of nitrogen and phosphorus of 

this magnitude may result in severe eutrophication, a conclusive evaluation 

of the probable effects of discharge of nitrogenous and phosphate wastes 

must depend on site-specif ic considerations. 
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Metals (aluminum, chromium, zinc, uranium) 

The four major metals released to the aquatic environment from a gas 

centrifuge plant are aluminum (Al), chromium (Cr), zinc (Zn), and uranium 

(U). Chromium and zinc are used in the recirculating cooling water sys

tem as corrosion inhibitors (Sect. 2.3.1.9). Aluminum (as aluminum 

nitrate) and uranium are constituents of the effluent from the uranium 

recovery facility (Table 2.3-1). All four of these metals are discharged 

from the primary holding pond. Concentrations of metals are also possible 

in leachate from the fly ash and the coal yard (discussed in the sub

section on effluents from the steam plant ash settling pond). 

Aluminum (Al) 

The concentration of aluminum in the eff luent from the primary holding 

pond is expected to be about 1.0 mg/l i ter ( total output, 2.9 kg/day), 

assuming 90% of the aluminum settles out in the holding pond as hydrox

ide. Dilution in a r iver with a flow of 100 cfs would produce a 

maximum increase in concentration of 12 yg / l i t e r ; or in a 1000 cfs r iver , 

1 yg / l i t e r (see Table 3.2-12). Soluble aluminum has been found in 

surface waters of the U.S. in concentrations up to 3 mg/ l i ter , but i t s 

occurrence at such concentrations is rare because i t readily precipitates 

as aluminum hydorxide.54 The so lub i l i ty of aluminum is a direct function 

of pH, decreasing toward pH 5.5 and increasing toward both extremes of the 

pH scale. The so lub i l i ty of aluminum is about 0.05 mg/l i ter at a pH of 

7.57 

Aluminum in public water supplies is generally not considered a public 

health problem.39 Aluminum sulfate (alum) is used by water treatment 

f ac i l i t i es as a coagulent for suspended sol ids.5 7 As one of the most 

abundant elements in the earth's crust, aluminum is a constituent of a l l 

soils and plant and animal tissues. The recommended maximum concentra

tion of aluminum in i r r igat ion water for continuous use on a l l types of 

soils is 5 mg/l i ter. Livestock should not be affected when the aluminum 

concentration of drinking water is less than 5 mg/ l i ter .5 4 However, 

aluminum compounds in industrial water supplies at concentrations as low 



TABLE 3.2-12 

EFFLUENTS FROM THE PRIMARY HOLDING POND AND STEAM PLANT ASH POND, AND CALCULATED DILUTIONS IN A RECEIVING WATER BODY 

Contaminant 

NO3-N 

PO^P 

Aluminum 

Chromium 

Zinc 

Uranium 

Fluoride 

Chlorine 

Chloride 

Tributyl 
phosphate 

Varsol 

so., 
Dissolved 

sol Ids 

Suspended 
solids 

Effluents concentrations 
standards 

Effluent 
concentration 

from holding 
ponds (mg/Hter) 

29.3 

0.92 

1.0 

0.032 

0.32 

0.005 

0.9 

o,d 

d 

0.2 

0.3 

d 

d 

o,(2 

Eff1uent 
guidelines 

and standards6 

(mg/liter) 

1.01 

2502 

0.23 

1.01-3 

2.51-202 

0.2-0.53 

14002 

IS-SO1-" 

Projected receiving water 
concentrations3 

Dilution to 
1000-cfs river 

(yg / l i ter ) 

34 

1.08 

1.18 

0.04 

0.37 

0.006 

1.06 

0.185 

0.353 

59 

Dilution to 
100-cfs river 

(yg/ l i ter ) 

341 

10.7 

11.63 

0.37 

3.7 

0.058 

10.47 

1.5* 

1.84 

3.49 

582 

Receiving water quality recommended 
guidelines 

For protection of 
aquatic biota6 

(yg /Hter ) 5 ' 6 

1,000 

100 

100 

50 

1,500 

3 

25,000 

For public water 
supplies6 

(yg/l iter)5>6 

10,000 

5,000 

1,400-2,400 

250,000 

250,000 

500,000 

Assuming 0 yg/liter background concentration. 

Superscript numbers refer to the source references below. 

Concentration will comply with appropriate effluent standards. The maximum allowable effluent concentration is used for 
dilution calculations. 

tffluent concentration undetermined, concentration dependent upon quality of intake water or other variables. 

^Derivation of number explained in Sect. 3.2.1.3.2. 

Source references: 

^Water Pollution Regulations of Illinois, Part IV: Effluent Standards, July 1973. 
2Tennessee Dept. of Public Health, Guidelines for Eff luent Cr i ter ia for Sewage and Industr ia l Wastewater, January 1973. 
339 CFR 196, Sects. 423.12-423.45, 36199-36207 (October 18, 1974). 
"40 CFR 133, FR 22298 (August 17, 1973). 
5National Academy of Science and National Academy of Engineering, Water Quality Criteria - 1972, Environmental Protection 
Agency, U.S. Government Print ing Of f i ce , Washington, D.C., 1973. 

6 J . E. McKee and H. W. Wolf, eds., Water Quality Criteria, 2nd ed. The Resources Agency of Ca l i fo rn ia , State Water 
Resources Control Board Publ. No. 3-A, 1963. 

CO 

ro 
1 
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as 0.05 mg/l i ter may create problems for such industries as commercial 

laundries and mineral water plants.39 

On the basis of a total increase of 0.012 mg/liter of aluminum after 

di lut ion in a r iver with a minimum flow of 100 c fs , aluminum releases 

from a gas centrifuge plant should not interfere with competing water 

uses. Major impacts on aquatic biota (see Sect. 3.2.1.4.4) and on 

related industries and recreation are not expected. 

Chromium (Cr) 

Chromium and zinc are used in the cooling water system of the gas centr i 

fuge plant. The concentrations of zinc and chromium in the recirculating 

water are about 2 and 15 mg/l i ter, respectively. However, treatment of 

the blowdown water can reduce these levels (see Sect. 2.3.1.9). On the 

basis of 0.05 mg/liter in the cooling tower blowdown after treatment 

(see Table 2.3-6), the hexavalent Cr concentration of the holding pond 

effluent w i l l be 0.032 mg/l i ter. Dilution of this effluent in a 100-cfs 

r iver w i l l increase Cr concentration by about 0.37 yg / l i t e r . 

The proposed EPA standard for maximum total concentration of hexavalent 

chromium allowable in drinking water is 0.05 mg/liter. In irrigation 

water, a maximum of 0.1 mg/liter is recommended for continuous use on 

all soils.54 No criteria are available for industrial water supplies. 

An increase in Cr concentration of 0.37 yg/liter (0.00037 mg/liter) over 

background levels should, therefore, have no measurable impact on water 

use. 

Zinc (Zn) 

As noted previously, zinc released to the aquatic environment during 

operation of a gas centrifuge plant can be controlled with available 

technology (see Sect. 2.3.1.9). On the basis of a Zn concentration of 

0.5 mg/liter in the blowdown water after treatment (see Table 2.3-6), 

the holding pond effluent will, contain zinc at a concentration of 0.32 

mg/liter, and background concentrations of Zn in a 100-cfs receiving water 

body would be increased by a maximum of 3.7 yg/liter. 
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Zinc concentrations measured at 130 locations on streams in the U.S. 

ranged from 0.002 to 1.183 mg/l i ter, with a mean of 0.064 mg/ l i ter .5 4 

Zinc has no known adverse physiological effects upon humans except at very 

high concentrations (675 to 2280 mg/ l i te r ) . 3 9 Because of consumer taste 

preference, recommended zinc concentrations in public waste supply sources 

do not exceed 5 mg/l i ter. The recommended upper l im i t in water for l i ve 

stock is 25 mg/l i ter; and for i r r igat ion 1.0 to 2.0 mg/l i ter of zinc 

depending on soi l pH. Therefore, a maximum increase of 3.7 yg / l i t e r of 

zinc in a mixed receiving water body should be more than adequate to 

prevent adverse impacts on competing water users. 

Uranium (U) 

Most l i terature concerning uranium in water relates to the radiological 

hazards. In most waters, uranyl ions (U02
2~) do not occur naturally at 

concentrations of more than a few micrograms per l i t e r ( yg / l i t e r ) . 5 4 

The uranium concentration expected in the effluent form the holding pond 

is 5 yg / l i t e r , and di lut ion of this wastewater in a r iver with 100 cfs 

minimum flow would produce a maximum increase in uranium concentration 

of 0.058 yg / l i t e r . 

The recommended guideline for maximum allowable concentration of uranyl 

ion in drinking water, on the basis of i t s chemical properties, is 

5 mg/ l i ter .5 3 The uranium concentration released from the holding pond 

is t r i v i a l relat ive to this value (about 0.1%). No data are available on 

effects of uranium on other water uses. However, on the basis of the 

drinking water guideline and analyses of the effects of uranium on aquatic 

biota (see Sect. 3.2.1.4.4), uranium released during routine operation of 

gas centrifuge plant should have no measurable effects on competing water 

uses. 

Dissolved salts (total dissolved sol ids, chlorides, sulfates, fluorides) 

Concentrations and relative proportions of dissolved materials vary with 

local i ty and time. The levels of total dissolved solids (TDS), including 

chlorides (CI") and sulfates (SO^-2), that w i l l be released from a gas 
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centrifuge plant are highly dependent on the quality of the intake water. 

Available estimates of flow rates and concentrations for these effluents 

are summarized in Table 2.3-6 and Fig. 2.3-5. With the exception of the 

sulfate sources involving coal leachates and sludges from S02- scrubbing 

and chromate destruction, concentrations of dissolved solids (and chlorides 

and sulfates) in the eff luent w i l l be higher i f poor qual i ty , high TDS 

source water is used. 

Fluorides originate in the uranium recovery process, and concentrations 

in the eff luent from the primary holding pond w i l l be 0.9 mg/l i ter. 

Dilution in a r iver with a minimum flow of 100 cfs would result in a 

maximum increase in concentration of fluorides of 0.01 mg/l i ter. 

Total dissolved solids (TDS) 

High total dissolved solids in surface waters and water supplies are 

objectionable because of possible physiological effects on aquatic biota 

(see Sect. 3.2.1.4.4), altered asethetic properties, increased water 

treatment costs, and mineral tastes in public drinking waters. The 1962 

USPHS Drinking Water Standards58 recommend (primarily on the basis of 

taste thresholds) that TDS levels not exceed 500 mg/l i ter where other 

suitable sources are available. Waters with TDS levels of 1000 mg/l i ter 

are generally considered suitable for a l l classes of livestock and poultry, 

and no detrimental effects on crops are l i ke ly for i r r igat ion waters of 

500 mg/l i ter TDS.54 Dissolved solids in industrial waters can cause 

foaming in boilers and can interfere with clearness, color, or taste of 

many finished products. High concentrations of dissolved solids 

(part icular ly chlorides and sulfates) also tend to accelerate corrosion. 

Limiting concentrations of TDS for industrial use vary, with the lowest 

maximum allowable concentration of about 50 mg/ l i ter .3 9 

The impact of increased loads of TDS resulting from oepration of a gas 

centrifuge plant on competing water uses cannot be determined except on 

a si te-specif ic basis because of the var iab i l i ty in expected TDS concen

trations in the eff luents. The possibi l i ty exists, however, that certain 
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downstream users may be subjected to increases in their water treatment 

costs. 

Chlorides (CI") 

As for TDS, the impact of chloride releases from a gas centrifuge plant 

must be evaluated on a site-specif ic basis. On the basis of taste 

preferences, the recommended maximum chloride concentration in public 

water supplies is 250 mg/l i ter. A concentration of 1500 mg/liter is 

reported to be safe for ca t t le , sheep, swine, and chickens. Chloride 

concentrations in i r r igat ion water which are reported to be harmful to 

crops vary from 100 to 1500 mg/l i ter. Chlorides have been shown to 

affect the corrosion rate for steel at concentrations as low as 3.0 

mg/l i ter, for stainless steel at 10 mg/l i ter, and for aluminum at 

5.0 mg/ l i ter .3 9 Chlorides released from a gas centrifuge plant could 

result in some increase in treatment costs for downstream users. The 

exact amount of such increase must be determined on a case-by-case basis 

Sulfates (SOiT2) 

Recommended threshold l imits for sulfates in water supplies are 250 

mg/liter in public drinking water, 100 mg/liter for livestock watering, 

and 336 to 376 mg/liter for i r r igat ion water. Limiting concentrations 

of sulfates for industrial water uses vary from 20 to 500 mg/ l i ter .3 9 

Sulfates, except as constituent of TDS, released from a gas centrifuge 

plant w i l l not l ike ly affect any of the above water uses. Further 

analysis, however, is necessary on a site-specif ic basis. 

Fluorides (F~) 

The fluoride concentration of the effluent from the primary holding pond 

will be about 0.9 mg/liter and dilution in a 100-cfs river will produce 

a maximum increase in fluoride concentration of 0.01 mg/liter over back

ground levels. The recommended allowable level in public water supplies 

is dependent on average air temperature, and varies from 1.4 to 2.4 mg/ 
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l i t e r . 5 4 Fluoride ions in drinking water supplies have potential bene

f i c i a l effects, and a concentration of 1.0 mg/l i ter may be more benefi

c i a l , through reduction of dental decay, than detrimental.39 For livestock 

watering, an upper l im i t of 2 mg/l i ter is recommended. Excessive fluorides 

C>1.0 mg/l iter) may be harmful in certain industries, part icularly those 

involved in the production of food, beverage, pharmaceutical, and medical 

items. Carbonated beverage industries may be affected by values as low 

as 0.2 mg/l i ter. However, the maximum possible fluoride concentration 

increase (0.01 mg/l i ter) in the receiving water body resulting from 

operation of a gas centrifuge plant represents only 5% of the lowest 

values and 1% or less of a l l others reported as safe concentrations for 

water use. Therefore, minor fluoride releases during routine operation 

of a gas centrifuge plant should not s igni f icant ly affect existing water 

uses. 

Suspended Solids 

Suspended solids are released during operation of a gas centrifuge plant 

principal ly from three point-sources: (1) the sewage treatment f ac i l i t y 

(200,000 gpd with 10 mg/l i ter suspended solids [Table 2.3-5]) ; (2) the 

steam plant ash set t l ing pond (normal maximum flow 930,000 gpd with max

imum of 30 mg/l i ter suspended solids [Sect. 2.3.1.14]); and (3) the p r i 

mary holding pond (760,000 gpd). The concentration of suspended solids 

in the holding pond eff luent w i l l be controlled to comply with Federal 

and state water quality standards (generally on the order of 15 to 50 

mg/l i ter [see Table 3.2-12]). Under worst-case conditions, the combina

tion of these three discharges into a single hypothetical effluent stream, 

from a gas centrifuge plant w i l l release 1,890,000 gpd of water with 

36 mg/l i ter suspended solids. Dilution of the effluent in a r iver with 

a minimum flow of 100 cfs could result in an increase in suspended solids 

of 1.02 mg/l i ter. 

High levels of suspended solids in water supplies and aquatic systems 

can adversely affect water use for recreation and aesthetics, industrial 

processes, public water supplies, and i r r iga t ion . Suspended solids 
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not only influence recreational and aesthetic values directly, but they 

also control or limit biological productivity, and the aquatic life the 
5 4 , 

waters will sustain for enjoyment by people (see Sect. 3.2.1.4.4). 

Clear waters are normally preferred for recreation. 

The recommendations for acceptable levels of suspended solids in water 

supplies for public and industrial use must relate to the capacity of 

the water treatment plant to remove the turbidity adequately and con

tinuously at reasonable cost. Water treatment plants are designed to 

remove the kind and quantity of turbidity to be expected in each water 

supply source. Therefore, any increase in suspended solids over that 

normal to a water must be considered in excess of that permissible.53 

The impact of increased levels of suspended solids in water supplies is, 

therefore, likely to be one of increased water treatment costs. The 

exact cost involved depends on types of downstream water users and 

existing water quality. 

The impact of releasing 36 mg/liter suspended solids from a gas centri

fuge plant into the receiving water body depends primarily on the exist

ing suspended solids load. Individual waters vary widely in the normal 

amounts of suspended solids they carry; to some degree, the level of 

suspended solids to be released from the plant, particularly from the 

holding pond, depends upon amounts of suspended solids in the intake 

water. Calculations of increased water treatment costs for downstream 

water users and the impacts on recreation, aesthetics, and aquatic biota 

must be made on a site-specific basis. 

Organics (detergents, oils, tributyl phosphates, Varsol) 

A number of organic compounds are used in operation of a gas centrifuge 

plant and released, generally in small amounts, to the aquatic environ

ment. The principal components are detergents, oils and petroleum 

products, tributyl phosphate (TBP), and Varsol. 
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Daily laundry operations (Sect. 2.3.1.6.17) w i l l require approximately 

100 kg of cleaning agents, including commercial detergents, released 

with 95,000 l i t e r s of water to the sewage treatment f a c i l i t y . The 

surface-active agent in the detergent is l i ke ly to be linear alkylate 

sulfonates (LAS). Di f f icu l t ies caused by detergents in water supplies 

include foaming, tu rb id i ty , interference with coagulation, and production 

of tastes and odors.39 

Small amounts of waste oils and petroleum products from a variety of 

sources are likely to be released to the primary and secondary holding 

ponds. Both holding ponds will have oil skimmers at their inlets and 

outlets to prevent all but trace amounts of oil from being discharged 

to the environment (see Sect. 2.3.1.14). In proper operation, the low 

levels of oils and soluble components of oils and petroleum products 

which might reach the aquatic environment should not affect water use. 

Tributyl phosphate (TBP) and Varsol are solvents employed in the uranium 

recovery process (Sect. 2.3.1.4). Concentrations of TBP and Varsol in 

the primary holding pond effluent are 0.2 and 0.4 mg/liter, respectively. 

Dilution in a 100-cfs river could increase levels of TBP by 0.002 mg/liter, 

and Varsol by 0.004 mg/liter (see Table 3.2-12). The chemical character

istics of TBP and Varsol are discussed in Sect. 3.2.1.4.4. No impacts 

on water use are expected from the release of these quantities of TBP 

and Varsol, except for possible effects on aquatic biota (Sect. 3.2.1.4.4). 



3.2-60 

Effluents from the steam plant ash set t l ing pond 

The steam plant ash sett l ing pond receives sluiced bottom ash and f l y 

ash, sludge from sulfur dioxide (S02)-removal, and runoff from the coal 

yard (Sect. 2.3.1.14). The effluent from the ash pond w i l l contain sus

pended solids (maximum, 30 mg/ l i te r ) , and sulfates and trace metals 

leached from the coal, ash, and S02-removal sludge. The pH of the 

effluent should approach neutral i ty, generally ranging from 6 to 8 pH 

units. Concentrations of suspended solids and the pH of the ash pond 

effluent should comply with the effluent l imitations for steam electr ic 

power generating point sources,59 specifying total suspended solids not to 

exceed 50 mg/l i ter and pH within the range of 6.0 to 9.0. 

The impacts of increased loads of sulfates and suspended solids on water 

use have been discussed in previous subsections of Sect. 3.2.1.4.2. 

The components and quantities of trace metals and sulfates leached from 

the coal and ash w i l l depend on the type and source of coal used at the 

steam plant. The sulfur contents of coal mined in the U.S. have been 

estimated at 2% for bituminous and 0.6% for anthracite.60 Percentages 

of sulfur typical in dessicated sludge from lime and limestone systems 

for S02 scrubbing are 17% and 13.6% respectively.61 Concentrations of 

trace metallic elements in coal ash are often enriched 2 to 340 times 

relative to their crustal abundance.62 Quantities of trace elements 

in U.S. coals have been reviewed by O'Gorman and Walker62 and Bolton 

et a l . 6 3 Of particular note are levels of mercury, lead, aluminum, and 

i ron. 

The impact of the effluents from the ash. pond during routine operation 

must be analyzed in further detail on a si te-specif ic basis. I f the 

potential exists for a signif icant impact, general information on the 

composition and type of coal to be burned and the potential for leaching 

of trace metals from the coal and ash would be required to better assess 

the problem. 
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3.2.1.4.3 On terrestrial ecology 

As discussed in Sect. 3.2.1.4.1, principal emissions other than cooling 

tower drift are limited to gaseous effluents from process buildings and 

the steam plant. Preemption of as much as 32 acres of wildlife habitat 

for locating land disposal sites for radioactive, sanitary, and steam plant 

solid wastes (Sects. 2.3.1.15 and 2.3.1.14) are not considered as posing 

any substantial threat to local or regional biota, provided that siting 

considerations (Sect. 2.5.1.6) are met with respect to important biotic 

resources (i.e., rare, threatened, and/or endangered species, endemic 

species, etc.). 

Plant boundary concentrations of various gaseous effluents are presented in 

Table 3.2-14 (Sect. 3.2.1.4.5) and contributions of principal components 

(i.e., S02» NO , and HF) discussed in relation to present ambient air qual-
A 

ity standards (Sects. 3.2.1.4.1 and 3.2.1.4.5). In terms of potential 

damage to vegetation, site boundary concentrations of S0 2, NO , and HF are 

expected to reach 0.2, 0.06, and 27%, respectively, of minimum concentra

tions of the three pollutants that have been shown to produce chronic, 

sublethal injury in sensitive species (Sect. 3.2.1.4.1). 

Direct effects on faunal components are not expected inasmuch as animals 

are, in general, far less sensitive to gaseous pollutants, and are 

ordinarily no more sensitive than humans to S0 2, NO , and HF. Indirect 

effects on biota may be related to such phenomena as the involvement of 

oxides of nitrogen in the formation of photochemical smog. The magnitude 

of such occurrences and their subsequent environmental impact are of 

local, or at most, regional importance and must be examined on the basis 

of site-specific meteorology and prevailing atmospheric chemistry. 

Periodic gaseous releases of perchloroethylene from the instrument 

maintenance area (see Sects. 2.3.1.6.16 and 3.2.1.4.2) would result in 

concentrations of about 0.09 ppm at 300 m from the exhaust stack and 

1.59 x 10"3 ppm at the plant boundary (1207 m) for a 12-hr period twice 

a year. Since these values represent less than 0.1% of the 100-ppm TLV 
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and less than 0.05% of the 200-ppm maximum allowable concentration (MAC),64 

no impacts on terrestr ia l vegetation or w i ld l i fe are foreseen. 

In summary, from a generic standpoint, discharges of chemicals during 

routine operations do not present any serious threat to the terrestr ia l 

environs. For a si te-specif ic analysis, stagnation episodes must be 

considered with regard to the relative sensi t iv i t ies of local vegetation 

types to gaseous pollutants, part icular ly S02, NO , and HF. Secondary 

effects such as those ident i f ied for the NO -03 ,• „+««„+,•„„ „..,.+. „!,.„ k« 

x d interaction must also be 

considered, based on local meteorology. Due to the extreme tox ic i ty of 

HF to green plants, and because effects may be manifested at short 

exposures (several hours to several days) at either continuous or inter

mittent concentrations ranging from 1 to 50 yg/m3, potential impact must 

be considered during severe, but short-term, meteorological conditions, 

again reflecting a requirement for si te-specif ic meteorology. 

3.2.1.4.4 On aquatic ecology 

Liquid wastes from a gas centrifuge plant are described in Sect. 2.3.1.19.2. 

As noted in Sect. 3.2.1.4.2, the major components (other than sanitary 

sewage wastes and biocidal discharges) are: (1) nutrient chemicals 

(nitrate and phosphate); (2) heavy metals (aluminum, chromium, zinc, 

uranium); (3) dissolved salts (total dissolved solids, chlorides, sulfates, 

fluorides); (4) suspended solids; (5) organics (detergent, oils and 

petroleum products, tributyl phosphate, Varsol); and (6) effluents from 

the ash settling pond containing leachates from the coal yard, fly ash 

tailings, and limestone-sulfate sludge. Estimated "pollutant" concen

trations in the effluent from the primary holding pond, and projected 

levels in the receiving water body after dilution (see Sect. 3.2.1.4.2) 

are included in Table 3.2-12. The large quantity of nitrate discharged 

is probably the most important factor. 
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Nutrient chemicals (nitrates and phosphates) 

The addition of nitrogen (as N03") and of phosphorus (as PO^
3") to result 

in concentrations of 29.3 mg/liter (total, 85 kg/day) and 0.92 mg/liter 

(total, 2.6 kg/day) in an aquatic system may cause eutrophication depending 

on the character of the receiving water. Major impacts of eutrophication 

include: (1) stimulation of biological productivity; (2) excessive growths 

of algae; (3) shift in dominant algal species; (4) increase in suspended 

solids (especially organic materials) and consequent decrease in light 

penetration; (5) decrease in dissolved oxygen levels, particularly in the 

lower depths (hypolimnion) of a lake in late summer; (6) shift in dominant 

species of fish; and (7) stimulation of fish growth rates.5k 

One of the most obvious effects of increases in nutrients in an aquatic 

system is the change in kinds and abundance of algal flora (see Sect. 

3.2.1.4.2). 

Dense growths of planktonic algae in surface waters inhibit penetration 

of light, thereby limiting photosynthetic activity to the upper few 

inches of the water body. Decomposition of the quantities of algae that 

fall below the zone of photosynthesis can result in a depletion of the 

dissolved oxygen supply. 

As a result of increases in primary productivity, including algal growths, 

eutrophication is also often associated with enhancement of fish growth.65 

Increasing eutrophy is generally associated with greater production at 

all trophic levels. However, shifts in composition of available food 

supplies, increases in turbidity and suspended solids, and decreases in 

dissolved oxygen generally contribute to changes in dominant fish species. 

Fish, such as largemouth bass, white bass, rockbass, carp, and sunfish, 

that can tolerate or that prefer eutrophic aquatic systems will predominate 

over species of salmonids (e.g., trout) and coregonids (e.g., white fish), 

that prefer cold, clear waters.65 

Eutrophication can, therefore, change the entire nature of an aquatic 

system and biotic communities. The levels of N03-N and POu-P released 
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from a gas centrifuge plant could result in some degree of eutrophication. 

The extent of the impact on the aquatic system, however, may be mitigated, 

depending on the openness of the system (e.g., semi-enclosed lake or 

open river system), existing levels of nitrogen and phosphorus, and the 

present trophic status of the aquatic community (see Sect. 3.2.1.4.2). 

Metals (aluminum, chromium, zinc, uranium) 

Metal salts in solution may constitute a very serious form of pollution 

because they are stable compounds, not readily removed by oxidation, 

precipitation, or other natural process, and they may be accumulated 

in aquatic organisms to concentrations often many times those in the 

aquatic environment. A characteristic feature of metal pollution 

is its persistence in time, as well as in space, for years after the 

pollutional operations have ceased.53 

An element is defined as toxic if it affects the survival, growth, 

metabolism, reproduction, or behavior of an organism when supplied above 

a certain concentration. Measured toxicities are highly variable, de

pending on (1) the aquatic species tested; (2) the chemical characteris

tics of the dilutant water; (3) the acclimation and exposure times; and 

(4) the chemical state of the "pollutant" measured. The majority of data 

available on toxicity of metals involve fish. Different species of fish 

can have markedly different sensitivities. The relation between water 

hardness and lethal toxcity is also well documented for some metals. 

Heavy metals are generally more toxic in soft water (<60 mg/liter hardness 

as CaCo 3).
5 5 Hydrogen ion concentration (pH) often governs the species 

and solubility of metals in water. Numerous other factors also influence 

the lethal toxicity of an element (primarily as a result of the additional 

stress they may place on the organism), including dissolved oxygen, 

temperature, turbidity, carbon dioxide, magnesium salts, and phosphates.54 

Because of the large number of variables involved in determining lethal 

and sublethal concentrations of heavy metals, the impact of releases of 

aluminum (Al), chromium (Cr), zinc (Zn), and uranium (U) must be analyzed 
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on a si te-specif ic basis. For the purposes of a generic analysis of the 

environmental impact of a gas centrifuge plant, "safe" concentrations of 

aluminum, chromium, zinc, and uranium are recommended on the basis of a 

general review of the l i terature and on water-quality c r i te r ia published by 

the U.S. Environmental Protection Agency. »66 The sources and chemical 

characteristics of aluminum, chromium, zinc, and uranium are br ie f ly 

described in Sect. 3.2.1.4.2. 

Aluminum (Al) 

Both dissolved and suspended forms of aqueous aluminum are toxic. 

Freeman and Everhart,57 in a signif icant study of the effects of 

aluminum on f i s h , found no sublethal effects on the behavior or growth 

of the rainbow trout at an aluminum concentration of 0.05 mg/ l i ter . 

However, a total (dissolved and suspended) aluminum concentration of 

0.5 mg/l i ter at pH 7 resulted in a 70% decrease in growth rate and a 

median tolerance l im i t (TL5Q) of 44 days ( i . e . , 50% of the test f ish 

had died after about 44 days exposure). At higher pH values and higher 

aluminum concentrations, reactions were generally more severe. Freeman 

and Everhart therefore recommend a maximum total aluminum concentration 

of 0.10 mg/l i ter for trout to survive and grow normally.57 Jones in 

193967 found no lethal effect from aluminum as A1(N03)3 on sticklebacks 

in soft water for 10 days at a concentration of 0.07 mg/ l i ter . In d i f 

ferent concentrations of aluminum, the average survival times for 

sticklebacks were one day at 0.3 mg/l i ter and one week at 0.1 mg/ l i ter . 6 7 

The EPA-proposed maximum ambient concentration of aluminum for the pro

tection of aquatic l i f e is 1.5 mg/ l i ter .6 6 

Dilution of the eff luent from a gas centrifuge plant in a r iver with 100-

cfs minimum flow could increase aluminum levels by a maximum of 0.012 

mg/ l i ter . Depending on ambient aluminum concentrations in the receiving 

water body, di lut ion in 100 cfs may or may not be adequate to maintain the 

0.10-mg/liter aluminum concentration recommended by Freeman and Everhart57 

for normal growth and survival of t rout . A r iver with a larger flow 

volume may be necessary for adequate d i lu t ion . Unfortunately, no data 
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are available at this time on the effects of aluminum on aquatic biota 

other than fish. Therefore, if additions of aluminum to the receiving 

water from a gas centrifuge plant represent a significant (>10%) increase 

over background levels, a site-specific analysis of the environmental 

impact should include results from bioassays conducted at aluminum con

centrations projected for the receiving water body and with aquatic species 

important to the local ecosystem. 

Chromium (Cr) 

The toxicity of chromium to aquatic biota is reviewed in publications 

by the U.S. Atomic Energy Commission,68 Environmental Protection 

Agency,54'66»69 and McKee and Wolf.39 A wide range of sensitivities 

to chromium exists among different organisms and in different waters. 

Lethal levels reported to Water Quality Criteria — 19725>* are from 

17 to 118 mg/liter for fish, 0.05 mg/liter for invertebrates, and 0.032 

to 6.4 mg/liter for algae. The apparent "safe" concentration for fish 

is moderately high, but a recommended maximum concentration of 0.05 mg/ 

liter54 chromium was selected in order to protect other organisms, in 

particular Daphnia and certain diatoms, which are affected at slightly 

below this concentration. Therefore, mixed aquatic populations should 

be protected where the level of total chromium in the water does not 

exceed 0.05 mg/liter at any time or place.54 

The chromium released from a gas centrifuge plant is in the form of 

chromates applied to the recirculating cooling water as a corrosion 

inhibitor. Treatment of the blowdown water can control the levels of 

chromium released to the primary holding pond (see Sect. 2.3.1.9). 

The projected maximal increase in Cr concentration of 0.37 yg/liter in 

the receiving water (see Sect. 3.2.1.4.4) represents only 0.07% of the 

recommended "safe" concentration for aquatic biota. Therefore, environ

mental impacts from Cr releases should be minimal. 
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Zinc (Zn) 

The toxicity of zinc to fish and other aquatic life is reviewed in publi

cations by the Environmental Protection Agency54*66 and McKee and Wolf.39 

The sensitivity of fish to zinc varies with species, age, and condition 

of the fish, as well as with the physical and chemical characteristics of 

the water. Water hardness generally has an antagonistic effect toward 

zinc toxicity. Concentrations reported as lethal to fish in hard water 

vary from 0.87 mg/liter7Q to 25-50 mg/liter;67 in soft water from 0.01 

mg/liter to 200 mg/liter.39 For other aquatic biota, lethal concentrations 

varied from 0.16 mg/liter forDaphnia magna71 to 58.1 mg/liter for Tricop-

tera.72 Zinc exerts its toxic action by forming insoluble compounds with 

the mucous that covers the gills, by damage to the gill epithelium, or 

possibly as an internal poison. 

On the basis of available data, the staff recommends that ambient levels 

of zinc not exceed 0.1 mg/liter. The maxiumum projected increase in Zn 

concentrations over background in a receiving water with 100-cfs minimum 

flow is 3.7 yg/liter (0.0037 mg/liter) (see Sect. 3.2.1.4.4). Therefore, 

no significant impact on aquatic ecology is expected from Zn releases. 

Uranium (U) 

Most of the literature concerning uranium in water relates to radiolog

ical hazards. However, many of the salts of uranium are soluble in water. 

The estimated residence time of 3 x 106 years in the oceans54 renders it 

an element with one of the slowest environmental turnover times. The alga 

Odhromonas has been found to concentrate natural uranium (U-238) from water 

by a factor of 330 in 48 hr.73 Ambient uranium levels of 0.001 mg/liter 

in the River March, between Germany and Czechoslovakia, were absorbed by 

algae but were apparently not toxic.74 Bringmann and Kuhn39 determined 

threshold effects of uranyl nitrate, expressed as uranium, at 38 mg/liter 

for a protozoan (Miororegma), 1.7 to 2.2 mg/liter on the bacteria 

Esherichia ooli, 22 mg/liter on the a'lgdLScenedesmus, and 13 mg/liter 

on Daphinia. Tarzwell and Henderson75 found the 96-hr median tolerance 

levels (TL ) of fathead minnows in soft water (hardness = 20 mg/liter) 
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for uranyl sulfate, uranyl nitrate, and uranyl acetate were 2.8, 3.1, 

and 3.7 mg/liter, respectively. In hard water (hardness = 400 mg/liter), 

the 96-hr TL for uranyl sulfate was increased to 135 mg/liter. There

fore, it appears that uranium compounds are considerably more toxic in 

soft water than in hard water.39 The "safe" concentration for aquatic 

biota in hard waters may be on the order of 10 mg/liter,76 but the staff 

recommends a maximum acceptable uranium concentration in all waters at 

all times of 1.0 mg/liter or less. 

The concentration of uranium expected in the effluent from the primary 

holding pond of a gas centrifuge plant is 5 yg/liter (0.005 mg/liter) 

(see Table 3.2-12). Dilution of this effluent in a river with a mini

mum flow of 100 cfs could result in a maximum incremental increase of 

0.058 pg/liter of uranium over background uranium levels. This value 

represents less than 0.006% of the recommended maximum level of 1.0 mg/ 

liter in the receiving water body, and therefore, no adverse effects on 

aquatic biota are expected due to the chemical activity of the uranium 

released from a gas centrifuge plant. 

Dissolved salts (total dissolved solids, chlorides, sulfates, fluorides) 

The quantity and composition of dissolved solids are major factors in 

determining the variety and abundance of plants and animals in an aquatic 

ecosystem. The more conspicuous constitutents of toal dissolved solids 

(TDS) in natural surface waters include carbonates, sulfates, chlorides, 

phosphates, and nitrates. They serve as nutrients in productivity, and 

influence osmotic stress and direct toxicity factors. A major change in 

quantity or quality of the TDS alters the structure and function of an 

aquatic ecosystem.54 

The output of total dissolved solids, chlorides, and sulfates from a gas 

centrifuge plant is highly dependent on the quality of the intake water. 

Available estimates of effluent flow rates and concentrations are sum

marized in Table 2.3-6 and Fig. 2.3-5 (see Sect. 3.2.1.4.2). Fluoride 

concentration in the effluent from the primary holding pond is 0.9 mg/ 

liter. Table 3.2-13 indicates the range and median concentrations of 
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TABLE 3.2-13 

CONCENTRATIONS OF TOTAL DISSOLVED SOLIDS (TDS), 

CHLORIDES, AND SULFATES IN U.S. RIVERS^ 

(in mg/liter) 

Constituent Median Range Lethal level 

TDS 

Chloride 

Sulfate 

Fl uori de 

aSource: Nati ional 

169 

9 

32 

— 

Academy o f Sc 

72-400 

3-170 

11-90 

- -

iences and Nat-

5,000-10,000 

400^ 

— 

1.5* 

ional Academy 
Of Engineering, Water Quality Criteria — 19723 Environ
mental Protection Agency, U.S. Government Printing Office, 
Washington, D.C., 1973. 

Source: J. E. McKee and H. W. Wolf, eds., Water Quality 
Criteria3 2nd ed., The Resources Agency of California, 
State Water Resources Control Board Publ. No. 3-A, 1963. 

TDS, chloride, and sulfate in rivers in the U.S.,54 and the level re

ported as toxic to freshwater fish. 

Organisms, however, can inhabit and thrive in natural waters with all 

degrees of salt concentration from the minimum content of rain water to 

the saturated solutions of some salt lakes.54 The toxic nature of dis

solved salts is related more to rapid artificial changes in TDS or the 

imbalances among constituents of the dissolved solids77 which can occur 

in "polluted" waters. The impact of releasing effluents with a high 

dissolved salts concentration will probably occur primarily in the mixing 

zone. Analysis of the impacts on aquatic ecology must, therefore, be 

made on a site-specific basis because: (1) concentrations of TDS, CI, 

and SOij in the effluent depend on the quality of the intake water; 

(2) ambient levels of dissolved salts are highly variable in time and 

place, and the principal impact of effluent release results from altera

tions in the natural regime of dissolved solids; and (3) the nature of 
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the mixing zones and plumes is dependent on physical and chemical charac

teristics of the receiving water body and on the design of the outflow 

structures. The recommendation of the EPA is that, "Total dissolved 

materials should not be changed to the extent that the biological com

munities characteristic of particular habitats are significantly changed." 

Chlorides (CI") and sulfates (S0U-
2) 

Chlorides and sulfates are present in practically all natural waters. The 

levels of chloride and sulfate released from a gas centrifuge plant should 

have no significant impact on aquatic ecology except as constituents of 

total dissolved solids. Sulfates, however, in the absence of oxygen, can 

be reduced to hydrogen sulfide (H2S), a poisonous gas highly soluble in 

water. The recommended allowable concentration of total sulfides for the 

protection of aquatic organisms is 0.002 mg/liter.54 The release of sul

fates from a gas centrifuge plant could, therefore, have a serious detri

mental effect on aquatic biota if the receiving waters of the river or 

lake are susceptible to oxygen depletion and to formation of H2S. Such 

areas should therefore be avoided in siting a plant. 

Fluorides (F~) 

Fluorides in high concentrations are not a common constituent of natural 

surface waters. Fluoride ions at concentrations as low as 1.5 mg/liter39 

have been shown to have detrimental effects on aquatic biota. Therefore, 

the maximum fluoride concentration for the protection of aquatic life is 

1.5 mg/liter or less. Fluoride releases in the primary holding pond 

effluent are 0.9 mg/liter, resulting in a maximum increase in fluoride 

levels in a river with minimum of 100 cfs flow of 0.01 mg/liter. Rela

tive to the 1.5 mg/liter recommended allowable concentration in the re

ceiving water body, fluoride releases from the routine operation of a 

gas centrifuge plant should not significantly affect aquatic ecology. 
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Suspended solids 

The composition and concentrations of suspended particles in surface waters 

affect light penetration, water temperature, solubility products, and 

(directly and indirectly) aquatic life. Deposition of suspended solids 

can eliminate certain benthic communities by burying plants and animals, 

altering the substrate, and clogging gills and food-collecting structures 

of aquatic insects. Sediments may cover fish spawning sites. The mechan

ical or abrasive action of the particulate matter is detrimental also to 

higher aquatic organisms, such as mussels and fish (see Sect. 3.1.4.4). 

Concentrations of suspended solids in natural surface waters are highly 

variable with locality and time, and the levels to be released from a 

gas centrifuge plant, particularly from the primary holding pond, are 

somewhat dependent on the quality of the intake water. Assuming a worst-

case condition, a gas centrifuge plant will release 1,890,000 gpd of water 

with an average of 36 mg/liter suspended solids (see Sect. 3.2.1.4.2). 

Undesirable impacts on aquatic biota could result, depending on (1) the 

existing levels of suspended solids in the receiving water body; (2) the 

importance of local benthic communities and habitat; and (3) the charac

teristics of the mixing zone and effluent plumes. To minimize the impacts 

of the suspended solids released, outflow structures should be located 

to avoid critical areas, such as spawning grounds and regions of high 

benthic production, and should be designed to maximize mixing and mini

mize deposition in the immediate vicintiy. 

Orqanics (detergents, oils and petroleum products, tributyl phosphates, 

Varsol) 

The sources and approximated quantities of the four principal organic 

compounds discharged from a gas centrifuge plant are discussed in Sect. 

3.2.1.4.2. 

Detergents 

Detergents are a common component of sewage and industrial effluents. 

A gas centrifuge plant will use 100 kg of cleaning agents (including 
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detergents) each day (see Sect. 2.3.1.6.17). In 1965, the detergent 

industry shifted from tetrapropylene-derived alkylbenzene sulfonates 

(ABS) to the more biodegradable linear alkylate sulfonates (LAS). LAS 

is two to four times more toxic than ABS.54 However, tox ic i ty of LAS 

disappears upon biodegradation.54 

Short-term studies on the tox ic i ty of LAS have shown that lethal concen

trations to selected f ish species vary from 0.2 to 10.0 mg/ l i ter .5 4 

Arthur54 found that the no-effect level of LAS on Gammarus pseudolinmaeus 

was 0.2 to 0.4 mg/ l i ter ; 60-week exposures of LAS to operculate and 

pulmonate snails showed tox ic i ty levels to be 0.4 to 1.0 mg/l i ter and 

greater than 4.4 mg/ l i ter , respectively. The impact of laundry operations 

at a gas centrifuge plant w i l l depend upon (1) existing levels of deter

gents in the receiving water system, (2) sensi t iv i ty of the important 

aquatic species in the loca l i ty , and (3) type of detergent and detergent 

builders used at the plant. A concentration of LAS safe to the aquatic 

l i f e in the receiving water should be estimated by multiplying the 

96-hr median tolerance l im i t of the sensitive important species in the 

local i ty times an application factor of 0.05.54 Laundry operations and 

effluent treatment at the gas centrifuge plant should be controlled so 

that levels of LAS in the receiving water body at no time exceed the 

calculated "safe" concentration (<0.02 mg/ l i ter ) . 

Oils and petroleum products 

During routine operation of a gas centrifuge plant, only small quantities 

of waste o i ls and petroleum products w i l l be discharged to the aquatic 

ecosystem (see Sect. 3.2.1.4.2). At these levels, no signif icant impact 

is expected on the aquatic biota. Biological effects of petroleum hydro

carbons in aquatic systems are discussed in more detail in Sect. 3.2.1.7. 

Tributyl phosphate (TBP) and Varsol 

No data are available on the effects of these compounds on aquatic biota. 

Tributyl phosphate [ (C^O^PO] is a polarized organic solvent highly 

soluble in water and an additonal source of phosphorus in the gas 
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centrifuge plant eff luents. Varsol is chemically similar to kerosene, a 

petroleum derivative composed of a mixture of alkanes C12_C12 and aro-

matics. Both of these compounds are potential ly toxic to aquatic 

organisms, but no information on uptake potential or tox ic i ty level for 

aquatic organisms has been found. I f information cannot be obtained 

prior to si te-specif ic environmental analyses, bioassays with local 

aquatic species should be conducted to determine allowable effluent 

concentrations for a given gas centrifuge plant. 

Effluents from the steam plant ash settling pond 

The principal "pollutants" in the effluent from the steam plant ash pond 

are suspended solids (maximum 50 mg/liter), sulfates, and a wide spectrum 

of trace metals leached from the coal and ash (see Sect. 3.2.1.4.2). The 

potential impacts on aquatic biota of increased loads of suspended solids 

and sulfates in the receiving water body have been discussed in previous 

subsections. Suspended solids in the ash pond effluent could have a 

severe impact, depending on the nature of the local aquatic ecosystem. 

Release of sulfates results in: (1) increase in total dissolved solids 

(TDS); (2) imbalance in natural constituents of the TDS; (3) potential 

for formation of H2S (a poisonous gas) in waters depleted of oxygen. 

The components and quantities of trace metals leached from the coal and 

ash will depend on the type and source of coal used at the steam plant 

(see Sect. 3.2.1.4.2). Mercury, lead, aluminum, copper, manganese, and 

iron may be the principal trace metal constituents of the leachate.62 

Metals dissolved and suspended in surface waters are toxic to aquatic 

biota often in \/ery small amounts. For example, the recommended maximum 

allowable concentration of mercury (Hg) in water for the protection of 

aquatic life is 0.2 yg/liter. The maximum average total mercury concen

tration recommended is 0.05 yg/liter.54 Effects of metals on aquatic 

biota and recommended maximum ambient environmental levels have been 

reviewed in Water Quality Criteria - 19723
5h Dawson,76 U.S. Environ

mental Protection Agency,66 and McKee and Wolf.39 The impact of the 

trace metals released from the ash pond will depend upon: (1) quantities 

and specific elements leached from the coal and ash, (2) exisitng back

ground levels in the receiving water body, (3) physical and chemical 
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character!'si tics of the receiving waters, and (4) sensitivities of the 

resident aquatic biota. 

3.2.1.4.5 Impacts of other chemical discharges on people 

The maximum concentration of chemical pollutants and particulate matter 

at the plant boundary, assumed to be 1207 m from both the process plant 

and the steam plant, was calculated using the AIRDOS computer code.78 

The results are presented in Table 3.2-14. The process plant effluents 

are assumed to be released at a height of 30 m while the height of the 

steam plant stack is assumed to be 67 m. Meteorological data used in 

these calculations were discussed earlier in this document (Sect. 

3.2.1.2.1). The concentration of chemical pollutants and particulates 

at the plant boundary is considered to be a conservative upper limit 

value for people exposed outside the plant area because no one would be 

expected to reside in such close proximity to the plant. Furthermore, 

the calculated concentration is in the prevailing wind direction and 

is thus a maximum value. 

Inspection of the data in the last column of Table 3.2-14 shows that, 

even including HF, the calculated maximum plant boundary concentra

tions of airborne effluents are less than 5% of applicable standards. 

It appears, therefore, that no one living outside the plant area would 

be exposed to chemical-pollutant or particulate concentrations more 

than a small fraction of the standard limit. 

Effluents associated with classified material releases are well below 

standards.79 Therefore, these substances are not expected to have any 

significant effects on people or other biota at the site boundary. 

3.2.1.5 Effects of sanitary wastes 

The sanitary-sewage system (Sect. 2.3.1.12) will consist of gravity 

sewers and a secondary treatment plant with an extended aeration system. 

The estimated flow is about 200,000 gpd and the expected effluent water 

quality characteristics are partially characterized in Table 2.3-5. 
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Source 

Process 
Plant 

Process 
Plant 

Process 
Plant 

Process 
Plant 

Process 
Plant 

Steam 
Plant 

Steam 
Plant 

Steam 
Plant 

Steam 
Plant 

Steam 
Plant 

TABLE 3.2-14 

CALCULATION OF ANNUAL AVERAGE CONCENTRATION OF CHEMICAL 
AND PARTICULATES AT PLANT BOUNDARY (1207 m) 

Pollutant 

HF 

S02 

NOx 

Particulates 

C2H50H 

S02 

NOx 

Particulates 

CO 

Hydrocarbons 

, X / Q , x 
(sec/m3) 

1.40 E-66 

1.40 E-6 

1.40 E-6 

1.52 E-6 

1.42 E-6 

2.64 E-8 

2.64 E-8 

2.97 E-8 

2.99 E-8 

2.99 E-8 

Source strength 
(yg/sec) 

1.58 E4 

3.17 E3 

6.34 E4 

6.34 E3 

3.49 E5 

2.08 E7 

1.66 E7 

9.98 E5 

3.33 E5 

1.68 E5 

Concentration i 
boundary 
(wg/m3) 

0.022 

0.0044 

0.089 

0.010 

0.50 

0.55 

0.44 

0.03 

0.01 

0.005 

POLLUTANTS 

i t 
Standard 
(vg/m3)a 

0.5 

80 

100 

75 

1.9 E6 

80 

100 

75 

1.0 E4 

160 

Percent of 
standard 

4.4 

0.006 

0.09 

0.01 

0.00003 

0.69 

0.44 

0.04 

0.0001 

0.003 

"National ambient air quality standards (annual averages) from 40 CFR 50 except for C2H50H 
which Is the 8-hr day threshold limit value from the American Conference of Governmental 
Industrial Hyglenlsts and for HF which 1s the most restrictive state (Washington) standard. 

*Read as 1.40 x 10"6. 
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Generally, operation of most sewage treatment plants carries the poten

tial of affecting land use, water use, and aquatic biota. 

Impacts on land use that will result from operation of the sewage treat

ment plant will involve landfill disposal of screened solids and dried 

sludge. The use of extended aeration will reduce the amount of sludge 

that will require landfill, however. Although no estimate is available 

for the land area required to bury these materials during the operating 

life of the plant, the requirement is expected to be quite small with an 

insignificant added impact on local land use. 

Sewage treatment plant liquid effluent characteristics that can sometimes 

affect water use and aquatic biota include: biochemical oxygen demand 

(BOD), suspended solids, dissolved solids, nutrient chemicals, residual 

chlorine, pH, and fecal coliform count. The effects of residual chlorine 

from the sewage treatment plant were discussed in Sects. 3.2.1.3.2 and 

3.2.1.3.4 and impacts on water use and aquatic biota were judged to be 

minor. BOD, suspended solids, pH, and fecal coliform will be controlled 

effectively by the secondary biological treatment and chlorine disinfec

tion proposed for the gas centrifuge plant, and no noticeable effects on 

competing water uses or aquatic biota should be expected as a result of 

these effluent components. Removal of dissolved solids and nutrient chem

icals normally require additional treatment steps, however, and concentra

tions of these components could potentially be increased slightly in the 

receiving water due to operation of the plant. Generally, increased dis

solved solids concentrations in the receiving water can increase the 

difficulty of producing high quality potable water by downstream users; 

increased nutrient chemical concentrations can cause eutrophication of the 

receiving water with resultant undesirable effects on water use and aquatic 

biota as discussed in Sects. 3.2.1.4.2 and 3.2.1.4.4. Normally, however, 

dissolved solids and nutrient chemical inputs from the sewage treatment 

plant effluent (200,000 gpd or about 0.3 cfs) will not be distinguishable 

after dilution in a receiving body with a. minimum flow of 100 cfs. How

ever, more complete definition of the sewage treatment plant effluents 

along with evaluation of potential impacts on the receiving water must be 

provided on a site-specific basis. The site-specific evaluation must 
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determine whether local, state and Federal water quality standards will be 

met and whether unacceptable impacts on water use or aquatic biota might 

result from operation of the sewage treatment plant. At some sites inclu

sion of tertiary or advanced waste treatment may be necessary if effluents 

from the proposed plant are not expected to meet water quality standards 

or if undesirable impacts on water use or aquatic biota are predicted. 

3.2.1.6 Community effects 

3.2.1.6.1 Physical 

Air pollution 

The air pollution during operation of an enrichment facility will emanate 

primarily from the steam planta although some gaseous effluents will be 

emitted from the process buildings. These effluents are discussed in 

detail in Sects. 3.2.1.1.1, 3.2.1.2.2, 3.2.1.4.1, 3.2.1.4.5, and 3.2.3. 

Since the communities will be some distance from the plant and since all 

effluents must meet local, state, and Federal standards, no significant 

impact is anticipated. 

Noise 

Noise level during operation will be far less than that during construc

tion. Further, noise from normal plant operation will not exceed appli

cable regulations at the site boundaries. 

3.2.1.6.2 Economic 

The actual operating force of the plant (about 2500 workers), though large, 

is less than one half the number of workers employed during the construc

tion phase. The decline in workers will have a noticeable effect on local 

services. If the operating force disperses itself throughout the metro

politan region, the decline in the economic base of the immediate area 

surrounding the plant may be greater than if the operating staff chooses 

to cluster itself within the immediate vicinity of the plant. This 

clustering or dispersion of the operation force will vary according to 

desirability and availability of facilities within the metropolitan region. 
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As we approach the year 2000, our labor force will become older in age 

than it now is (in direct proportion with our advancing age structure 

for the total population) and the number of working women within the 

labor force may increase. These facts may or may not impact upon the 

construction and operation of the plant; however, the ramifications of 

these social changes within the labor force and upon the social structure 

of communities will be an area of concern which the applicant will want 

to address. 

Other economic effects created during construction, that is, large pay

roll and tax base, and support facilities and services (see Sect. 3.1.5.2), 

will diminish unless additional industries within the region are able to 

absorb the unemployed construction workers. However, the long range 

economic effect will prove favorable. The plant will continue to pay 

local and state taxes, there will be an ongoing operating force of about 

2500 workers and their families, and the favorable tax base may attract 

new peoples and industries to the area, creating an upsurge of economic 

activity. 

3.2.1.6.3 Political 

During operation of the plant, the primary reasons for interacting will 

be essentially economic, dealing with the provision of taxes by the plant 

to the local jurisdiction and the building or improving of local facilities 

that have some impact on the plant-community relationship. 

3.2.1.6.4 Service-related 

Schools 

Adequate schools will have been provided during the construction phase 

(see Sect. 3.1.5.4.1). During the ongoing operation of the plant, the 

influx of students into the system will be less than during the construc

tion phase. A positive situation may develop during the operating phase 

in which adequate space is available for additional students absorbed 

into the area by new industries and supportive services, thereby releaving 

school officials of the need to build even more facilities. 
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Housing 

The demand for housing will decrease during the operating period of the 

plant, but it will depend on the availability of a metropolitan area and 

the availability of existing housing, as well as other factors. New homes 

built during the construction period and pre-existing units will allow 

operating workers greater options as to location and housing preference 

in the area. At all times, strict zoning regulations should be followed 

and adequate space should be made available for persons to work and main

tain leisure activities within the community. 

Commercial services 

Demand for commercial services decreases during operation. However, larger, 

more permanent commercial services will replace the temporary services 

needed during construction. This change is assumed to have a stabilizing 

influence on the community. 

Other services and facilities 

Services such as water, sewage, solid-waste disposal, utilities, public-

health and medical facilities, and various other services will have been 

initiated during the construction phase (Sect. 3.1.5.4). Their need will 

be somewhat diminished during operation. The continuation of these 

services at a reduced level will allow residents greater flexibility and 

choice. There may be an economic burden on the residents who must support 

services developed for a larger population base. 

3.2.1.6.5 Aesthetic effects 

The specific location of the proposed gas centrifuge plant will be a 

primary factor in determing the aesthetic effect at the site. The 

plant will be visible from certain angles, although it may be hidden 

by high bluffs, trees, and other foliage. Plumes from the cooling tower 

and steam plant stack will be visible. Some aesthetic impact will be 

caused by transmission lines, railroads, parking areas, and facilities 

associated with the steam plant. 
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3.2.1.7 Potential effects of accidents 

Various types of credible accidents are described and discussed in 

Sects. 2.3.1.22.1, 2.3.1.22.2 (for radioactive materials), and 

2.3.1.22.3 (for other accidents). For an evaluation of radioactive 

releases, potential doses to individuals were calculated for postulated 

accidents in the gas centrifuge enrichment plant (Sect. 2.3.1.22.1) and 

for accidents associated with transportation (Sect. 2.3.4.3.3). The 

methodology and dose factors used in these calculations were the same as 

those used to calculate doses due to radionuclide releases from the plants 

during normal operation. For normal releases, the dose per year of oper

ation was calculated. For accidental releases, the total potential dose 

per accident was calculated. 

Since accidents occur over a short time period, the existence of average 

meteorological conditions cannot be assumed. Therefore, generally pessi

mistic conditions were selected for analyses of accidental releases 

(Sect. 3.2.1.2.1). For nontransportation (plant) accidents, doses to 

individuals at the plant boundary were calculated except for the case 

of a tornado which was assumed to distribute radioactivity over a 1000-

acre area. For transportation accidents, doses to individuals at 

300-m distance were calculated. 

*The HF released in the tornado would, if uniformly deposited, reach a 

level of about 2.7 g/m2 soil. Such levels deposited on plants probably 

would kill them. Of course, the tornado may destroy them by breaking 

or uprooting. The HF deposited on the soil will be converted to fluoride 

compounds. If the HF were distributed in the top inch of soil (weight 

3.5 x 104 g per m2) the content would be 77 ppm. The National Academy 

of Sciences80 gives a range of fluorides in U.S. soils (0 to 3 in. depth) 

from 20 to 500 ppm (average 190). This level of contamination would not 

exceed the natural level of fluorides. If added to the average level of 

J^ — 

Text addition in response to Comment letter 5 (Department of Agriculture), 
p. 1. 
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190 ppm, no serious problems should result from subsequent cropping of 

such soils. In summary, the HF released would likely destroy a current 

crop but not seriously affect subsequent agricultural use of the land. 

The radioactive materials, if evenly distributed, would contaminate the 

soil to a level of 223 ppm uranium if confined to the top 1 in. of soil. 

This represents a uranium content which is about 11% of that in average 

uranium ore. Estimated radiation doses to bone (the critical organ) 

from ingestion of crops grown on this soil would be in the range of 

35 to 45 millirem/year. Estimated radiation dose to bone from resuspension 

(wind) of this radioactivity in the soil and subsequent inhalation may 

range from about 200 millirem/year initially to lower values as the 

uranium weathered to greater soil depths. Other pathways of radiation 

dose to man, such as the pasture-cow-milk pathway, would be of much 

less significance for these radionuclides. Depending upon how this 

radioactivity actually deposited upon the land surface, it may be 

advisable to remove some of the contaminated land from agricultural use. 

The estimated total-body and highest reference organ doses are given in 

Table 3.2-15 and 3.2-16 for plant and transportation accidents, respec

tively, including percentage contributions to dose from critical radio

nuclides for each type of accident. The estimated radiological con

sequences of the postulated accidents would result in exposures of 

an assumed individual which are less than those that would result from 

a year's exposure to occupational concentration guides (GC).81 Esti

mated radiation doses from accidents given in Tables 3.2-15 and 3.2-16 

range from 0.03 to 6.8% of whole-body occupational exposure limits and 

from 0.3 to 74% of critical organ exposure limits. Inasmuch as evidence 

to date indicates that no other living organisms are very much more 

radiosensitive than man,82 the staff has not calculated doses to biota. 

All accidents listed in Tables 3.2-15 and 3.2-16 could occur at either 

gas centrifuge or gaseous diffusion enrichment facilities or in associated 

transport of materials. The highly improbable release of materials from 

process buildings as a result of major seismic or tornado activity cannot 

be discussed here but is covered in a classified appendix. 



TABLE 3.2-15 
ESTIMATED TOTAL BODY AND REFERENCE ORGAN DOSES FROM NONTRANSPORTATION 
ACCIDENTS ASSOCIATED WITH AN 8.75 MILLION SWU/YEAR ENRICHMENT FACILITY 

Accident 
description 

Cobaltous f luoride trap 
release to atmosphere 

Release to 1000 cfs 
stream 

Release from feed cylinder 

Normal uranium 

Reactor return 

Dose 
(rem) 

1.8E-la ' * 

7.1E-2a 

4.1E-2a 

5.4E-2a 

Total body dose 

Cr i t ica l 
radionuclides 

Np-237 
Pu-239 
Pa-233 
Ru-106 
Cs-137 

Np-237 
Sr-90 
Pu-239 
Cs-137 

U-234 
U-235 
U-238 

U-232 
U-234 
U-235 
U-236 
U-238 

Dose from 
c r i t i ca l 

radionuclides 
(« 

45.9 
24.4 
19.0 
5.5 
3.6 

53.0 
29.6 
10.4 
4.1 

28.5 
20.1 
51.4 

18.0 
31.7 
11.9 
10.9 
25.6 

Dose 
(rems) 

9.0EO 

3.7E0 

2.3E0 

3.4E-1 

4.8E-1 

2.9E-1 

Highest reference organ 

Reference 
organ 

GI tract 

Bone 

Bone 

Bone 

Bone 

Lungs 

Cri t ical 
radionuclides 

Pa-233 
Ru-106 
Pu-239 
Np-237 
Sr-90 

Sr-90 
Np-237 
Pu-239 

U-234 
U-235 
U-238 

U-232 
U-234 
U-235 
U-236 
U-238 

U-232 
U-234 
U-235 
U-236 
U-238 

dose 

Dose from 
c r i t i ca l 

radionuclides 
(%) 

75.2 
24.6 
48.1 
44.7 
3.5 

45.8 
40.2 
13.1 

48.1 
5.5 

45.0 

4.9 
49.5 
3.0 

17.9 
21.8 

5.6 
51.1 
2.9 

18.5 
20.9 

ro 
i 

CO 

ro 



TABLE 3.2-15 (Continued) 

Accident 
description 

Release from product 
cylinder 

Release of 110 kg uranium 
ta i l s material 

Releases in tornado through 
feed building 

A 

B 

Dose 
(rem) 

2.0E-2a 

1.7E-3* 

1.9E-2C 

2.0E-1* 

Total body dose 

Cr i t ica l 
radionuclides 

U-234 
U-235 
U-238 

U-234 
U-235 
U-236 
U-238 

U-234 
U-235 
U-238 

U-234 
U-237 

Dose from 
c r i t i ca l 

radionuclides 
(X) 

45.8 
32.9 
18.6 

11.3 
11.0 
10.2 
67.4 

42.7 
25.1 
32.2 

3.7 
92.2 

Dose 
(rem) 

1.8E-1 

1.1E-1 

1.4E-2 

8.5E-3 

2.5E-2 

2.1E-1 

Highest 

Reference 
organ 

Bone 

Lungs 

Bone 

Lungs 

Bone 

Bone 

reference organ 

Cri t ical 
radionuclides 

U-234 
U-235 
U-238 

U-234 
U-235 
U-238 

U-234 
U-235 
U-236 
U-238 

U-234 
U-235 
U-236 
U-238 

U-234 
U-238 

U-234 
U-236 
U-238 

dose 

Dose from 
c r i t i ca l 

radionuclides 
(%) 

71.8 
8.4 

15.7 

73.0 
7.9 

14.9 

18.6 
3.0 

17.7 
60.3 

19.5 
3.0 

18.7 
58.9 

53.0 
44.7 

53.6 
8.3 

34.6 

CO 

• 
ro 
i 

co 
CO 

Dose to individuals at 1207 m plant boundary. 

bRead as 1.8 x 10"1. 

'Ac t iv i ty is scattered over a 1000-acre area. 
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ESTIMATED TOTAL BODY AND REFERENCE ORGAN DOSES FROM TRANSPORTATION ACCIDENTS 
ASSOCIATED WITH AN 8.75 MILLION SWU/YEAR ENRICHMENT FACILITY 

Accident 
description 

Normal uranium 

Reactor return 

Dose 
(rem) 

2.3E-la'b 

3.4E-la 

Tota1-Dody dose 

Critical 
radionuclides 

U-234 
U-235 
U-238 

U-232 
U-234 
U-235 
U-236 
U-238 

Dose from 
critical 

radionuclides 
{%) 

Case I 

28.4 
19.7 
51.9 

17.9 
31.5 
11.8 
10.8 
25.6 

Dose 
(rem) 

1.9E0 

1.2E0 

3.1E0 

1.8E0 

Highest 

Reference 
organ 

Bone 

Lungs 

Bone 

Lungs 

reference organ 

Critical 
radionuclides 

U-234 
U-235 
U-238 

U-234 
U-235 
U-238 

U-232 
U-234 
U-236 
U-238 
Sr-90 

U-232 
U-234 
U-236 
U-238 

dose 

Dose from 
critical 

radionuclides 
(*) 

47.4 
5.4 

47.2 

49.4 
5.2 

45.4 

4.6 
47.3 
17.0 
20.9 
5.1 

5.5 
51.4 
18.6 
21.0 

CO 

ro 
i 
CO 

Case II 

Normal uranium 
Early release 3.0E-2a 

Delayed release 2.3E-1C 

U-234 
U-235 
U-238 

U-234 
U-235 
U-238 

28.6 
19.1 
52.3 

28.4 
19.7 
51.9 

2.5E-1 

1.4E-1 

1.9E0 

1.2E0 

Bone 

Lungs 

Bone 

Lungs 

U-234 
U-235 
U-238 

U-234 
U-235 
U-238 

U-234 
U-235 
U-238 

U-234 
U-235 
U-238 

47.5 
5.2 

47.3 

49.4 
5.0 

45.6 

47.4 
5.4 

47.2 

49.3 
5.2 
45.5 



TABLE 3.2-16 (Continued) 

Accident 
description 

Reactor return 
Early release 

Delayed release 

Dose 
(rem) 

4.1E-2a 

3.4E-la 

Total body dose 

Cr i t ica l 
radionuclides 

U-232 
U-234 
U-235 
U-236 
U-238 

U-232 
U-234 
U-235 
U-236 
U-238 

Dose from 
cri t i cal 

radionuclides 

18.1 
32.0 
12.0 
10.7 
25.8 

18.0 
31.8 
12.0 
10.9 
25.8 

Dose 
(rem) 

3.7E-1 

2.2E-1 

2.9E0 

1.8E0 

Highest 

Reference 
organ 

Bone 

Lungs 

Bone 

Lungs 

reference organ 

Cri t ical 
radionuclides 

U-234 
U-236 
U-238 

U-234 
U-236 
U-238 

U-232 
U-234 
U-236 
U-238 

U-232 
U-234 
U-236 
U-238 

dose 

Dose from 
c r i t i ca l 

radionuclides 

50.3 
17.5 
22.1 

52.0 
18.2 
21.1 

4.9 
49.9 
17.9 
22.0 

5.6 
51.5 
18.6 
21.1 

CO 

ro 
CO 
en 

Normal uranium 
100 cfs 

1,000 cfs 
10,000 cfs 

Reactor return 
100 cfs 

1,000 cfs 
10,000 cfs 

1.6E-2a 

1.6E-3 
1.6E-4 

2.5E-2* 
2.5E-3 
2.5E-4 

U-234 
U-235 
U-238 

U-234 
U-236 
U-238 

Case 

54.4 
2.0 

43.6 

55.8 
20.6 
19.3 

I I I 

2.7E-1 
2.7E-2 
2.7E-3 

4.0E-1 
4.0E-2 
4.0E-3 

Bone 

Bone 

U-234 
U-235 
U-238 

U-234 
U-236 
U-238 

52.6 
2.3 

45.1 

55.7 
20.3 
20.0 

Dose at 300 meters from point of accidental release. 

fcRead as 2.3 x 10"1. 

'Dose conmitment per day of intake of f ish and water from contaminated stream. 
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Of potentially greater hazard to man and biota are releases of HF gas 

associated with the postulated accidents. Tables 3.2-17 and 3.2-18 

give the concentrations of HF in the environment for nontransportation 

and transportation accidents, respectively. Although these concentra

tions in air may not pertain for long periods of time, most of them 

fall within the range of 2.5 x 103 to 1.0 x 105 yg/m3 which are considered 

to affect man.80 For comparative purposes, daily 8-hr occupational 

exposure limits for HF are 2.5 x 103 yg/m3, with tolerable exposures of 

several minutes duration to 2.5 x 101* yg/m3, and lethality at 1.0 x 106 

yg/m3. 

Because of the extreme toxicity of HF to green plants, and because 

effects may be manifested at short exposures Cseveral hours to several 

days) at either continuous or intermittent concentrations ranging from 

1 to 50 yg/m3, potential impact must be considered severe for the short 

term. The effects of HF on vegetation, animals, and man have been 

reviewed in Appendix II-J of the LMFBR Environmental Statement83 and by 

the National Academy of Sciences.80 The ultimate consequences of fluoride 

release, including possible food chain transport and accumulation must 

be evaluated on a site-specific basis. Discharge of fluorides in excess 

of 1.5 mg/liter (1.5 x 106 yg/m3) can be expected to have serious short-

term consequences on aquatic ecosystem components as well (Sect. 3.2.1.4.4). 

Local fish kills could follow an accidental release of fluorides at con

centrations of 10 mg/liter or greater in aquatic systems. Again, conclu

sive analysis of ecological consequences must rest upon site-specific 

considerations. 

Potential nonradiological releases to aquatic environs are summarized in 

Table 3.2-19. The two main categories of substances which could be re

leased are trichloroethylene and refined oils. 

Rupture of coils in the plant refrigeration units could release several 

hundred gallons of trichloroethylene to floor drains. A portion would 

vaporize and the remainder would flow to the primary holding pond. 

Trichloroethylene (CICH = CC12) is a clear, colorless, noncorrosive, 
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TABLE 3.2-17 

ESTIMATED CONCENTRATIONS IN AIR OF HF GAS RELEASED 
IN NONTRANSPORTATION ACCIDENTS 

Accident 
description 

Release from 
feed cylinder 
(normal or return) 

Release from 
product cylinder 

Release of 
tails material 

Tornado 

Rupture of 
HF storage 
tankd 

Duration 
of release 

(min) 

15 

15 

10 

Unknown 

Instantaneous 
portion 

Delayed portion 
2.88E4 

Amount 
released 

(kg) 

1.70E3a 

3.00E2 

3.6E1 

1.7E4 

3.97E2 

4.14E3 

Concentration 
in air (yg/m3) 

6.02E3Z? 

l.OSE^ 

1.91E2& 

4.27E4e 

1.26E6 

7.63E1 

aRead as 1.7 x 103. 

Concentration at plant boundary of 1207 m. 

^Concentration over lOOO-acre area of 100-m height. 

Added in response to Comment letter 22 (Nuclear Regulatory Commission), 
p. 2. 
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TABLE 3.2-18 

ESTIMATED CONCENTRATIONS IN AIR OR WATER 
OF HF GAS RELEASED IN TRANSPORTATION ACCIDENTS 

Accident 
descr ipt ion 

Normal uranium 
Reactor return 

Normal uranium 
Early 
Delayed 

Reactor return 
Early 
Delayed 

Normal uranium 
100 

1,000 
10,000 

Reactor return 
100 

1,000 
10,000 

Case 

(c fs ) 

(c fs) 

Duration 
of release 

(hr) 

Case I 

1.7 
1.7 

Case I I 

4 
1 

4 
1 

I I I ( i n f lowing 

3 
3 
3 

3 
3 
3 

Amount 
released 

(kg) 

2.31E3a 

1.73E3 

2.89E3 
2.89E3 

2.17E3 
2.17E3 

stream) 

1.16E4 (UF6) 
1.16E4 
1.16E4 

8.71E3 (UF6) 
8.71E3 
8.71E3 

Concentration 
(yg/m3) 

6.58E3^ 
4.94E3& 

3.52E3& 

1.39E4* 

2.61E3& 

1.04E4Z> 

1.62E8 
1.62E7 
1.62E6 

1.21E8 
1.21E7 
1.21E6 

aRead as 2.31 x 103. 

Concentration in air at 300 m from release point. 
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TABLE 3.2-19 

SUMMARY OF POTENTIAL NONRADIOACTIVE ACCIDENT RELEASES 
AT A GAS CENTRIFUGE FACILITY 

Source Material released Quantity 
(gal) 

Product withdrawal system 

Tails withdrawal system 

Mechanical vacuum pumps in 
the process buildings 

Recycle assembly building 

Trichloroethylene ^300 

Hydrocarbon lubricating oils >100 

Vacuum pump oil 0.7-12a 

Diffusion pump oil 165 

Recycle assembly building 

Recycle assembly building 

Switchyard transformers 
and circuit breakers 

Damping oil 

Lubrication oil 

Mineral oil 

55 

110 

50,000 

Potential release per pump. 
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nonflammable liquid with the sweet odor characteristic of the chlorinated 

hydrocarbons. Chemically, trichloroethylene is not dangerously reactive. 

However, when exposed to light and water vapor, it slowly decomposes to 

form hydrogen chloride gas and, at elevated temperatures, chlorine.84 

Trichloroethylene vapors at levels from 1700 to 3300 ppm have been known 

to be toxic to workers involved in its manufacture and use.84 Chronic 

adverse effects have been noted at trichloroethylene levels above 100 

ppm.84>85»86 Therefore, accidental releases would present a hazard to 

gas centrifuge employees. 

Information of toxicity on trichloroethylene to aquatic organisms is sparse. 

According to product information developed by Dow Chemical Co., Midland, 

Michigan, trichloroethylene is readily oxidized and should decompose to 

its organic and inorganic salts fairly readily in the environment. Tri-

choloroethylene in 100-ppm concentration produced 100% kill of fathead 

minnows (Pimephales notatus). Also, 20 ppm was considered too high a 

trichloroethylene to be a safe concentration for aquatic biota. Dilution 

of an accidental release of about 300 gal (1135 liters) of trichloroethylene 

in the primary holding pond could result in a concentration in the effluent 

of about 19 ppm. This concentration would be further reduced by dilution 

in the receiving waters. Therefore, although a small fish kill may occur 

in the case of a large accidental trichloroethylene liquid release, adverse 

environmental effects likely would be limited and temporary. 

Dikes and drip pans will be used whenever practical to prevent accidental 

releases of oil to the environment. However, some oil could be lost (see 

Sect. 2.3.1.22.3), for example in equipment transit, and flow to the 

secondary holding pond. Since oil, for the most part, is less dense than 

water, the initial occurrence of oil as a pollutant is at the surface. Oil 

skimmers at the inlet and outlet of the secondary holding pond would, there

fore, retain and remove the major portion of the surface oil slick developing 

from an accidental oil spill within the plant (see Sect. 2.3.1.14). 

Traces of oil, particularly emulsions and water soluble extracts, 

however, could reach the aquatic system. 
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The physical behavior and biological effects of an oil spill are influenced 

to a large extent by the type of oil spilled. In general, crude oils are 

not highly toxic. The refining process, however, generally increases the 

toxic properties. The physical attributes of oil (high viscosity, sticki

ness, and color) also cause extensive problems.87 Aquatic biota, water 

birds, and human use of water could, therefore, be adversely affected as 

a result of accidental release of oils during operation of a gas centrifuge 

plant, trace quantities of oils in water supplies could produce taste and 

odor problems and also could interfere with water treatment and industrial 

processes. Biological effects of oil have been reviewed by the Environ

mental Protection Agency,37 by Clark,88 and by Boesch and Associates.89 

Because the dikes and drip pans and the operation of oil skimmers on the 

holding pond significantly reduce the possibilities of a major oil release 

to the environment, the impacts on biota and on water use should be 

localized and be limited to effects from emulsified and water soluble oil 

fractions and to a possible trace of oil film on the receiving water body. 
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3.2.2 Effects of rotor fabrication plant operation 

3.2.2.1 Effects of the heat dissipation system 

3.2.2.1.1 On land use 

Heat generated at a rotor fabrication plant from process and auxiliary 

equipment is removed by means of a recirculating water system and dis

sipated to the atmosphere through a mechanical-draft cooling tower 

(Sect. 2.3.2.10). The potential effects of this atmospheric heat dis

sipation on land use are similar to those discussed in Sect. 3.2.1.1.1 

for a gas centrifuge plant. However, the required cooling tower capacity 

for rotor fabrication is only 10% of that for a gas centrifuge plant. 

Surrounding land use could be affected by visible cooling tower plumes, 

increased incidence of fogging and icing, cooling tower drift, or noise. 

The frequency of occurrence and extent of these impacts resulting from 

cooling tower operation depend on local topography and weather conditions. 

However, observations to date indicate that properly designed and located 

towers do not create significant adverse impacts.1 

3.2.2.1.2 On water use 

The major potential impacts on water use from operation of a rotor fabri

cation heat dissipation system are: (1) consumptive loss of water and 

(2) effects of elevated water temperatures on competing water uses. Max

imum water loss due to evaporation and drift from the cooling tower is 

expected to be on the order of 174,000 gpd (Sect. 2.3.2.10). Minor con

sumptive losses of water may also occur in other processes. The principal 

sources of liquid thermal discharge are the cooling tower blowdown (maximum 

75,000 gpd at 85°F), boiler blowdown from the steam plant (6000 gpd of 

condensed steam at <95°F), and the laundry (4500 gpd at 130°F) (see Sect. 

2.3.2). The cooling tower and boiler blowdown thermal effluents are dis

charged to the primary holding pond, and the laundry discharges to the 

sewage treatment facility. 



3.2-104 

Consumptive loss of water from operation of a rotor fabrication plant 

amounts to about 0.3 cfs or less, depending on the volume of minor losses. 

With the plant using a surface water source of at least 10- to 100-cfs 

flow volume, the consumptive loss would only amount to between 3 and 0.3% 

of the available supply. The loss of this quantity off water should have 

no measurable effect on other water uses. 

The impacts of elevated water temperatures on competing water uses depend 

primarily on the temperature and volume of the discharge, temperature and 

volume of the receiving water, extent of the thermal mixing zone, and the 

nature of the competing water uses. Under worst-case conditions (described 

in Sect. 3.2.1.1.2), the thermal increment in a river with a minimum flow 

of 10 cfs receiving thermal discharges from a rotor fabrication plant 

would be less than 0.36°C (0.64°F). Although the extent of the mixing 

zone cannot be well defined generically, it would be small even in a 

10-cfs receiving body since the thermal effluent (about 0.13 cfs) consti

tutes only 1% of the receiving water flow. Even with this worst-case 

approximation, the effect of the heated effluents on competing water 

uses would be minor as long as the plant discharge structures are de

signed and located so that the small mixing zone does not interfere with 

such things as water intakes, fish migration routes, or recreational usage. 

Prior to operation of a rotor fabrication plant, the operator must obtain 

a NPDES discharge permit as discussed in Sect. 3.2.1.1.2. Thermal dis

charges from a rotor fabrication plant must comply with the applicable 

state and Federal standards (see Sect. 3.2.1.1.2). Many states2 (e.g., 

Tennessee, Ohio, Illinois) limit the AT (maximum temperature increase 

allowed at the edge of the mixing zone) to 3 to 5F° which, according to the 

staff's analysis, would be met easily by a rotor fabrication plant with 

a receiving water flow rate of at least 10 cfs. 

3.2.2.1.3 On terrestrial ecology 

The rotor fabrication plant heat discharge system could potentially affect 

local terrestrial ecosystems as a result of noise, icing, and deposition 
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of cooling tower drift. The probable nature and extent of these types 

of impacts are discussed in Sect. 3.2.1.1.3 for a gas centrifuge plant. 

Generally, impacts on terrestrial ecosystems due to operation of a rotor 

fabrication plant cooling system would be expected to be minor in compar

ison to the physical presence and operation of the plant per se. 

3.2.2.1.4 On aquatic ecology 

The potential effects of impingement and entrainment and the thermal 

effluents from a rotor fabrication plant on aquatic biota are similar 

in nature to those discussed in Sect. 3.2.1.1.4 for a gas centrifuge 

plant. Impingement and entrainment effects on aquatic biota are ex

pected to be quite small, however, because of the low water withdrawal 

requirements of a rotor fabrication plant. The sources, volumes, and 

temperatures of liquid thermal discharges from a rotor fabrication 

plant are delineated in Sect. 3.2.2.1.2. Any impact of these thermal 

effluents on aquatic biota will be confined primarily to the mixing 

zone, and the most important potential impacts include: (1) changes 

in the biotic community structure, (2) heat shock, (3) cold shock, and 

(4) thermal blockage of fish migration (see Sect. 3.2.1.1.4). Overall, 

the impacts on aquatic biota due to heat discharge from a rotor fabri

cation plant are not expected to be serious. The use of a mechanical-

draft cooling tower and a holding pond with a 30-day retention time for 

heated blowdown effluents will greatly reduce the amount of waste heat 

that is to be discharged to local receiving waters. However, the poten

tial for thermal effects on aquatic biota for each specific site con

sidered must be evaluated. 

3.2.2.2 Effects of biocidal discharges 

3.2.2.2.1 On land use 

Biocide usage will be limited to pesticides and herbicides for grounds 

and facilities maintenance, as in the case of a centrifuge enrichment 

plant (Sect. 3.2.1.3.1). If proper controls are implemented, no sub

stantial effects are likely to occur on nontreatment areas. 



3.2-106 

3.2.2.2.2 On water use 

The major biocidal l iqu id waste associated with a rotor fabrication plant 

is that resulting from the chlorination of the recirculating cooling water 

(Sect. 2.3.2.5), sewage wastewater treatment (Sect. 2.3.2.8), and sanitary 

water treatment backwash (Sect. 2.3.2.6). Cooling tower blowdown, with a 

maximum flow of 75,000 gpd at a total residual chlorine concentration of 

0.2 to 0.5 mg/l i ter and the water treatment backwash, 11,500 gpd with 

1.0 mg/l i ter residual chlorine (Sect. 2.3.2.13), are discharged into the 

primary holding pond. Dilution of the chlorine in the holding pond w i l l 

result in residual chlorine levels of no more than 0.5 mg/l i ter. Addi

tional chlorine demand in the holding pond w i l l further reduce this chlo

rine concentration. Disinfection of sewage wastewaters by chlorination 

necessitates maintaining a residual chlorine concentration of between 

0.1 and 0.5 mg/l i ter (Sect. 2.3.2.13). The eff luent from the wastewater 

treatment f ac i l i t y is released direct ly into the receiving water at flow 

rates averaging 57,600 gpd (Table 2.2-2). 

Assuming immediate eff luent di lut ion in the aquatic system, with no 

reductions in chlorine due to chlorine demand, the maximum incremental 

increase in chlorine levels over background concentrations in a r iver 

with 100-cfs minimum flow would be 1.4 yg / l i te r . The duration of the 

residual chlorine from a rotor fabrication plant in the receiving waters 

depends upon: (1) existing chlorine demand; (2) background level of 

residual chlorine; and (3) mixing and di lut ion in the water body. The 

nature of potential impacts of residual chlorine on water use are similar 

to those discussed in Sect. 3.2.1.3.2 for a gas centrifuge plant. Because 

of the low effluent volumes involved, and the transient nature of chlorine 

in water, residual chlorine released from a rotor fabrication plant should 

not adversely affect other water users. 

In addition, periodic application of fungicide to the cooling tower w i l l 

result in release of low levels (<5 mg/l i ter) of sodium pentachlorophenate. 

No impact on water use is expected (see Sect. 3.2.1.3.2). 
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Relatively minor amounts of herbicides and insecticides w i l l be released 

to the environment during operation of a rotor fabrication plant (see Sects. 

2.3.2.13 and 3.2.1.3.2). The amounts and types of these biocides to be 

used w i l l have to be determined on a si te-specif ic basis. The quantities 

that enter the aquatic ecosystem w i l l be minor and no impact on competing 

water uses is expected. 

3.2.2.2.3 On terrestr ia l ecology 

Biocidal applications properly applied and controlled (Sect. 3.2.2.2.1) 

are not expected to constitute any significant threat to terrestrial 

environs. 

3.2.2.2.4 On aquatic ecology 

The major biocidal discharge from a rotor fabrication plant is chlorine 

contained in the cooling tower blowdown and sewage treatment waste water 

(see Sect. 3.2.2.2.2). Assuming immediate effluent di lut ion in the aquatic 

system, with no reductions in chlorine due to chlorine demand in either the 

holding pond or receiving water body, the maximum increase in chlorine 

levels in a r iver with 100-cfs flow would be 1.4 yg / l i t e r . The tox ic i ty 

of chlorine residuals to aquatic biota is discussed in Sect. 3.2.1.3.4. 

Chronic exposure at concentrations on the order of 3 yg / l i te r are asso

ciated with toxic effects in the more sensitive aquatic species.3 There

fore, l i t t l e or no impact on aquatic biota from residual chlorine from a 

rotor fabrication plant is expected in the receiving water after mixing. 

However, within the mixing zones some impacts on aquatic biota can be 

expected with the magnitude of effect depending on the persistence of 

the residual chlorine and on other factors controll ing mixing zone size 

(see Sect. 3.2.1.3.4). 

In addit ion, sodium pentachlorophenate w i l l be periodically released in 

the cooling tower blowdown (Sect. 2.3.2.1.3). Maintenance of effluent 

concentrations at <5 mg/l i ter should preclude signif icant impacts on 

aquatic biota (see Sect. 3.2.1.3.4). 



3.2-108 

Minor releases of biocides may be associated with maintenance and pest 

control programs on plant grounds. However, as long as the plant operator 

is restricted to the use of nonpersistent compounds in a safe and approved 

manner, the impacts on aquatic biota from pesticide applications should be 

minor or negligible. 

3.2.2.3 Effects of other chemical discharges 

3.2.2.3.1 On land use 

Chemicals, other than cooling tower effluents, discharged during opera

tion of a rotor fabrication plant are identified principally as steam 

plant emissions and solvent releases from rotor assembly processes. 

Disposal of solid wastes and sludges reequire approximately 5.5 acres 

(Sects. 2.3.2.11.2 and 2.3.2.12). Steam plant effluents are only one-

tenth of those quantities associated with an operational centrifuge 

plant (Sect. 2.3.1.5) and in general are expected to be of little conse

quence, except where ambient air quality is poor or where nondegradation 

statutes apply. Site-specific analyses must deal with these particular 

kinds of situations. 

As regards process effluents, concentrations of several organic effluents 

in air discharged from an assumed 30-m stack are listed in Table 3.2-1 

along with threshold limit values (TLVs) established by the American 

Conference of Governmental Industrial Hygienists. Since the concentra

tion of the various pollutants in air at the point of discharge is only 

0.1 to 0.3% of the TLV (defined as the concentration in air to which 

individuals may be repeatedly exposed without adverse effects), calculat

ing their concentration at the plant boundary would be superfluous. 

Therefore, the staff concludes that no noticeable effect on people living 

outside the plant area would be expected from the discharge of these pol

lutants. Further, no adverse effects on local land or water use and 

associated biota would be anticipated. 
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Some chlorocarbons and chlorofluorocarbons have been implicated as 

potential sources of catalytic agents which may accelerate decomposition 

of stratospheric ozone.4'5 Of the compounds released from a rotor 

fabrication plant (see Tables 2.3-30 and 3.2-20), only trichlorotri-

fluoroethane is photolytically dissociated at wavelengths (190 to 210 nm) 

present only in the stratosphere. One product of this dissociation, 

free chlorine atoms, serves as an efficient catalyst in the destruction 

of ozone to 0 and 0 2 ^ The total quantity of trichlorotrifluoroethane 

released annually from a rotor fabrication plant is around 80,000 kg. 

This represents about 0.008% of the total world output of potentially 

hazardous chlorofluorocarbons. The full extent of the environmental 

hazard associated with chlorofluorocarbons is still uncertain. Reduction 

of the ozone layer in the stratosphere would increase the amount of solar 

ultraviolet radiation reaching the earth's surface. High intensities of 

ultraviolet are harmful to nearly all forms of life, but the effects 

of small increases in intensity are still the subject of much research 

and debate.4 If results of studies now under way show that indeed 

chlorofluorocarbons cause significant damage to the ozone layer, limits 

on all uses of these chemicals, including effluent controls at a rotor 

fabrication plant, will be invoked. 

Effluents associated with classified material releases are below those 

that the staff believes will have any significant effects on people or 

other biota at the site boundary. 

TABLE 3.2-20 

CONCENTRATION OF ORGANIC POLLUTANTS IN AIR 
DISCHARGED FROM A ROTOR FABRICATION PLANT 

discharged air 
(ppm) 

Compound 

Blaco-tron TCM 

Freon TA 

Tri chlorotri f1uoroethane 

Perchloroethylene 

0.7 

1.9 

1.5 

0.3 

Toxicity Percent 
(TLV in ppm) of TLV 

700 0.10 

1000 0.19 

1000 0.15 

100 0.3 
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3.2.2.3.2 On water use 

Liquid effluents from a rotor fabrication plant will be released from three 

point-sources plus possible contaminants in storm-water runoff and ground

water leachates from solid-waste burial grounds. Components of the point-

source discharges (sewage treatment plant, primary holding pond, and steam 

plant ash pond) are summarized in Fig. 2.3-10 and Table 2.3-31. The major 

constituents, other than biocidal discharges (Sect. 3.2.2.2) and sanitary 

wastes (Sect. 3.2.2.4), are: (1) nutrient chemicals (phosphates); (2) heavy 

metals (chromium, zinc); (3) dissolved salts (total dissolved solids, 

chlorides, sulfates); (4) suspended solids; (5) organics (detergent, oil and 

petroleum products); and (6) leachates from the coal yard, fly ash tailings, 

and limestone-sulfate sludge (e.g., heavy metals and sulfates). The efflu

ents from the sewage treatment plant, steam plant ash pond, and cooling 

tower and boiler blowdown will be ^/ery similar to, but of smaller magnitude 

than, the corresponding effluents from a gas centrifuge plant (see Sect. 

3.2.1.4.2). "Pollutant" constituents in storm-water runoff in the vicinity 

of the rotor fabrication plant may include chromates and zincs from atmo

spheric deposition. Groundwater contamination is also possible as a result 

of seepage from burial grounds and solid-waste disposal areas (see Sect. 

2.3.2.12). The quantity and quality of pollutants in runoff and ground

water will vary depending on site-specific characteristics, which include 

meteorological and groundwater flow patterns, and no estimates of the 

importance of these contributions to surface waters are available. 

The quantity of pollutants released from a rotor fabrication plant, in 

many cases, is dependent upon the quality of the intake water and other 

site-specific variables. The impact of these releases on water use and 

aquatic ecology is governed largely by the extent of effluent dilution 

in the receiving water system. For the purposes of these analyses, 

dilutions are calculated on the basis of a stream with a minimum flow 

of 100 cfs. However, a rotor fabrication plant could conceivably dis

charge its effluents into a smaller flow volume. More precise concen

trations must be calculated on a site-specific basis. Available water 

quality standards for effluents, and appropriate water quality criteria 
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and recommended limitations for the receiving water body are included in 

Table 3.2-12. 

Nutrient chemicals (phosphates) 

Effluent that has a phosphorus (as PO^3") concentration of about 3 mg/liter 

(total, 0.96 kg/day) will be released to the receiving water body from 

the primary holding pond during operation of a rotor fabrication plant. 

Dilution of this effluent in a river with a 100-cfs minimum flow would 

result in a maximum increase of 3.9 yg/liter in the phosphate concen

tration of the river. Injection of this level of phosphorus into a 

natural aquatic system could result in eutrophication as described in 

Sects. 3.2.2.4.2 and 3.2.2.4.4, but to a much lesser degree than is 

likely for a gas centrifuge plant. Some additional nutrients will also 

be released to the aquatic system in sewage treatment waste water (see 

Sect. 3.2.2.4). 

The recommended guideline for allowable amounts of total phosphorus in 

rivers is 100 yg/liter, and 50 yg/liter where streams enter lakes or 

reservoirs. The 3.9-yg/liter maximum increase in phosphorus concentra

tion in a 100-cfs river represents 4% and 8% of these values, respectively. 

In a river, therefore, the impact of phosphate releases from a rotor 

fabrication plant should be minimal. However, the impact of phosphate 

release to a lake ecosystem equivalent to an increase in phosphate con

centration of 3 mg/liter could be more severe. 

Heavy metals (chromium and zinc) 

Zinc (Zn) and chromium (Cr) may be used in the cooling water system as 

corrosion inhibitors (Sect. 2.3.2.5). The Zn and Cr concentrations of the 

recirculating water are about 2 and 15 mg/liter, respectively. However, 

treatment of the blowdown water can reduce these levels (see Sect. 

2.3.1.9). On the basis of projected concentrations of Cr and Zn in the 

holding-pond effluent of 0.037 and 0.37 mg/liter, respectively (Table 

2.3-31), the corresponding maximum increases after mixing in a receiving 
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water with a minimum flow of 10 cfs would be 0.56 and 5.6 yg/liter. No 

significant impact on water use is expected at these levels (Sect. 

3.2.1.4.2). 

Dissolved salts (total dissolved solids, chlorides, sulfates) 

The levels of total dissolved solids (TDS), chlorides (Cl~), and sulfates 

(SOif2-) that will be released from a rotor fabrication plant are highly 

dependent on the quality of the intake water. The principal sources of 

high levels of total dissolved solids in effluents from the plant are 

boiler and cooling tower blowdown; for chlorides, the principal sources 

are decomposition of the chlorine in the cooling water system, sewage 

system, and sanitary water treatment facility, and chloride salts from 

regeneration of the sodium zeolite softening units; and for sulfates, 

regeneration of the hydrogen zeolite units, cooling tower blowdown, and 

leachates from the chromate destruction sludge, sludge from the S02-

scrubbing process and coal yard runoff. 

High levels of dissolved solids in surface waters and water supplies are 

objectionable because of possible physiological effects on aquatic biota 

(see Sects. 3.2.1.4.4 and 3.2.2.3.4), altered aesthetics, increased water 

treatment costs, and mineral tastes in public drinking waters. Recommended 

water quality criteria for water uses, and the potential effects of increas

ing TDS and chlorides and sulfates in the receiving water body, are the same 

as those discussed in Sect. 3.2.1.4.2 for a gas centrifuge plant. However, 

the impact on water use of increased loads of TDS and CI and SOif resulting 

from operation of a rotor fabrication plant cannot be determined except on 

a site-specific basis. 

Suspended solids (TSS) 

During operation of a rotor fabrication plant, suspended solids are re

leased principally from (1) the sewage treatment facility (57,600 gpd 

with a TSS concentration of 10 mg/liter); (2) the steam plant ash settling 

pond (about 93,000 gpd with maximum TSS concentration of 30 mg/liter); 
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and (3) the primary holding pond (100,000 gpd). The concentration of 

suspended solids in the holding pond effluent will be controlled to comply 

with Federal and state water quality standards [generally on the order 

of 15 to 50 mg/liter in the effluent water (see Table 3.2-12)]. Under 

worst-case conditions, a rotor fabrication plant will release a total of 

250,600 gpd of water that has a TSS concentration of 33 mg/liter. Immed

iate dilution of the effluent in a river with a minimum flow of 100 cfs 

would result in an increase of 130-yg/liter (0.13-mg/liter) increase in 

TSS concentration. 

High concentrations of suspended solids in water supplies and aquatic 

systems can adversely affect water use for recreation and aesthetics, 

industrial processes, public water supplies, and irrigation. The same 

considerations are applicable as discussed in Sect. 3.1.2.4.2 for a gas 

centrifuge plant. Suspended solids affect water clarity, light penetra

tion, water temperature, absorption of toxic materials, and distribution 

and rate of sedimentation. These factors not only influence recreational 

and aesthetic values directly, but they can also control or limit bio

logical productivity (see Sects. 3.2.1.4.4 and 3.2.2.3.4). Any increase 

in suspended solids over that normal to a water body is also likely to 

result in increased water treatment costs and the importance of the 

impacts on recreation, aesthetics, and aquatic biota from increased TSS 

levels must be made on a site-specific basis. 

Organics (detergents and oil and petroleum products) 

A number of organic compounds are used in operation of a rotor fabrication 

plant and released, generally in snail amounts, to the aquatic environment. 

The principal components are detergents and oils and petroleum products. 

Daily laundry operations (Sect. 2.3.2.3) require approximately 40 lb of 

cleaning agents, including commercial detergents, released in 4500 gal 

of water to the sewage treatment facility. The surface-active agent in 

the detergent is likely to be linear alkylate sulfonate (LAS). Potential 

impacts are discussed in Sect. 3.1.2.4.2. Adequate treatment should pre

vent significant effects on competing water uses. 
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Small amounts of waste oils and petroleum products from a variety of 

sources are likely to be released to the primary holding pond. Oil 

skimmers are located at both the inlet and outlet of the pond, thereby 

preventing all but traces of oil from being discharged to the environment 

(see Sect. 2.3.2.11.1). The low levels of oils and soluble components 

of the oils and petroleum products which reach the aquatic ecosystem 

should not affect water use. 

Effluents from the steam plant ash settling pond 

The waste products from the steam plant associated with the rotor fabrica

tion plant will be the same as those from the gas centrifuge steam plant, 

except the steam capacity required by the rotor fabrication plant is only 

one-tenth of that for a gas centrifuge plant. Therefore, the amounts of 

wastes disposed of in the steam plant ash pond of the rotor fabrication 

plant should be one-tenth of those for a gas centrifuge plant. The steam 

plant ash pond receives a sluiced bottom ash and fly ash, sludge from 

the sulfur dioxide (S02) removal, and runoff from the coal yard (Sect. 

2.3.2.11.2). The effluent from the ash pond can contain suspended solids 

(maximum total, 50 mg/liter) and sulfates in high concentrations and 

trace metals leached from the coal and ash. The pH should range from 

6.0 to 8.0. 

The impacts of increased loads of sulfates and suspended solids on water 

use have been discussed in previous subsections of Sect. 3.2.2.3.2 and 

in Sect. 3.2.1.4.2. The components and quantities of trace metals and 

sulfates leached from the coal and ash will depend on the type and source 

of coal used at the steam plant. Further details are given in Sect. 

3.2.1.4.2. The impact of the effluents from the ash pond must be 

further analyzed on a site-specific basis. 

3.2.2.3.3 On terrestrial ecology 

Inasmuch as siting requirements for a rotor fabrication plant are such as 

to foster construction in an industrial area, operational effects on ter

restrial biota can range from insignificant to moderate (in comparison to 
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a gas centrifuge facility). The diversion of 3.5 acres of potential habi

tat for solid waste disposal would not appear significant in the generic 

sense, provided siting considerations (Sects. 2.5.1.6 and 2.5.2.6) are met 

with respect to important biotic resources. 

No substantial effects on either vegetation or fauna are expected to result 

from steam plant effluents. Additionally, manufacturing process effluents 

are discharged at concentrations which the staff considers trivial in com

parison with known exposure allowances in humans (Sect. 3.2.2.3.1). 

3.2.2.3.4 On aquatic ecology 

Liquid wastes discharged from a rotor fabrication plant are diagrammed 

in Fig. 2.3-10. As noted in Sect. 3.2.2.3.2, the major components (other 

than sanitary sewage wastes and biocidal discharges) are: (1) nutrient 

chemicals (phosphates); (2) heavy metals (chromium, zinc); (3) dissolved 

salts (total dissolved solids, chloride, sulfate); (4) suspended solids; 

(5) organics (detergents, oils and petroleum products); and (6) effluent 

from the steam plant ash pond containing leachates from the coal yard, 

fly ash tailings, and limestone-sulfate sludge. Estimated pollutant 

concentrations and effluent flow rates for liquid waste have been de

scribed in Sect. 3.2.2.3.2. The impacts of these releases, in general, 

are similar to, but on a much smaller scale than, those described for 

the corresponding effluents from a gas centrifuge plant in Sect. 3.2.1.4.4. 

Nutrient chemicals (phosphates) 

The addition of phosphate to an aquatic system which would cause the 

phosphorus concentration to be 3 mg/liter could result in some eutrophi-

cation. The impacts of eutrophication and nutrient enrichment on aquatic 

ecology are discussed in Sect. 3.2.1.4.4 for a gas centrifuge plant. 

The maximum increase in phosphorus concentration in a river with a 100-cfs 

minimum flow is about 4 yg/liter (see Sect. 3.2.2.3.2). In a river, 

therefore, the impact of phosphate releases from a rotor fabrication plant 

should be minimal. However, the impact of phosphate release to a lake 

ecosystem which would increase the phosphorus concentration to 3 mg/liter 
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could be more severe, particularly in an oligotrophic system where 

phosphorus is one of the important factors limiting productivity. Some 

additional nutrients will also be released from a rotor fabrication plant 

to the aquatic system in sewage treatment wastewater (see Sect. 3.2.2.4). 

Heavy metals (chromium, zinc) 

Chromium (Cr) and zinc (Zn) are used in the cooling water system, and 

treatment of the cooling tower blowdown water can control the amounts of 

chromium and zinc released to the aquatic environment. The effects of 

heavy metals (in general, chromium and zinc) on aquatic biota are reviewed 

in Sect. 3.2.1.4.4. The recommended "safe" concentrations of Cr and Zn 

for aquatic biota are 0.05 and 0.1 mg/liter, respectively. Projected 

maximum increase in Cr and Zn concentrations due to blowdown water dis

charge into a 10-cfs river are 0.56 and 5.6 pg/liter, respectively, only 

1 and 6%, respectively, of the recommended "safe" levels. Therefore, 

no significant environmental impact is expected. 

Dissolved salts (total dissolved solids, chlorides, sulfates) 

The levels of total dissolved solids (TDS), chlorides (Cl~), and sulfates 

(SO^2-) that will be released from a rotor fabrication plant are highly 

dependent on the quality of the intake water. The principal sources of 

TDS, Cl~ and SO^2- in the effluents are noted in Sect. 3.2.2.3.2. 

The quantity and composition of dissolved solids are major factors in 

determining the variety and abundance of plants and animals in an aquatic 

ecosystem. The relationships of TDS, CI and SO^ to aquatic ecology are 

discussed briefly in Sect. 3.2.1.4.4 for a gas centrifuge plant. The 

recommendation of the Environmental Protection Agency3 states, "total 

dissolved materials should not be changed to the extent that the biolog

ical communities characteristic of particular habitats are significantly 

changed." Chlorides and sulfates are present naturally in most surface 

waters (see Sect. 3.2.1.4.2). However, sulfates, in the absence of 

oxygen, can be reduced to hydrogen sulfide (H2S), a poisonous gas highly 

soluble in water. The release of high levels of sulfates from a rotor 
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fabrication plant could, therefore, have a serious detrimental effect on 

aquatic biota if the receiving waters of the river or lake are susceptible 

to oxygen depletion and formation of H2S. The impacts of TDS, CI", and 

SO^2- releases must be determined on a site-specific basis. 

Suspended solids (TSS) 

Suspended solids are released primarily from the sewage treatment facility, 

steam plant ash pond, and the primary holding pond, resulting in a total 

effluent flow of 250,600 gpd with a maximum TSS concentration of 33 mg/liter 

(see Sect. 3.2.2.3.2). The composition and concentrations of suspended 

particles in surface waters affect light penetration, water temperature, 

solubility products, and (directly and indirectly) aquatic biota. Depo

sition of suspended solids can eliminate certain benthic communities and 

alter substrates in important areas such as fish spawning sites. Potential 

impacts of increased levels of suspended solids on aquatic biota have been 

discussed in Sects. 3.1.4 and 3.2.1.4.4. The specific impacts of a rotor 

fabrication plant will depend on the plant site, local aquatic communities, 

and physical and chemical characteristics of the receiving water body. 

Organics (detergents, oils, and petroleum products) 

The principal organic compounds to be discharged from a rotor fabrication 

plant are detergents, oils, and petroleum products. 

Laundry operations (Sect. 2.3.2.3) will release daily 40 lb of cleaning 

agents, including commercial detergents. In current detergent formulas, 

linear alkylate sulfonates (LAS) are the primary toxic active compounds. 

The toxicity of the LAS disappears upon biodegradation. Short-term tox

icity studies on selected fish species and a limited variety of invertebrates 

(see Sect. 3.2.1.4.4) have found lethal concentrations of LAS vary from 

0.2 to 10 mg/liter. The procedure for determining the impact of detergent 

release on aquatic ecology is described in Sect. 3.2.1.4.4 for a gas 

centrifuge plant. A rotor fabrication plant will release only 40% of 

the quantity of cleaning agents used per day at a gas centrifuge plant. 
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During routine operation of a rotor fabrication plant only small quantiti 

of waste oils and petroleum products will be discharged into the aquatic 

ecosystem (see Sect. 3.2.2.3.2). At these levels, no impact is expected 

on aquatic biota. Biological effects of petroleum hydrocarbons are dis

cussed in more detail in Sect. 3.2.1.7. 

Effluents from the steam plant ash pond 

The steam plant ash pond (Sect. 2.3.2.11.2) receives runoff from the 

coal yard, sluiced bottom ash and fly ash, and sludge from the S02-

removal process. The principal pollutants in the effluent are suspended 

solids in high concentration (maximum, 30 mg/liter), sulfates, and trace 

metals leached from the coal and ash (see Sect. 3.2.1.4.2). The pH 

should range from 6.0 to 8.0. The impacts of these constituents on 

aquatic ecology are discussed in Sect. 3.2.1.4.4 for a gas centrifuge 

plant. Levels of suspended solids in the ash pond effluent can decrease 

light penetration, clog fish gills, and settle, thereby eliminating im

portant benthic habitats and biotic communities (see Sects. 3.1.4 and 

3.2.1.4.4). Sulfate releases increase total dissolved solids and may 

form hydrogen sulfide in the absence of oxygen (see Sect. 3.2.1.4.4). 

Metals dissolved and suspended in surface waters are toxic to aquatic 

biota, often in small amounts. 

3.2.2.3.5 On people 

Data on the concentration of several organic effluents in the air dis

charged from 30-m high stacks are listed in Table 3.2-20 along with 

threshold limit values (TLVs) established by the American Conference 

of Governmental Industrial Hygienists. Since the concentration of the 

various pollutants in air at the point of discharge is only 0.1 to 0.3% 

of the TLV (defined as the concentration in air to which individuals nay 

be repeatedly exposed without adverse effects), calculating their concen

tration at the plant boundary would be superfluous. Therefore, the staff 

concludes that no noticeable effect on people living outside the plant 

area would be expected from the discharge of these pollutants. Further, 

no adverse effects on land or water use and associated biota would be 

anticipated. 
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3.2.2.4 Effects of sanitary wastes 

The sanitary-sewage system for a rotor fabrication plant (Sect. 2.3.2.8) 

will be essentially the same as that described in Sects. 2.3.1.12 and 

3.1.2.5 for a gas centrifuge plant. The estimated flow, however, is 

57,600 gpd, 30% of that for a gas centrifuge plant. The potential im

pacts of operation of a sanitary-sewage system on land use, water use, 

and aquatic biota are described in Sect. 3.2.1.5. The land area required 

for disposal of screened solids and dried sludge should be small, with no 

significant added impact on local land use. 

Sewage-treatment plant liquid-effluent characteristics that can sometimes 

affect water use and aquatic biota include: biochemical oxygen demand 

(BOD), suspended and dissolved solids, nutrient chemicals, residual chlo

rine, pH, and fecal coliform. The impacts of residual chlorine on water 

use and aquatic biota, as discussed in Sects. 3.2.2.2.1 and 3.2.2.2.4, 

should be minor. BOD, suspended solids, pH, and fecal coliform will be 

controlled effectively by the secondary biological treatment plant and 

produce no noticeable effects on competing water uses or aquatic biota. 

However, concentrations of dissolved solids and nutrient chemicals could 

be increased in the receiving water due to operation of the plant, with 

resultant potential effects on water use and aquatic biota (see Sects. 

3.2.1.5, 3.2.2.3.2, and 3.2.2.3.4). Although in most cases the dis

solved solids and nutrient chemical inputs from the sewage treatment 

plant effluent will be adequately diluted in the receiving water body 

to prevent any significant deleterious impacts, at some sites the use 

of tertiary or advanced waste treatment may be necessary to comply with 

state and local water quality standards and to avert undesirable impacts 

on water use or aquatic biota. 

3.2.2.5 Community effects 

3.2.2.5.1 Physical 

Air pollution 

Air pollution during operation is discussed in Sects. 3.2.2.1.1, 

2.2.2.3.1, and 3.2.3. 
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Traffic 

During operation, about 10, but no more than 15, truckloads per week of 

raw materials will be brought into the plant. If completed rotors are 

to be shipped by truck, an additional 35 truckloads per week will be 

shipped from the plant. If rotors are to be shipped by train, one train 

of 30 flat cars will be required per week. 

Noise 

Operation of the plant is extremely quiet in terms of noise and there 

should be no noticeable external effect. 

Population displacement 

One of the major considerations in siting the rotor fabrication plant 

will be the displacement of people in any given community. Although the 

plant may be sited around or within a metropolitan area, the site per se 

will be chosen so as to necessitate minimal disruption and relocation of 

any individual or group. 

Social and economic 

Like the gas centrifuge plant, operation of the rotor fabrication plant 

will be designed and implemented to create minimal disruption of the 

social and economic fabric of the communities in which the plant is 

located. The intention of the plant owner should be to minimize the 

impact on the host community to the greatest extent possible. The number 

of in-migrating workers required will depend on the availability of labor 

from the local region and the extent to which transportation to the site 

is available. 

These workers and their families that move into the area during construc

tion will need to be provided with a variety of services and facilities; 

that is, housing, schools, hospitals, social services, water, roads, 

sewers, etc. The impact on the local area will vary significantly from 

community to community, depending on the size of the local community and 
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its distance from a metropolitan region with the capability to absorb 

much of the in-migration of these workers and the attendant services. 

Economically, the impact of operation of the rotor fabrication plant 

will also vary from community to community. Factors to be considered 

are: (1) the payroll of the work force and the area in which these 

monies will be spent, (2) the extent to which local vs outside facili

ties will be used at the site, and (3) the taxes paid by the plant and 

how, when, and where these monies are distributed. Both the social and 

economic impact on the local community due to the operation of the rotor 

fabrication plant will be less than the impact of the gas centrifuge 

plant because of the smaller size of the rotor fabrication plant and 

hence the smaller work force needed. 

3.2.2.6 Potential effects of accidents 

For the most part, the consequences of credible types of accidents are 

far less serious than for the postulated hazards at an enrichment facility. 

In general, any accidental release of solvent or other chemicals would 

constitute nothing more than a cleanup exercise, with insignificant 

impact upon land, water, human, or other biotic resources. Natural catas-

trophies do not fall within the purview of this general conclusion, 

however, and are thus afforded some additional discussion here. 

One of the most catastrophic events that could occur at a rotor fabrica

tion facility is a tornado. Although the probability of occurrence is 

low for any area of the specified site size, such an event could poten

tially cause the release to the environment of materials in process at 

any time. Inventories are assumed to be stored in reasonably tornado-

resistant structures. 

A tornado that scatters materials over a 1000-acre area of 100 m height 

(4.04 x 108 m 3) is assumed to distribute the entire in-process inventory 

of solvents. The concentrations in air of organic solvents following 

this event are given in Table 3.2-21. All concentrations are well below 

threshold limit values (TLVs) established by the American Conference of 
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Government Industrial Hygienists. The amount of trichlorotrifluoroethane 

released would be 0.001% or less of the annual world-wide releases of 

chlorofluorocarbons potentially hazardous to the ozone layer in the 

stratosphere.4 Thus, no adverse effects to man or other terrestrial 

biota would be expected from such a release of vapor-phase materials. 

Release of classified materials6 in process also is believed to cause no 

significant effects.7 

The organic materials listed in Table 3.2-21 may also be released as 

liquid effluents in the event of a catastrophic accident (e.g., tornado, 

earthquake), and carried to local surface waters with runoff. If this 

were to occur, toxicity to aquatic animals could result. The relative 

seriousness of such an effect would depend on the amount of material re

leased and the biotic and abiotic characteristics of the receiving water. 

However, fish-kills could follow an accidental release of this nature. 

Spillage and evaporation of solvents in a transportation accident 

(Table 2.3-46) would result in concentration of solvents in air that 

are below TLV values at 300 m distance. Table 3.2-22 gives estimated 

concentrations of solvents in air after complete evaporation of the 

contents of punctured drums. 
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TABLE 3.2-21 

CONCENTRATION OF SOLVENTS IN AIR FOLLOWING 
THE LOSS OF THE PROCESS INVENTORY OF A 
ROTOR FABRICATION PLANT DURING A TORNADOa 

Total release Concentration T„„ ,-„ , -4. . 
Compound inventory in a i r ,TI S ]£ S L 

( l i t e rs ) (ppm) ( T L V i n PPm) 

Blaco-Tron TCM 

Freon TA 

Tri chlorotr i f1uoroethane 

Perchloroethylene 

3400 

4100 

5600 

1900 

8.33 x 10"3 

1.01 x 10"2 

1.38 x 10"2 

4.70 x 10'3 

700 
1000 

1000 

100 

aVolume affected is assumed to be 4.04 x 108 m3. 

TABLE 3.2-22 

CONCENTRATION OF SOLVENTS IN AIR FOLLOWING 
EVAPORATION FROM DRUMS PUNCTURED IN A 

TRANSPORTATION ACCIDENT 

Amount Concentration Toxicitv 
Solvent evaporated in air /TI » •,•« «rL\ 

( l i te rs ) (ppm)a ( T L V i n p p m ) 

Trichlorotrifluoroethane 

Freon-TA 

Blaco-Tron-TCM 

Perchloroethylene 

2800 

3400 

1420 

470 

9.0 x 10"1 

1.0 
4.4 x 10'1 

1.2 x 10"1 

1000 

1000 

700 
100 

aAt 300 m, X/Q = 1.85 x 10 " \ 
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3.2.3 Effects of gas centrifuge demonstration plant and development 

facilities 

3.2.3.1 Effects of operation 

The effluents and impacts associated with research, development, and 

demonstration (rd&d) programs are assumed to be 3% of those described 

in Sects. 3.2.1 and 3.2.2 for an 8.75 million SWU/year enrichment 

plant and associated rotor fabrication plant. 

The impacts of heat discharge and biocide releases will be minimal. 

Aquatic impacts are mitigated by discharge of cooling tower blowdown 

into a holding pond; terrestrial impacts of the cooling tower plume will 

be confined to a small area within the plant buffer zone. The normal 

load on the sewage treatment facilities will be less than 200 persons, 

and therefore environmental impacts should be negligible. Other chemicals 

discharged to the aquatic system include nutrient chemicals (N03-N and 

PO ^ P ) , heavy metals (Al, Cr, Zn, U), dissolved salts (TDS, CI, SOij, F), 

suspended solids, and miscellaneous organics and solvents. Considering 

that these effluents from the demonstration plant represent only a small 

fraction of those analyzed in Sects. 3.2.1 and 3.2.2, no significant 

impacts on water use or aquatic ecology are likely. However, inputs of 

nutrients and suspended and dissolved solids (particularly from the 

steam plant ash pond) could have some adverse effects if released into 

a relatively pristine aquatic system. Concentrations of gaseous and 

particulate emissions from the demonstration plants should represent 

less than 0.2% of Federal Air Quality Standards (see Sect. 3.2.1.4.1), 

and therefore will have no measurable impact on local or regional air 

quali ty. 

The radioactive releases are expected to be only 3% of those for the 

full-scale plant. Therefore, the estimated doses would be correspond

ingly lower than those given in Sect. 3.2.1.2. 
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In summary, if the siting criteria specified in Sects. 2.5.1.6, 2.5.1.9, 

and 2.5.1.10 and the best available management technology are applied, 

the environmental impacts of gas centrifuge and rotor fabrication rd&d 

programs should be insignificant. 

3.2.3.2 Potential effects of accidents 

Potential accidents for rd&d programs are identical to those described 

in Sects. 2.3.1.22 and 2.3.2.16, but the quantities of radioactivity, 

hydrogen fluoride, trichloroethylene, solvents, or refined oils released 

would be only 3% of those potentially released from full-scale facilities. 

The impacts would be similar to those described in Sects. 3.2.1.7 and 

3.2.2.2.6, but on a smaller scale and confined to a smaller area. Levels 

of radioactivity released would be greater than background levels but 

less than critical doses. Gaseous HF could damage vegetation in the 

immediate vicinity of the accident, but should quickly be dispersed to 

levels below those lethal to man. Accidental releases of trichloro

ethylene, solvents, or oils should be adequately contained to prevent 

any severe impacts on people or the environment. 

3.2.3.3 Community effects 

The social impacts of rd&d programs are much less than those of the full-

size facility. Any impacts that may occur within a community, however, 

will vary according to the size and location of the facility and its 

relationship to the nearest community. 
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3.3 EFFECTS OF OPERATION OF A FULL-SCALE GASEOUS DIFFUSION PLANT 

3.3.1 Effects of plant operation 

In many respects the types of effluents, and therefore the environmental 

impacts, from a gaseous diffusion plant are similar to those described in 

Sect. 3.2 for a gas centrifuge plant. The principal distinctions between 

the two uranium enrichment processes are: (1) power requirements for a 

gaseous diffusion plant are about 10 times greater than those for a gas 

centrifuge enrichment plant; (2) quantities of waste heat to be dissipated 

to the environment, therefore, are generally an order of magnitude greater 

from a gaseous diffusion plant, requiring greater quantities of recircu

lating makeup water, blowdown, etc.; (3) discharge from the decontamina

tion (uranium recovery) facility at a gaseous diffusion plant is about 

50% that at a gas centrifuge plant; (4) operation of a gas centrifuge 

plant will require the burial of many more low-level contaminated parts 

than that of a gaseous diffusion plant; and (5) lower manpower require

ments for a gaseous diffusion plant yield sanitary-water requirements and 

laundry and sewage treatment facility loads that are about 40% of those 

for a gas centrifuge plant (and associated rotor fabrication facility). 

3.3.1.1 Effects of the heat dissipation system 

Most of the waste heat generated by the process and auxiliary equipment 

of a gaseous diffusion plant is removed by a recirculating cooling water 

system (Sect. 2.3.3.5), and dissipated to the atmosphere through 

mechanical-draft cooling towers. Water requirements for a gaseous diffu

sion plant amount to about 22 Mgd, the major portion of which is cooling 

tower makeup water. The cooling towers discharge to the atmosphere a 

maximum of about 17 Mgd of water; 4.3 Mgd heated blowdown water are dis

charged to the primary holding pond. Other sources of liquid thermal 

discharge are boiler blowdown from the steam plant (60,000 gpd of con

densed steam at <95°F discharged to the primary holding pond), and laundry 

effluents (about 15,000 gpd at 130°F dishcarged to the sewage treatment 

facility). 
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3.3.1.1.1 On land use 

The mechanical-draft cooling towers constitute the major potential impact 

on local land use associated with operation of the heat dissipation 

system. Ground-level plume contact (fogging), drift deposition, and 

cold weather icing are known to be associated with operation of 

mechanical-draft cooling towers. Potential impacts of these phenomena 

on nearby commercial, industrial, residential, agricultural, and recre

ational land use are discussed in Sect. 3.2.1.1.1. The frequency of 

occurrence and duration of these effects depend on local topography and 

weather conditions; the importance of the impact will depend upon local 

land-use practices. Because operation of a gaseous diffusion plant 

requires the dissipation of relatively large quantities of heat via 

cooling towers, these factors must be examined carefully to determine the 

magnitude of potential impacts at a particular site. 

Other effects on land use of cooling tower operation include noise and 

aesthetics. The presence of a visible plume will contribute to the 

"industrial" appearance of the site. The plume may be visible at a dis

tance, depending upon local topography. Noise, primarily due to opera

tion of large fans to induce air flow, may constitute a source of annoy

ance to area residents. At distances of 305 m, however, noise levels for 

mechanical-draft units are reduced to near 60 dB(A), that is, below the 

65 dB(A) noise level categorized as discretionary - normally acceptable 

in HUD guidelines (see Sect. 3.2.1.1.1). It is very unlikely that a 

significant number of individuals would live within this radius.because 

of the extent (350 acres) of the plant buffer zone (see Sect. 2.5.3.1.3). 

3.3.1.1.2 On water use 

The major potential impacts on water use from the operation of a gaseous 

diffusion heat dissipation system are consumptive loss of water and ef

fects of elevated water temperature on competing water uses. 
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Water consumption 

Maximum water loss due to evaporation and drift from cooling towers is 

expected to be on the order of 17 Mgd, or about 26 cfs. With the plant 

using a water source of at least 300 to 1000 cfs flow volume (Sect. 

2.5.3.6.2), the consumptive loss would amount to between 9 and 3% of the 

available supply. The magnitude of impact of the loss is highly site 

specific and depends on the nature of competing water uses and the degree 

of present and projected appropriations of the available water supply. 

The siting restrictions discussed in Sect. 2.5.3.6.2 and 2.5.3.10 require 

a water supply volume of at least 300 cfs and eliminate regions where 

water supplies are heavily appropriated or where consumption is high 

relative to total water availability. However, even in areas of ample 

water supply, the loss of almost 10% of river flow could adversely affect 

downstream users. For example, a 10% reduction in flow would reduce the 

capabilities of the river for dilution and assimilation of downstream 

wastewater effluents, or could reduce power outputs from a downriver 

hydroelectric facility. Therefore, in selecting a site for a gaseous 

diffusion plant, the potential impact of consuming 17 Mgd of water must 

be fully evaluated. 

Thermal effluents 

For a conservative evaluation of the impacts of thermal effluents on water 

use, it will be assumed that the thermal effluents (listed above) are dis

charged directly to the receiving body with no prior dilution or holdup 

and the receiving body flow is 300 cfs at a temperature of 4°C (39°F). 

Under these worst-case conditions, the fully mixed receiving water thermal 

increment would be less than 0.6 C° (1 F°). At ambient temperatures higher 

than 4°C or with receiving water flows greater than 300 cfs, the thermal 

increment would be less. In addition, the two major heat sources, the 

cooling tower blowdown and the steam plant boiler blowdown, are discharged 

into the primary holding pond where a large portion of the heat will be 

dissipated to the atmosphere prior to release into the receiving water 

body. Therefore, downstream thermal increments will probably be reduced 
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to virtually zero. Even with the worst-case approximation with direct 

discharge of blowdown, the effect of heated effluents on downstream water 

uses would be minor as long as the plant discharge structures are de

signed and located so that the thermal mixing zone does not interfere 

with other water intakes and fish migration routes. 

Thermal standards 

Thermal standards are discussed in Sect. 3.2.1.1.2. The ability of a 

gaseous diffusion plant to comply with state thermal standards must be 

evaluated on a site-specific basis. 

3.3.1.1.3 On terrestrial ecology 

Impacts on wildlife and vegetation which result from cooling tower oper-

tions will consist of the loss of some potential habitat for siting pur

poses and modification of remaining habitat in the vicinity of the towers 

as a result of plume downwash and drift deposition. In addition, noise 

levels associated with mechanical-draft units may pose a threat to wild

life otherwise capable of adapting to plant operations. Each of these 

potential problems is discussed in Sect. 3.2.1.1.3. With regard to 

cooling tower drift, a localized site-specific analysis is necessary to 

reach a conclusive evaluation, but in the staffs opinion, damage due 

to impaction and deposition of drift salts will be restricted to the near 

vicinity (i.e., about 1000 m radius) of the tower installation. There

fore, any damage to vegetation or wildlife would affect only a limited 

area. Noise emissions from cooling towers are not considered a serious 

problem. Wildlife species of the types found in the vicinity of a large 

industrial facility can be expected to habituate to routine noises on the 

order of 70 to 90 dB(A). Sound levels of this magnitude will be restric

ted largely to the immediate vicinity of a given installation, affecting 

only a small area of potential habitat. 
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3.3.1.1.4 On aquatic ecology 

Potential impacts on aquatic ecology due to operation of the heat dissi

pation system include impingement and entrainment effects and thermal 

effects. 

Aquatic biota in the water body used for plant makeup water will be sub

jected to impingement on the water intake screens and entrainment through 

the plant water system (see Sect. 3.2.1.1.4). If the aquatic biota are 

uniformly distributed in the source water, the impact due to impingement 

and entrainment would be expected to amount to complete destruction of up 

to 12% of the source water biota. This rough estimate is based on the 

total water withdrawal requirements of the plant (about 34 cfs or 22 Mgd, 

Sect. 2.5.3.1.9) and adherence to plant siting criteria (Sect. 2.5.3.6.2) 

that specify a minimum source water flow of 300 cfs. 

Along with the level of mortality incurred and the relative quantity of 

organisms impinged or entrained from the water body, the relative magni

tude of impact is also dependent on the ecological role of the affected 

organisms and the reproductive strategy of the species involved.1 Since 

this kind of information is not available for a generic analysis, the 

relative magnitude of impact due to entrainment and impingement must be 

considered in site-specific analyses. However, through proper site se

lection and proper intake design and location, the severity of impinge

ment and entrainment losses can be minimized. 

The discharge rate for thermal effluents from a gaseous diffusion plant 

(4.4 Mgd or 6.8 cfs) will be small (about 2.2%) compared to the minimum 

water flow requirements of 300 cfs for an acceptable plant site. As 

noted in Sect. 3.3.1.1.3, the major portion of the thermal effluents are 

discharged into the primary holding pond prior to release into the 

aquatic environment, and the expected AT (temperature increment) is small 

(<0.6 C°). Any impact of these thermal effluents on aquatic biota will 

be confined primarily to the mixing zone and will depend on the size of 
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the mixing zone, the flow characteristics of the receiving water, the 

temperature difference (AT) between the effluent and the receiving water, 

and the nature of the resident aquatic biota. The most important poten

tial impacts on aquatic biota within and around the thermal mixing zone 

include (1) changes in the biotic community structure, (2) heat shock, 

(3) cold shock, and (4) thermal blockage of fish migration. A general 

discussion of each is included in Sect. 3.2.1.1.4. The impacts on 

aquatic biota due to heat discharge from a gaseous diffusion plant are 

not expected to be serious. The use of mechanical-draft cooling towers 

and a holding pond with a relatively long retention time for blowdown will 

greatly reduce the amount of heat to be discharged to local receiving 

waters. These design considerations, coupled with the requirement any 

thermal effluent will have to comply with local, state and Federal stand

ards for mixing zone size and AT, are sufficient to draw a generic conclu

sion that impacts due to heated effluents on aquatic biota will be minor. 

However, evaluation of the potential for thermal effects on aquatic biota 

for each specific site considered is necessary. If major problems should 

be shown to exist for a given site, mitigating measures or selection of 

an acceptable alternate site will be required. 

3.3.1.2 Effects of radioactive discharges 

The radiological impact of the gaseous diffusion enrichment facility has 

been discussed in Sect. 3.2.1.2. Since the radioactive effluents both 

for diffusion and centrifuge facilities are so similar, radiation doses 

to man are essentially the same. 

3.3.1.3 Effects of biocidal discharges 

3.3.1.3.1 On land use 

Biocide utilization is limited primarily to pesticides used in grounds 

and facilities maintenance. With proper controls (see Sect. 3.2.1.3.1), 

no significant environmental effects are likely to be incurred on areas 

other than those treated. 
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3.3.1.3.2 On water use 

The major biocidal liquid wastes associated with a gaseous diffusion 

plant are those resulting from chlorination of recirculating cooling 

water, sanitary water, and sewage wastewater (Sect. 2.3.3.10). Cooling 

tower blowdown, with a maximum flow of 4.3 Mgd at a total residual 

chlorine concentration of 0.2 to 0.5 mg/liter, and sanitary-water treat

ment backwash (80,000 gpd with 1 mg/liter total residual chlorine) are 

discharged into the primary holding pond. Dilution in the holding pond 

will result in residual chlorine levels no greater than 0.5 mg/liter. 

Chlorine demand in the holding pond, however, will probably reduce resi

dual chlorine levels to near zero in the holding pond effluent. Residual 

chlorine at 0.1 to 0.5 mg/liter in the 112,000 gpd released from the 

sewage treatment facility (Sect. 2.3.3.12) could increase background 

levels of chlorine (assuming complete mixing in a river with 300 cfs 

minimum flow) by as much as 0.3 yg/liter. 

Potential impacts of residual chlorine on water use have been discussed 

in Sect. 3.2.1.3.2. Chlorine is used extensively in the U.S. as a 

bactericidal agent in municipal and industrial water works. Because of 

the low effluent volumes involved, and the transient nature of residual 

chlorine in water, residual chlorine released from a gaseous diffusion 

plant should not adversely affect existing water uses. Relatively minor 

amounts of fungicides (sodium pentachlorophenate) and other pesticides 

may also be released to the aquatic environment during operation of a 

gaseous diffusion plant. However, applications will be periodic, and 

quantities that enter into aquatic systems should be minor (see Sect. 

3.2.1.3.2). No impact on competing water uses is expected. 

3.3.1.3.3 On terrestrial ecology 

Biocide releases that can affect terrestrial biota during plant operation 

consist primarily of pesticides used on the site. Such compounds may be 

accumulated in and cause undesirable short- and long-term effects in non-

target organisms. With proper controls, as specified in Sect. 3.2.1.3.3, 

potential impacts can be minimized. 
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3.3.1.3.4 On aquatic ecology 

As discussed in Sect. 3.3.1.3.2, the major biocide released from a gas

eous diffusion plant is chlorine. The expected maximal increase in 

residual chlorine levels in a receiving water with 300 cfs flow is 0.3 

yg/liter (assuming chlorine levels are reduced to near zero in the primary 

holding pond effluent). The EPA-recommended guideline for maximum allow

able concentration of residual chlorine in a receiving water is 3 yg/liter.2 

Therefore, little or no impact on aquatic biota from gaseous diffusion 

plant biocides are expected in the receiving water after mixing. However, 

within the mixing zone for the sewage treatment effluent, the residual 

chlorine concentration will be as high as 0.1 to 0.5 mg/liter. Effects 

of intermittent chlorine concentrations on aquatic biota are discussed in 

Sect. 3.2.1.3.4. Sensitive benthic organisms and periphyton may be 

affected. Such limited mixing zone effects would be expected to have a 

negligible overall impact on aquatic populations in a large receiving 

water. 

As mentioned previously in Sects. 3.2.1.3.4 and 3.3.1.3.2, sodium penta-

chlorophenate may be applied to the cooling towers as a fungicide, and 

other various pesticides may be used intermittantly on the plant site 

and wash into local surface waters in storm water runoff. The potential 

impacts are discussed in Sect. 3.2.1.3.4 and should be minor or negligible. 

3.3.1.4 Effects of other chemical discharges 

3.3.1.4.1 On land use 

The major impacts on land use during operation of a gaseous diffusion 

plant involve gaseous effluents from process buildings and the steam 

plant. In addition, disposal of solid wastes and sludges during plant 

operation will require a minor amount of land (previously accounted for 

in the 400-acre plant site, see Sect. 3.1.1). 
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The major gaseous effluents from the process buildings and steam plant 

are summarized in Table 2.3-41. Table 3.3-1 indicates calculated 

maximum concentrations at the plant boundary. Of particular importance 

are hydrogen fluoride (HF), sulfur dioxide S0 2), and nitrogen oxides 

(N0X). Except for HF, the maximum concentrations at the plant boundary 

represent less than 1% of applicable National Ambient Air Quality 

Standards.3 The HF expected maximum at the boundary is 20% of the 0.5 

yg/m3 standard (see Table 3.3-1). Gaseous emissions of S0 2 and HF may 

be converted to their acid forms if the exhaust plume contacts atmospheric 

moisture. However, measurable impacts on metals and building materials 

from such acid formation should be confined within the plant buffer zone 

(see Sect. 3.2.1.4.1). 

Air pollutants in relatively low concentrations have been demonstrated to 

cause injury to native vegetation, as well as to agricultural species. 

The principal factors are S02, hydrogen halides (including HF), and smog 

(including NO ) . k Minimum concentrations reported to produce chronic, 

sublethal injuries to sensitive plants are 0.1 ppm S0 2 (Ref. 4), 0.5 ppm 

N0v (Ref. 4), and 0.1 ppb HF (Ref. 5) (see Sect. 3.2.1.4.3). The calcu-

lated maximum levels of gaseous diffusion emissions at the plant boundary 

represent 0.2, 0.05, and 120% of these concentrations, respectively, for 

an annual average meteorology. Hydrogen fluoride, therefore, will be 

the only pollutant that may cause some vegetational damage outside the 

plant boundary. Concentrations below 1 ppb HF produce only slight needle 

injury to sensitive conifer species. For most plants, the commercial 

value and interest in the effects of fluoride lie in the crop yield. 

Sensitive crops include corn, sugar cane, sorghum, gladiolus, tulip, 

blueberry, apricot, peach and prune.6 Gladiolus are probably the most 

sensitive of these, and reductions in gladiolus yield normally occur 

only when HF concentrations are greater than 0.5 ppb. The maximum 

concentration at the plant boundary of 0.1 yg/m3 (0.12 ppb) represents 

24% of this concentration. Therefore, except for possible episodic 

occurrences, which must be evaluated on a case-by-case basis (see Sect. 

3.3.1.4.3), gaseous and particulate releases from process buildings and 

the steam plant do not appear to represent a significant threat to local 

or regional land use. 



TABLE 3.3-1. CALCULATION OF ANNUAL AVERAGE CONCENTRATION OF CHEMICAL POLLUTANTS AND PARTICULATES AT PLANT BOUNDARY (1207 m) 

SOURCE POLLUTANT VQ 3 
(see/nT) 

SOURCE STRENGTH 
(ug/see) 

CONCENTRATION AT STANDARD 
BOUNDARY (ug/nT) (ug/m3)' 

PERCENT OF 
STANDARD 

Process Emissions 

Incinerator 

Decontamination 
Recovery 

Incinerator 

Steam Plant 

Steam Plant 

Steam Plant 

Steam Plant 

Steam Plant 

and 

HF 

so2 

NOx 
Particulates 

so2 

NOx 
Particulates 

CO 

Hydrocarbons 

1.4 E-6° 

1.4 E-6 

1.4 E-6 

1.4 E-6 

2.64 E-8 

2.64 E-8 

2.97 E-8 

2.99 E-8 

2.99 E-8 

7 

1 

3 

1 

.56 E4 

.45 

.37 

.24 

2.08 

1 .66 

9.98 

3 

1 

E2 

E4 

E4 

E7 

E7 

E5 

.33 E5 

.68 E5 

0.1 

0.0002 

0.047 

0.017 

0.55 

0.44 

0.03 

0.01 

0.005 

0.5 

80 

100 

75 

80 

100 

75 

1.0 E4 

160 

20 

0.0003 

0.05 

0.02 

0.69 

0.44 

0.04 

0.0001 

0.003 

National ambient air quality standards (annual averages) from 40 CFR 50 except for C«H50H which 1s the 8-hr day threshold limit value from 
the American Conference of Governmental Industrial Hyglenlsts and for HF which 1s the most restrictive state standard. 

b. Read as 1.40 x 10 
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Potential impacts of biannual release of perchloroethylene from a uranium 

enrichment facility are discussed in Sect. 3.2.1.4.1. 

3.3.1.4.2 On water use 

Liquid effluents from a gaseous diffusion plant are summarized in Fig. 

2.3-42. The major constituents, other than biocidal discharges (Sect. 

3.3.1.3.2) and sanitary sewage wastes (Sect. 3.3.1.5) are: (1) nutrient 

chemicals (nitrates and phosphates); (2) metals (aluminum, chromium, zinc, 

and uranium); (3) dissolved salts (chlorides, sulfates, and fluoride); 

(4) suspended solids; (5) organics (detergents, oils, and petroleum pro

ducts, tributyl phosphate, and varsol); and (6) leachates from the coal 

yard, fly ash tailings, and limestone-sulfate sludge (e.g., heavy metals 

and sulfates). Storm-water runoff may also carry additional loads of 

chromium, zinc, and fluorides from atmospheric deposition into local 

surface waters. Groundwater contamination is also possible as a result 

of seepage from burial grounds and solid waste disposal areas. However, 

no estimates of the importance of these contributions from runoff and 

groundwater leachates to surface waters are available for a generic 

analysis. 

Estimated concentrations of contaminants in the effluent from the primary 

holding pond and projected levels in a receiving water body (assumed to 

be a river) after complete mixing are included in Table 3.3-2. The values 

calculated for the receiving water represent a maximal incremental increase 

in contaminant concentration (i.e., the receiving body is assumed to have 

no existing contamination load). Exact concentrations of contaminants in 

the receiving water body and their impacts on water use and aquatic ecology 

must be determined on a site specific basis. 

Potential effects on water use of discharges of each of the contaminants 

noted in Table 3.3-2 are discussed in Sect. 3.2.1.4.2. Except for phos

phate (PO^3--?), all values calculated for the maximum incremental in

crease in concentration represent less than 10% of the available water 

quality criteria or guidelines. The PO^-P release is 5.2% of the 



TABLE 3.3-2. EFFLUENTS FROM THE PRIMARY HOLDING POND AND STEAM PLANT ASH POND. AND CALCULATED DILUTIONS IN A RECEIVING HATER BODY 

Contaminant 

NO3:-P 
P043"-P 
Aluminum 
Chromium 
Zinc 
Uranium 
Fluroide 
Chlorine 
Chloride 

Effluent 
concentration 
from holding 

ponds (mg/11ter) 

1.2 
0.23 
0.04 
0.047 
0.475 
0.0005 
0.07 
c 
c 

Tributyl Phosphate 0.01 
Varsol 
S0 4

2" 
Dissolved Solids 
Suspended Solids 

0.03 
c 
c 
c 

Effluents concentrations 
standards 

Effluent 
guidelines b 

and standards 
(mg/liter) 

250T -
0.2* , 
1.01*3 

2.51-20? 
0.2-0.53 

14002 

15-501,4 

Projected receiving, 
water concentrations 

Dilution 
to 1000 
cfs river 
(ug/liter) 

8.3 
1.6 
0.28 
0.33 
3.3 
0.0035 
0.49 

0.069 
0.21 

Dilution 
to 300 

cfs river 
(ug/Hter) 

27 
5.2 
0.9 
1.1 
10.8 
0.011 
1.6H 
0.3d 

0.23 
0.68 

Receiving water quality 
recommended 

For protection 
of aquatic 
biotab - , 

(pg/liter)*'6 

1.000 
100 
100 
50 

1,500 
3 

25,000 

guidel ines 

For public 
water b 
supplies,- c 

(ug/liter)5'6 

10.000 

5,000 

1,400-2.400 

250.000 

250,000 
500,000 

bAssuming 0 vg/Hter background concentration 
Superscript numbers refer to the source references below. 

jEffluent concentration undetermined, concentration dependent upon quality of Intake water or other variables 
Derivation of this value explained 1n Sect. 3.3.1.3.2 

Source References: 1. Water Pollution Regulations of Illinois. Part IV: Effluent Standards, July 1973. 
2. Tennessee Dept. of Public Health, Guidelines for Effluent Criteria for Sewage and Industrial Wastewater, January 1973. 
3. 39 CFR 196. Sects. 423.12-423.45. 36199-36207, (October 18, 1974). 
4. 40 CFR 133, F« 22298 (August 17, 1973). 
5. National Academy of Science and National Academy of Engineering, Water Quality Criteria - 1972. Environmental Protection Agency, 

U.S. Government Printing Office, Washington, D.C., 1973. 
6. J.E. McKee and H.W. Wolf, eds., Water Quality Criteria, 2nd ed. The Resources Agency of California, State Water Resources Control 

Board Publ. No. 3-A, 1963. 
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recommended guideline for allowable amounts of total phosphorus in rivers 

(100 ug/liter), and 10.4% of the 50 yg/liter recommended where streams 

enter lakes or reservoirs.7 Nitrate (N03~-N) additions represent about 

3% and 5.4%, respectively, of the recommended maximum levels under the 

above conditions.7 Routine release of quantities of nitrates and phos

phates could potentially disturb nutrient balances and produce eutrophi-

cation in sensitive natural aquatic systems. Impacts of eutrophication 

on water use are reviewed in Sect. 3.2.1.4.2. 

Suspended solids are released during operation of a gaseous diffusion 

plant principally from three point-sources: (1) sewage treatment facility 

(112,000 gpd with 10 mg/liter TSS [Sect. 2.3.12]); (2) the steam plant ash 

settling pond (normal maximum flow 930,000 gpd with maximum of 30 mg/liter 

TSS [Sect. 2.3.3.14]); and (3) the primary holding pond (5,112,000 gpd). 

The concentration of suspended solids in the holding pond effluent will 

be controlled to comply with Federal and state water quality standards 

(generally on the order of 15 to 50 mg/liter TSS in the effluent water 

[see Table 3.3-2]). Combining these three discharges into a single 

hypothetical effluent stream, assuming worst-case conditions, a gaseous 

diffusion plant will release 6,154,000 gpd of water with 46 mg/liter 

suspended solids. High levels of suspended solids in water supplies and 

aquatic systems can adversely affect water use for recreation and aes

thetics, industrial processes, public water supplies, and irrigation 

(see Sect. 3.2.1.4.2). In general, any increase in suspended solids over 

normal background level would increase water treatment costs for down

stream users and be aesthetically less pleasing. The significance of the 

added suspended solids load, however, must be determined on a site-specifi 

basis. 

On the basis of water quality criteria and other factors discussed in 

Sect. 3.2.1.4.2, with the exception of nutrient releases and possibly 

suspended solids, chemical releases from a gaseous diffusion plant are 

not likely to have a significant impact on water use. However, further 

analysis is necessary for each specific plant site proposed. 
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3.3.1.4.3 On terrestrial ecology 

As discussed in Sect. 3.3.1.4.1, principal emissions from a gaseous 

diffusion plant, other than cooling tower drift (see Sect. 3.3.1.1.3), 

are gaseous effluents from process buidlings and the steam plant. 

Source strengths and estimated concentrations of the various gaseous 

effluents at the plant boundary downwind of the stacks are presented in 

Table 3.3-1. Dispersion calculations are based on an annual average 

meterology and other assumptions as discussed in Sects. 3.2.1.4.5 and 

3.2.1.2.1. With the exception of hydrogen fluoride (HF), all other 

pollutant concentrations are far below concentrations at which detri

mental environmental effects may occur (see Sect. 3.3.1.4.1). 

The projected average concentration of HF at the plant boundary in the 

direction of the prevailing winds is 0.1 pg/m3, only 20% of the 0.5 pg/m3 

most restrictive state air quality standard (see Table 3.3-1) and 50% or 

less of levels generally reported as affecting vegetation, cattle, or man.6 

However, because of the extreme toxicity of HF to green plants, and because 

effects may be manifested at short exposures (several hours to several days) 

at either continuous or intermittent concentrations ranging from 1 to 50 

pg/m3, potential impacts must also be considered during severe, but short-

term meteorological conditions. Severe conditions that would limit HF 

dispersion, that is, cause an increase in air concentration, may be related 

to any one or a combination of the following: atmospheric calms, moderate 

to extreme atmospheric stability (Pasquill types F and G), and nighttime 

inversions. An extended period of air stagnation would be the most severe 

manifestation of these conditions. The frequency of atmospheric calms is 

usually low (^5%), the frequency of Pasquill type-F stability is 39% and 

the frequency of inversion is 25 to 45% of total hours for the continental 

and coastal United States.8 In a generic statement, to consider dispersion 

for all variations of unusual meteorology is impractical. However, x/Q 

dispersion factors calculated for a severe condition defined by Pasquill 

type-F stability and a 5-mph (2.26 m/sec) wind speed9 indicate that con

centrations of HF at the plant boundary downwind of the plant could reach 

approximately 8 pg/m3. Because the type-F stability may occur 39% of the 
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time, and because inversions may occur for 25 to 45% of total hours, it 

is estimated that the severe meteorology (as defined above) can be ex

pected for 35% of the time. Thus, a generic estimate of the total of 

intermittent type exposure under the severe meteorology would be 142 

days/year. The fraction of total days that any two adjacent sectors 

will be subjected to the severe meteorology is (142 days x 0.127 =) 18 

days based on the average frequency of prevailing winds. 

Fig. 3.3-1 shows the HF concentration-time dependency for exposures that 

cause markings on leaves or fruits (chlorotic, necrotic lesions) for 

particularly sensitive species. Concentrations of 1 to 10 pg/m3 will 

cause foliar damage for a 10-day exposure and similar effects will be 

manifested at concentrations of 0.5 to 5.0 pg/m3 for an exposure as 

long as 100 days. These concentrations and durations of exposures 

would represent the range of exposure regimes which will induce effects 

on sensitive plants. Therefore, the 8 pg/m3 HF concentration at the 

plant boundary estimated for severe episodic weather conditions could 

adversely affect sensitive vegetation. A complete analysis of site-

specific impacts of HF release from a gaseous diffusion plant would 

require information concerning the importance of sensitive vegetation 

species in the terrestrial ecosystem and frequency and duration of 

episodic weather conditions. The long-term impacts (over the 30-year 

life of the gaseous diffusion plant) of these exposures could be the 

gradual elimination of sensitive vegetation in the immediate vicinity 

of the plant as a result of their increased susceptibility to disease 

and reduced growth and productivity rates. 

Hydrogen fluoride concentrations below 100 pg/m3 are generally not 

considered detrimental to wildlife or man.6 Therefore, routine re

leases of HF, even under severe weather conditions, are not likely to 

directly affect animals in the vicinity of a gaseous diffusion plant. 

Significant accumulation of fluoride within the terrestrial ecosystem 

is also unlikely at the HF levels in question. However, accumulation 

and weathering processes have not been studied for chronic exposures at 

low ambient concentrations for longer than several weeks.9 
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3.3.1.4.4 On aquatic ecology 

Liquid effluents from a gaseous diffusion plant have been described in 

Sect. 3.3.1.4.2. Estimated "pollutant" concentrations in the effluent 

from the primary holding pond, and projected levels in the receiving 

water body after dilution (assuming zero background concentrations, see 

Sect. 3.2.1.4.2) are included in Table 3.3-2. 

As noted in Sect. 3.3.1.4.2, the major potential problem effluents are 

nutrient chemicals. Nitrates and phosphates released from a gaseous 

diffusion plant could produce a limited degree of eutrophication in the 

receiving water depending on ambient nutrient concentration and turnover 

time of the system (see Sect. 3.2.1.4.2). Effects of eutrophication on 

aquatic ecology are described in Sect. 3.2.1.4.4. 

Metals released from a gaseous diffusion plant (aluminum, chromium, zinc, 

and uranium) may also constitute a serious form of pollution because they 

are stable compounds and may be accumulated in aquatic organisms to con

centrations often many times those in the aquatic environment. Toxic and 

sublethal effects of these metals on aquatic biota are reviewed in Sect. 

3.2.1.4.4. The estimated "safe" concentrations are 0.1 mg/liter Al, 0.05 

mg/liter Cr, 0.1 mg/liter Zn, and 1.0 mg/liter U. The maximum projected 

increases in metal concentrations in a 300-cfs river after complete mixing 

of the gaseous diffusion plant effluent are 0.0009 mg/liter Al, 0.001 mg/ 

liter Cr, 0.01 mg/liter Zn, and 0.00001 mg/liter U, representing only 

0.9%, 2%, 10%, and 0.001% of the "safe" levels, respectively. Therefore, 

in most aquatic systems, the impact of these releases would not.be signifi

cant. However, a more complete analysis is necessary on a site-specific 

basis. 

Relatively high levels of dissolved (TDS) and suspended solids (TSS) may 

also be released from a gaseous diffusion plant. A major change in 

quantity or quality of the dissolved solids alters the structure and 

function of an aquatic ecosystem (see Sect. 3.2.1.4.4). With the ex

ception of fluoride, the output of dissolved solids is generally directly 

proportional to the quality of the intake water. Therefore, the potential 

http://not.be


3.3-18 

impacts are mitigated. Fluoride releases could increase F concentrations 

in a 300-cfs receiving water by up to 0.002 mg/liter - only 0.1% of the 

recommended "safe" concentration for aquatic biota (see Sect. 3.2.1.4.4). 

Forty-six mg/liter suspended solids in the effluent water (see Sect. 

3.3.1.4.2) may eliminate certain benthic communities and cover fish 

spawning sites within the effluent mixing zone. Potential impacts are 

discussed in Sects. 3.2.1.4.4 and 3.1.4. 

Other effluents from a gaseous diffusion plant which must be considered 

include detergents, small quantities of waste oils, tributyl phosphate 

and Varsol, and runoff and leachates from the steam plant ash pond (in 

particular sulfates and trace metals). Each of this factors has been 

discussed in Sect. 3.2.1.4.4 for a gas centrifuge plant. The same 

general criteria apply for a gaseous diffusion plant. 

3.3.1.4.5 On people 

The maximum concentration of chemical pollutants and particulate matter 

at the plant boundary, assumed to be 1207 m from both the process buildings 

and the steam plant, were calculated using the AIRD0S computer code10 on 

the basis of meteorological data discussed in Sect. 3.2.1.2.1. Results 

are presented in Table 3.3-1. The concentration of chemical pollutants 

and particulates at the plant boundary is considered to be a conservative 

upper limit annual average value for people exposed outside the plant 

site. 

The calculated concentration is in the prevailing wind direction. As 

noted in Table 3.3-1, except for HF, the calculated maximum plant 

boundary concentrations for each pollutant are less than 1% of standards. 

HF levels are only 20% of the most restrictive State air quality standard. 

Therefore, persons living outside the plant buffer zone would be exposed 

to chemical-pollutant or particulate concentrations no more than a fraction 

of the standard limit. 
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3.3.1.5 Effects of sanitary wastes 

The impacts of sanitary wastes from a gaseous diffusion plant are identical 

to those described in Sect. 3.2.1.5 except the estimated flow is only about 

56% (112,000 gpd) of that for a gas centrifuge plant. A small area will be 

required for sludge disposal. Biological oxygen demand, suspended solids, 

pH, and fecal coliform bacteria will be controlled effectively by the 

secondary treatment and chlorine disinfectation proposed. No noticeable 

effects on competing water uses or aquatic biota are expected. At some 

sites, inclusion of tertiary or advanced waste treatment may be necessary 

to control nutrient chemicals and comply with local and state water quality 

standards. 

3.3.1.6 Community effects 

The effects on the communities surrounding a gaseous diffusion plant 

during operation will result primarily from the reduction in work force 

from 6850 employees during peak construction to approximately 1400 during 

normal operation. Impacts of traffic and noise will be greatly reduced 

and well within acceptable levels if measures are taken to meet state, 

local and Federal regulations. Impacts of air pollution are discussed in 

Sect. 3.3.1.4. 

3.3.1.6.1 Economic 

Since the construction force for the gaseous diffusion plant is greater 

than the actual operating force, the short range economic impact of the 

plant will be felt by the local community much more during the construction 

phase than during the operating phase. The decline in workers will have 

a noticeable effect on local services. These effects are similar to those 

associated with the gas centrifuge plant discussed in Sect. 3.2.1.6.1. 

However, the proportional decline in work force is greater on completion 

of a gaseous diffusion plant. The work force is reduced by about half 

for a gas centrifuge and by about 80% for a gaseous diffusion plant. 

Therefore the impact of the changeover to operation may be somewhat 

greater. Nevertheless, the long-range economic effect will prove 

favorable. The plant will continue to pay local and state taxes, there 
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will be an ongoing operating force of approximately 1400 workers and 

their families, and the favorable tax base may attract new people and 

industries to the area, creating an upsurge of economic activity. 

3.3.1.6.2 Political 

During operation of the plant, the primary reasons for interacting will 

be essentially economic, dealing with the provision of taxes by the plant 

to the local jurisdiction and the building or improving of local facilities 

that have some impact on the plant-community relationship. 

3.3.1.6.3 Service-related 

Schools 

Adequate schools must be provided for the children of the operating 

workers of the plant. Depending on where the plant is located, in or 

near a metropolitan area, the school situation should be analyzed. As 

with a gas centrifuge operation, during the ongoing operation of the 

plant, the influx of students into the system will be less than during 

the construction phase. A positive situation may develop during the 

operating phase in which adequate space is available for additional 

students absorbed into the area by new industries and supportive services, 

thereby relieving school officials of the need to build even more facil

ities. 

Other services 

The impacts on water and sewage facilities, solid waste disposal, utilities, 

public health and medical facilities noted for the gas centrifuge operation 

(Sect. 3.2.2.5) are similar for a gaseous diffusion plant operation. Addi

tional recreation areas and facilities may be required in the region to 

serve plant employees and their families. 

Housing 

Changes in housing demand between construction and operation are discussed 

in Sect. 3.2.1.6.3. 
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Commercial services 

The impact on commercial services is discussed in Sect. 3.2.1.6.3. However, 

the increased commercial services may be of a more temporary nature in 

communities near a gaseous diffusion plant because the duration of con

struction will be somewhat shorter. It is expected that more permanent 

and stable commercial services will replace temporary establishments. 

3.3.1.6.4 Aesthetic effects 

Aesthetic impacts will be similar to those noted in Sect. 3.2.1.6.4. 

However, plumes from the greater number of cooling towers may be more 

visible. 

3.3.1.7 Potential effects of accidents 

Transportation and plant accidents common both to gas centrifuge and 

gaseous diffusion facilities were discussed in Sect. 3.2.1.7. Some 

additional accidents postulated for a gaseous diffusion plant will be 

discussed here. 

An accident involving the release of nonradioactive materials is loss of 

HF gas from a tank farm. It is postulated that a tank rupture would 

release 398 kg of HF instantly. This release would be followed by loss 

of an additional 4148 kg over a two-day period. Following the instanta

neous release, a concentration in air of 1.26 x 103 pg/m3 would prevail 

at the plant boundary (1200 m). This accident would not be expected to 

have serious effects on people at this distance. This concentration is 

about half of that considered to be the daily 8-hr occupational exposure 

limit (2.5 x 103 pg/m3). At 300 m the concentration of HF gas in air 

would be about six times greater and effects on plant personnel could be 

more serious. The remainder of this release (24 g/sec for a two-day 

period) would lead to concentrations in air at the 1200-m boundary of 

76.3 pg/m3. Exposure to this concentration would not be expected to 

affect man but would have adverse effects upon some vegetation (see 

\ 
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Sect. 3.2.1.7 and Sect. 3.3.1.4.3). The severity of the impact on 

vegetation would depend on the duration of the exposure and other site-

specific factors. 

An additional accident involving the release of nonradioactive material 

to the atmosphere is loss of freon due to rupture of a cell coolant 

system. It is postulated that freon lost in this event would total 

20,000 lb (liquid) at a loss rate of 300 Ib/min. The concentration of 

freon in air at the site boundary would range from 0.9 to 1.7 ppm, de

pending upon the chemical composition of the freon. The TLV values, 

depending upon the type of freon, range from 650 to 1000 ppm. Therefore, 

no significant adverse effects on man or on local ecosystems would be 

anticipated from this accident during the 1- to 2-hr period when elevated 

concentrations would prevail. The quantity released represents <0.001% 

of the total annual world-wide releases of chlorofluorocarbons potentially 

hazardous to the ozone layer in the stratosphere (see Sect. 3.3.2.3.1). 

Because of the low probability of such an accident and the small quantities 

of freon involved, no measurable effects on the ozone layer or levels of 

ultraviolet radiation are anticipated. 

Two credible accidents involve the loss of oil with possible release into 

surface waters. Lube oil is stored in buried tanks (6000 gal storage). 

In the event of a line rupture outside of this buried storage area, up to 

500 gal of oil could be lost by gravity flow out of the ruptured line. 

Some unknown fraction of this spill could reach surface waters before 

cleanup could be accomplished. Transfer oil storage tanks contained in 

the switchyards could conceivably discharge to nearby streams via the 

storm drain system if a release of oil occurred. These tanks might have 

a capacity of 15,000 gal each. Diking would be constructed around the 

tanks to minimize oil drainage to surface waters. In the event of an 

oil spill, containment booms would be placed across the streams downstream 

of the spill. Oil skimmer pumps and oil sorbent equipment are available 

to aid in removal of the material. 
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When released to the aquatic environment in accidental spills, oil may 

occur in four typical distinct phases: (1) surface oil films; (2) 

emulsion in the water; (3) extract of the water soluble substances; 

and (4) aggregates of the oil and sediment covering the bottom.7 Since 

oil, for the most part, is less dense than water, the initial occurrence 

of oil as a pollutant is at the surface. The physical behavior and bio

logical effects of an oil spill are influenced to a large extent by the 

type of oil spilled. In general, crude oils are not highly toxic. The 

refining process, however, generally increases the toxic properties. 

The physical attributes of oil (high viscosity, stickiness and color) 

also cause extensive problems.11 The major effects of oil substances on 

aquatic biota may be summarized as: (1) oil may injure the organism 

through direct contact, coating, and destroying of plankton and benthos; 

(2) heavy coatings of free oil on the surface of the water may interfere 

with processes of reaeration and photosynthesis; (3) water soluble com

ponents may exert a direct toxic effect; and (4) emulsions of oil may 

smear the gills or respiratory organs or be swallowed with water or 

food.12 Studies of the biological effects of oil have been reviewed by 

the Environmental Protection Agency,2 Clark,13 and Boesch et al.11+ 

Ducks and other birds may land on waters with traces of oil on the 

surface and become fouled. The small feather barbules may be disheveled, 

thus allowing a disruption of the insulation and buoyancy capacity of the 

feathers. Fouled birds exhibit excessive preening, which may interfere 

with normal feeding activity or result in ingestion of oil.14 

Accidental release of oil into the environment could also adversely affect 

local water use. Trace quantities of oils in water supplies could produce 

taste and odor problems as well as interfere with water treatment and 

industrial processes. 

Aquatic biota, water birds, and human use of water would, therefore, be 

adversely affected as a result of accidental spillage of oils during 

operation of a gaseous diffusion, plant. The relative importance of the 

impact on aquatic ecology and water use would be dependent upon site-

specific factors. 
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3.4 OFFSITE EFFECTS 

The associated offsite facilities, that is, electrical production and 

transmission facilities, transportation systems, component manufacturing 

facilities, and safeguard systems, will be similar in kind for either a 

gas centrifuge or a gaseous diffusion plant. However, differences in the 

amount or intensity of these facilities do exist. These differences will 

be noted in the following discussions that treat both technologies. 

3.4.1 Electrical production facilities 

A principal difference between the gas centrifuge and gaseous diffusion 

enrichment technologies is the quantity of power required for each (see 

Sect. 2.3.4.1). A gas centrifuge plant requires only 240 MW whereas a 

gaseous diffusion facility will require 2400 MW (see Table 3.4-1). 

These requirements represent 24% and 240%, respectively, of the generat

ing capacity of a reference 1000-MWe steam electric plant (see Sect. 

2.3.4.1). Based on projections by the Atomic Energy Commission (AEC)1 

and other private studies,2 most electrical generation by steam electric 

plants in 1985 will be from coal and nuclear fuel. For new additions of 

generation capacity in 1975 and 1985, Federal Power Commission (FPC) and 

AEC projections in Table 3.4-2 estimate the mix of new plants between 

fossil-fueled, light-water reactors (LWR), and high-temperature gas 

reactors (HTGR).3'4 The expectation is that new generating plants of 

these types would have to be built to provide electricity to an enrich

ment plant. The major impacts of nuclear and coal-power generation are 

noted in the following sections. Environmental impacts and the feasi

bility of a wider range of alternative technology options for power 

production are reviewed.1 

Although the environmental impacts resulting from construction and 

operation of electrical-production and transmission facilities can be 

locally and regionally serious, Federal and state environmental planning 

and protection policies generally provide assistance in mitigating many 

of the potential impacts. For instance, evaluation of the potential for 

environmental impact and recommendations for mitigating measures on a 



TABLE 3.4-1 

ELECTRICAL FACILITY REQUIREMENTS 

Gas .centrifuge plant 

Rotor fabrication 
plant 

Gas centrifuge 
demonstration plant 

Gaseous diffusion 
plant 

MW 

240 

16 

8 

2400 

Transmission 
line 

kV 

161 

161 

161 

500 

Number 

1 

1 

1 

4 
{2)a 

Distance 
(miles) 

5 

5 

5 

25 

Corridor 
width 
(ft) 

110 

no 

no 

200 

(325) 

Total acres 
of cleared 
right-of-

way 

75 

75 

75 

3200 

(2600) 

Total 
requi 
prod 
faci 

acres 
red for 
luction 
lities 

85 

6 

3 

850 

a, Numbers in parentheses assume shared corridors. 
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TABLE 3.4-2 

PREDICTED STEAM ELECTRIC PLANT ADDITIONS 

FOR THE YEARS 1975 AND 1985 

Plant type 

Fossil-fueled 

LWR 
HTGR 

Steam electric 

capacity additions (%) 

1975 1985 

52 31 

48 59 

0 10 

site-specific basis will be necessary for any new generating-transmission 

capacity required for operation of particular enrichment plant. For this 

reason, therefore, the overall impacts expected from such facilities will 

be as low as can be reasonably accepted when the need for additional 

facilities and the availability of alternatives are considered. 

3.4.1.1 Effects on land use 

The major impacts on land use involve forfeiting present (and future) 

land use on the area required for electrical-production facilities, and 

potentially modifying local and regional land use plans. A typical 1000-

MWe LWR nuclear plant requires commitment of 200 acres to industrial-type 

use, with a total of roughly 1000 acres for a controlled buffer zone.1 

The total land commitment for a reference 1000-MWe coal-fired steam 

electric plant with minimal environmental controls is about 700 acres. 

Solid wastes generated by air pollution controls (fly ash and sludge) 

require significant additional land for waste disposal.1 However, the 

total land surface area actually disturbed during site preparation and 

construction for either technology is on the order of 350 acres (ex

cluding facilities having cooling ponds).5 Based on these figures, 

the incremental land commitment for about 248 MWe generating capacity 

needed for a full-scale gas centrifuge plant and one-half of a rotor 

fabrication plant would be about 87 acres or less. 
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A gaseous diffusion plant would require approximately 850 acres of land 

committed to supply i t s generating capacity (see Table 3.4-1). Gaseous 

effluents (see Sect. 3.4.1.3), part icularly from a coal-f ired plant, and 

aesthetic characteristics of the plant may also affect local and regional 

land use. 

3.4.1.2 Effects on water use 

The two main impacts from operation of a steam electr ic generating plant 

on water use involve consumptive loss of water and alterat ion of water 

qual i ty. Depending on the type of plants and the type of cooling system 

used, estimates of 1980 and 1990 water use requirements for a 1000-MWe 

foss i l - or nuclear-fueled steam electr ic plant range from about 1000 to 

4000 cfs for condenser flow and from about 10 to 40 cfs for water con

sumption.6*7 Therefore, water use rates for new electrical-production 

capacity for a gas centrifuge and one-half of a rotor fabrication plant 

(about 248 MWe), w i l l amount to about 250 to 1000 cfs for water withdrawal 

and about 2.48 to 10 cfs for water consumption. Water use rates for new 

electrical-production capacity for a gaseous diffusion plant w i l l amount 

to about 2500 to 10,000 cfs for water withdrawal and about 25 to 100 cfs 

for water consumption. So long as the required electrical-generating 

plants are sited where adequate water supplies are available, no serious 

impacts on water use should result from the use of these amounts of water. 

3.4.1.3 Effects on terrest r ia l ecology 

Principal impacts on terrest r ia l ecology associated with nuclear- or 

fossil-fueled electr ical generating fac i l i t i es result from destruction of 

terrestr ia l habitats; displacement of w i l d l i f e ; and gaseous, part iculate, 

and radioactive emissions. Necessary clearing of wooded and vegetated 

areas for plant sites and access roads (see Sect. 3.4.1.1) results in 

destruction of natural vegetation and the destruction and/or relocation 

of associated bird and animal l i f e . Mining of coal and uranium, and 

other o f fs i te processes, also cause similar environmental impacts. 
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Typical coal-f ired power plants emit relat ively large quantities of 

particulates ( f l y ash) and noxious gases, such as sulfur oxides, nitrogen 

oxides, carbon monoxide, and hydrocarbons, which can adversely affect 

local and regional vegetation and w i l d l i f e . 8 " 1 0 The emission standards 

(1975) for coal-f ired generating plants require removal of 99% of the 

particulate matter and about 70% of the sulfur from coal with a 2.5% 

sulfur content.7 Compliance with these standards w i l l reduce the magni

tude of impacts associated with gaseous and particulate emissions. 

A 1000-MWe coal-f ired plant also discharges a total of about 2.2 Ci of 

radioactivi ty annually; electrostatic precipitators can reduce this 

to 0.03 Ci/year released to the atmosphere (as Ra-226 and Ra-228).1 

Generally, a nuclear-fueled generating plant emits higher levels and 

much more long-lived gaseous radioactivi ty. A 1000-MWe boiling-water 

reactor (BWR) releases about one mi l l ion Ci/year of krypton-85 and 

0.85 Ci/year of iodine-131 (ref. 7). However, as of 1975, nuclear power 

plant radioactive effluents have apparently not added signi f icant ly to 

the natural inventory of radioact iv i ty .1 

Atmospheric emissions from evaporative cooling systems constitute an 

additional potential source of environmental impact. Dr i f t from con

ventional cooling towers contains dissolved sal ts , as well as corrosion 

inhibitors and anti-foulant biocides, which may damage sensitive vege

tat ion. Fogging and icing may also present additional problems. These 

potential impacts, however, are normally confined within generating 

plant exclusion boundaries. 

3.4.1.4 Effects on aquatic ecology 

Categories of potential impact on aquatic ecology from construction and 

operation of a nuclear- or fossi l-fueled steam electr ic generating plant 

include: (1) water withdrawal, (2) chemical and radioactive releases, 

(3) thermal eff luents, and (4) increased water turbidi ty during con

struction and operation. 
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Withdrawal of water for use in power plant cooling systems results in 

entrainment and impingement of aquatic organisms. The percentage of 

organisms surviving impingement or entrainment is highly variable, 

depending primarily on the design of the cooling system and associated 

structures. Mortality of entrained mult icel lular organisms (e .g . , f ish 

larvae) approaches 100% in cooling tower or spray canal cooling systems, 

due to high temperatures, prolonged residence in the system, recircula

tion through the condensers, and chemical conditions in such systems.1 

Chemicals are used in the regeneration of ion exchangers and the t reat

ment of steam and cooling water systems. Water withdrawn for use in the 

cooling system is generally chemically treated with biocides and corrosion 

inhibi tors. The EPA regulations11 l im i t residual chlorine concentrations 

discharged in once-through cooling water or cooling tower blowdown to a 

maximum of 0.5 mg/l i ter and an average of 0.2 mg/l i ter. Chlorine cannot 

be discharged more than 2 hr/day per uni t . Average allowable concentra

tions of corrosion inhibitors specified for cooling tower blowdown are 

1.0 mg/l i ter of zinc, 0.2 mg/l i ter of chromium or 5.0 mg/l i ter of phos

phate.11 Dissolved solids in the eff luent are also concentrated two to 

four times over background levels. Concentrations of these magnitudes, 

part icularly in the mixing zones, can adversely affect aquatic biota. 

Nuclear-fueled plants also release small amounts of water soluble radio

active wastes. A typical 1000-MWe nuclear plant releases about 400 Ci 

of t r i t ium annually, which is diluted in approximately 200,000 gal of 

water.7 

Condenser thermal effluents are discharged from both foss i l - and nuclear-

fueled generating plants. Fossil-fueled plants discharge about 45% of 

the total fuel energy to condensate cooling water; LWR nuclear plants 

about 65%.7 Increasingly restr ic t ive water temperature standards12 

favor cooling systems that dissipate the majority of the waste heat 

direct ly to the atmosphere rather than to the aquatic system. The 

effects of thermal discharge on aquatic biota depend upon the temperature 
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of the receiving water; the temperature difference (AT) between the 

receiving water and the discharge; the quantity and velocity of water 

discharged; the particular organisms and l i f e stages involved; and other 

physical, chemical, and biological characteristics of the receiving water 

(see Sect. 3.2.1.1.4). Adult f ish may be attracted to or avoid the ther

mal plume, depending upon their specific thermal preferences. Local 

benthic organisms are subject not only to immersion in the heated e f f l u 

ent, but also to the scouring action of the discharge. Therefore, benthic 

organisms in the area immediately adjacent to the thermal out fa l l are 

l i ke ly to be eliminated.1 

Offsite support ac t iv i t ies and f ac i l i t i e s for electr ical production can 

also impact aquatic systems. Of particular note is the disruption of 

the land area involved in surface mining for coal and consequent adverse 

effects on aquatic biota. Estimated annual water pollutants released 

from a surface mine supplying a 1000-MWe fossil-fueled plant are approx

imately 166 tons of sul fur ic acid, 42 tons of dissolved iron sal ts , and 

35,612 tons of s i l t . 1 This s i l ta t ion and acidi f icat ion of the receiving 

water bodies can severely impact aquatic biota. Leachates from the f l y 

ash coal residual after combustion at the generating f a c i l i t y can also 

cause similar problems. 

3.4.1.5 Effects on people 

The impact of the electrical-production facilities will vary according 

to the type of facility used and the siting of the particular facility. 

3.4.2 Electrical transmission facilities 

Electrical transmission lines will have to be constructed to supply the 

electrical requirements of all the previously described installations: 

a gas centrifuge facility, a gaseous diffusion plant, a rotor fabrica

tion plant, and a gas centrifuge demonstration plant and development 

facilities. A gas centrifuge facility will require approximately 240 MW 

of power. A rotor fabrication plant requires 16 MW of power and a gas 

centrifuge demonstration facility about the same. The assumption is 
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that each of these would require a single 161-kV overhead transmission 

l ine needing a right-of-way approximately 110 f t wide. The distance 

traversed by these corridors is assumed to be f ive miles. The total 

amount of land that would have to be cleared for each is approximately 

15 acres/mile or 75 acres for each corridor. A gaseous diffusion plant 

w i l l require approximately 2400 MW of power. This would have to be sup

plied by four 500-kV lines each requiring a 200-ft wide corridor (see 

Sect. 2.3.4.2). The assumption is that the production f ac i l i t i e s capable 

of supplying this power would be situated 25 miles distant from the gas

eous diffusion plant. The total acreage cleared would amount to 800 acres 

per corridor or 3200 acres for a l l ; and would amount to a total of 2600 

acres i f a single 325-ft corridor were used jo in t l y by a pair of lines 

(see Table 3.4-1). 

3.4.2.1 Effects on land use 

Objections to transmission lines from a land use standpoint have generally 

been based on aesthetic considerations and alteration of land-use plants 

by commitment of large str ips of land for transmission l ine corr idors.1 3 

Environmental c r i te r ia for electr ic transmission systems have been de

veloped by the U.S. Departments of Agriculture and In ter ior . 1 4 These 

cr i te r ia can be ut i l ized on a si te-specif ic basis to mitigate impacts on 

land use. Land-use considerations w i l l be a major s i te consideration, 

especially for a gaseous diffusion plant. 

3.4.2.2 Effects on water use 

Erosion resulting from clearing of transmission rights-of-way corridors 

and construction of maintenance roads may detrimentally affect adjacent 

aquatic environments. The loss of soi l nutrients and decreased water 

holding capacity associated with erosion may affect the quality of the 

receiving stream through: (1) increased stream flow, (2) increased 

sediment load, and (3) additional nutrient sources for autotrophic 

organisms (see Sect. 3.1.4).1 3 Such alterations may be detrimental 

to existing water use patterns. 
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3.4.2.3 Effects on terrestr ial ecology 

Clearance of right-of-way corridors and construction of maintenance roads 
generally accelerates soil erosion resulting in loss of soil nutrients, 
gullying, and decreased soil water-holding capacity. Over extended 
periods, the loss of nutrient minerals, organic and inorganic, from the 
landscape leads to decreased productivity.13 

Routing, construction, and maintenance of transmission line rights-of-
way also result in modification, both detrimental and beneficial, of 
natural ecological communities. The ultimate condition desired by the 
electr ic power u t i l i ty on most rights-of-way is a stabilized low-growing 
plant community. The most abundant animal species associated with this 
new plant community are those that can readily adapt to transitory, un
stable conditions. Many game species, such as ruffed grouse, mourning 
dove, bobwhite, quail, and cottontail rabbits commonly thrive in such 
successional stages. Species adapted to climax vegetation conditions 
are generally more specialized in their requirements for survival, and 
alteration or reduction of their habitat could lead to local losses of 
certain species.5 Thus, right-of-way land use can have mixed environ
mental consequences. 

Herbicides are commonly used on u t i l i ty rights-of-way to control vegeta
tion. Drifting of the spray or volatile fumes from the s i te to adjacent 
crops, woodlands, and aquatic habitats can result in injury to nontarget 
organisms. Ozone production around high voltage conductors has been 
cited as a potential hazard.15 However, no detectable concentrations 
of ozone above ambient have been measured in the corona of lines in the 
voltage range assumed for the proposed fac i l i t i e s . 1 6 * 1 7 

3.4.2.4 Effects on aquatic ecology 

As noted in Sects. 3.4.2.1 and 3.4.2.2 clearance of right-of-way corri
dors and construction of maintenance roads result in accelerated erosion, 
loss of soil nutrients, and decreased soil water-holding capacity, thereby 
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increasing streamflow and sediment and nutrient loads in local aquatic 

systems. Vegetation along stream banks should be retained, not only to 

minimize runoff and erosion, but also to maintain natural water tempera

ture regimes.13 The effects of heavy loads of suspended solids and 

s i l ta t ion on aquatic biota have been discussed in Sects. 3.1.4. The 

most signif icant effects are generally alteration and/or destruction of 

bottom organisms and elimination of important bottom habitats (e .g . , 

spawning grounds). Enrichment of the stream could accelerate primary 

productivity, possibly resulting in shif ts in the biological communities 

(see Sect. 3.2.1.4.4). 

3.4.2.5 Effects on people 

The effects of transmission facilities on people are primarily associated 

with alteration of land use patterns and degradation of aesthetic value 

of the terrain that is traversed. Proper siting and design critia can 

minimize the impact on people. 

3.4.3 Transportation 

3.4.3.1 Effects on land use 

The truck, rail, and automobile traffic associated with construction and 

operation of an enrichment plant is described in Sect. 2.3.4.3.1. Con

struction of a four-lane highway and a rail connection to the plant site 

may be required (see Sect. 2.3.4.3.2) to supplement existing roads and 

railroads. 

Truck and automobile traffic over existing roads in the vicinity of the 

plant site will be increased significantly. The relative impact of this 

increased traffic load will depend on existing local traffic patterns 

and loads. Alteration of a low-level urban or rural road into a heavily 

traveled thoroughfare could decrease land values for residential use while 

simultaneously increasing values for commercial facilities. Therefore, 

regional land-use plans may be altered. 
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Construction of new road and rail connections may require purchase of 

rights-of-way and possibly interruption of existing land use patterns. 

The enrichment plant and the rotor fabrication plant may each require 

approximately one mile of new four-lane highway (12 acres right-of-way), 

and a 5-mile single-track rail connection (60 acres right-of-way) (see 

Sect. 2.3.4.3.2). Use of this land for rights-of-way will preclude 

other land uses on a total of 144 acres. The value of adjacent lands 

for commercial use may be increased, but residential or agricultural 

use will be depressed. During construction of these highway and rail 

connections, additional perturbations to local land use, terrestrial 

ecology, and aquatic ecology are expected, as discussed in Sect. 3.1.1. 

3.4.3.2 Effects on people 

During both construction and operation of the facilities, noticeable 

impacts will be felt on existing communities from the transportation of 

workers and materials to and from the work site. In the design and 

planning stages for the facilities, accessibility to existing rail and 

air transportation should be a significant factor in determining an 

appropriate site. The existence of suitable roads for the movement of 

people and materials should also be examined in order to be assured that 

minimal disruption to the local community will occur. 

The impact of transportation on people will be noticeable. The size of 

the facility, the number of workers needed, and the stage of development 

of the facility (i.e., construction or operation), will determine the 

degree of impact. The extent to which the impact is either positive or 

negative will depend on the specific community in which the facility is 

located and the advanced planning between the applicant and members of 

the community. 
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3.4.4 Component-manufacturing facilities 

3.4.4.1 Effects on the environment 

Component parts for a gas centrifuge plant will be manufactured at a 

variety of industrial facilities (see Sects. 2.3.2.17 and 2.3.3.23). 

These diverse operations will potentially affect land use, water use, 

and terrestrial and aquatic ecology near the component manufacturing 

plants. Within the scope of this generic evaluation only a rough 

qualitative estimate of these impacts is possible. 

The staff has estimated (see Sect. 2.3.2.17) that the land and water 

requirements for serving all gas centrifuge plant component-manufacturing 

facilities would be no greater than that attributable to a single full-

scale gas centrifuge plant. However, gaseous and liquid effluents from 

these manufacturing plants will have additional impacts on land use and 

water use, as well as on terrestrial and aquatic biota. However, on a 

generic basis, the environmental impacts that result from all component-

manufacturing facilities are expected to be small on a national scale. 

This evaluation is based on the conclusion that amounts of metallic and 

nonmetallic materials used for component manufacturing account for an 

insignificant percentage of the national production and use of these 

materials. Potential effects are also somewhat ameliorated since the 

various manufacturing facilities are required to conform to local, 

state, and Federal air and water quality standards. 

3.4.4.2 Effects on people 

The staff believes that the impacts of the component-manufacturing facil

ities on people will be less than the impacts created by the construction 

and operation of the enrichment plants. The construction and operation 

of the facilities will have the positive impact of creating jobs, thereby 

stimulating the local or regional economy in which the facilities are 

located. The impact will increase slightly as more gas enrichment plants 

are built over the years. 
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3.4.5 Security systems 

A chain l ink fence, 4.5 miles long and 8 f t high, w i l l be required to 

surround the total 400-acre plant s i te and temporary construction area 

(see Sect. 2.3.4.4.1). Major impacts associated with such fences involve 

the effects on land use due to clearing and control of vegetation with 

herbicides or other means and the effects on terrestr ia l ecology due to 

restr ic t ion of w i ld l i f e movement and migration. 

3.4.5.1 Effects on land use 

Vegetation along the security fence corridors must be cleared for con

struction and maintenance of the fences. Rates of erosion and runoff 

may increase during construction, resulting in increased turbidi ty and 

s i l ta t ion of local surface waters (see Sect. 3.1.1.4). Establishment 

of a low-growing f lo ra l community, preferably perennial grasses, e l imi 

nates or alters natural communities and diversity. These successional 

communities are generally maintained by means of herbicides or bush-hog 

maintenance procedures that are selective against herbaceous broad-leaf 

and woody species. Potential problems involved with use of herbicides 

include: (1) d r i f t ing of the herbicide spray, which affects plants out

side the fence area; (2) surface water runoff, which provides a potential 

source of contamination for local surface waters; and (3) external and 

internal contamination by the herbicide of animal species using the area. 

3.4.5.2 Effects on terrestrial ecology 

Construction of fences along the perimeter of the plant exclusion area 

could prevent free movement or migration of wildlife across this zone. 

Mobile forms of animal life that are accustomed to using the fenced-in 

area for habitat would be required to adjust their habits accordingly. 

Antipersonnel fences topped with barbed wire present a potential danger 

to deer populations; deer attempting to jump fences may become entangled 

in the barbed wire or may be injured by the barbs. Fences that block 

wildlife travel lanes will result in rerouting, often via a less desir

able habitat. On the other hand, establishment of a successional floral 
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community along the fence corridors may present habitat heterogeneity, 

thereby resulting in a s l ight increase in species diversi ty. 

3.4.5.3 Effects on people 

The security fences will directly affect those persons whose property 

may bound the existing facilities and will indirectly affect the local 

community for reasons of safety and aesthetics. The construction of the 

fences will be primarily for safety and security reasons and therefore 

will be a positive asset to the community in protecting residents from 

possible dangers. 



3.4-15 

REFERENCES FOR SECTION 3.4 

U.S. Atomic Energy Commission, Proposed Final Environmental Statement 

Liquid Metal Fast Breeder Reactor, vol. Ill, WASH-1535, U.S. 

Government Printing Office, December 1974. 

Arthur D. L i t t l e , I nc . , Study of Base-Load Alternatives for the 

Northeast Utilities System, Hartford, Conn., July 5, 1973. 

Federal Power Commission, The 1970 National Power Survey, Part 1, 

U.S. Government Printing Office, Washington, D.C., December 1971. 

Forecasting Branch, Office of Planning and Analysis, Nuclear Power 

1973-2000, U.S. Atomic Energy Commission, WASH-1139, U.S. Government 

Printing Office, Washington, D.C., December 1972. 

U.S. Atomic Energy Commission, Nuclear Power Facility Performance 

Characteristics for Making Environmental Impact Assessments, 

WASH-1355, U. S. Government Printing Office, Washington, D.C., 

December 1974. 

Federal Water Quality Administration, U.S. Department of the Interior, 

1968 Inventory Municipal Waste Facilities in the United States, 1971. 

U.S. Department of Housing and Urban Development, Draft Environmental 

Statement, Application of Modular Integrated Utilities Systems 

Technology, February 1975. 

H. E. Stokinger and D. L. Coffin, "Biologic Effects of Air 

Pollutants," pp. 446-546 in Air Pollution, vol. 1, A. C. Stern, 

Ed., Academic Press, New York, 1968. 

C. S. Brandt and W. W. Heck, "Effects of Air Pollution on 

Vegetation," pp. 401-445 in Air Pollution, vol. 1, A. C. Stern, 

Ed., Academic Press, New York, 1968. 



3.4-16 

M. D. Thomas and R. H. Hendricks, "Effects of Air Pollution on 

Plants," pp. 9-1 to 9-44 in Air Pollution Handbook, P. L. Magill, 

F. R. Holden, and C. Ackley, Eds., McGraw-Hill, New York, 1956. 

39 FR 36200 (1974), Sect. 423.13 (h) and (i). 

Environmental Protection Agency, Water Quality Standards Criteria 

Digest, A Compilation of Federal/State Criteria on Temperature, 

U.S. Government Printing Office, Washington, D.C., August 1972. 

J. T. Kitchings, H. H. Shugart, and J. D. Story, Environmental 

Impacts Associated with Electric Transmission Lines, ORNL-TM-4498, 

Oak Ridge National Laboratory, Oak Ridge, Tenn., March 1974. 

U.S. Department of the Interior and U.S. Department of Agriculture, 

Environmental Criteria for Electric Transmission Systems, U.S. 

Government Printing Office, Washington, D.C., February 1970. 

L. B. Young, Power Over People, Oxford University Press, New York, 

1973. 

M. Frydman, A. Levy, and J. E. Miller, "Oxidant Measurements in 

the Vicinity of Energized 765 kV Lines," IEEE Trans., Paper 

T72 551-0, 1972. 

H. N. Scherer, B. J. Ware, and C. H. Shih, "Gaseous Effluents Due 

to EHV Transmission Line Corona," IEEE Trans., Paper T72 550-2, 

1972. 



3.5-1 

3.5 COMBINED ENVIRONMENTAL EFFECTS OF EXPANSION OF URANIUM 

ENRICHMENT CAPACITY THROUGH THE YEAR 2000 

3.5.1 Effects of enrichment plants 

The uncertainties associated with projections beyond the year 2000 have 

been discussed in Sect. 2.3.6. The effects of expanded centrifuge and 

diffusion enrichment capacity beyond the year 2000 can be extrapolated 

using the information provided in this report. Effects beyond the year 

2000 are not expected to be any more serious than those incurred during 

the interim examined here. 

3.5.1.1 Effects on the environment 

The construction and operation impacts delineated in Sects. 3.1, 3.2, 

and 3.3 for a single enrichment plant can be qualitatively extrapolated 

to estimate the probable impacts of constructing and operating 11 plants 

through the year 2000. The analysis of the collective impacts of these 

enrichment facilities is based on the assumption that: (1) for each new 

unit proposed, the siting criteria specified in Sects. 2.5.1, 2.5.2, and 

2.5.3 will be applied; (2) prior to start of construction, a site-specific 

environmental impact statement will be prepared and appraised; and (3) the 

11 enrichment plants will be distributed across the U.S. as autonomous 

units constructed at separate sites. The impacts of construction and 

operation on each local ecosystem at any one site, therefore, will be 

independent and characterized by the generic discussion in Sects. 3.1, 

3.2, and 3.3. Construction of 10 gas centrifuge plants and 1 gaseous 

diffusion plant through the year 2000 will result in a total of 103 

equivalent years of plant operation (see Sect. 2.3.6). No synergistic 

or multiplicative effects are expected. 

Total land requirements for operation of 11 plants amount to 4000 acres 

for plant sites (550 more acres temporarily disturbed during construc

tion) and a maximum of 1720 acres for offsite electrical production 

facilities (see Table 3.5-1). Other land uses will be forfeited, and 

total destruction of wildlife habitat and complete mortality of resident 



TABLE 3.5-1. SUMMARY OF CUMULATIVE ENVIRONMENTAL EFFECTS OF EXPANSION OF URANIUM ENRICHMENT CAPACITY THROUGH THE YEAR 2000 

FACILITY 

Gas Centrifuge Enrichment 
Plan* 

Gaseous Diffusion 
Enrichment Plant 

Rotor Fabrication Plant 

Nuclear Reactors* (1000 KWe) 702 

NUMBER REQUIRED 
THROUGH 2000 

10 

1 

4 

702 

PLANT-YEARS 
OF OPERATION 

86.5 

16.5 

45.0 

5972 

On-
Site 

3,500 

400 

90 

405.000d 

LAND USE 
(acres) 

Electricity 
Production 
Facilities0 

850 

850 

20 

Transmission 
L1nesc 

750 

3,200 

300 

1,260,000 

CONSUMPTIVE WATER USE 
(million gallons) 

On-
Site 

35,000 

102,000 

3,000 

fiD 
42 x 10° 

Electricity Production 
and Transmission 
Lines 

147,000 

280,000 

5,000 

— 

b. 
c. 
d. 

For the purposes of these comparisons, 1t 1s assumed that the 702,000-MWe nuclear power to be supported by the uranium enrichment program would 
bt In the form of 702 - 1000-MWe model light-water reactors (LWRs). In rea l i ty , a number of these reactors wi l l l ikely be high-temperature 
gas cooled (HTGRs). The environmental effects of construction and operation of an HTGR power plant are very similar to those of an LWR, with 
the exception of the higher thermal efficiency of the HTGR (about 40%) relative to the LWR (32 to 331). I t has been concluded that the major 
environmental advantage of the HTGR stems from the higher thermal efficiency and the resultant reduction In consumptive water use by up to 18X 
(Source: H. J . Kelley. S. S. Klrs l is , and R. G. West, "The Environmental Impact of HTGR Steam Electric Power Stations." pp. 463-471 in 
Sas-cooled Reactors: HTGR and GCFBR. Proc. of Symposium, Gatllnburg, Tenn., 7-10 May 1974, CONF - 740501, American Nuclear Society, Hinsdale, 
111 . . 1974. 
Assuming 30 cfs water consumption for a 1000 MWe model plant with cooling towers. 
Based on 350 acres of land disturbed and 1800 acres required for transmission l ines per 1000 MWe LWR. 
Based on Tables 5.17 and 5.18, WASH-1224, Comparative Risk-Cost-Benefit Study of Al ternat ive Sources of Electr ical Energy, December, 1974. 
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wildlife on the acreage can be assumed. However, since the siting 

criteria specify that regional availabilities of land and critical 

wildlife habitats be evaluated and considered, the overall impact of 

committing <6000 cres (9 sq miles) for enrichment facilities should 

be minimal. Another 4250 acres will be committed for transmission 

line rights-of-way. This land may have certain limited amounts of 

multiple use and create benefits as well as costs for resident wild

life (see Sect. 3.4.2.3). 

Water consumption during construction will be minimal. Water consump

tion of 11 operating plants until the year 2000 will amount to approx

imately 140 billion gallons. Offsite water consumption will amount to 

approximately 430 billion gallons. These resource commitments are small 

in comparison to other construction and development that will take place 

nationwide during that period. 

3.5.1.2 Radiological and health effects 

By the year 2000 enrichment facilities will have cumulated 103 years of 

operation. Consequently, the radiation dose commitments per year of 

facility operation (Sect. 3.2.1.2) can be multiplied by 103 to give 

cumulated radiation doses to the populations of people living within 

50 miles of these facilities. By the year 2000, the total body dose 

to these populations will be 66 man-rem. During this same period, the 

total body dose from background, natural radioactivity (102 mrem/year) 

would be 1.05 x 107 man-rem. Attempts to quantify the health effects 

resulting from low-level radiation exposure have been made by the 

National Academy of Science (the BEIR Report)1 and by a United Nations 

Committee.2 Due to the great uncertainty intrinsic in estimating low-

level radiation exposure effects, it is understandable why even these 

organizations have failed to produce estimates readily acceptable to 

the scientific community. Background radiation exposure rates vary 

with altitude, local geology, local meteorology, building construction 

materials, building ventilation, etc. These many variables, along with 

relatively high population mobility and the fact that the health effects 
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of interest are not just caused by radiation exposure, have made it 

necessary to estimate low-level health effects by extrapolation from 

much higher levels of exposure. The assumption of linear extrapolation 

of health effects from high to low levels of radiation exposure is con

sidered by the staff to be conservative and thus to yield overestimates 

of effects. 

Despite these uncertainties an estimate of the health consequences of 

radiation exposure to people from enrichment facilities has been made 

by using risk estimates from the BEIR Report.3 Table 3.5-2 gives an 

estimate of health effects up to the year 2000. Upper and lower limits 

of estimate for cancer mortality and genetic defects are presented. To 

put these estimated effects in perspective, it should be remembered that 

these facilities are adding a total body radiation dose to exposed popu

lations which is only 6 x 10-lf% of that from natural background. If, 

for example, background radiation dose to total body were used to esti

mate genetic defects, 105 to 10,500 genetic defects could be estimated. 

3.5.1.3 Community effects 

The construction of the eleven enrichment facilities will take place 

over a period of roughly twenty years with new construction starts 

every one to three years. This spaced effect will minimize the adverse 

impacts that may strain the economy if the facilities were to be built 

simultaneously and maximizes the positive impacts by stimulating work 

over a long period of time within the national economy. 

Construction will be dispersed throughout the nation as the facilities 

will not be localized in any one particular region. This geographic 

separation will have the positive impacts of activating the labor force 

in various regions and of not placing the burden of providing services 

and facilities for workers and their families on any one particular 

localized area. The social impacts as well as the economic impacts 

will be regionalized and the severity of these impacts will be notice

ably different, depending on the community in which the plants are built. 



TABLE 3.5-2 

HEALTH EFFECTS TO THE YEAR 2000 FROM OPERATION OF ENRICHMENT FACILITIES 

Type of risk Risk modela Incidence 
per man-rem*2 

Man-rem to 
year 2000 

Effects to year 
2000^ 

Lung tumor Absolute 

Relative 

16 x 10 

110 x 10 

-6 

-6 
268 (lungs) 4.3 x 10"J deaths 

2.9 x 10"2 deaths 

Bone tumor Absolute 

Relative 

2 x 10" 

17 x 10 -6 
474 (bone) 9.5 x 10"4 deaths 

8.1 x 10"3 deaths 

Specific genetic 
defects 

Lower l im i t 

Upper^limit 

50 x 10' 

500 x 10" 

66 (gonads^ 3.3 x 10"° defects 

3.3 x 10 defects 

Defects with complex 
etiology 

Lower l imi t 

Upper l im i t 

10 x 10 

1000 x 10' 

-6 66 (gonads) 6.6 x 10 defects 

6.6 x 10'2 defects 

From BEIR Report. 

Effects from 103 years of enrichment facility operation. 

^Highest gonad dose estimate (testes) is used. 
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The combined social and economic impacts on the nation's communities 

from the operation of the f ac i l i t i es w i l l be somewhat less than those 

from the construction of the plants. The impacts w i l l be dispersed 

regionally and w i l l therefore stimulate regional social and economic 

growth in a variety of ways. Combined, the operating f ac i l i t i e s w i l l 

have a positive impact by stimulating the national economy and by add

ing to the social and economic well-being of the country. 

3.5.2 Effects of implied expansion of nuclear power 

Despite the fact that this report evaluates only potential environmental 

impact associated with expansion of uranium enrichment capacity, the 

following information relating to other portions of the uranium fuel 

cycle is included for the reader's benefit. 

As discussed in Sect. 2.1.5, existing gaseous diffusion plants w i l l be 

able to serve the expanding domestic nuclear power industry as well as 

35% of the total world nuclear power only up through 1983. Projections 

of domestic nuclear power plant growth beyond 1983 indicate that 702,000 

MWe must be supported through 2000 by expansion of uranium enrichment 

production f a c i l i t i e s . Major categories of environmental effects of 

this implied expansion of nuclear power are delineated below. I t is 

assumed that the 702,000-MWe nuclear power w i l l be supplied by 702 

Model 1000-MWe LWRs (see Table 3.5-1). 

3.5.2.1 Effects on the environment 

Environmental effects of light-water reactors and the nuclear fuel cycle 

have been reviewed in WASH-12483 and the LMFBR Proposed FES, Vol. I I I . 4 

Environmental, economic, and health and safety effects for a Model 1000-

MWe LWR power plant are discussed in Sect. 5.1 (see Tables 5.1-2, 5.1-3, 

and 5.1-4). Out-of-reactor fuel cycle operations include: (1) both 

underground- and pit-mining of uranium ores; (2) mi l l ing and refining 

ores to produce uranium concentrates called "yellowcake;" (3) conversion 

and refining of the "yellowcake" concentrates into high-purity uranium 
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hexafluoride; (4) isotopic enrichment in fissile content of the uranium 

hexafluoride, via gaseous diffusion or gas centrifuge processing, to 

produce feed material for LWR fuels; (5) conversion of the enriched hexa

fluoride to oxide, fabrication of the oxide into fuel shapes, encapsula

tion of these fuel shapes, and assembly of fuel capsules (rods) into fuel 

elements; (6) reprocessing of irradiated fuel materials to recover and 

decontaminate uranium (and other fissile values) from the associated 

radioactive fission products; (7) storage and management of high-level 

and low-level radioactive wastes at Federal and commerical waste reposi

tories; and (8) the varied interstate transportation needs associated 

with these operations.1* Environmental considerations for the above 

processes normalized for the annual fuel requirements for a Model 

1000-MWe LWR are summarized in Table 3.5-3. Land and water require

ments for operation of the 702 reactors operating for 5972 reactor-

years through the year 2000 are included in Table 3.5-1. Assuming 

prudent measures are taken during planning, site selection, and con

struction, and the 702 reactors and associated facilities are distributed 

across the U.S., the environmental impacts of this development should be 

acceptable (see Sect. 9). 

3.5.2.2 Radiological and health effects 

It is assumed that by the year 2000 there will be 702 Model 1000-MWe 

reactors operating. The cumulated reactor operations by this date will 

be 5972 years or 5972 GW-year. It is estimated in WASH-1535 (Proposed 

Final Environmental Statement for the Liquid Metal Fast Breeder Reactor 

Program)1* that population exposure from the LWR/HTGR nuclear fuel cycle 

is 8.3 man-rem per GW-year. Thus, a cumulated dose to the population 

of 4.96 x 10H man-rem is estimated to the year 2000. Enrichment facil

ities (66 man-rem) account for about 0.1% of this dose. 

Cumulative environmental impacts up to the year 2020 are given in 

WASH-15351* for nuclear fuel cycle with and without LMFBRs. Some 

estimated health effects, based on estimates from WASH-15351* scaled 

down to year 2000 projections, are given in Table 3.5-4. 



TABLE 3.5-3 

SUMMARY OF ENVIRONMENTAL CONSIDERATIONS FOR NUCLEAR FUEL CYCLE 
NORMALIZED TO MODEL LWR ANNUAL FUEL REQUIREMENT 

Natural Resource Use Mining 

B 

Milling UFg Prod. Enrichment Fuel Fab. Reprocesslno 
HasTi 

Management Transportation Total 

Land (Acres) 

Temporarily Committed 
Undisturbed Area 
Disturbed Area 

Permanently Committed 

Overburden moved (MT x 

Water (gallons x 106) 

106) 

55 
38 
17 

2 

2.7 

0.5 
0.2 
0.3 

2.4 

2.5 
2.3 
0.2 

0.02 

0.8 
0.6 
0.2 

0 

0.2 
0.16 
0.04 

0 

3.5 
3.7 
0.2 

o.o: 

Discharged to air 
Discharged to water bodies 
Discharged to ground 123 

65 3.7 
41 

90 
11,000 5.2 

4.0 
6.0 

0.2 

63 
45 
18 

4.6 

2.7 

163 
11,052 

123 

Total Water 

Fossil Fuel 

Electrical energy (MW-hr x 103) 
Equivalent Coal (MT x 103) 

123 65 44.7 11.090 5.2 10.0 

0.25 
0.09 

2.7 
0.97 

2.1 
0.76 

310 
113 

1.7 
0.62 

0.45 
0<16 

11.338 

317 
116 



Natural Resource Use Mining 

B 

Milling UF6 Prod. Enrichment Fuel Fab, Reprocessing 
Waste 

Management Transportation Total 

Natural Gas (scf x 106) 

Effluents 

Thermal (Btu x 1Q9) 

Chemical (MT) 

Gases (1) 

NOx 
Hydrocarbons 
CO 
Particulates 

Other Gases 

r 
Liquids 
S<C* 
N03" 
Fluoride 
Ca+ 

cr 
Na 
NH, 
Tailings Solutions (x 103) 
Fe 

Sol Ids 

68.5 

69 

240 

91,000 

31 

30 

3.6 

3,200 

0.11 0.5 0.005 

61 

3.5 
0.9 
0.009 
0.02 
0.9 

37 
15.9(2) 
1.3(2) 
0.3 
9.7 

29 
10(3) 
0.6(2) 
0.2 
7.6 

4,300 
1,130 

11 
28 

1,130 

23 
6 
0.06 
0.15 
6 

6.2 
7.1(4) 
0.02 
0.04 
1.6 

0.05 

40 

5.4 
2.7 

5.4 
8.2 
8.2 

0.4 

0.2 

23 
0.4 

10 

26 

0.4 
0.2 

0.02 
5.3 

103 

0.03 3,370 

4.400 
1,170 

13.0 
28.7 

1,156 

0.7 

5.8 
26 
0.4 
5.4 
8.2 
13.5 
10 
240 
0.4 

in 
1 
lO 

91.000 

(1) Estimated Effluents Based Upon Combustion of Equivalent Coal for Power Generation 
(2) Combined Effluent from Combustion of Coal and Natural Gas 
(3) 25% from natural gas use 

(4) 77* from process 

Note: For the total impact of expansion of nuclear power through 2000 the above values should be multiplied by the projected 5972 reactor-years. 

Source: U.S. Atomic Energy Commission, Environmental Survey of the Nuclear Fuel Cycle, WASH-1248, November, 1972. 
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TABLE 3.5-4 

CUMULATED HEALTH AND SAFETY EFFECTS FOR 
THE LWR FUEL CYCLE TO THE YEAR 2000 

Cumulated in population 

Public healtha 

Malignancies 11.3 
Man-days cost (thousands) 67.5 

Public safety^ 
Fatali t ies (thousands) 0.06 
Nonfatal injuries (thousands) 0.55 
Man-days lost (mill ions) 0.47 

aRelated to radiation. 

Related to plant and transportation accidents. 

As stated previously, health effects related to radiation doses are 

estimated using the linear hypothesis model. The estimated cumulative 

man-rem (4.96 x lO4) to the year 2000 represents 0.3% of the radiation 

dose expected from background. 
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4. UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS 

The continued need for enriched uranium may require the construction and 

operation of as many as 11 new enrichment plants through the year 2000. 

One of these is expected to be a gaseous diffusion plant. The others 

are expected to be gas centrifuge plants which may require construction 

and operation of as many as 4 rotor fabrication plants. The unavoidable 

adverse effects which may occur as a result of construction and operation 

of these plants that are judged by the staff to be the most important 

are summarized in this section. 

4.1 ABIOTIC EFFECTS 

4.1.1 On land 

Each gas centrifuge plant requires about 350 acres of land onsite; a 

rotor fabrication plant 22 acres; and a gaseous diffusion plant, 400 

acres. The total onsite land area that would be appropriated for the 11 

enrichment plants projected through 2000 is 3900 acres (Sect. 3.5.1). 

The total onsite land for four rotor fabrication plants is about 90 acres. 

With offsite requirements added, however, total land requirements to the 

year 2000 amount to about 10,000 acres (Table 3.5-1). 

During construction of these facilities an unknown amount of timber de

struction and soil erosion will result. Siting criteria will generally 

minimize the possibility of destroying or limiting access to historical 

and archaeological resources, but such adverse impacts may be unavoidable 

at some sites. 

A slight but measurable deposition of salts, chromates, and other water-

borne impurities on the land immediately adjacent to cooling towers (70% 

within 350 ft) will occur due to the transport of these materials in 

tower drift. 

4-1 
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Permanent structures and cooling tower plumes will create visual impacts. 

The importance of these unavoidable impacts will depend on surrounding 

land use and effectiveness of visual screening at different plant sites. 

4.1.2 On water 

Operation of cooling towers will result in consumptive loss of water due 

to evaporation and drift. Total onsite water consumption for a single 

gas centrifuge plant and the related rotor fabrication will amount to a 

maximum of 1.3 Mgd (about 2 cfs). For 10 gas centrifuge and four rotor 

fabrication plants operating simultaneously, consumptive use will be 

about 12 Mgd (about 20 cfs). A single gaseous diffusion plant will con

sume about 17 Mgd (26 cfs). Offsite consumption (evaporation and drift) 

will amount to about 430 billion gallons through the year 2000 (5972 

reactor years of operation). 

At some plants, surface water quality may be adversely affected by 

increased turbidity during construction, and by increased concentrations 

of nutrients, heavy metals, and other chemicals during operation. Effects 

on competing surface water uses near gas centrifuge plants may include 

increased water treatment costs and decreased recreational and aesthetic 

values caused by nutrient-induced eutrophication. 

If extensive foundation dewatering is necessary during construction, or 

if groundwater is used as a primary water source, local groundwater 

drawdown may occur. Leachate from contaminated burial grounds could 

adversely affect groundwater quality. However, conscientious applica

tion of the site-selection criteria in Sects. 2.5.1, 2.5.2, and 2.5.3 

will minimize these potential problems. 

4.1.3 On air 

Air quality in the immediate vicinity of an enrichment plant will be 

affected slightly due to gaseous and particulate emissions from the 

onsite steam plant and due to HF releases from the enrichment facilities. 
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With of fs i te power generation from coal-f ired plants, the local air 

quality w i l l be, and regional a i r quality may be, adversely affected by 

SO , NO and particulate emissions. However, a l l plants must meet the 
A X 

requirements of the Clean Air Act, as amended, 1970 (Public Law 91-604, 

December 31, 1970). Cooling tower operations, onsite and offsite, may 

increase local fog frequency and noise levels slightly. 

4.2 BIOTIC EFFECTS 

4.2.1 Terrestrial 

Construction and operation of facilities will displace and possibly 

destroy biota on the plant acreages listed in Sect. 4.1.1. During 

cooling tower operations onsite or offsite, minor local effects (within 

about 350 ft) on terrestrial flora and fauna may occur due to salt and 

chromate deposition. Commitment of land for transmission rights-of-way 

will unavoidably alter wildlife habitat in forested areas. 

4.2.2 Aquatic 

While onsite and offsite facilities are under construction, some unavoid

able adverse effects on aquatic biota can be expected from siltation of 

local surface waters. The principal adverse effect on aquatic biota due 

to plant operations is expected to be an unknown degree of nutrient-

induced eutrophication of local surface waters. Most of the unavoidable 

adverse effects on aquatic biota during operation are expected offsite 

at electrical generating facilities. These adverse effects will be 

highly site-specific but may include destruction of biota from impinge

ment and entrainment, localized changes in aquatic communities due to 

waste heat and chemical discharges, possible blockage of fish migration 

by thermal plumes, and possible fish kills due to cold shock. 

4.2.3 Radiological 

4.2.3.1 On people 

The enrichment facilities will release radioactivity to the environ

ment in the form of gaseous and liquid wastes. Total body radiation 
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doses to the population living within 50 miles of each facility are 

estimated to total 0.64 man-rem per year per million persons for each 

year of operation. By the year 2000, with 11 operating plants and 103 

years of plant operation, the total body population dose would be 66 

man-rem per million persons. This radiation exposure represents an 

increase of 0.05% to that received from natural background sources. 

4.2.3.2 On other biota 

Organisms other than man will be exposed to radioactive effluents from a 

gas centrifuge facility. The highest estimated radiation dose to a ter

restrial animal is 2.9 millirad/year. This dose is estimated for a land 

animal (muskrat) whose diet consists of aquatic plants that have con

centrated radioactivity from liquid effluents. 

Aquatic organisms are expected to receive higher radiation doses due to 

concentration of radionuclides in the liquid waste effluents. Estimated 

doses to aquatic plants (4.3 millirad/year), invertebrates (1.2 millirad/ 

year) and fish (3.4 millirad/year) are well below those that have been 

shown to have significant effects on these organisms. 

4.3 COMMUNITY EFFECTS 

One of the plant owner's major responsibilities within the overall program 

will be to minimize any adverse effects on a host community. In choosing 

a site, keeping the sociocultural, political, and economic structure of 

the community cohesive will be a major priority. The owner's purpose 

is not to create a process of major social change that will adversely 

affect any community. The owner should consider avoiding sites close 

to distinct cultural communities (such as Amish, Mennonites, or Indians) 

where long-held social customs would be disrupted. No matter where a 

specific site is located, some social change will occur. The intent, 

however, will be to minimize any adverse change by advance planning. 



5. ALTERNATIVES 

5.1 ALTERNATIVES TO THE PROPOSED PLAN FOR EXPANSION OF U.S. URANIUM 
ENRICHMENT CAPACITY 

Only those alternatives to the base case for enrichment expansion that 

are considered viable at this time are discussed in this section. These 

alternatives include no expansion of enrichment and the concomitant heavy 

exploitation of fossil fuels, conversion to heavy-water reactors, various 

combinations of gas centrifuge and gaseous diffusion plants, and the 

limitation of enrichment services to the satisfaction of domestic require

ments. Furthermore, the case of public versus private ownership of 

all new enrichment facilities is discussed as well as operations at 

various tails (waste) assays. 

One commentator, Exxon Nuclear Company, Inc.,** notes that if a laser 

isotope separation process (as discussed in Sect. 2.2.5.1) could be 

commercially proven, it could be used to satisfy all or most enrichment 

requirements in the latter part of this century. The staff agrees that 

there appear to be many desirable features associated with laser enrich

ment; unfortunately neither a plant using the process nor the necessary 

component industries to support it can be defined at this time. Con

sequently, emissions and impacts cannot be defined, discussed, or 

evaluated, even on a conjectural basis. 

Text change in response to Comment letter 10 (Centar Associates), p. 3. 

Comment letter 25 (Exxon Nuclear Co., Inc.), p. 2. 

5.1-1 
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5.1.1 No expansion of enrichment facilities 

5.1.1.1 Limitation of nuclear power 

5.1.1.1.1 Description 

Without expansion of existing uranium enrichment capacity the contribution 

of power from LWRs and HTGRs through 2000 will be severely limited. 

Only those reactors currently scheduled to receive enriched uranium fuel 

from the three existing enrichment plants will be able to contribute to 

the nation's energy needs. 

The restriction imposed by not expanding enrichment capacity is \/ery 

similar to the restriction of no new LWR or HTGR commitments as presented 

in Scenario IV of ERDA-48 which was described in Sect. 2.1.4.I.1 The 

supply and demand assumptions for Scenario IV are summarized in Table 

2.1-9. Both nonnuclear electrical generation and programs for direct 

utilization of fuels would be expanded as substitutes for LWR and HTGR 

power production. Coal provides the primary domestic alternative to the 

limitation of nuclear power, and can be used either to generate electric 

power or, if the necessary technology can be developed and commercialized, 

to produce synthetic fuels. Scenario IV took the latter route, using 

most of the new coal to produce synthetic fuels. All of the new supply 

technologies, plus industrial process efficiency improvements, must be 

successfully developed and commercialized at high levels to compensate 

for the loss of nuclear energy growth in the post-1985 period. The 

resulting energy supplies are presented in Table 5.1-1. 

5.1.1.1.2 Evaluation of alternative technologies 

As displayed in Table 5.1-1 substantial expansion of other energy tech

nologies is necessary to supply the demand for electrical energy not met 

by nuclear reactors. A key factor to consider is that the nation would 

not compensate for the loss of nuclear power just by finding other ways 

to generate electric power. Synthetic fuels, improved end-use tech

nologies, and new power sources would all be used, but use of synthetic 

fuels (from coal) would be predominant. The environmental and safety 
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TABLE 5.1-1 

ENERGY SUPPLIES ASSUMING NO NEW NUCLEAR REACTOR COMMITMENTS 

Electric capacity installed (GWe) 

[985 2000 

LWRs 180 192 
HTGRs 5 8 
Hydroelectric 86 92 
Geothermal 20 100 
Coal 268 356 
Gas turbine 79 104 
Oil, steam electric 39 38 
Gas 82 50 
Solar 5 100 
Fusion 0 1 

Total (trillion kWhr) (3.3) (4.7) 

Fuels used for nonelectrical energy requirements (1015 Btu) 

Solar heating and cooling 0.25 3.5 
Geothermal heat 0.2 1.0 
Synthetic crude and pipeline 

guality gas from coal 
(or equivalent barrels of oil) 1.4 14.0 

Oil from shale 1.0 8.0 
Biomass conversion (oil equivalent) 0.05 1.5 

SOURCE: U.S. Energy Research Development Administration "Energy Research 
Development and Demonstration: Creating Choices for the Future," 
ERDA-48, June 1975. 
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problems of producing synthetic fuels from coal are similar to those of 

coal-fired power plants in that both involve coal mining and its 

attendant problems. A brief discussion of the environmental implications 

of the various expansions is presented below. Detailed evaluations of 

the various alternative technologies are presented in Vol. Ill, Sect. 6 

of the Proposed Final Environmental Statement for the LMFBR Program,2 in 

a recent study of comparative risks and benefits of alternative energy 

sources (WASH-1224),3 and in Energy Alternatives: A Comparative Analysis1* 

with quantitative data based primarily on the Council of Environmental 

Quality's Matrix of Environmental Residuals for Energy Systems (MERES).a 

For purposes of the present evaluation, alternatives to a limitation of 

nuclear development are examined with respect to the general categories 

(1) economic costs; (2) land, air, and water; and (3) health and safety. 

Neither hydroelectric facilities nor fusion reactors are considered for 

comparative purposes. Installed hydroelectric capacity is predicted to 

increase by only 7% over the interval 1985 to 2000 (Table 5.1-1). This 

relatively minor contribution (compared with other technologies) is, as 

a result of the relatively limited natural hydroelectric potential 

available, in concert with land-use and environmental constraints that 

operate to mitigate against creating large reservoir projects. On the 

basis of a fairly exhaustive analysis it has been concluded2 that while 

hydroelectric power is an important component of the electric-energy-

generating system, the hydroelectric fraction of the total domestic 

capacity is declining and will continue to decline. Future use will be 

that of meeting peaking requirements. From data in Table 5.1-1, hydro

electric power comprises only 10% of total installed capacity in 1985; 

this total would be expected to remain essentially the same even with 

expanded nuclear development. 

MERES, a data base, and Energy Alternatives: A Comparative Analysis3 a 
reference document based in part on MERES data, are two new tools useful 
in the formulation and evaluation of environmental and energy policies 
and programs. MERES (Matrix of Environmental Residuals for Energy Systems) 
is a computerized data base specifying the water pollution, air pollution, 
solid waste, land use, and occupational health effects of present and 
future energy systems. Data on energy efficiencies and costs are included. 
Energy Alternatives: A Comparative Analysis provides the necessary 
information for comparing alternative energy systems and presents a 
methodology for making comparisons with MERES and similar data. 
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The development of controlled thermonuclear (fusion) reactor power systems 

represents a means of obtaining abundant electrical energy in an economical 

and environmentally attractive fashion. A successful and vigorously sup

ported fusion program is expected to lead to construction of a demonstration 

power reactor to begin operation in the mid-1990s,2 with commercial produc

tion beginning early in the 21st century. Within the time frame of the 

present analysis, however, controlled thermonuclear reactor power systems 

do not constitute a viable alternative to proven technologies. 

Energy Alternatives: A Comparative Analysis provides descriptions and 

data on 11 major energy resource systems in the U.S.: coal, oil shale, 

crude oil, natural gas, tar sands, nuclear fission, nuclear fusion, 

geothermal, hydroelectric, organic wastes, and solar. For the most part, 

information is given particular to each step in the development of a 

resource and the production of electric power and consists of detailed 

descriptions of processes and operations, technological alternatives, 

transportation considerations, locations of resources, etc., with 

corresponding energy efficiencies, environmental residuals,*2 and economic 

costs. The data given can be used to calculate and compare selected 

energy alternatives. To make such a comparison, the properties of the 

resource, the specific sites, and the steps in developing the resource 

through the production of power and by-products should be defined. 

Economic costs 

The myriad of considerations that would have to be undertaken, based on 

this report, to make costs comparisons of the alternatives to nuclear 

power is judged unnecessarily meticulous for this statement. Consequently, 

the more simplified cost comparisons of alternative conventional means of 

generating electric power as reported in ERDA's Comparative Risk-Cost-

Benefit Study of Alternative Sources of Energy* are judged satisfactory 

Residuals are by-products that an activity, process, or technological 
alternative produces in addition to its primary product. Residuals 
include particulates, gases, solid and liquid wastes, accidents and 
death, and land consumption, all or some of which might produce signifi
cant environmental impacts where they occur. 
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for this work. The direct use of fuels as energy alternatives to 

electrical generation, such as solar heating and waste heat, has been 

omitted because direct use in place of electric power appears very small 

at this time. 

For comparative purposes, the annual costs for selected conventional 

energy technologies listed in Table 5.1-1 are presented in Table 5.1-2. 

Costs for HTGRs are not included because they are assumed equal to that 

for LWRs in this comparison. Geothermal development, solar conversion 

of electricity and electricity production via gas turbines are not treated 

in Table 5.1-2. These are discussed briefly in this narrative but in 

general are not considered as comprising satisfactory substitutes for an 

expanded uranium enrichment program (and implied development of fission 

reactors). 

Geothermal power stations are not well developed in the U.S., hence cost 

comparisons of the type presented for proven technologies as in Table 

5.1-2 are not generally accepted. Production costs of 8.55 to 9.11 mills/ 

kWhr (1973 dollars) have been cited for units located on a dry-stream 

reservoir.2 These are considered lower bounds on production costs, 

however, as dry-stream reservoirs are generally conceded to be the least 

expensive to exploit. As discussed in detail in ref. 2, substantial 

research and development is yet needed to fully evaluate the useful geo

thermal potential in the U.S. In any event, it is reasonable to expect 

that geothermal research and development will go forward with or without 

an expanded uranium enrichment program, thus obviating any real necessity 

for economic comparisons at this time. 

Solar conversion is featured as a rapidly expanding technology by virtue 

of the expectations presented in Table 5.1-1. However, the major barrier 

to development of solar energy as a substitute for other sources is cost. 

In a recent study, costs of producing electricity using solar converters 

was evaluated extensively as based on a number of converter schemes.5 

Calculations were made to determine the costs of miscellaneous fuels 



TABLE 5.1-2 

COMPARISON OF ANNUAL ECONOMIC COSTS FOR ALTERNATIVE TECHNOLOGIES01 

Annual costs in 1980 dollars 
(x 106) 

LWRC Coal' 01 r Gasc 

Plant capital 

Operation and maintenance 

Fuel 

Rounded total 

87 

9 

32 

128 

73 53 49 

21 9 3.7 

69-f 180 237 

163 242 290 

aBased on 6.57 billion kWhr (one-year operation at a 75% capacity factor) and 1980 dollars. The 
annual costs have been taken from footnote d or computed from unit costs given in footnote c. 

The plant capital as well as the operation and maintenance costs include allowances for pollution 
abatement. 

^Source: U.S. Energy Research and Development Administration, Nuclear Fuel Cycle, ERDA-33, March 
1975. Dollars have been adjusted to 1980 at 8% per annum, chart 10. 

Source: U.S. Atomic Energy Commission, Comparative Risk-Cost-Benefit Study of Alternate Sources 
of Energy, WASH-1224, December 1974, p. 1-18. 

eAnnual fixed charge rate of 15% is assumed. 

•'Because of sharp rises in the cost of coal and greatly increased demands, the cost of coal, as noted 
in ERDA-33, may be low by as much as a factor of 2. 
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which would result in power generating costs over the range expected for 

supplemental solar power (i.e., 24 to 45 mills/kWhr). These fuel costs 

were $11 to $20 per barrel for oil (peaking units at 25% efficiency), 

$70 to $127 per ton for coal (base and intermediate load units at 40% 

efficiency), and $390 to $725 per pound of U 30 8 (LWR base-load unit at 

32% efficiency). For the selected converter scheme, capital costs were 

stated to range from $450 to $800 per kW peak power ($1300 to $2500 per 

kW for average load conditions). Existing capital and fuel costs have 

been estimated to be 310 $/kW and 27.4 mills/kW (oil), 340 $/kW and 

9.8 mills/kW (coal), and 510 $/kW and 6.0 mills/kW (LWR) respectively.3 

Based upon these estimates, one is led to conclude that 100 x 10 1 2 kW of 

installed solar capacity by 2000 (Table 5.1-1) could only be achieved 

with expenditures in excess of those necessary to boost electrical produc

tion with existing proven technologies. Intensified research and develop

ment on solar energy systems is expected to improve their efficiency and 

economics. As with geothermal, this research and development will proceed 

regardless of expansion of uranium enrichment capacity. 

Electrical production by way of gas turbines is likely to remain generally 

within the category of peak and/or intermediate service, barring signifi

cant improvements in turbine system design and operation.2 The necessity 

for rapid installation of peaking equipment and/or augmentation of base-

load capacity will likely continue, rendering electrical production by 

gas turbines necessary even with expansion of uranium enrichment capacity 

(and the implied nuclear development) or rapid development of other 

technologies for base-load service. 

The conventional costs for selected energy technologies in Table 5.1-2 

are the internal costs borne by the consumer in the price paid for elec

tricity. Abatement costs are included, inasmuch as the objective here 

is one of achieving a rough comparison of the dollar competitiveness of 

the various energy systems. From data shown it can be determined that 

owing to the high costs of fuels, neither oil nor gas-fired steam electric 

facilities are competitive with coal-fired stations or with the nuclear 

option. The latter two alternatives remain highly competitive from an 
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economic standpoint. The economics of nuclear development are very 

favorable and certainly do not act to exclude expansion of the U.S. 

uranium enrichment program. 

Effects on land, air, and water 

Electrical production facilities 

For comparative purposes a majority of electrical production technologies 

set forth in Table 5.1-1 are categorized with regard to their respective 

demands on land, air, and water in Table 5.1-3. Data presented are 

normalized to a standard 1000-MWe facility or to an assumed combined 

equivalent. Comparisons are based on information in refs. 2 and 3. 

The myriad of considerations that would have to be undertaken to make 

environmental impact comparisons of the electrical-production alterna

tives to nuclear power utilizing data from MERES4 is judged unnecessarily 

meticulous for this statement. Consequently, the more simplified com

parisons of alternative conventional means of generating power as 

reported in ERDA's Comparative Risk-Cost-Benefit Study of Alternative 

Sources of Energy* are judged satisfactory for this section. 

Land. In comparing land requirements for various electrical pro

duction technologies it is notable that the coal option comprises the 

largest user of land resources, principally as a result of extensive 

mining necessary to derive fuel. The fairly extensive area required for 

solar is largely for accommodating collector surfaces. Land areas for 

siting and for other fuel cycle components are minor by comparison for 

gas-fired, oil-fired, and nuclear-fueled steam-electric stations. 

Gas turbine installations are generally smaller units occupying shared 

sites, with no substantial land requirements even in the aggregate 

1000 MWe. 
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From Table 5.1-1 and data in Table 5.1-3 it can be determined that a 

conmitment to 356 x 106 kW (356 1000-MWe plants) of coal-fired capacity 

would require on the order of eight million acres of land for an assumed 

30-year facility life. Most of this land is associated with mining; the 

amount of coal to be consumed could be as high as 818 million tons*.3 

By comparison, the implied development of 702 model 1000-MWe fission 

reactors as discussed in Sect. 3.5.2 demands only about 710,000 acres 

for siting and other uses. Reflecting on the reduced land commitments 

associated with an expanded enrichment program and considering the flora 

and fauna associated with land which might otherwise be given over to 

the extraction of coal, it appears that from the standpoint of land use, 

replacement of fission reactors with coal-fired steam plants does not 

constitute a wholly acceptable alternative. It is recognized, however, 

that some fairly substantial added development of coal technologies is 

necessary. 

The combined land requirements for gas- and oil-fired steam-electric 

capacity (69,000 acres), geothermal (370,000 acres), and gas turbine 

(31,000 acres) installations projected for 2000 are in the aggregate 

(total = 470,000 acres), approximately 37% in excess of those of an 

equivalent 292 x 10 1 2 kW of base-load nuclear (296,000 acres). However, 

irrespective of whether the proposed expansion of uranium enrichment 

capacity is undertaken, some significant development will occur with 

the previously mentioned technologies, rendering this percentage 

differential relatively less important. 

Air. From the standpoint of effects on air quality, the coal 

alternative is identified as the greatest producer of nonradioactive 

atmospheric effluents. In contrast with 1000 MWe of installed LWR 

capacity, S02, NO , and particulate emissions are greater by about 

3200% for a 1000-MWe coal-fired plant (Table 5.1-3). Substantial 

Text change in response to Comment letter 12 (Tennessee Wildlife 
Resources Agency), p. 2. 
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COMPARISON OF LAND, AIR, AND WATER USES FOR ALTERNATIVE TECHNOLOGIES0'6 

LWR HTGR Coal Oil Gas 
Gas 

Turbine 
Geo

thermal Solar 

Land 
Land use, inventory (acres) 
Land use, consumption (acres/year) 

Air 
S0 2, no abatement (tons/year) 
S0 2, with abatement (tons/year) 
N0 X, no abatement (tons/year) 
Particulates, no abatement (tons/year) 
Thermal discharge (10* kWhr(t)/year) 
Trace metals (tons/year) 
Radioactivity (Ci/year) 
H 2S (tons/year) 

Water 
Circulating water use (109 gal/year) 
Makeup water (109 gal/year) e 

Slowdown (109 gal/yearV 
Radioactivity (Ci/year) 
Thermal discharge (109 kWhr(t)/year) 

1,000 
12 

3,600 
720 
810 

8,000 

Small 
2.5 to 5 x 105 

380 
8 
3 

0.5 to 1 x 10 3 

14 

1,000 
12 

3,600 
720 
810 

8,000 

6 x 105 

315^ 7S 
3̂  

0.3 x 103 
11 

22,400 
740 

120,000 
24,000 
27,000 

270,000 
2 
0.5 Hg 
0.02 

226 
5 
2 

9 

1,600 
Small 

21,000 

8,700 
150 
2 

0.005 

226 
5 
2 

9 

3,600 
Small 

18 
5,800 
430 
2 

226 
5 
2 

9 

3,600° 
Small 

Small 

Substantial 

U69 

& 
1« 

3,700 
100 

5e 

25.8006 

358 
33,-
2l 

i 

6,400 to 19,000 
Small 

SmallJ 
Small" 

aBasis: 1000-MWe power plant, 75* capacity factor. Source: USAEC, "Comparative R1sk-Cost-Benefit Study of Alternate Sources of Energy," Report WASH-
1224; as cited In vol. Ill, Propoeed Final Environmental Statement, Liquid Metal Fast Breeder Feaotor Program, WASH-1535, December 1974. 

The number of digits shown is not generally indicative of precision. In many cases, several digits are retained merely for calculational purposes. 

Staff estimate. 

Data from smaller units were not extrapolated to 1000 MWe, but NO and N 0 2 emissions are problematic with many gas turbine installations. 

eExcept as otherwise noted, values estimated from data of T. H. Pigford et al., "Fuel Cycles for Electric Power Generation," Teknekron Report 
No. EEED 101, EPA No. 68-01-0561, Teknekron, Inc., Berkeley, Calif., January 1973; Evaporative cooling towers are assumed. The H2S generation is also 
from this reference. 

f 
Calculated from LWR water use reduced by a factor of 0.83; I.e., the ratio of thermal efficiencies of the two reactor types. 

^Combined gas-turbine steam cycle is assumed, with cooling water requirements 40* less than conventional o1l-f1red steam electric plant. 

''Solar installations are held to be cost effective for electrical production only in areas of the western and southwestern, U.S., where large amounts 
of cooling water are not available; other means for heat transfer and dissipation are assumed to be Implemented. 

Condensate reinjectlon. 
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quantities of radioactive gases and particulates are discharged 

in the operation of LWRs and HTGRs. These effluents do not constitute 

substantial additions to atmospheric inventories of radioactive mate

rials, however, and taken on a facility-by-facility basis yield popula

tion exposures (radiation dose) equivalent to a mere fraction of that 

attributable to natural background radiation sources. 

Accepting air quality effects of other technologies listed in Table 

5.1-3 as inconsequential relative to the coal alternative, it appears 

that expansion of coal-fired steam electric capacity will place pressure 

on capabilities for atmospheric absorption and dispersal of pollutants, 

unless substantial improvements in pollution abatement technology are 

achieved. 

Water. Water use requirements for the various technologies are 

presented in Table 5.1-3. It is notable here that the reduced thermal 

efficiency of LWRs and HTGRs relative to fossil-fired steam-electric 

stations has the net effect of requiring significantly larger amounts 

of cooling water. Additionally, discharges of low-level radioactive 

wastes contribute to waterborne inventories of radioactive materials. 

Water-use demands are fairly substantial for all of the listed tech

nologies; the exception is solar development, which is assumed to occur 

principally in water deficient areas of the U.S., and therefore must 

operate without extensive water supplies. Overall, the water-use 

requirements for alternative technologies must be examined against other 

resource requirements so as to reflect the best overall balance. When 

considered against the land resource requirements and potential effects 

on air quality, the increased circulating water demands associated with 

nuclear development do not operate to the detriment of that technology. 

Energy from direct utilization of fuels 

Energy resources to be exploited for direct use include synthetic gas 

and liquid fuels from coal, oil from shale, methane or other fuels 
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derived from conversion of biological materials, and solar and geothermal 

energy for heating and cooling. Environmental considerations associated 

with these energy technologies are discussed in Energy Alternatives: A 
Comparative Analysis;h expected impacts on land, air, and water are 

delineated below. Most of these technologies are still in stages of 

research and development, and quantitative data on environmental 

residuals and land and water requirements are only preliminary. A 

summary of environmental impacts, such as outlined in Table 5.1-3 for 

electrical production facilities, is not practical at this time. In 

addition, it should be noted that even without the limitation of nuclear 

power these energy sources will be heavily exploited. Use of solar 

energy and biological waste materials, in particular, are likely to be 

utilized to their fullest potential. 

The development of coal for use as either a gaseous or liquid fuel 

involves four major activities: mining and reclamation, beneficiation, 

processing/conversion, and transportation. Mining and beneficiation 

techniques for coal conversion are similar to those used to supply coal 

for electrical generation. Generally between 2000 and 20,000 acres of 

land are required to supply coal with an energy equivalent to 10 1 5 Btus. 

Quantities of dissolved and suspended solids and low pH are associated 

with run-off and drainage from mining areas (Tables 1-18 and 1-20 in 

ref. 4). Process efficiencies indicate that 50 to 65% of this coal 

could be converted to high-Btu gas or 60 to 70% to liquid fuel suitable 

for industrial, commercial, or domestic use. Quantities of environmental 

pollutants released during coal conversion depend upon the process 

utilized. Residuals from high-Btu gasification include 6 to 80 thousand 

tons SO , 40 to 115 thousand tons NO , and 3.7 to 8.6 million tons of 

solid wastes per 10 1 5 Btus coal processed. Liquefaction yields 2 to 30 

thousand tons SO , 60 to 140 thousand tons NO , and 3 to 5 million tons 
X A 

of solid wastes. Quantities of gaseous pollutants, such as SO and NO 

released during conversion of coal to fuels, are generally <30% of 

those released during electrical production at coal-fired power plants. 

Both gasification and liquefaction yield significant quantities of excess 
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heat and, therefore, have large water demands for heat dissipation. 

Further details are available in Chapter 1 of ref. 4. 

Oil shale is a sedimentary rock containing kerogen. When the shale is 

heated, the kerogen is released both as a gas and as a heavy oil that 

can be upgraded to the equivalent of high-grade crude oil.4 The gases 

are expected to be used within the processing complex. Recovery of the 

oil involves mining, preparation, processing, and transportation. About 

90% of the identified oil shale resources of the U.S. are located in the 

Green River formation in western Colorado, Utah, and Wyoming. Tech

nologies used to mine oil shale are similar to those used in mining 

coal. Three to six thousand acres of land will be affected per 10 1 5 

Btus of energy extracted.4 Oil shale processing will require substan

tial amounts of electricity and, therefore, may involve a power plant 

at the processing site. Water use would be significant. Upgrading of 

the oil is estimated to require a significant amount of water (12 to 

18 billion gallons per 10 1 5 Btus). This quantity of water is no greater 

than that required for other more conventional energy systems; however, 

the availability of this amount of water in the arid regions of major 

oil shale deposits is questionable. The high sulfur and nitrogen 

content of the shale oil complicates conventional refining and use 

(see Chapter 2 of ref. 4). 

Development and operation of systems for the conversion of biological 

materials to 0.5 x 10 1 5 Btus energy in the year 1985 and 1.5 x 10 1 5 

Btus in 2000 will include such processes as the conversion of wood or 

other plants to alcohol, and fermentation or decomposition of organic 

by-product materials to produce methane and other fuels. The major 

portion of this energy will probably be supplied by conversion of 

organic byproducts such as urban sewage sludges and cattle feedlot 

wastes. Benefits from this process involve not only the production of 

energy but also the reduction of existing organic waste disposal problems. 

These organic wastes represent a renewable resource and are low in 

sulfur content. Conversion processes include hydrogenation to oil 
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(approximately 39% efficient), byconversion into methane (natural gas) 

(approximately 60% or less efficient), and pyrolysis into low-Btu gas 

and tar-like oil (45 to 70% effluent).4 Environmental residuals include 

primarily organic sludges and waters which require land disposal or 

treatment (generally by conventional sewage treatment processes) prior 
to release. Solidified organic wastes may also be burned directly for 

generation of electricity. 

Solar and geothermal energy can be utilized not only for electrical 

generation (as discussed above), but also more directly for heating and 

cooling of domestic, commercial, or industrial facilities. Technological 

problems and environmental considerations (see Table 5.1-3) are similar 

for both energy production cycles. Efficient use of geothermal energy 

for heating will be restricted primarily to western states where geo

thermal resources are concentrated. Environmental problems of geothermal 

energy involve high noise levels, especially during blowdowns (100 

decibels at 50 ft), the high H2S content of the steam, and the potential 

for land subsidence. Environmental residuals associated with solar space 

heating or cooling are negligible. Because solar radiation collectors 

will generally be incorporated into the building(s) structure, large 

land requirements as specified in Table 5.1-3 for solar-electrical-

production facilities are, for the most part, eliminated. Limiting 

factors for development are technological and economical rather than 

environmental. 

Health and safety effects 

Occupational health and safety. Comparisons of occupational health 

effects compiled for the complete fuel cycles* of a hypothetical 1000-MWe 

LWR and a hypothetical 1000-MWe coal-fired plant are included in Table 

5.1-4. Estimates are not available for other technologies. While the 

Includes all fuel cycle steps, e.g., mining, fuel preparation, end use, 
waste management, etc. 
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TABLE 5.1-4 

COMPARISON OF HEALTH AND SAFETY CONSIDERATIONS FOR ALTERNATIVE TECHNOLOGIES^h 

LWR HTGRC Coal Oil Gas 

Occupational health and safety 
Occupational health (man-days 

lost/year) 480 600 
Occupational safety 

Fatalities (deaths/year) 
Nonfatal injuries (No./year) 
Total man-days lost/year 

Public health and safety 
Public health 

Routine pollutant release 
(man-days lost/year) 180-210Cje d d d d 

Public safety 
Transportation injuries 

Fatalities (deaths/year) 0.009 0.009 0.55 d d 
Nonfatal injuries (No./year) 
Total man-days lost/year 

aBasis: 6.57 billion kWhr (one-year operation at 75% capacity factor). 
SOURCE: USAEC, Comparative Risk-Cost-Benefit Study of Alternate Sources of Energy, WASH-1224, 
December 1974. 
SOURCE: Vol. III. Proposed Final Environmental Statement, Liquid Metal Fast Breeder Reactor Program, 
WASH-1535, December 1974. 
Not evaluated. 

eThe estimate of 180 to 210 man-days lost annually in routine releases from the nuclear fuel cycle 
represents a most conservative estimate of world health effects. A calculation appears on page 3-83 of 
WASH-1224. 
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data presented represent order-of-magnitude estimates, it nonetheless 

appears that the nuclear fuel cycle comprises on the whole a safer 

environs for workers than does the coal alternative. 

With respect to occupational safety, personal injury rates are presented 

for the various energy systems: nuclear (LWR & HTGR), coal, oil, and 

gas (Table 5.1-4). These are of the type incurred in conventional 

industrial accidents, and are of a mechanical, thermal, or electrical 

nature. Data presented show that on a unit energy basis, far more 

injuries are incurred in the coal fuel cycle, most of which are 

attributable to underground mining accidents. The large amounts of 

material that must be handled per unit of coal-produced electrical 

energy are reflected by very large occupational injury rates in com

parison with competing technologies. 

Exposures to toxic or radioactive materials are excluded because of 

lack of data. However, significant differences between the two energy 

technologies are apparent in some instances. For example, incidence of 

pneumoconiosis (CWP) in coal miners is projected (after full implementa

tion of the 1969 Federal Coal Mine Health and Safety Act) at 0.6 cases/ 

year attributable to the annual fuel requirements of one 1000-MWe coal-

fired power plant. About 1% of these cases (0.006 cases/year will 

develop progressive massive fibrosis (PMF) which implies total disability 

according to the 1969 Act criteria.3 Uranium miners exhibit abnormal 

rates of chronic disability primarily as a result of two factors: 

exposure to dust and to radiation. The dust produces silicosis in 

miners' lungs, a disease similar to CWP. Based on the fact that a 

uranium miner produces enough uranium during a year to generate 10.6 

times as much electricity as a coal miner produces in a year5 and 

assuming similar rates of dust-induced respiratory disease for coal and 

uranium miners, the projected incidence of silicosis is 0.057 cases/year 

(0.00057 severe cases/year) attributable to the annual fuel requirements 

of one 1000-MWe LWR power plant. In addition, uranium mining leads to 

about 1.9 x 10~3 cases of lung cancer/year/LWR.6 In summary, coal 
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miners are subject to two and one-half times more chronic disabilities 

per kWhr of energy produced than are uranium miners. 

Public health and safety. Based on conservative calculations, 

180 to 210 man-days are lost annually due to routine releases of radio

activity from a 1000-MWe LWR system. Parallel estimates for fossil 

systems are not available, given the current state of knowledge concern

ing dose-response characteristics for fossil-derived pollutants. It is 

widely recognized, however, that emissions of sulfur oxides, nitrogen 

oxides, hydrocarbons, and particulates present concerns for human health. 

In time it should become possible to compare the consequences of releas

ing these materials with those linked with emissions of radioactivity. 

Transportation of fuel represents the major area of concern for public 

safety. Rates of human injuries attributable to the annual fuel trans

portation requirements of 1000-MWe coal-fired and LWR plants are 

presented for comparison (Table 5.1-4). As with occupational safety, 

a much larger loss of human productivity is associated with that energy 

technology requiring the largest volume of fuel transport and handling. 

5.1.1.1.3 Conclusions 

As discussed in the previous section, limiting nuclear development 

beyond current reactor orders would exert manifold effects on land, air, 

and water resources and on human health and safety, and would entail 

various economic costs by virtue of expanding other technologies to fill 

the nuclear deficit. No single energy option is adequate to fill the 

void which would exist if the proposed expansion of U.S. enrichment 

capacity (and attendant growth of nuclear power) is not realized. A 

number of technologies (coal conversion, solar, geothermal, gas turbine, 

and fusion), that would go forward in any event, would have to be 

successfully developed at a rate considered to be yery optimistic, and 

dependence on this rate of development is considered very risky. 
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For the present, none of these technologies can be eliminated as potential 

energy sources and, when compared specifically to coal, an expanded enrich

ment program (and development of LWRs and HTGRs) comprises a more satis

factory choice, both economically and environmentally. In addition, the 

failure to provide additional uranium enrichment capacity would have a 

serious effect on the national interest. As described in ERDA-481 and 

presented in Sect. 2.1.4.2, increased dependence of foreign fuel imports 

or reduction in energy services having a negative effect on the economy 

would result. 

5.1.1.2 Conversion to heavy-water nuclear reactors (HWR) 

This section has been revised from that presented in the DES in response 

to Comment letters 14 and 26 expressing concern that heavy-water reactor 

treatment was inadequate.* Letter 26 states in particular that the HWR 

concept "... uses a larger fraction of the energy in the uranium, does 

not require enrichment, does not require excessive processing (fluorination), 

and does not create a "tails" dump which wastes 0.2 to 0.3% U235." A 

recommendation is made that ERDA investigate the possibility of joint 

programs with Canadian vendors. 

Heavy-water reactor systems have advantages and disadvantages compared 

with light-water systems. Some of these factors change with time so that 

ERDA has periodically reviewed its position in order to reaffirm that its 

1967 rationale to drop R&D support is still valid. An August 1975 meeting 

between ERDA and Atomic Energy of Canada Limited (AECL) was held to dis

cuss the current status of possible Candu reactor suitability in U.S. 

markets. 

Comment letter 14 (National Science Foundation), p. 1. 
Comment letter 26 (Ohio Environmental Protection Agency), p. 2. 
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The major difficulty which has faced the use of Candu reactors outside 

of Canada has been their higher capital cost compared with that of LWRs. 

Higher capital costs have not been as important within Canada since 

Candu's have been Government financed at lower-than-market interest 

rates. 

The economic disadvantage of HWRs in the U.S. could be even greater if 

regulatory requirements dictate significant modifications in design in 

order to be compatible with NRC philosophy on containment, emergency 

core cooling, single failure, etc. This question of licensability has 

been a major deterrent to U.S. utilities; unfortunately, resolution of 

licensability needs has not been undertaken to date, but is a major 

concern of the current ERDA-AECL discussions. It is also pertinent that 

the International Generation and Transmission Corporation of Berlin, 

New Hampshire, is interested in building Candu reactors locally and 

reportedly has begun preparatory work toward obtaining NRC review. It 

thus appears that the licensability question may soon be addressed and 

the associated uncertainties regarding additional capital expenditures 

resolved. 

The major advantage of HWRs is their more effective fuel utilization. 

In the long term, fuel utilization should not be of overriding importance 

if breeder reactors are developed in a timely manner. Figure 5.1-1 

(from ERDA-48, Vol. 1) gives dramatic illustration of the dominance of 

potential breeder versus nonbreeder energy. Should breeder reactors 

fail to assume their projected role in U.S. energy production, however, 

uranium fuel utilization may indeed outweigh other, more economy-oriented 

considerations. Options, such as plutonium recycle, are available for 

HWRs as well as LWRs. These options complicate comparisons of relative 

fuel utilization; however, HWRs continue to hold the edge over LWRs. 

AECL is reportedly pursuing plutonium recycle R&D at its Chalk River 

facility. 
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ES-1587 

AVAILABLE ENERGY IN QUADS (101 5 BTU) 
SHOWN GRAPHICALLY BY AREA. 

TOTAL U.S. ENERGY CONSUMPTION IN 1974 
WAS 73 QUADS 

PORTION ORE 
RECOVERABLE YIELDING 
WITH ENHANCED 10 TO 25 
RECOVERY GAL/TON 

_A 
775 800 

GAS 
1,030 

1,200 

OIL SHALE 
5,800 

COAL 
12,000+ 

PETROLEUM 
1,100 

1,800 
LIGHT 

WATER 
REACTORS 

URANIUM 
130,000 

FIGURE 5.1-1. AVAILABLE ENERGY FROM RECOVERABLE DOMESTIC ENERGY 
RESOURCES. 
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In their simplest mode of operation, HWRs do not require reprocessing 

since uranium-235 is depleted in the reactors to "tails" (approximately 

0.3% uranium-235) quality. These tails are different, however, from the 

enrichment plant tails in that they contain both high-level fission 

products and plutonium. (Plutonium production is more efficient in HWRs.) 

Likewise, HWRs do not require enriching when they are operated in the 

natural uranium mode. The use of natural uranium reactors is best suited 

for a base-load mode of operation due to the xenon poisoning problems 

associated with both shutdowns and wide load variations. The use of 

slightly enriched uranium in heavy-water reactors has been suggested to 

avoid xenon poisoning problems and to reduce capital costs. This proposed 

operational mode, however, would result in somewhat poorer fuel economy. 

A major factor against large-scale introduction of HWRs into the U.S. in 

the short term is the lack of sufficient reactor production capability. 

Canadian capacity is quite small compared to U.S. needs and is projected 

to remain relatively small in the future. Despite the U.S.-Canada tech

nology exchange agreement it is unlikely that U.S. industry could (or 

would) convert to HWRs in sufficient magnitude to have significant impact 

on short-term LWR projections. 

On the basis of the foregoing discussion, a major reorientation of the 

U.S. nuclear industry along the lines of the Canadian HWR program could 

constitute an alternative to the expansion of uranium enrichment facilities 

later in this century. From an ecological viewpoint, the staff believes 

that further study would be necessary before a conclusion could be formu

lated about the ecological costs associated with the HWR alternative. 

Although the HWR fuel cycle does not require uranium enrichment in its 

simplest mode, HWRs do need large quantities of heavy water. Heavy-water 

production is an "enrichment" process requiring electrical power in quan

tities comparable to centrifuge uranium enrichment needs (about one-tenth of 

diffusion plant needs). In addition, the commonly used heavy-water enrich

ment process utilizes large quantities of H2S which is potentially hazardous 

both occupationally and environmentally. Thus, there is no clear advantage 

environmentally for either concept in regard to their enrichment phases. 
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5.1.2 Other combinations of gas centrifuge and gaseous diffusion plants 

The mix of enrichment facilities (i.e., one gaseous diffusion plant, ten 

gas centrifuge facilities) proposed in Sect. 2.3.6 is only one possible 

way the expansion could develop. Other scenarios can be envisioned. The 

environmental effects of individual centrifuge and diffusion plants are 

discussed in Sects. 3.2 and 3.3 respectively. The major difference 

between the two technologies is manifest in the much larger power require

ments of the latter; principally the economic and environmental impacts 

of power production and transmission. 

Total power requirements are presented for 11 enrichment facilities based 

upon different blends of centrifuge and diffusion plants (Fig. 5.1-2). 

An approximation of the probable consequences of any of the twelve com

binations can be approached by way of considering discussions of 

individual plants in Sects. 3.2, 3.3, and 3.4 and from the analysis of 

projected facilities through 2000 given in Sect. 3.5. 

As is evidenced from analyses in previous sections, the assumed 1:10 

ratio of diffusion to centrifuge enrichment plants constitutes a very 

acceptable overall balance from the standpoint of performance reliability, 

socioeconomic, and environmental considerations. The choice of a greater 

percentage of gaseous diffusion enrichment plants must Be made against 

the backdrop of significantly larger land and water requirements for 

offsite power production facilities. Additionally, in-plant water 

requirements are greater by a factor of ten for a diffusion plant, 

requiring more judicious choice of sites to preclude major adverse 

effects on other water uses and/or aquatic biota. On a generic basis, 

however, provided that proper site-selection measures (Sect. 2.5) are 

implemented and best practicable (and/or best available) control tech

nologies used to reduce effluent releases, the overall socioeconomic 

and environmental costs of any mixture of gaseous diffusion and gas 

centrifuge enrichment plants (including unanimous selection of gaseous 

diffusion) will not exceed the benefits to be derived from supplying 

enriched uranium. 
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5.1.3 Limitation of uranium enrichment services to U.S. requirements 

As indicated in Sect. 2.3.5, four new uranium enrichment plants are 

required by 2000 to meet estimated foreign enrichment requirements. 

Restricting future enrichment services to only domestic customers would 

reduce the number of new enrichment plants required by 2000 from 11 to 7. 

The total environmental impact of 11 new enrichment plants is described 

in Sect. 3.5. For most effects, except those related to the production 

of power by offsite stations, the combined impacts of seven plants can 

be obtained by reducing the quantitized impacts of 11 plants by approxi

mately 37%. It can be assumed that the blend of seven new enrichment 

plants for U.S. requirements alone would consist of one diffusion and six 

centrifuge plants. Taking into consideration the greater power require

ments of gaseous diffusion plants, power-related impacts would only be 

reduced by about 20%. Domestic uranium supplies would not necessarily 

be affected by this alternative because foreign enrichment customers 

could be required to provide their own feed. 

Enrichment of uranium plays an important role in the U.S. balance of 

payments with foreign countries. Based on a separative work charge of 

$75/SWU, projected revenues (based upon 1975 dollars) from the sale of 

enriched uranium to supply the annual separative work requirements of 

foreign countries in 1990 and 2000 would be 1.6 and 3.2 billion dollars 

respectively.7 If a 6% escalation rate is used, these figures increase 

to 3.8 and 13.6 billion dollars. These revenues would be lost as a 

result of this particular alternative to the proposed expansion of U.S. 

enrichment capabilities. 

Finally, if the U.S. were not to provide enrichment for foreign require

ments, it is likely that additional enrichment capacity would be provided 

by new foreign enrichment plants. If this were to occur, the U.S. would 

lose its present capability of providing enriched uranium to foreign 

countries under intergovernmental agreement which provides safeguards for 

this material to prevent its use for purposes other than power production. 
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5.1.4 Varying the operating tails assay 

There is sufficient flexibility in the design of an enrichment plant that 

the quantities of uranium feed and separative work which go into the 

production of a given amount and assay of product material can be varied. 

Of course, for any pair of feed and SWU costs there is one combination 

of amounts of feed and separative work which makes product a minimum 

customer cost. The relative amounts of feed and separative work to be 

used are set by the tails or waste assay at which the plant is operated. 

Interestingly, this optimum tails assay does not vary with the assay of 

the product material requested by the customer. 

Accordingly, the enrichment plant owner, given the proper incentives, can 

operate his plant to use more or less than the optimum amount of, say, 

uranium feed. If he chooses to use more feed, he can use correspondingly 

less separative work and conversely. This relationship is shown quanti

tatively in Table 5.1-5. Table 5.1-5 shows the relative amounts of feed 

and separative work needed to make one unit of power reactor fuel at 

3.2% uranium-235 if the tails assay of the enrichment plant is allowed 

to vary. Also shown is the relative cost of making one unit of that 

product if the unit costs of feed and separative work are equal.* 

Table 5.1-5 shows, for example, that if the tails assay is raised from 

0.30% uranium-235 to 0.40% uranium-235 the feed use increases by about 

28% and the separative work needed is reduced to 83% of its former (0.30% 

tails assay) level. This would allow the enrichment plant to support 

Text additions in response to Comment letter 23 (Atomic Industrial Forum), 
p. 2. 
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TABLE 5.1-5 

EFFECT OF TAILS ASSAY ON FEED AND SEPARATIVE WORK REQUIREMENTS' 

(Data base: 0.30% tails assay = 1.000) 

Tails 
assay 

(% U-235) 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

Relative 
feed 
use 

0.770 

0.832 

0.907 

1.000 

1.190 

1.276 

1.493 

Relative 
separative 
work use 

1.446 

1.253 

1.111 

1.000 

0.910 

0.834 

0.770 

Relative 
unit cost of 
product^ 

1.006 

0.979 

0.978 

1.000 

1.046 

1.122 

1.241 

Product is power reactor fuel grade and contains 3.2% uranium-235. 

Feed and SWU costs are assumed equal. 
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20% more power reactors Cor a 20% reduction in enrichment plant construc

tion and operation to support a given group of power reactors) but would 

require 28% more uranium to be found, mined, milled, and otherwise 

processed. Assuming no changes in unit costs of feed and separative 

work, such a change in plant tails assay would result in a 12.2% increase 

to the customer in the cost of his product. 

Reductions in tails assay lead to feed savings at the cost of larger 

separative work requirements. Hence an enrichment plant could support 

fewer power reactors if its tails assay were reduced. Since 0.25% 

uranium-235 tails assay is near the optimum, reductions in tails assay 

will also increase the cost of nuclear fuel to the customer. 

Optimal use of available natural uranium is an important consideration 

in the nuclear power option. As of September 1974, estimates based on 

exploratory drilling, geological surveys, and other data place the total 

domestic uranium reserves and resources in the $8 to $30/lb of U 30 8 index 

category" at 3,450,000 short tons of U 30 8, but much of this is in 

speculative (identified by geological reference) and higher recovery 

cost increments. Uranium prospecting, of course, continues to search 

out and identify new supplies. 

In meeting the nuclear power needs, the cascade operating tails assay 

(the uranium-235 assay of the waste stream), and thus the uranium feed 

requirement, could be decreased if more enrichment plants were available 

to perform the concomitantly necessary additional separative work. Table 

5.1-6 illustrates the relationship between tails assay, annual separative 

work necessary, and annual U 30 8 feed requirements for the years 1980, 

1990, and 2000, based on domestic requirements Case D from WASH-1139(74). 

Figure 5.1-3 plots the cumulative domestic (Case D) and domestic plus 

For an explanation of this index category see under ERDA-1, Report of 
the Liquid-Metal Fast Breeder Reactor Program Review Group, U.S. Energy 
Research and Development Administration, Washington, D.C., January 1975, 
p. 33. 
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TABLE 5.1-6 

THE INFLUENCE OF TAILS ASSAY ON SEPARATIVE WORK 
AND U 30 8 FEED REQUIREMENTS 

(Basis domestic case D 
from WASH-1139(74)) 

Tails assay 
.20 .30 .40 

Annual separative work requirement 
(Millions of SWU/year) 

1980 17.9 14.2 11.8 
1990 53.2 42.7 35.8 
2000 93.5 75.3 63.3 

Annual U 30 8 requirement 
(Short tons U308/year) 

1980 31,500 37,900 48,400 
1990 81,500 99,300 128,400 
2000 127,600 156,900 204,900 

SOURCE: U.S. Atomic Energy Commission, Nuclear Power 
Growth 1974-20Q03WhSW-^39(74), Office of Planning and 
Analysis, Washington, D.C., February 1974, p. 52. 
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FIGURE 5 . 1 - 3 . U308 TO FEED DOMESTIC ENRICHMENT PLANTS. 
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foreign (Case D and Y, Schedule 3), respectively, natural uranium 

requirements through the year 2000 at 0.2 and 0.30% tails together with 

the domestic uranium reserves and resources as of September 1974. 

The table and figure indicate that an average operating tails level above 

0.3% may require a greater amount of natural feed than will be economically 

available. A tails assay of 0.2% will necessitate the construction of 

three additional (14 total) 8.75 million SWU/year enrichment plants to 

fulfill domestic and projected foreign contracts for separative work. 

The price for uranium will continue to rise as the lowest cost ores are 

depleted. In the final analysis, the enrichment plant operating tails 

assay will most likely be determined by an economic balance which con

siders the cost of separative work and the cost of feed. 

5.1.5 Government ownership of all new enrichment plants 

Current ERDA policy favors private ownership of all new enrichment plants, 

with ERDA maintaining the capability to build these plants should the 

efforts of industry be inadequate. General environmental effects should 

be wery similar whether ownership is public or private. There are, 

however, certain distinct differences in the socioeconomic area due to 

the difference in taxing private versus government operations.* 

Government agencies do not have to pay taxes, although they may make in-

lieu-of-tax payments. During construction of a government facility and 

without Federal assistance to local governments, local revenues can fall 

behind the cost of public services because little new tax money is made 

available due to government ownership of what would otherwise qualify as 

taxable privately owned property. The problem would be most acute during 

construction when sudden influxes of large numbers of transient workers 

and their families occur, but new tax revenues (such as taxes from new 

workers) would lag behind monies needed for public services. The 

Text change in response to Comment letter 10 (Centar Associates), p. 3. 
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deficiency in tax revenues could continue to vex the local government 

during the operating life of the facility. The problem would be more 

serious in small communities where slight increases in population can 

have significant effects. 

The tax revenue situation may be reversed in the event of private owner

ship; tax dollars made available during operation of a privately owned 

facility may greatly exceed local expenses. 

In some special cases many of the problems associated with government 

ownership can be overcome. For example, some states distribute tax money 

throughout the state from private construction. Government funds (other 

than in-lieu-of-tax payments) may also be used to effect the cost of 

increased services. Although the tax situation may create some problems, 

the fact remains that in general the impacts of plant construction and 

operation will be similar regardless of ownership. 

If government construction of an additional enrichment facility is 

required, consideration will be given to locating this facility at an 

existing enrichment site. The effects and benefits of such a decision, 

while not considered to be significantly different from those described 

in this statement, will be addressed in detail in a site-specific 

environmental statement for the proposed facility. 
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5.2 ALTERNATIVE SUBSYSTEMS 

The environmental protection systems assumed for the hypothetical plants 

described in this statement were chosen as representative of current 

practice, or, as in the case of an S02 steam plant scrubber, as necessary 

to meet current regulatory requirements. Future regulatory restrictions 

will likely require more stingent efforts to protect the environment. 

The Federal Water Pollution Control Act requirement of "best available 

treatment" by 1983, for example, may necessitate use of new liquid efflu

ent treatment systems as they become available. Similarly, it will be 

necessary to consider site-specific characteristics and treatment system 

availability when making decisions as to the cost of various treatment 

systems versus their benefit to the environment. 

An advantage gained by assuming less than best available treatment in 

this analysis is that it provides a "worst-case" situation for evaluation. 

Thus a base is provided by which each future plant, with its regulatory 

and site-specific constraints, can determine its environmental protection 

needs. 

The following alternative subsystems are representative of environmental 

protection techniques that may be suitable for plants built in the near 

future. Later plants will undoubtably have a larger selection of treat

ment alternatives available. 

5.2.1 Heat removal 

Several types of cooling systems are available. The best system for a 

given plant will depend on water availability, effluent limitations or 

receiving water standards, climatic conditions, and land availability 

or cost. The types of systems available are evaporative cooling towers, 

dry cooling towers, hybrid cooling towers, cooling lakes and ponds, and 

spray ponds and canals. The cooling system to be used will affect the 

rate and composition of the effluent stream. Any of these systems could 

be used with a uranium enrichment plant under the proper circumstances. 
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5.2.1.1 Mechanical-draft evaporative cooling towers 

A mechanical-induced-draft wet cooling tower is the cooling system 

selected as a base case. A detailed discussion on the recirculating 

cooling water system is presented in Sect. 2.3.1.9. Air is induced 

through the tower and past the falling process cooling water by large 

fans mounted on the top of the structure. Heat is removed from the 

water through evaporation and sensible heat transfer. Drift eliminators 

may be installed to prevent excessive loss of water droplets. Water 

blowdown from the cooling tower is necessary to limit dissolved solids 

concentration in the circulating water. Also, chemicals will be added 

to the circulating water to control the algae and bacterial slime growth. 

The major advantages of mechanical-draft evaporative towers are: 

(1) positive control over air movement, (2) control over return water tem

perature, (3) low pumping head, (4) small effect of ambient air humidity 

on performance, (5) more available fill per unit volume of tower, and 

(6) lower capital costs than for natural-draft towers. Disadvantages 

are: (1) the blowdown disposal problem, (2) icing and fogging problems, 

(3) dissolved solids in drift losses, (4) possible mechanical failure of 

fans, and (5) possible recirculation of humid exhaust air back through 

the tower. 

5.2.1.2 Natural-draft evaporative cooling towers 

Like mechanical-draft towers, the wet natural-draft towers rely on water 

evaporation for cooling effect. The tower is designed so that air will 

flow naturally through the tower fill as a result of (1) density 

differences between ambient air and warm moist air inside the tower and 

(2) the chimney effect of the tower's tall structure. Natural-draft 

towers are not generally considered suitable for hot climates, where the 

difference obtainable between inside and outside air temperatures would 

at times be too small to achieve the minn'mum required air flow and the 

rate of evaporative cooling. Natural-draft hyperbolic towers have lower 

operating and maintenance costs than mechanical-draft towers since no 

mechanical or electrical components are necessary. Natural-draft towers 
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require smaller land areas than mechanical-draft towers. Disadvantages 

of a natural-draft tower are as follows: (1) higher capital costs are 

required than for a mechanical-draft tower, (2) greater tower height is 

required to produce draft, (3) internal resistance to air flow must be 

minimal, and (4) return water temperature is more difficult to control. 

Capital costs are approximately 1.6 times those for mechanical-draft 

towers and total annual operating costs are approximately equivalent. 

5.2.1.3 Natural-draft or mechanical-draft dry cooling towers 

In a dry tower, air is drawn over banks of tubes through which the process 

cooling water flows. The tubes are fitted with fins to increase the 

effective heat transfer area. Only sensible heat transfer (air as the 

sole medium of heat dissipation) is involved, and heat transfer is not 

nearly as efficient as the evaporative cooling methods. Water in the 

cooling system cannot be cooled below ambient air temperatures. Capital 

and total annual costs for dry cooling towers are substantially higher 

than for evaporative or wet systems. Other disadvantages are high 

maintenance costs and larger land requirements than for evaporative 

towers. Advantages are: no effluent problem, no icing or fogging, and 

no water consumption. The capital cost is over three times that for 

mechanical-draft evaporative towers, and the total annual operating cost 

is about two times as much. At the present time, use of dry cooling 

towers is usually impractical. 

5.2.1.4 Hybrid cooling towers 

A hybrid cooling tower consists of a standard wet cooling tower in 

combination with a dry heat exchanger system. Finned tube heat exchangers 

are installed above the fill or wet section of a normal mechanical-draft 

tower. The air flow through each section is controlled by separate 

motor-operated dampers. Dry section cooling is less efficient than wet 

section cooling. The desired combination of wet/dry sections will 

eliminate fog problems without raising the tower water discharge tem

perature above the level which reduces the operating efficiency. 



5.2-4 

The hybrid cooling tower combines many of the advantages of wet and dry 

towers; the blowdown rates and makeup requirements are reduced, fogging 

problems are reduced, and greater use of evaporative cooling during warm 

weather and increased use of dry cooling in cold weather are possible. 

Hybrid cooling towers require a higher capital investment than mechanical-

draft evaporative towers. The total annual operating costs are close to 

those for mechanical-draft evaporative towers. Where fogging and icing 

are a problem, the hybrid tower is an attractive alternative. 

5.2.1.5 Cooling ponds 

Cooling ponds are large man-made lakes that dissipate waste heat through 

evaporation, radiation, and conduction. This cooling method is generally 

most appropriate in relatively dry climates. The efficiency of cooling 

ponds depends on climatic conditions, land topography, availability, and 

cost. Advantages of cooling ponds are: (1) little or no surface 

blowdown is required, (2) capital costs are lower than those for cooling 

towers, (3) extended periods of operation without makeup water are 

possible, (4) ponds serve as settling basins, (5) ponds provide a poten

tial for recreation and river flow control, and (6) chemical treatment 

of recirculating water is unnecessary. Disadvantages include (1) large 

land area requirements, (2) seepage problems, (3) possible fogging and 

icing problems, (4) maintenance problems due to weed and algae growth, 

and (5) collection of wind blown debris. Total annual operating costs 

may be as low as half the costs for mechanical-draft evaporative towers. 

5.2.1.6 Spray canals and ponds 

Mechanical spraying systems generally are used in conjunction with ponds 

or canals. Aerators promote air-water contact and evaporative heat 

transfer by spraying water droplets into the air. Spray pond design 

will vary depending on climatic conditions, normal wind speed, and land 

availability. 
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Spray ponds are less expensive than cooling towers and usually do not 

require chemical treatment. Mechanical spraying systems are more 

efficient and require less land area than cooling ponds, but area 

requirements are high. Other disadvantages are high operation and 

maintenance costs, increased water losses through drift, a performance 

proportional to wind speed, the requirement for blowdown in most 

instances, and the occurrence of severe fogging and icing. 

5.2.2 Gaseous wastes 

5.2.2.1 Alternative fuel sources for the steam plant 

5.2.2.1.1 Natural gas and oil 

The gaseous effluents from steam plants using oil or natural gas as a 

fuel are generally less than those from a coal-fired steam plant, which 

is the type proposed for this hypothetical facility. A comparison of 

the gaseous emissions is shown in Table 5.2-1. 

Oil and gas provide a major part of our current total energy, 

distributed1 as follows: 

Oil (million bbl/day) 

Gas (billion ft3/day) 

Coal (thousand tons/day) 

Percent 
contribution 

Domestic to total 
production Imported Total energy 

9.5 6.5 16 42 

57 3 60 33 

1425 0 1425 18 

As shown by the above tabulation, oil and natural gas jointly supply 

about 75% of the total energy consumed in the U.S. The proportions of 

world natural hydrocarbon production represented by U.S. output is 
declining, and at the same time, our consumption has been increasing.2 

Our recent import rate of crude oil and petroleum products was 6 to 7 

million bbl/day. In 1970 the U.S. rate of consumption of natural gas 

exceeded the discovery rate,3'1* since the gas demand has grown faster 
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TABLE 5.2-1 

GASEOUS EFFLUENTS FROM A CONVENTIONAL BOILER 
OF 106 BTU INPUT 

Emissions to a i r 

NOx 

so2 

CO 

Particulate 

Total organic materials 

Coala '£ 

(83.3 lb) 

0.60 

0.50 

0.042 

0.010 

0.013 

Fuel* 
(7.143 gal) 

0.75 

0.336 

0.0003 

0.057 

0.014 

Natural gas 
(1000 f t . 3 ) 

0.39 

0.0006 

0.0004 

0.015 

0.04 

aFrom Table 62 in source report. 

Assumes limestone scrubbing. 

°From Table 48 in source report. 

From Table 47 in source report. 

Source: U.S. Environmental Protection Agency, Assessment of the 
Potential of Clean Fuels and Energy Technology, EPA-600/2-74-001, 
February 1974. 
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than can be satisfied by domestic production, the U.S. has been importing 

substantial amounts from Canada and Mexico. These imports will be 

increased by the arrival of liquified natural gas (LNG) from North Africa 

in the near future. The leveling off of domestic gas production during 

1971 to 1973 led to an unsatisfied demand for energy that could be met 

only by oil; in fact, only by imported oil.2 A large portion of this 

imported oil is obtained from the nations of the Middle East and North 

Africa, concentrated in the Persian Gulf countries.5 

The energy crisis which began with the Middle East oil embargo in 1973 

was aggravated by elevated fuel costs during 1974. In June of 1974, the 

President signed into law the Energy Supply and Environmental Coordination 

Act, giving the new Federal Energy Agency the authority to prohibit the 

use of oil and natural gas if installations could be equipped to burn 

coal in areas where the use of coal was "economically practicable," and 

if coal and coal transportation facilities were available. Accordingly, 

coal is the assumed fuel for this statement in preference to oil and 

natural gas. 

5.2.2.1.2 Other alternative heat supply sources 

Steam could be purchased from a nearby nuclear or fossil-fueled power 

plant utilizing the waste heat from the steam turbine or cooling towers. 

The heat requirements could be supplied electrically from an offsite 

power plant. 

All of the above heating alternatives would not be part of the facilities 

considered herein; therefore, environmental effects would be considered 

by others. 

5.2.3 Chemical wastes 

5.2.3.1 Decontamination and uranium recovery-nitrogen removal alternative 

Nitrogen compounds are introduced: (1) in the wash solution (as A1(N03)3 

and HN03), (2) as the leachant for removing uranium compounds from trap 

alumina (also as AL(N03)3 and HN0 3), and (3) as makeup for the solvent 
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extraction reagents (as HN03). In the suggested flowsheet all of the 

nitrate enters the environment finally either as nitrate ions in water 

solution, or as oxides of nitrogen (NO ) emitted to the atmosphere. 

Various alternatives and combinations of alternatives exist for reducing 

these emissions. 

In the equipment wash area another solution might be used to dissolve 

the uranium compounds. In preliminary experiments a solution of 0.2 N 

HN03 plus 100 g/liter of A1(N03)3 • 9H20 was found to be satisfactory 

for dissolving the UF4 that forms after long exposure of equipment to 

UF6. Additional experiments might result in finding a substitute for 

the A1(N03)3 in the wash solution. 

The solvent extraction flowsheet proposed is the one now in use for 

uranium recovery and purification at the Oak Ridge Gaseous Diffusion 

Plant. Other flowsheets are available that use higher concentrations 

of uranium and lower concentrations of HN03 in the aqueous feed and 

scrub solution. If the proposed wash and leach solutions remained the 

same and a low-acid solvent extraction flowsheet were adopted, the new 

value for nitrate in the liquid waste would be about 70% of the proposed 

value. 

The technology exists for essentially eliminating the discharge of 

undesirable nitrogen compounds to the environment in the form of either 

nitrate in solution or as NO released into the atmosphere. The degree 

of improvement required would dictate the process steps to be used. In 

the case of the offgas streams, scrubbing with HN03 would remove part of 

the N O . 

An NO destruction process could be added to remove practically all of 

the NO . Among existing processes are combustion, catalytic decomposi-

tion, and catalytic reduction using ammonia and a catalyst consisting 

of a metal-exchanged zeolite or molecular sieve. 
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Nitric acid in the overhead from the pre-evaporator could be recovered 

by further evaporation and fractional distillation to yield 50 to 60% 

HN03. The HN03 and A1(N03)3 in the waste acid (raffinate) from the 

solvent extraction system could be recovered by a process formerly used 

at Fernald7 and now being improved at the ERDA Oak Ridge Y-12 Plant.8 

The waste acid is evaporated to yield dilute HN03 in the overhead and 

an A1(N03)3 slurry. The solids in the slurry can be crystallized and 

dried to solid aluminum nitrate, or dried and calcined to aluminum 

oxide. The liquor from the crystallization step can be neutralized with 

lime and fed to a biological denitrification system in which essentially 

all of the nitrate is converted to nitrogen and discharged to the 

atmosphere. 

These HN03-nitrate recovery processes present special corrosion problems. 

At elevated temperatures, solutions of nitric acid and F~ are yery 
corrosive to stainless steel. Acid solutions of fluorides are also 

corrosive to glass. The problem can be prevented in part by complexing 

the F~ with aluminum compounds, but maintenance costs associated with 

such systems are generally high. A recovery process associated with 

the centrifuge plant would presumably not be economical if only the value 

of the recovered chemicals is considered. Therefore, before committing 

the plant to a complete recovery process, an evaluation would have to be 

made for a specific site to determine if the concentration of nitrate 

in the diluted state is a significant problem. 

5.2.3.2 Oil disposal 

All oils will be disposed of in an environmentally acceptable manner. 

A possible process is the recovery of most of the lubrication oil and 

diffusion pump oil. Three steps are proposed for the recovery process: 

1. scrubbing with a dilute nitric acid solution to remove water 

soluble salts of uranium and hydrogen fluoride, 

2. filtering to remove insoluble solids that may interfere with the 

primary recovery operation in the still, and 

3. vacuum distilling to reclaim the reusable cut of the oil. 
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The distillation would remove low vapor-pressure compounds that build 

up in the oil over long heating times in the presence of oxidizing 

agents (fluorine compounds) and any high vapor pressure compounds that 

may be formed by cracking of the original oil molecules. 

Other alternatives to burying are (1) incineration after the uranium 

is removed, (2) sale to a refiner, if one can be found, and (3) 

biodegradation. 

5.2.4 Radioactive waste 

A change in the alpha activity limit of reactor return material as re

ceived from the chemical reprocessing plant may be made in the future. 

One proposal is to reduce the present limit of 1500 disintegrations/min/g 

of uranium to 25. If such feed material were used at an enrichment 

plant without the cobaltous floride trap discussed in Sect. 2.3.1.17, 

the Np-237 and Pu-239 activities released to the environment might be 

increased by a factor of 6.7 over that given in Sect. 2.3.1.17. 

If receipt of reactor returns is assumed to be at specification levels, 

the resulting discharges/disposals are summarized in Table 5.2-2 (gaseous 

Table 5.2-3 (liquid), and Table 5.2-4 (solids). This analysis reflects 

the most expected impact of reducing the alpha activity specification. 

It assumes the fuel reprocessor will meet the specification as proposed. 

However, if the fuel reprocessor used a trapping system similar to the 

base case for enrichment plants (cobaltous fluoride), the impacts would 

then be the same as those for the base case. The primary impact would 

be to reduce the alpha activity in transported UFg cylinders. Cobaltous 

fluoride traps could also be installed at the enrichment plant, with 

the proposed specification changes, to further reduce the transuranic 

emission (Pu-239 and Np-237). 

Magnesium fluoride traps have been shown to be approximately 99% 

efficient for technetium removal by laboratory-scale experimentation.9 

Thus, where needed, an alternative means is provided to further reduce 

radioactivity discharges. 
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TABLE 5.2-2 

ESTIMATED RADIOACTIVITY RELEASED TO THE ATOMSPHERE FROM 
A URANIUM ENRICHMENT PLANT AS A RESULT OF NO 

TRANSURANIC ALPHA TRAP AT THE ENRICHMENT FACILITY* 
(Transuranic alpha specification = 25 dis/min/g U) 

Radioactivity 
Isotope 

U-232 

U-233 

U-234 

U-235 

U-236 

U-238 

Pu-239 

Np-237 

Tc-99 

Ru-106 

Zr-95-Nb-

Cs-137 

Ce-144 

-95 

ssion products 

(Ci 

3.3 

1.8 
3.9 
1.5 
1.1 
6.4 

2.7 
1.3 
5.4 
7.2 
1.5 
1.1 
1.1 
1.1 

i/year) 

x 10"5 

x 10 - 7 

x 10"2 

x 10"3 

x 10 - 3 

x 10"3 

x IO-9 

x 10 - 6 

x 10"1 

x 10"3 

x 10"3 

x lO"4 

x 10"4 

x 10_lf 

Relative to Tc-99, the retention of all fission prod
ucts in equipment or traps is greater by a factor of 
10. 

These fission products are constituted by, but not 
exclusive to, Sr, Sb, Sn, and Te. 
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TABLE 5.2-3 

ESTIMATED RADIOACTIVITY RELEASED FROM THE PRIMARY 
HOLDING POND OF A URANIUM ENRICHMENT PLANT AS A RESULT 

OF NO ALPHA TRAP AT THE ENRICHMENT FACILITYa 

(Transuranic alpha specification = 25 dis/min/g U) 

Radioactivity' 
Isotope (Ci/year) 

U-232 7.79 x 10"6 

U-233 4.06 x 10"8 

U-234 2.71 x 10"3 

U-235 1.02 x 10_tt 

U-236 2.59 x 10_l* 

U-238 2.18 x 10"3 

Pu-239 5.3 x 10"8 

Np-237 2.7 x 10"5 

Tc-99 0.7 x 10 1 

Ru-106 9.3 x 10 -2 

Zr-95-^lb-95 2.0 x 10"2 

Cs-137 1.5 x 10"3 

Ce-144 1.5 x 10-3 

Other f ission products'3 1.5 x 10"3 

Relative to Tc-99, the retention of a l l f ission 
products in equipment or traps is greater by a 
factor of 10. 

The uranium discharges are for a gas centrifuge 
plant; the corresponding discharges for a d i f f u 
sion plant are a factor of 50% lower. 

GThese f ission products are constituted by, but 
not exclusive to , Sr, Sb, Sn, and Te. 
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TABLE 5.2-4 

ESTIMATED FISSION PRODUCT AND TRANSURANIUM ISOTOPE 
RADIOACTIVITY INPUT TO BURIAL GROUND TRENCHES AT AN 

ENRICHMENT PLANT AS A RESULT OF A CHANGE IN THE MAXIMUM 
TRANSURANIC ALPHA SPECIFICATION REQUIRED FOR REACTOR RETURNS 

Radioactivity 
Isotope (Ci/year) 

Np-237 0.02 

Pu-239 0.008 

Tc-99 62.0 

Ru-106 9.1 

Zr-95-Nb-95 2.0 

Cs-137 0.16 

Ce-144 0.16 

Other fission products* 0.16 

aFission product activity adsorbed on equipment and piping; 
decontamination and burial at time of equipment recycle and 
repair. 
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5.2.5 Solid waste 

5.2.5.1 Alternative method of scrap disposal by smelting 

The construction and operation of an in-house arc-furnace smelting 

facility to handle uranium-contaminated scrap could be considered if 

existing regulations are modified to permit use of recovered materials. 

Assuming that primary chemical decontamination will remove uranium to meet 

nuclear safety standards, the smelting process appears to offer advantages 

over the direct burial method. First, the recycled ferrous and aluminum 

metals are returned to the commercial market with a financial and overall 

environmental benefit. Second, security problems of design and configura

tions are solved by reduction to ingot form. Third, the resulting slag can 

be buried more economically than the original material because of reduced 

volume and no security requirements for burial depth. Furhter benefits may 

be realized from the reduced land area required for burial activities. The 

value of the recovered materials may not economically justify the construc

tion of a smelting facility. 

An economic, environmental, and functional analysis of the smelter scrap 

would be necessary before a decision on the construction of a smelter could 

be made. 

5.2.6 Others 

5.2.6.1 Chemical treatment 

A variety of chemical treatments are available to control corrosion and 

deposition in cooling water recirculating systems. Chromate ion, an anodic 

inhibitor, combined with suitable cathodic inhibitors gives the most effec

tive and economical corrosion and deposition protection available and was 

utilized as a base case treatment. Nonchromate treatments are an alter

native although they are less effective and the total treatment is usually 

more expensive. McCoy10 discusses various chromate and nonchromate treat

ments. 
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The substances used for corrosion control determine the required treatment 

of the effluents. If a chromate zinc mixture is utilized, both chromate 

and zinc must be removed. 

5.2.6.2 Biocide treatment 

Several alternatives other than chlorination may be used to keep the cooling 

tower recirculating system free of microorganisms. Oxidizing agents may be 

utilized, but chlorine is the most commonly used and the most economical. 

Biocides that are enzyme poisons, such as methylene bisthiocyanate, acro

lein, and heavy metals, are available. Toxicants that disrupt the cell 

wall and cytoplasm include dodecylguanidine hydrochloride, chlorophenols, 

and quaternary ammonium salts. A variety of other biocides are also avail

able. 

An important consideration in the choice of a biocide is its toxicity to 

aquatic life in the receiving water. Reactive and volatile chemicals 

such as chlorine and acrolein are destroyed relatively quickly in the 

cooling system and may be controlled by sulfites. Chlorination was chosen 

as a base case although acrolein may economically replace chlorine where 

chlorine demands are high. Nonchromate corrosion treatment in the cooling 

water recirculating system may not be compatible with a chlorine biocide 

treatment, and other chemicals may have to be substituted. 

5.2.6.3 Blowdown treatment alternatives 

There are several alternatives for the treatment of blowdown from recir

culating water systems. These include ion exchange, the electrochemical 

process, and resoftening and recycling of the blowdown. 

5.2.6.3.1 Ion exchange 

Removal of chromate, the major contaminant in blowdown, by ion exchange 

is based on the selective removal of this ion from a waste stream by an 

anion exchange resin. The resin is regenerated using a pH adjusted chloride 

regenerant. The effluent from this system is the regenerated brine con-
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taining concentrated chromium and zinc ions. This stream would be returned 

to the recirculating water system for reuse. Zinc, phosphate and other 

contaminants in blowdown could require further treatment. 

5.2.6.3.2 Electrochemical process 

The electrochemical process utilizes electrochemical cells and sacrificial 

iron anodes to convert ferrous hydroxide to ferric hydroxide and hexavalent 

chromium to chromic hydroxide. These precipitates are highly adsorptive 

and cause precipitation of a variety of other species present in solution. 

In addition, heavy metals are reduced to a finely divided metallic state and 

can be settled with the hydrous oxide precipitate. Both chromium and zinc 

from cooling tower blowdown effluents are removed by this process. If the 

pH of the blowdown is between 6 and 9, no pH adjustment will be necessary. 

Clarification may be accomplished in a lagoon or pond, or in a clarifier. 

Ultimate sludge disposal will depend on local conditions and regulations. 

5.2.6.3.3 Resoftening of blowdown 

Where raw water is of high quality and low in dissolved solids, resoftening 

and recycle of blowdown may be feasible. Resoftening of blowdown removes 

calcium and magnesium hardness from water and thus allows the water to be 

recycled. This method also removes zinc and other metallic ions, but allows 

recycling of chromates. A clarifier is required for lime-soda softening 

and the clarified effluent containing the chromate ions is returned to the 

recirculating water system. This system results in minimal blowdown. The 

sludge produced may be settled in a lagoon and dredged, or it may be 

dewatered and buried in a landfill. Ultimate sludge disposal will depend 

on local conditions and regulations. 

5.2.6.4 Boiler treatment 

The base-case internal treatment assumed for the steam plant boilers was a 

phosphate treatment which contributed a large portion of the phosphates 

discharged by the gas centrifuge plant. Close chemical control during 
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phosphate treatment will result in a reduction of the phosphate concen

tration. At sites where the addition of phosphate to the receiving water 

will have a severe effect on the aquatic system, alternative boiler treat

ments may be utilized. An example is the use of a chelating or complexing 

agent to prevent certain types of scale and sludge accumulations in boilers. 

If a phosphorous treatment is required, phosphate can be removed from the 

effluent stream by chemical precipitation with various multivalent metal 

ions such as calcium, aluminum, or iron. 

5.2.7 Conclusions 

The staff believes that for each plant the subsystem that results in the 

lowest practical overall effect on the environment can be used without a 

significant increase in the toal cost of an enrichment plant. 
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6. RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

This section sets forth the relationship between the use of man's environ

ment implicit with the proposed construction and operation of uranium 

enrichment plants and the actions that could be taken to maintain and 

enhance the long-term productivity of that environment. One must 

attempt to foresee uses of the environment of potential interest to 

succeeding generations and consider the extent to which this use might 

limit or enhance the range of beneficial uses over a long period of 

time. In this context, "short term" refers to the period encompassing 

construction and operation of a proposed facility; "long term" refers 

to the time beyond the operational period. Implicit in this analysis 

is the assumption that continued growth of the nuclear industry is 

dependent upon expansion of existing uranium enrichment facilities. 

6.1 ENHANCEMENT OF ENVIRONMENTAL PRODUCTIVITY 

6.1.1 Short-term 

Expansion of the existing uranium enrichment facilities will make possible 

the development of the nuclear power industry by assuring that adequate 

supplies of enriched uranium will be available beyond the mid-1980s. 

In so doing, domestic industrial investments and the economic growth 

of the U.S. can be encouraged (see Sect. 2.1). 

6.1.2 Long-term 

As stated above, expansion of uranium enrichment facilities will make 

possible the continued growth of the nuclear power industry. The growth 

of nuclear power along with continued improvements in existing and new 

energy systems will play a vital role in expanding the nation's energy 

supply while limiting increased dependence on foreign fuel imports and 

making lower growth in energy services a matter of choice, not necessity. 
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6.2 LOSS OF ENVIRONMENTAL PRODUCTIVITY 

6.2.1 Short-term 

The local effects of construction and operation of a uranium enrichment 

plant might, in general, tend to oppose productivity through impacts on 

land, water, and air. Land areas on the site are converted to this 

particular use, and the presence of a plant could, in some cases, 

alter the use of surrounding areas. Water resources and air are 

affected to some degree by materials and heat discharged from the plant. 

Each gas centrifuge plant requires about 350 acres of land onsite; a 

rotor fabrication plant, 22 acres; and a gaseous diffusion plant, 400 

acres. The total onsite land area that would be appropriated for the 

11 enrichment plants projected through 2000 is 3900 acres (Sect. 3.5.1). 

The total onsite land for four rotor fabrication plants is 90 acres. 

With offsite requirements added, however, total land requirements to 

the year 2000 amount to about 10,000 acres (Table 3.5-1). The extent 

to which a uranium enrichment plant competes with other productive uses 

for this land depends on the sites selected. A major potential for 

impact on productive land use may result if plants or offsite facilities 

are built on prime agricultural land or important recreational areas. 

Proper application of the siting criteria specified in Sects. 2.5.1.9 and 

2.5.3.9, however, will minimize the potential for such impacts. 

A single gas centrifuge plant withdraws water from a freshwater surface 

supply at a maximum rate of 5 Mgd; a single gaseous diffusion at 

22 Mgd. Total water requirements for 11 enrichment and four rotor fabri

cation plants projected through 2000 amount to about 305 billion gallons 

of which 140 billion gallons will be consumed (Table 3.5-1). Offsite 

water consumption amounts to 430 billion gallons. Relative to total U.S. 

water supplies, these quantities are not significant. Except in certain 

local problem areas, this withdrawal should not compete adversely 

with other productive uses. Siting criteria described in Sect. 2.5.1.10 

and 2.5.3.10 specify regions of the U.S. in which uranium enrichment 

plants should not be sited because of critical water demand-supply problems. 
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Chemical and thermal releases to the air and water from an enrichment 

plant may adversely affect biological productivity in adjacent regions. 

Assuming that a gas centrifuge plant is located on a river with a 

minimum of 100 cfs flow (as specified in Sect. 2.5.1.6) and a gaseous 

diffusion on a river with a minimum of 300 cfs for adequate dilution 

of liquid wastes, no substantial alteration of aquatic productivity is 

expected except possibly in localized effluent plumes. Dispersion of 

gaseous effluents from the plant will limit terrestrial impacts to 

the proximity of the plant buffer zone. Atmospheric concentrations of 

pollutants even within this zone will generally be at levels tolerated 

by terrestrial biota (see Sects. 3.2.1.4 and 3.3.1.4). Hydrogen 

fluoride releases from a gaseous diffusion plant during severe weather 

conditions could cause some damage to local sensitive vegetation 

(Sect. 3.3.1.4). 

6.2.2 Long-term 

Operation of light-water moderated reactors or high-temperature gas-

cooled reactors requires enriched uranium. Because uranium ores 

constitute a finite natural resource, expansion of uranium enrichment 

facilities and nuclear power generation will hasten the exhaustion of 

easily recoverable uranium. Heavy-water reactors are approximately 

170%, and HTGRs 93%, more effective with respect to uranium requirements 

and fuel utilization than similar-sized LWRs (see Sect 5.1.1.2). 

A commitment to any uranium-based nuclear fuel cycle will significantly 

deplete U.S. supplies of uranium, and may possibly preclude development 

of alternative nuclear energy technologies or other utilization of 

uranium by future generations. 

Operation of uranium enrichment facilities and the associated LWR power 

plants will result in the production of radioactive wastes. Manage

ment of these wastes could represent a burden to future generations. 

Burial of the radioactive wastes from the LWRs supplied by the pro

jected expanded uranium enrichment facilities through the year 2000 

would require commitment of almost 1200 acres of land. 
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6.3 RETIREMENT OF FACILITIES 

Sufficient experience in equipment retirement is already available from 

the U.S. ERDA uranium enrichment program. This experience would indicate 

that the decommissioning of large enrichment plants will not introduce 

any significant new or unknown technical, safety, or environmental 

problems that differ substantially from those that may occur during 

operation and maintenance. Under the U.S. Nuclear Regulatory Commission 

(NRC) regulations, procedures for dismantling of a plant will be subject 

to specific approval and will be required to meet the standards for 

protection of the workers and the general public. 

Upon retirement of the enrichment facilities, the land areas could be 

returned to other productive uses if decommissioning measures also included 

removal of all structures. Although the details of decommissioning are 

not available, the various alternatives should not have a significant 

effect on the program. The beneficial uses of the site by future genera

tions will therefore not be significantly curtailed. 

NRC regulations prescribe procedures whereby a plant operator may obtain 

authority to dismantle a facility and dispose of its component parts. Such 

authorization would normally be sought near the end of the useful life of 

the enrichment plant. In any event, NRC requires that a qualified operator 

maintain valid procedures appropriate to the type of a facility and mate

rials involved. Under current regulations, NRC generally requires that 

all quantities of source, special nuclear, and by-product materials not 

exempt from licensing under Parts 30, 40, and 70 of Title 10, Code of 

Federal Regulations, either be removed from the site or secured and kept 

under surveillance. 

In decommissioning at any level, economically salvageable equipment would 

be removed, some equipment would be decontaminated, and wastes of the type 

normally shipped during operation would be sent to waste repositories. In 

addition, the respective levels of restoration could involve the following 

measures: 
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• Lowest level. Minimal dismantling and relocation of equipment 

would be required. All radioactive material would be sealed in 

containment structures (primarily existing ones) that may require 

long-term surveillance for security and effectiveness. 

• Second level. Some radioactive equipment and materials would be 

moved into existing containment structures to reduce the extent 

of long-term containment. Surveillance, as in the lowest level, 

would be required, 

• Highest level. All radioactive equipment and materials would be 

removed from the site. Structures would be dismantled and dis

posed of by burial. 

The following procedure could be used for decommissioning enrichment 

facilities: 

1. Deactivation of the process systems. 

2. Decontamination of process systems and appropriate areas of the 

plant. 

3. Removal of all nuclear material from the site for recovery of mate

rials and disposal of radioactive wastes in accordance with the 

existing procedures and requirements. 

4. Sealing of buildings or portions of buildings containing activated 

process piping and components by means of welding and bolting 

plates over all openings. 

5. Dismantling and sealing of all gaseous and liquid waste systems 

and effluent lines. 
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6. Maintaining necessary security and fire systems in an operable and 

operating state. 

7. Complete dismantling of the facilities, if required. 

Whether the facility would be dismantled would require an economic study 

involving the value of the land and scrap versus the cost for complete 

demolition and removal of the complex. Additional work would be in 

accordance with rules and regulations in effect at the time. 

If the plant area were to be restored to its original conditions, the 

present worth of the future costs involved is estimated to be between 1 

and 2% of the original construction cost. Thus, the retirement costs 

would not affect either the overall program cost-benefit analyses or the 

cost-benefit analysis for a given enrichment plant. 



7. RELATIONSHIP OF PROGRAM TO LAND USE PLANS, 
POLICIES, AND CONTROLS 

The proposed expansion of U.S. uranium enrichment capacity appears in 

a generic sense not to conflict with known land use plans and policies. 

However, the environmental assessment for each uranium enrichment plant 

to be built in the future will fully discuss the relationship of that 

proposed action to specific existing or proposed Federal, state, and 

local land use plans, policies, and controls, if any, for the area 

affected by that plant. 
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8. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

Numerous resources are used in the construction and operation of gaseous 

diffusion, gas centrifuge, and rotor fabrication facilities. Some of 

these uses involve irreversible and irretrievable commitments. 

Irreversible commitments involve changes set in motion by the proposed 

action which could not be altered at some later time to restore the 

present order of environmental resources. Irretrievable commitments 

include the use or consumption of resources that are neither renewable 

nor recoverable for subsequent use. The types of resources of concern 

in this case can be identified as: (1) material resources —materials 

of construction, renewable resource material consumed in operation, and 

depletable resources consumed -and (2) nonmaterial resources, including 

a range of beneficial uses of the environment. 

Resources that generally may be irreversibly committed by the construction 

and operation are: (1) biota destroyed in the vicinity; (2) construction 

materials that cannot be recovered and recycled with present technology; 

(3) materials that are rendered radioactive but cannot be decontaminated; 

(4) materials consumed or reduced to unrecoverable forms of waste, includ

ing consumed uranium-235 and uranium-238; (5) the atmosphere and water 

bodies used for disposal of heat and certain waste effluents, to the ex

tent that other beneficial uses are curtailed; and (6) land areas rendered 

unfit for the preconstruction uses. 

8.1 ABIOTIC RESOURCES 

8.1.1 Land 

In general, land commitment is neither irretrievable nor irreversible. 

Land requirements for one gaseous diffusion plant, ten gas centrifuge 

plants, and associated rotor fabrication plants through the year 2000 

amount to about 4000 acres (Sect. 3.5.1). With all offsite requirements 

added, however, total land requirements to the year 2000 amount to about 

10,000 acres, including transmission lines (Table 3.5-1). A model 
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1000-MWe LWR power plant plus support operations and fac i l i t i es require 

about 1000 acres (Table 5.1-3). For construction of 702 additional new 

LWR plants before the year 2000, the total land commitment w i l l be about 

405,000 acres, plus another estimated 1,260,000 acres for transmission 

l ine corridors. The fraction of this land that is irreversibly committed 

is a function of the level of plant decommissioning, and therefore depends 

upon the intended future use of the s i te , the value of the property, and 

the salvage value of the structures and transmission systems (see Sect. 

6.3). Nearly a l l the land appropriated for enrichment plant s i tes, power 

plant s i tes , cooling towers, ponds, or transmission lines could be restored 

to alternative uses following plant decommissioning. 

On the other hand, land requirements for radioactive waste management 

would consist of both temporary and essentially permanent commitments. 

Burial of both high-level and other radioactive wastes generated during 

the 5972 reactor-years of LWR operation w i l l require about 1200 acres 

(Sect. 3.5.1). Although these burial grounds could conceivably be decom

missioned and the land made available for alternative uses, the radio

active wastes removed would s t i l l have to be stored or buried elsewhere. 

8.1.2 Water 

When water is withdrawn from wells or from surface waters and is not 

replaced, it becomes unavailable for other consumers within the area 

and thus falls into the category of a depletable resource. The commit

ment of water as a resource is described both by the amount of water 

withdrawn and by the amount of water actually consumed. 

Maximum water withdrawal rates for individual gas centrifuge and rotor 

fabrication plants are 5 Mgd and 0.83 Mgd, respectively. A gaseous dif

fusion plant withdraws 22 Mgd. Cooling and process water use for a 

1000-MWe LWR power plant and support facilities amounts to about one 

billion gpd (Table 5.1-2). Water consumed (as evaporation and drift from 
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the cooling towers) at a gas centrifuge plant and rotor fabrication plant 

is on the order of 1.3 Mgd. Water consumed by a gaseous diffusion f a c i l i t y 

is 17 Mgd. Operation of the 11 plants plus 4 rotor fabrication plants 

through the year 2000 would consume about 140 b i l l i on gallons of water. 

Offsite generation of power would consume an additional 430 b i l l i on 

gallons. The quantity of water consumed by a model 1000-MWe LWR power 

plant is highly dependent on the type of heat dissipation system used. 

Operation of a typical 1000-MWe LWR with cooling towers consumes about 

19.3 Mgd.1 On this basis, a total of 42 x 1012 gal would be consumed in 

the 5972 reactor-years projected through the year 2000. 

8.1.3 Air 

No irreversible effects on air are expected as a result of construction 

and operation of the enrichment plants and associated LWR power plants 

with support f a c i l i t i e s . Because of the regenerative powers and vast 

dispersive capacity of the atmosphere, the use of air for dispersal of 

atmospheric effluents is not considered to constitute an irreversible or 

irretrevable commitment of resources. 

8.1.4 Materials 

8.1.4.1 Materials of construction 

Construction materials are almost ent irely of the depletable category 

of resources. Concrete and steel constitute the bulk of these materials, 

but numerous other mineral resources are incorporated in the physical 

plants. No commitments have been made regarding whether these materials 

w i l l be recycled when their present use terminates. 

8.1.4.1.1 Gas centrifuge enrichment plant 

The total amount of materials required to construct ten 8.75 mil l ion 

SWU/year gas centrifuge enrichment plants is presented in Table 8.1-1. 
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TABLE 8.1-1 

MATERIALS OF CONSTRUCTION FOR TEN 8.75 MILLION SWU/YEAR 
GAS CENTRIFUGE ENRICHMENT PLANTS THROUGH THE YEAR 2000 

Material Quantity (short tons) 

Steel 2,300,000 

Aluminum 220,000 

Copper 43,000 

Zinc 1,854 

Transformer cooling oil 2,800 

Concrete (2,400,000 yd3) 

8.1.4.1.2 Rotor fabrication plant 

The total amount of material required to construct four rotor fabrication 

plants required through the year 2000 is presented in Table 8.1-2. 

8.1.4.1.3 Gaseous diffusion plant 

The materials of construction for a gaseous diffusion plant have been iden

tified in Table 2-3-38 (Sect. 2.3.3.17.4). 

TABLE 8.1-2 

MATERIALS OF CONSTRUCTION FOR FOUR ROTOR 
FABRICATION PLANTS (SHORT TONS) 

Structural and rebar steel 30,000 

Miscellaneous metal products 4,000 

Paving materials 4,400 

Concrete 128,000 
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8.1.4.1.4 Associated LWR nuclear power plants 

Estimated quantities of construction materials for a typical two-unit 

nuclear power station of the LWR type with a total capacity of 2300 MWe 

are summarized in Table 8.1-3. Operation of up to 10 enrichment plants 

w i l l support 305 nuclear power stations of the 2300-MWe size (702 of the 

1000-MWe size). Contamination due to power plant operation w i l l affect 

only a portion of this equipment to such a degree that radioactive 

decontamination would be needed in order to reclaim and to recycle the 

constituents. Some parts of the f a c i l i t y w i l l become radioactive by 

neutron activation. Radiation shielding around each reactor and other 

components inside the dry-well portion of each containment structure 

constitute the major materials in this category for which separation 

of the activation products from the base materials is not feasible. 

Components that come in contact with reactor coolant or with radioactive 

wastes w i l l sustain various degrees of surface contamination, some of 

which could be removed i f recycling is desired. The quantities of mate

r ia ls that could not be decontaminated for unlimited recycling probably 

represent very small fractions of the resources available in kind and in 

broad use in industry. 

8.1.4.2 Replaceable components and consumable materials 

8.1.4.2.1 Gas centrifuge enrichment plant 

Quantities of consumable material for all 11 gas centrifuge plants oper

ating through the year 2000 are presented in Table 8.1-4. 

8.1.4.2.2 Rotor fabrication plant 

All materials that become part of a centrifuge are included in Sect. 

8.1.4.2.1. The only materials consumed at the rotor fabrication plants 

are solvents and rotor material that does not pass inspection. The 

quantities of solvents and rotor material consumed at the rotor fabri

cation plants through the year 2000 are presented in Table 8.1-5. 
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Table 8.1-3. Estimated quantities of materials of construction of water-cooled 
nuclear power plants 

Material 

Aluminum 

Asbestos 

Beryllium 

Cadmium 

Chromium 

Copper 

Gold 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Platinum 

Silver 

Steel 

Tin 

Tungsten 

Zinc 

Approximate 
quantity used 

in plant" 
(metric tons) 

41 

90 

0.6 

0.005 
954 

1,670 

0.001 

108 

1,074 
0.03 

377 

1,110 

0.002 

2 

80,000 

5 

0.01 

5 

World 
production 
(metric tons) 

9,089,000 

2,985,000 

288 

17,000 

1,590,000 

6,616,000 

1,444 

3,329,000 

7,711,000 

9,837 

64,770 

480,000 

46.5 

8,989 

574,000,000 

454,200 

35,000 

5,001,000 

U.S. 
consumption 
(metric tons) 

4,227,000 
712,000 

308 

6,800 

398,000 

1,905,000 

221 

1.261,000 

1,043,000 

2,727 

23,420 

129,000 

16.0 

5,005 

128,000,000 

82,100 

7,300 

1,630,000 

U.S. 
reserves 

(metric tons) 

8,165,000 

1,800,000 

72,700 

86,000 

2,000,000 

77,564,000 
9,238 

32,024,000 

907,000 

703 

2,858,000 

181,000 

93.3 

41,057 

2,000,000,000 

47 

79,000 

30,600,000 

Strategic 
and 

critical 
material 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

"Quantities used are compiled from various sources for two-unit plants of about the same power rating 
as the Comanche Peak Steam Electric Station, Units 1 and 2. 

^Production, consumption, and reserves were compiled, except as noted, from the U.S. Bureau of 
Mines publications Mineral Facts and Problems (1970 ed.. Bur. Mines Bull. 650) and the 1969 Minerals 
Yearbook. They are expressed in terms of contained element, regardless of the form. "Production" usually 
includes material recovered from both primary ores and secondary sources such as scrap recovery. 
Production and consumption figures are for 1969 unless otherwise noted. Estimates of reserves were 
published in 1969 but are based on data compiled over a number of years. The reserves stated are the 
quantities extractable at currently competitive prices; they include inferred as well as measured and 
indicated ores, when such information was available. Usually, resources recoverable with advanced methods 
or at greater cost are much greater than the reserves listed. 

cDesignated by G. A. Lincoln, "List of Strategic and Critical Materials," Office of Emergency 
Preparedness; Fed. Regist. 37(39): 4123 (Feb. 26, 1972). 

Source: Directorate of Licensing, U.S. Atomic Energy Commission, Final Environmental Statement related 
to the proposed Comanche Peak Steam Electric Station Units 1 and 2, Docket Nos. 50-445 and 50-446, June 
1974. 
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TABLE 8.1-4 
MATERIALS CONSUMED DURING THE OPERATION OF TEN 8.75 MILLION 

SWU/YEAR GAS CENTRIFUGE ENRICHMENT PLANTS 
THROUGH THE YEAR 2000 

Material J J S ? ^ 
(metric tons; 

Steel 9.8 x 10" 
Aluminum 7.2 x 10"1 

Iron 2.6 x 102 

Brass 1.2 x 103 

Alnico V 3.7 x 103 

Plastic 5.8 x 102 

Rotor material 1.7 x 105 

Alumina 2.1 x 10" 
Diffusion pump oil (2.5 x 105 liters) 
Damping oil (1.3 x 106 liters) 
Lubrication oil (2.0 x 106 liters) 

Based on total usage. If a practical method is found for 
reuse, total usage could be as low as about 10% of the above 
values. 

TABLE 8.1-5 
CONSUMABLE MATERIALS FOR OPERATION OF FOUR ROTOR 

FABRICATION PLANTS THROUGH THE YEAR 2000 

Material Quantity 
M a t e n a l ( l i t e r s ) 

Tr ich loro t r i f luoroethane 1.89 x 106 

Freon - TA 2.2 x 106 

Blaco-Tron-TCM 0.9 x 106 

Perchloroethylene 0.9 x 106 

Rotor material (6.1 x 10" metric tons) 
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8.1.4.2.3 Gaseous diffusion plant 

A gaseous diffusion plant operates at a very low equipment fai lure rate 

as compared to a gas centrifuge plant. Thirty years' experience in 

existing diffusion plants has demonstrated a yery low fai lure rate for 

the process system components. A diffusion plant consumes primarily 

electr ical power and water. Very few materials w i l l be consumed other 

than those associated with normal maintenance ac t i v i t ies , such as the 

repair and replacement of valve seats, gasket material, compressor 

blades, and seals. 

8.1.4.2.4 Associated nuclear power plants 

Uranium is the principal i rretr ievable natural resource consumed in 

operation of a LWR power plant. Other materials consumed are fue l -

cladding materials, reactor-control elements, other replaceable reactor 

core components, chemicals used in processes such as water treatment and 

ion-exchanger regeneration, ion-exchange resins, and minor quantities of 

materials used in maintenance and operation. 

Annual operation of a model 1000-MWe LWR plant (assuming plutonium re

cycle) requires approximately 130 tons of U308 (equivalent to 118 metric 

tons of U308). Other references (based on no plutonium recycle) indicate 

annual U308 requirements to be about 182 metric tons. 3 ' " Therefore, a 

total of about 830,000 to 1,100,000 metric tons of U308 w i l l be consumed 

for the 5972 reactor-years of operation projected through the year 2000. 

The currently known U.S. reserves of natural uranium, recoverable at a 

cost of $8 or less per pound of U308 (production costs), are 254,000 

metric tons of U308. A greater reserve exists i f more expensively mined 

ore is considered, for example, about 472,000 metric tons U.S. reserves 

of U308 at $15/lb.2 At a cost of up to $30/lb, a total of 635,000 metric 

tons of U308 are available as assured reserves.2 Therefore, with adop

tion of the proposed action, more than 100% of the currently known 

reserves of uranium (up to $30/1b) w i l l be depleted through the year 2000. 
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Projections from 1979 through 2000 for total LWR nuclear power plant 

operations (including those supplied by existing uranium enrichment 

facilities) amount to approximately 10,500 model 1000-MWe reactor-years.5 

Therefore, the aggregate consumption of U 30 8 (1979-2000) will approach 

2 million metric tons; approximately 65% of the estimated 3.1 million 

metric tons of actual, potential, probable, and speculative resource 

reserves of U 30 8 at a cost of up to $30/1b.
5 

8.1.5 Cultural resources 

The staff believes that sites will be chosen on the basis of the least 

disruption to cultural resources that are anthropologically, historically, 

or socially valuable to the nation. Anthropological or archaeological 

units that prove to be unique to our heritage should not be disturbed, 

and therefore plants should not be located in these areas. Where a specif

ically unique cultural heritage exists close to the chosen site, every 
attempt should be made to see that the community is not disrupted in any 

way that might cause major social change or threaten its existence. 

Local, regional, and national cultural resources should be preserved, and 

negative impact thrusts upon them should be minimized during construction 

and operation of the facilities. Naturally, all legal requirements con

cerning the protection and preservation of cultural resources must be 

complied with. 
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8.2 BIOTIC RESOURCES 

8.2.1 Ter res t r ia l 

8.2.1.1 People 

As i l l u s t r a t e d in F ig . 2 .3-6 , the peak load of construction workers fo r 

a gas centr i fuge plant w i l l be 4125 and the number o f operating force 

workers during construction w i l l be 1175 for each gas centr i fuge f a c i l i t y 

b u i l t . This to ta ls 5300 peak load workers fo r each p lant . Peak con

s t ruc t ion work w i l l l as t fo r about 2 months out of the 9- to 10-year 

to ta l construction per iod. 

These f igures assume 20,000 man-years fo r construction per p lan t , or 

200,000 man-years fo r ten p lants . I f a to ta l operating force of 2500 

fo r an average of 7 years is assumed, each plant would require 17,500 

man-years fo r operation through the year 2000. Combined construction 

and operating work forces for the ten plants would be about 375,000 

man-years fo r the new gas centr i fuge f a c i l i t i e s . 

The peak construction force of a gaseous d i f fus ion plant w i l l be 5300, 

and the number o f operating force workers during construct ion w i l l be 

1500, fo r a to ta l of 6850 workers during peak construct ion. Peak con

s t ruc t ion work w i l l l as t a short period of time compared with the 8- to 

9-year to ta l construction period. Construction of the d i f fus ion plant 

w i l l require approximately 20,000 man-years. The to ta l man-years o f 

operation to the year 2000 w i l l be 23,100. Combined construct ion and 

operating work forces for the gaseous d i f fus ion plant would be approxi

mately 40,000 man-years. 
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8.2.1.2 Other biota 

Construction of industrial facilities results in permanent habitat altera

tion and/or loss of biota from the plant sites. As noted in Sect. 8.1.1, 

construction of 11 enrichment plants and 4 rotor fabrication plants 

through the year 2000 will require about 4000 onsite acres. The associated 

offsite power plants and transmission lines will require an additional 6000 

acres. The land area disturbed through the year 2000 by 702 model LWRs 

would amount to about 405,000 acres, plus up to 1,260,000 acres for trans

mission lines. The extent of loss of primary producers and of consumers 

from each area depends on the nature of the site. Destruction of an 

endangered species could represent an irretrievable commitment of a 

resource. Adherence to proper site-selection criteria minimizes potential 

threats to the ecological stability of the region. 

8.2.2 Aquatic 

I f adequate site-selection cr i ter ia are used and i f approved construction 

and operation practices are followed, no irretr ievable and minimal i r r e 

versible commitment of aquatic biota are expected to result from construc

t ion and operation of the specified enrichment plants, rotor fabrication 

plants, and LWR nuclear power plants through the year 2000. Aquatic sys

tems harboring endangered species should be avoided. Destruction of an 

endangered species could represent an irretr ievable commitment. Although 

an irretr ievable loss of some individual aquatic biota w i l l occur, aquatic 

ecosystems should not be irreversibly damaged as a result of construction 

and operation of the uranium enrichment f a c i l i t i e s . 



9. COST-BENEFIT ANALYSIS 

The economic, environmental, social, and technological costs and/or 

benefits for a single gaseous diffusion plant, a single gas centrifuge 

enrichment plant, and the entire enrichment program through the year 

2000 are discussed in this section. Economic costs have been quanti

fied where possible. Site-dependent factors that are not quantifiable 

are discussed on a qualitative basis. 

9.1 COSTS 

9.1.1 Economi c 

A summary of the economic costs and benefits (in 1975 dollars) for a 

single gaseous diffusion plant, a single gas centrifuge enrichment 

plant, and the entire program through the year 2000 is given in Table 

9.1-1. The cost of land for industrial use will vary from $500 to 

$1000 per acre in rural undeveloped areas, to several thousand dollars 

an acre in industrialized areas. Less industrialized areas have been 

the preference to date for enrichment plant sites. With a correspond

ing land cost of about $1000/acre and land requirements for facilities 

as noted in Sect. 2.5, the costs of land acquisition for the enrichment 

program through the year 2000 are estimated to total about $8 million, 

including $0.7 million for one gaseous diffusion plant, $7.0 million 

for 10 centrifuge enrichment plants, and $0.2 million for four rotor 

fabrication plants. 

The capital costs of the 11 enrichment plants and four fabrication 

plants are estimated to total about $33 billion through the year 2000. 

A single gaseous diffusion plant is estimated to cost $3 billion. The 

average cost of a single gas centrifuge plant over the program period 

is visualized at $3 billion while the cost of a rotor fabrication plant 

is $100 million. 

The annual cost of labor and material (except UF6 feed and power) for 

an 8.75 million SWU/year centrifuge enrichment plant and its pro rata 

9-1 



TABLE 9.1-1 

ECONOMIC SUMMARY 

Gaseous D i f f us i on P lan t 
(cost in mil l ions of 1975 dollars) 

One Gas Centrifuge Plant Entire Enrichment Program 
with Fabrication Plant Support" through the Year 2000° 

(cost in mi l l ions of 1975 dollars) (cost In mil l ions of 1975 dollars) 

Land acquisition 

Operating and maintenance costs 
including capital recovery" 
(power omitted) 

Feed costs 

Power costs 

Plant decommissioning cost 

R&D costs associated with potential 
future program improvements 

Increased costs to local government for 
the services required by local workers 
and their families 

Disruption of peoples' l ives caused by 
acquisit ion of land for plant sites 

Inf lat ionary rentals or prices and 
housing shortages result ing from 
sudden inf lux of personnel 

Congestion of local streets and 
highways 

Changes in real estate values in areas 
adjacent to proposed f a c i l i t i e s 

The value of enriched uranium produced 
(includes fees and separative work) 
9 S75/SWU and $20/lb feed as U308 

0.7 

357/year 

971/year 

260/year 

9 

2/year 

1.2/yeare 

Not quantif iable 

Not quantif iable 

Not quantif iable 

Not quantif iable 

1,627/year 

0.71 

421/year 

971/year 

26/year 

9 

2/year 

1.3/yeare 

Not quantif iable 

Not quantif iable 

Not quantif iable 

Not quantif iable 

1,627/year 

8 

42,300 

100,000 

6,500 

98 

210 

250e 

Not quantifiable 

Not quantifiable 

Not quantifiable 

Not quantifiable 

167,500 

ro 



TABLE 9.1-1 (CONTINUED) 

Gaseous Diffusion Plant 
(cost in millions of 1975 dollars) 

One Gas Centrifuge Plant 
with Fabrication Plant Support" 

(cost in millions of 1975 dollars) 

Entire Enrichment Program 
through the Year 2000* 

(cost in millions of 1975 dollars) 

Tax revenues to be received by local 
and state governments 

Operations payroll 

R&D benefits 

15 to 45/year 

26/year 

7/year 

15 to 45/year 

55/year 

7/year 

3,100 ave. 

5,200 

3.000 

Avai lab i l i ty of s i te personnel and 
equipment ( f i r e f i gh t ing , medical, 
radiological) to supplement local 
f a c i l i t i e s 

Not quantif iable Not quantifiable Not quantif iable 

Includes a pro rata share of an anci l lary rotor fabricat ion plant together with the uranium enrichment f a c i l i t y . 

Includes one gaseous dif fusion plant, four rotor fabrication plants, .and the ten gas centrifuge enrichment f ac i l i t i es in the program through 2000. 

"Capital recovery at 10% for 30 years. The capital costs of plant construction were assumed to be $3 b i l l i on for gaseous dif fusion and 
$3.04 b i l l i o n for gas centrifuge with i t s pro rata share of a rotor fabrication f a c i l i t y . Insurance costs are included. 

Power costs calculated at 12 mi l ls per kwhr. 

Data for individual plants do not include local government costs associated with construction workers. The cost for the entire enrichment 
program includes Tocal government costs associated with both operating and construction workers and their families as part of the local 
population. 

i 
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share of a fabrication plant is estimated to be $91 mil l ion while the 

annual cost of labor and material for a gaseous diffusion plant is con

siderably lower at $31 mi l l ion . The cost of insurance is estimated to 

amount annually to about 0.25% of the capital investment based on insur

ance cost experience of nuclear plants in the u t i l i t y industry and is 

therefore equal to about $8 mil l ion for a plant of either process. The 

annual costs, including capital recovery at 10% for 30 years as well as 

labor and material but excluding power, are $357 mil l ion per year for 

gaseous diffusion and $421 mi l l ion per year for a gas centrifuge plant 

with i t s pro rata share of a rotor fabrication plant. The annual feed 

cost at $56.65/kg of uraniuma as UF6 is estimated at $971 mil l ion for 

each enrichment plant. 

The annual cost of power at the centrifuge plant is $26 mi l l ion but 

gaseous diffusion power costs at $260 mi l l ion are greater by an order 

of magnitude. These costs are based on 12 mil ls per kWhr. 

Experience from ERDA's Oak Ridge Gaseous Diffusion Plant concerning 

operations and f a c i l i t y retirement planning indicates that the costs 

of decommissioning of enrichment plants after 30 years of operation 

w i l l be about 5% of the original construction cost. The procedures 

of the Office of Management and Budget require that future decommission

ing costs be discounted to obtain their present worth. When discounted 

at 10% back to the f inal year of construction, the costs incurred at the 

end of the operating period for the decommissioning of plants constructed 

through the year 2000 is about $98 mi l l ion . 

The staff assumes that most of the land to be acquired for construction 

w i l l be largely undeveloped or only semi developed, such as farmland or 

l i t t le-used government property. Consequently, the effects of land 

acquisition on the population l iv ing on the site ( i . e . , disruption of 

people's lives and the community) w i l l be small. 

Cascade feed is assumed here to be purchased as U308 (yellowcake) at 
$20/1b, and then converted to UF6 at a cost of $4.65/kg of uranium. 
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Increases in rentals or prices and the housing shortages resulting from 

a sudden influx of facilities workers will probably be greater during 

construction. A recent study indicates that up to 50% of the incoming 

construction workers on a project live in mobile homes and they tend to 

locate as near as possible to the work site. Trailer parks would un

doubtedly have to be established. The remaining construction workers 

and most of the technical and administrative personnel will probably 

occupy conventional housing. If there is a scarcity of this type of 

housing, employees can be expected to pay higher rentals and/or to 

commute from somewhat distant towns where living quarters are available. 

The rent increases and possible shortages in housing that might occur 

because of the enrichment program are also to some extent dependent on 

the existing status of home availability and occupancy in the site areas 

before the announcement of construction. 

Commuting workers and transportation of materials will cause congestion 

of local streets and highways resulting in inconvenience, time loss, and 

indirect costs to local residents. In addition, accidents and pollution 

will increase. Local congestion will be most severe during the construc

tion period. Here too, the cost of relieving congestion on local streets 

cannot be estimated without knowledge of the specific sites. 

The staff estimates that, during the first few years after the announce

ment of a new enrichment facility, the value of real estate in the vicinity 

of a plant might increase by 25 to 50% at a previously undeveloped rural 

site, but by only 0 to 10% in industrialized areas. The increases probably 

would be short-lived and, after a few years, real estate values would re

turn to the level that would have prevailed had there been no construction 

undertaken. 

9.1.2 Environmental 

The environmental impacts (costs) associated with the uranium enrichment 

program (Sect. 3, 4, and 8) are summarized in Table 9.1-2. Impacts are 

listed for a single 8.75 million SWU/year gas centrifuge plant with rotor 



TABLE 9 1 2 

URANIUM ENRICHMENT ENVIRONMENTAL COST SUMMARY 

Annual environmental costs - single plant* 

Population or resource affected 

1 Natural surface water body 
1 1 Total water intake volume (maximum) 

1 2 Impingement or entrapment of fish and other 

biota by cooling water intake 

1 3 Entramment and destruction of biota in cooling 
water 

13 1 Primary producers and consumers 

1 3 2 Fish eggs larvae and juveniles 

1 4 Discharge area and thermal plume 

1 4 1 Heat to water body 

1 4 2 Aquatic biota 
1 4 2 1 Community structure 
14 2 2 Fish migration and heat or cold 

shock 
1 4 3 Wildlife (including birds and aquatic or 

amphibious vertebrates) 
1 4 4 People (recreation and other water use) 

1 5 Chemical effluents 

1 5 1 Water quality chemical 

1 5 1 1 Blowdown effluents (chlorine total 
dissolved salts Cr Zn) 

15 1 2 Uranium recovery facility effluents 
<AI F U N 0 3 " ) 

1 5 13 Sewage treatment plant effluents 
(nutrients BOD etc > 

15 2 Aquatic biota 
15 3 Wildlife (including birds and aquatic or 

amphibious vertebrates) 
1 5 4 People (recreation and other water uses) 

1 6 Radionuclides discharged to water body0 

1 6 1 Quantity 
1 6 2 Dose to aquatic biotarf 

1 6 2 1 Aquatic plants 
1 6 2 2 Invertebrates 
1 6 2 3 Fish 
16 2 4 Waterfowl and muskrats 

1 6 3 Dose to people (total body) t f 

1 6 3 1 External (swimming) 
Individual 

Ons ite 

2 1 X 109 gal 

Minor at intake 

Gas 

velocities > 0 2 fps 

centr 

Minor <10% of population 
at low flow 

Minor 

2 X 10 1 2 Btu in 
615 0O0gpd 

Minor 
Minor 

Insignificant 

Insignificant 

ifuge 

Off site 

- 8 0 X 109 gal 

Moderate 

Moderate 

Minor severe 

5 X 101 2 Btu 

Moderate 
Minor severe 

Insignificant 

Insignificant 

Gaseous diffusion 

Flow from the holding 
pond 812 000gpd 

Minor 

Moderate 

Minor flow 230 000 
gpd 

Minor moderate 
Insignificant 

Minor moderate 

7 4Ci 

4 3millirads 
1 2 millirads 
3 4 millirads 
0 8mil l irad 

67 X 10 6 milhrem 

Flow from the holding 
pond 4 5 Mgd 

Minor moderate 

None 

Minor 

Moderate 

Minor 

8 0 X 109 gal 

Minor moderate 

Minor moderate <10% 
during low flow 

Minor severe 

2 X 101 3 Btu in 4 4 
Mgd 

Moderate 
Minor moderate 

Insignificant 

Insignificant 

7 1 Ci 

4 1 millirads 
1 1 millirads 
3 3 millirads 
0 8milhrad 

6 7 X 1 0 " 6 millirem 

- 7 4 5 X 10s gal 

Moderate severe 

Moderate severe 

Moderate severe 

4 X 101 3 Btu 

Moderate 
Minor severe 

Insignificant 

Insignificant 

Minor 

Minor 

Minor flow 112 000 

9Pd 
Minor moderate 
Insignificant 

Moderate 

None 

Minor 

Moderate 
Minor 

Total environmental costs 
through year 20006 

20 X 10 ' 2gal 

16 X 10 ' 5 Btu 

757 Cr 

N C * 
N C 
NC 
N C 

6 7 X 10 4 milhrem 



TABLE 9 1.2 (continued) 

Population or resource affected 

Annual environmental costs — single plant3 

Gas centrifuge Gaseous diffusion 
Tota1 environmental costs 

through year 2000* 

Population 
16 3 2 Internal (drinking) 

Individual 
Population 

1 6 3 3 Internal (eating fish) 
Individual 
Population 

1 7 Consumptive use (maximum) 

2 Groundwater 
2 1 Raising/lowering of groundwater levels 

2 2 Chemical contamination of groundwater 

2 3 Radionuclide contamination of groundwater 

3 Arr 

3 1 Noise of plant construction and operation 

3 2 Heat discharged to air from cooling towers 

3 3 Fogging and icing (caused by evaporation and 

drift) 

3 3 1 Transportation 

3 3 2 Vegetation damaged 

3 4 Chemical discharges to ambient air 

3 4 1 Air quality 

3 4 11 SO„, N0,< CO hydrocarbons and 

particulates 

3 4 12 Hydrogen fluoride 

3 4 2 Terrestrial flora and fauna 

3 4 3 People 

3 5 Radionuclides discharged to ambient airc 

3 5 1 Quantity 
3 5 2 Dose to people (total body) 

3 5 2 1 Immersion 
Individual (at boundary) 
Population (50 mile radius) 

3 5 2 2 Contaminated ground surface 
Individual (at boundary) 
Population (50 mile radius) 

3 5 2 3 Inhalation 

Individual (at boundary) 
Population (50 mile radius) 

3 5 2 4 Ingestion (terrestrial food chain) 
Individual 
Population 

3 5 3 Dose to terrestrial animals 
3 5 3 1 External 
3 5 3 2 Internal 

man rem 3 5 X 1 0 - 5 man rem 6 9 X 1 0 3 man rem 

9 8 X 1 0 " 4 milhrem 
9 8 X 1 0 " 3 man rem 

3 9 X 1CT4 millirem 
7 1 X 1CT3 man rem 

0 5 X 109 gal 

Insignificant moderate 

Minor 

Insignificant moderate 

Minor, 70 -90 dBA 

6 X 10 1 2 Btu 

Insignificant 

Insignificant 

0 

0 

0 

0 

1 8 X 109 gal 

Insignificant moderate 

Insignificant 

None 

Minor 

16 X 1012 Btu 

Insignificant minor 

Insignificant minor 

9 2 X 1 0 " 4 milhrem 
9 2 X 10~3 man rem 

38 X 1 0 " 4 millirem 
6 9 X 1 0 " 3 man rem 

6 2 X 109 gal 

Insignificant moderate 

Minor 

Insignificant minor 

Minor 

5 X 101 3 Btu 

Insignificant minor 

Insignificant minor 

0 

0 

0 

0 

17 OX 109 gal 

Insignificant moderate 

Insignificant 

None 

Minor moderate 

10 X 1013 

Minor, 15% increase in 
vicinity 

Minor, potential only 

0 1 millirem 
1 0 man rem 

0 04 
0 7 man rem 

572 X 109 g 

4 X 1015 Bt 

Minor, < 1 % of standards Moderate for coal fired 

facilities 

Minor, 4 4% of standard Minor 

Minor (local), <27% of Moderate (local) 
levels which affect 
sensitive plant species 

Negligible minor 

0 55C. 

3 9 x 1 0 - ' millirem 
7 4 x 10 man rem 

0 14 milhrem 
0 3 man rem 

0 03 millirem 
0 06 man rem 

0 13 millirem 
0 2 man rems 

- 3 9 x 10 millirem 
NC e 

Minor moderate 

5X 10~3 Ci 

nsignificant 
nsignificant 

nsignificant 
nsignificant 

nsignificant 
nsignificant 

nsignificant 
nsignificant 

nsignificant 
nsignificant 

Minor, < 1 % of standards 

Minor moderate, 20% of 
standard 

Minor severe, fluorides, 
particularly during 
episodic weather con 
ditions may affect 
sensitive flora outside 
the plant houndary 

Minor 

Same as gas centrifuge 

Same as gas centrifuge 

Same as gas centrifuge 

Same as gas centrifuge 

Same as gas centrifuge 

Same as gas centrifuge 

within 1000 m 

Moderate for coal fired 

power production facil 

Minor 

Moderate 

Minor moderate 

nsignificant 
nsignificant 

nsignificant 
nsignificant 

Insignificant 
.nsignificant 

Insignificant 
Insignificant 

Insignificant 
Insignificant 

4 0 x 1 0 millirem 
7 6 x 10~7 man rem 

14 millirems 
31 man rems 

3 millirems 
6 man rems 

13 millirems 
22 man rems 

- 4 x 10 ° milhrem 



TABLE 9.1.2 (continued) 

Population or resource affected 

Annual environmental costs - single plant3 

Gas centrifuge Gaseous diffusion 
Total environmental costs 

through year 20006 

4 Land 
4 1 Amount of land preempted (total for life of 361 acres* 

plan 

4 2 Plant construction 

4 2 1 People (amenities) Minor 
4 2 2 People (aesthetics) Minor 
4 2 3 Wildlife (habitat affected by construction) —430 acres 

4 3 Plant operation 

4 3 1 People (amenities) Minor 
4 3 2 People (aesthetics) Minor moderate 
4 3 3 Plants and animals (salt deposition from Minor localized 

cooling towers, pesticides and other 
chemicals) 

Minor moderate 
Minor moderate 
—240 acres 

Minor moderate 
Moderate 
Minor 

Insignificant minor 
Minor 
450 acres 

Minor 
Minor moderate 
Minor 

Moderate 
Moderate 
4,000 acres 

Minor moderate 
Moderate 
Minor, localized 

10,000 acres 

10,600 acres 

3Based on 8 75 million SWU/year plant and data in Tables 5 1 4 and 5 1 5 onsite includes gas centrifuge and rotor fabrication plants, offsite includes coal fired electricat generation plant, assumes site 
selection criteria in Sect 2 5 are adhered to for onsite facilities Definition of terms used to evaluate impact (in order of increasing seventy) none, insignificant, minor, moderate, and severe Costs classified 
as none, insignificant or minor are not likely to significantly affect the environment (i e , produce a measurable or visible alteration in the structure of the ecosystem) Effects classified as severe represent 
significant impacts that should be avoided, if at all possible Moderate impacts should be reviewed carefully on a site specific basis and may be found to be unacceptable in some instances 

Based on 102 plant years of operation through year 2000 
cDoses calculated in these sections constitute only a small percentage of background radiation (see Sects 3 1 2 2 and 4 2 3) 
^Assumes dilution of plant effluent m 1000 cfs river 
e N C - Not calculated 

"Text change in response to comment letter 22 (Nuclear Regulatory Con mission), p 5 
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fabrication facilities (both onsite and offsite) and for a gaseous 

diffusion plant (both onsite and offsite). The impacts associated with 

the entire enrichment expansion program are also listed. Onsite impacts 

include those attributable to the enrichment and rotor fabrication plants; 

offsite impacts are those attributable to the offsite electrical generat

ing facilities. Other potential offsite impacts associated with nuclear 

power plants fueled by the enrichment plants are not included here. 

Where possible, quantitative estimates of impacts are given; however, 

in most cases, evaluation of the impacts quantitatively is not possible. 

Qualitative judgments are listed in Table 9.1-2. The qualitative judg

ments assume that the siting criteria in Sect. 2.5 and the mitigating 

measures and effluent limitations in Sects. 3.1, 3.2, and 3.3 are ad

hered to during site selection, construction, and operation of the on-

site facilities. The assumption is that the offsite impacts due to 

electrical generating plants will be minimized by requirements to com

ply with local, state, and Federal air and water quality regulations. 

Generally, the more serious impacts are expected from operation of off-

site facilities. Of these, the potential adverse impacts of most concern 

are gaseous and particulate emissions associated with coal-fired power 

plants and land disruption associated with mining coal. 

Potential environmental impacts of most concern for uranium enrichment 

and rotor fabric?-ion plants include (1) community impacts due to in

creased traffic, etc. (also see Sect. 9.1.3), (2) impacts on water 

quality and aquatic biota due to nutrient and other liquid effluents, 

and (3) commitment of land for burial of radioactive waste. 

During construction, transportation of materials will result in congestion 

of local highways. Safety and pollution problems will be encountered and 

measures will be implemented to reduce these to an acceptable level. Dis

charge permits will be required for applicable effluents. The discharges 

will be monitored to ensure compliance with Federal, state, and local 



9-10 

regulations. A metropolitan area located within a reasonable distance 

of a plant site would aid in the absorption of construction and operat

ing personnel. A plant site in an isolated area would require provision 

for housing of workers and their families. Services provided are de

pendent on a plant site location. If the site is located near a metro

politan area, services should be available for workers and their families. 

In less populated areas, utilities and community services may have to be 

upgraded or provided. Noise should not have a significant effect beyond 

the plant boundaries. 

Overall, the environmental costs associated with the construction and 

operation of a single enrichment plant and associated facilities are 

judged by the staff to be within acceptable limits as long as the pre

viously discussed site-selection criteria, mitigating measures, and 

effluent limitations are maintained. There is difficulty, however, in 

making firm predictions of expected impacts in programmatic or generic 

evaluations. Reevaluation of the qualitative conclusions in this report 

on a site-specific basis for each proposed enrichment plant will be 

necessary, not only because site-specific data are needed for a full 

evaluation of potential impacts, but also because environmental con

siderations may change over the time period encompassed by the projected 

uranium enrichment expansion. 

9.1.3 Social 

Social costs that will be incurred due to construction and operation of 

enrichment facilities will vary significantly, depending on the location 

of the sites that are finally chosen. Locally and regionally, the social 

costs will depend on the number of workers to be employed, the salaries 

received by workers, the number of workers that can be drawn locally vs 

the number that need to be imported to the site, the number of persons 

that are to be displaced by construction, and the number and kind of 

services and the facilities needed to be provided to the workers and 

their families. 
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On a national level, these social costs will increase proportionally 

and have a direct impact upon the national economy. Social costs to be 

incurred will depend to a great extent on the selection of the sites and 

to what extent the local or indigenous communities will be capable of 

dealing with the influx of workers and their families from the construc

tion and operation of the facilities. 

9.2 BENEFITS 

9.2.1 Economic 

Based on a projected unit selling price for separative work of $75/SWU 

and $56.65/kg of uranium as UF6 as the cost of the necessary UF6 feed, 

the value of the enriched uranium produced in a single 8.75 x 106 SWU/ 

year enrichment plant will be $1627 million/year. 

Construction and operating manpower requirements have been presented 

in Sects. 2.3.1, 2.3.2, and 2.3.3 for fabrication, gas centrifuge, and 

gaseous diffusion plants. The payrolls over the course of the program 

to the end of CY 2000 are as follows: 

One gaseous Ten 
diffusion Four centrifuge Total 

enrichment fabrication enrichment enrichment 
Type of payroll plant plants plants program 

(millions (millions (millions (millions 
of dollars) of dollars) of dollars) of dollars) 

Construction 350 150 3500 4000 

Operating 400 1100 3700 5200 

The annual operating payroll for a gaseous diffusion plant would be 

$26 million while the annual operating payroll for a single centrifuge 

plant, including its pro rata share of a rotor fabrication plant opera

tions force, would be $55 million. The average annual construction pay

roll for either enrichment plant is estimated to be around $40 million 

with a peak payroll occurring for a period of a few months at a rate of 

about twice that much. 
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The assumption is made that gas centrifuge development programs during 

the program period result in plant improvements that produce about a 

1% per year increase in production, while a 1% increase in production 

occurs after the first year only with gaseous diffusion. The additional 

separative work produced in a single plant in the second year of opera

tion is worth about $7 million based on $75/SWL). For the entire program 

through the year 2000 the additional separative work gained is estimated 

conservatively to be worth $3000 million. 

There will be new jobs and increased local income resulting from purchase 

of goods and services locally. The staff estimates that there will be 

between 0.3 and 0.5 additional new jobs for ewery one new job at the 

enrichment plant. 

9.2.2 Technological 

Technology associated with the gaseous diffusion and gas centrifuge en

richment processes is expected to have spin-off applications in other 

industries to the extent that unclassified information can be made avail

able. The gaseous diffusion process has been used for over 30 years and 

most of the benefits from its development have already been achieved. 

The gas centrifuge process is still relatively new, and a greater poten

tial exists for future technological spin-offs from its further develop

ment; however, these future benefits cannot be projected at this time. 

9.2.3 Social 

The benefits that accrue from the construction and operation of the 

enrichment plant will vary, depending on the specific site in which the 

plant is located. At the national level, with the building of the 11 en

richment facilities, the plants will employ approximately 421,000 man-

years of labor. This will stimulate the local and national economies 

and in turn put more money back into the larger national economic system. 

The construction and operation of the facilities will not only create em

ployment on the site but will also create the need for support services 

and facilities that will again create employment for individuals within 
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METHODOLOGY AND ASSUMPTIONS USED IN 
ATMOSPHERIC TRANSPORT AND RADIATION DOSE CALCULATIONS* 

* 
This appendix was added in response to the following Comment letters: 

Comment letter 22 (Nuclear Regulatory Commission), p. 3. 
Comment letter 23 (Atomic Industrial Forum), p. 3. 
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Appendix A - Methodology and Assumptions Used in 
Atmospheric Transport and Radiation Dose Calculations 

The basic equation used to estimate atmospheric dispersion 1n AIRDOS 
2 3 

is Pasquill 's Equation as modified by Gifford: 

2ircyJzy ,J ] 
exp 

( i ) 

where 

X = concentration in air at the center line of a plume x meters 

downwind from the point of release (curies/m ), 

Q = uniform emission rate from the stack (curies/sec), 

y = mean wind speed (m/sec), 

a = horizontal dispersion coefficient (m), 

a = vertical dispersion coefficient (m), 

H = effective stack height (physical stack height, h, plus the 

plume rise, Ah) (m), 

y = crosswind distance (m), and 

z = vertical distance (m). 

The downwind distance, x, comes into Eq. (1) through a and a , 

which are functions of x as well as the atmospheric stability category 
2 

applicable during emission from the stack. Pasquill described six 

atmospheric stability categories ranging from A {yery unstable) to F 

(yery stable). Values for a and a as functions of x for each of 
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the local economy. This employment of individuals, development of 

services, stimulation of local and regional cultures, and processing 

of needed energy for the nation are all social benefits that may accrue 

from the facilities. To be more specific about the actual social costs 

that will arise is a difficult process, simply because the specific 

sites have not yet been chosen and the local social structures that are 

able to deal with the construction and operation of the facilities are 

not yet known. 

9.3 COST-BENEFIT BALANCE 

The eleven enrichment plants estimated to be in operation by the year 

2000 w i l l supply fuel for future nuclear power reactors with a combined 

electr ical generating capacity of about 1,100,000 MW. The cost-benefit 

balance of these nuclear power reactors under current regulations w i l l 

be evaluated on a unit-by-unit basis prior to approval of construction 

by the U.S. Nuclear Regulatory Commission. 

The major overall benefit of expanding U.S. uranium enrichment capacity 

is that i t w i l l allow nuclear power to remain a viable energy option for 

meeting the nation's future energy demands. Without this option, the 

nation would be placed in a position of having to simultaneously develop 

and commercialize a large number of new energy systems and risk increased 

reliance on foreign fuel supplies. 

The major economic benefits of the expansion of the uranium enrichment 

capacity through the year 2000 (in 1975 dollars) are: a total value of 

about $170 b i l l i on in enriched uranium produced; an increase of about 

$3 b i l l i on in state and local taxes (assuming private ownership of a l l 

new plants); and an overall operating payroll of about $5 b i l l i o n . 

There w i l l also be technological and social benefits. 

The major economic costs of expansion of the capacity through the year 

2000 (in 1975 dollars) are total operating costs of about $148 b i l l i on 

and increased costs to local governments of about $0.25 b i l l i o n . 
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Environmental costs include a total of 3900 acres of land committed for 

eleven enrichment plants through 2000. Ninety acres may be required for 

rotor fabrication facilities. Offsite land requirements are of the order 

of 10,000 acres. Consumptive water use by evaporation will amount to 

570 billion gallons (onsite facilities - 140 billion gallons; offsite 

facilities - 4 3 0 billion gallons) withdrawn from surface and groundwater 

supplies. Operation of eleven enrichment plants to the year 2000 (103 

plant years) would result in 66 man-rem total body radiation exposure 

for the assumed population distributed within a radius of 50 miles. 

Adverse social impacts can be mitigated by way of prudent site selection 

comDined with financial and other assistance to communities affected. 

Alternatives to the proposed plan for the expansion of enrichment capacity 

considered were: no expansion of enrichment capacity; the use of heavy 

water reactors; different ratios of diffusion and centrifuge enrichment 

plants; limiting enrichment services to U.S. requirements; alternate 

tails assays; and government ownership of all new plants. These alterna

tives were determined to be either more costly, undesirable, or to offer 

no significant differences from the proposed plan. 

If proper plant siting criteria and effluent control technologies are 

used, the overall socioeconomic and environmental costs of any mixture 

of diffusion and centrifuge enrichment plants, including unanimous 

selection of gaseous diffusion, will not exceed the benefits derived 

from supplying enriched uranium. 

After weighing the economic, technological, and social benefits against 

the economic, environmental, and social costs, and after considering the 

reasonably available alternatives and their benefits and costs, the staff 

concludes that the expansion of the U.S. uranium enrichment capacity 

should be undertaken. 
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the six original Pasquill categories are the most recent values recom

mended by the Air Resources Atmospheric Turbulence and Diffusion 

4 
Laboratory-

Three options are available in AIRDOS to estimate plume rise, Ah, 

for Eq, <!)» These are 
5 

1. Briggs' equations can be used to estimate plume rise 

resulting from huoyancy tor cases in which hot plumes 

are emitted from a stack. The rate of heat release 

from the stack and the average air temperature are 

required input data for this option. In addition, 

the vertical temperature gradient of the air for 

atmospheric stability categories E and F are required. 

2. The equation of Rupp et al. can be used to estimate 

plume rise caused by momentum of emitted stack gases. 

This equation is 

Ah * 1.5 vd/y (2) 

in which 

Ah - plume rise (m), 

v = eff luent gas velocity (m/sec), 

d - stack diameter (m), and 

y = wind velocity (m/sec). 

3. Plume rise is designated by the user for each of the six 

Pasquill atmospheric stability categories. 

Option (2} would usually be used for nuclear plants for which 

gaseous effluents are near ambient temperatures. Option (3) may be 

ussd if the user desires to compute plume rise by another formula. 
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For part of each year a stable layer of air will exist above a 

less stable layer. This effect, referred to as a lid, restricts 

vertical dispersion, and it results in a higher ground-level air 

concentration than would exist in the absence of a lid. It is assumed 

in the AIRDOS code that a plume is not affected by the lid until the 

downwind distance, x, becomes equal to 2x, , where x, is the value 

of x for which a = 0.47 L. (L is the height of the lid.) For 

greater values of x, vertical dispersion is restricted and the air 

concentration of the radionuclide is assumed to be uniform from 

ground level to the lid. 

Radionuclides released as particulates may be substantially 

affected by gravity during plume travel. A value for the gravi

tational fall velocity, v , for each radionuclide is required input 
y 

data. This value is zero for gases and usually zero for most par

ticulates. For dense or large particulates, however, a positive 

value is used for V , and this results in computing the plume to 

have a downward tilt. This is accomplished in AIRDOS by decreasing 

the effective stack height, H, in Eq. (1) by the expression V x/y. 

A built-in protection prevents the plume from going below ground 

level. 

Particulates will deposit on ground or water surfaces at a 

rate that is the product of their concentration in air at ground 

level and the deposition velocity (m/sec) as expressed by the equation, 

w(x,y) = V. X(x,y,o) (3) 
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where 
o 

w(x,y) = deposition rate (Ci/m sec), 

V. = deposition velocity (m/sec), and 

X(x,y,o) = air concentration of radionuclide at ground 

level (Ci/m3). 

Deposition velocities are dependent on surface characteristics. Measured 

values show wide scatter, averaging about 0.01 m/sec, a value often used 

for particulates for which reliable measured values are not available. 

It seems likely that particles which are falling as a result of gravity 

will deposit on surfaces at a rate at least as great as their rate of 

fall. It is recommended, accordingly, that any value used for the 

deposition velocity of a radionuclide be at least as great as its gravi

tational fall velocity. The 0.01 m/sec value is used in this study. 

Scavenging of radionuclides in a plume is the process through 

which rain or snow washes out particles or dissolves gases and deposits 

them on ground or water surfaces. The fraction of particles or soluble 

gases removed by scavenging from a vertical column of air per unit time 

during rain or snow is $, the scavenging coefficient. If $ has the 

units of sec" , the rate of deposition on tne ground or water surface 

is 

R = $Ch Ci/m2 sec (4) 

where 

C = the average concentration in the vertical column (Ci/m ), and 

h = the height of the vertical column (m). 
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of release to the point of consideration. An expression for the 

depletion fraction, Q'/Q» as a function of X, the downwind distance, 

can be derived from the general expression, 

* - / 
w(x,y) dy (5) 

for depletion of a plume per unit distance from the point of release. 

The deposition rate, w(x,y), is equal to v.X(x,y,o) [see Eq. (3)], 

where X(x,y,o) is equal to the expression of Eq. (1) with Q' substituted 

for Q, with the expression v x/y subtracted from H, the effective stack 

height, to account for gravitational fall, and with functions of x, 
A D 

x /C and x /F, substituted for a and a , respectively. After substi

tutions are made, the resulting expression is 

8x CL -/..A^w.D, 

(H-vx/u) 

/c)(x7F)u 
exp -

2(xA/C)2 2(//F) •;£'i U (« 

Integration of Eq. (5) leads to the depletion fraction: 

f}-= exp -©1/2 * r 
-i 

o (xD/F)exp(-(H-vgx/u)
2/3(xD/F)2) 

(7) 

Computer subroutines based on Simpson's Rule are used to esti

mate Q'/Q in Eq* (7) for dry deposition as a function of X» The 

exponential factor e~ is used to correct for plume depletion by 

scavenging processes. 
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The scavenging coefficient used in AIRDOS for each radionuclide 

is the sum of the washout, rainout, and snowout coefficients for 

particles or the coefficient for dissolving of gases in rain drops. 

The average concentration in the vertical column used in Eq. (4) is 

computed through the use of Eq. (1). The value of h is the distance 

from the ground to the bottom of the inversion layer (lid). A dis

cussion of methods used to estimate scavenging coefficients during 

the periods of rainfall (or snowfall) at the plant site can be found 
Q 

in Meteorology and Atomic Energy—1968. These scavenging coefficients 

must be averaged over a period of one year to be used in AIRDOS. The 

units of scavenging coefficients ( s e c ) as used in AIRDOS, therefore, 

described a continuous removal of a fraction of the plume per second 

over an entire year. A value of 2.0E-5 sec" was used in this study. 

The rate of deposition is the sum of the rate from dry deposition 

and the rate from scavenging processes; it is used as input for the 

terrestrial model to estimate internal 50-year dose commitments through 

ingestion of food produced in the area. Concentrations on ground 

surfaces calculated for a 50-year period of deposition are computed 

from radioactive decay constants and environmental decay constants to 

estimate gamma doses from surfaces. Measured values of environmental 

decay constants for most radionuclides are not available; the use of 

a value of zero for these cases results in conservative dose estimates. 

Depletion of the plume resulting from deposition processes is 

taken into account by substituting Q, the release rate in Eq. (1), 

by Q', a reduced release rate which is Q-D where D is the correction 

for the amount of radionuclide deposited by the plume from the point 
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AIRDOS makes use of Eq. (1) to compute annual average concen

trations in air and rates of deposition on ground and water surfaces 

for each of 16 compass directions emanating from the stacks of the 

facility. The annual frequencies for the 16 wind directions, true 

average and reciprocal-averaged wind speeds for each wind direction, 

and annual frequencies of the seven atmospheric stability categories 

for each wind direction are required as input data. The resulting 

concentrations from Eq. (1) are averaged over each of the 16 sectors 

and then converted to a square grid specification. 

Radioactive decay during plume travel is taken into account in 

AIRDOS, but doses from daughter buildup within the plume are not 

estimated. The user should examine the decay schemes of any short

lived radionuclides in the source term to ensure the absence of 

significant quantities of daughter products in the airborne plume 

which may contribute to dose. 

General Assumptions for Dose Calculations 

Immersion in Contaminated Air 

The individual is assumed to be exposed 100% of the time with 

no shielding from dwellings or other structures. Dose rate factors 

are given in Table A-l. 

Contaminated Ground Surface 

The individual is exposed 100% of the time and no shielding 

is assumed. Radionuclides are lost from the ground surface by 

radiological decay only. Dose rate factors are given in Table A-l. 
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Table A-l. Dose Rate Factors9 for External, 
Total Body Exposure Modes 

Radionuclide 

U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
Pu-239 
Np-237 
Tc-99 
Zr-95 
Nb-95 
Cs-137 
Ce-144 
Sr-90 

Immersion in Air 
(mrem/yr per yCi/cm3) 

1.59E7 
1.45E7 
1.36E7 
1.37E9 
1.17E7 
1.34E9 
1.05E7 
5.21E6 
7.45E8 
0 
6.45E9 
6.79E9 
0 
1.72E8 
0 

Contaminated 
Ground Surface 

(mrem/yr per yCi/cm2) 

2.94E4 
1.76E4 
2.60E4 
3.60E5 
2.40E4 
4.92E5 
2.13E4 
9.90E3 
1.62E5 
0 
1.13E6 
1.19E6 
0 
3.57E4 
0 

Reference number 10. 

Exposure to photons (no shielding). 

cExposure 3 ft above ground. 
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Inhalation 
3 

The individual takes in 20 m of a i r per day and 50-year dose 

commitments per year of intake are calculated. Dose rate factors 

are given in Table A-2. 

Ingestion 

All food is produced and consumed at the reference locations. 

Daily intakes from contaminated food are given in Table A-3. 

Assumptions for daily dietary intake are 0.25 kg vegetables, 0.3 kg 

meat, 1.0 % milk and 1.2 Jt water. Dose rate factors for ingestion 

are given in Table A-4. 



Table A-2. Dose Rate Factors3 for Inhalation Exposure Mode 
(rem/yCi) 

Reference Organ 
Radionuclide 

Total Body Bone Muscle Thyroid Liver Kidneys Spleen Testes Ovaries GI Tract Lungs 

U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
Pu-239 
Np-237 
Tc-99 
Zr-95 
Nb-95 
Cs-137 
Ce-144 
Sr-90 

7.33E0 
1.31E0 
1.33E0 
1.20E0 
1.23E0 
2.88E-4 
1.17E0 
1.59E2 
1.39E2 
4.92E-5 
1.60E-2 
4.47E-2 
3.24E-2 
6.50E-2 
2.22E-1 

1.05E2 
2.20E1 
2.11E1 
2.02E1 
2.02E1 
7.57E-4 
1.94E1 
6.56E3 
3.34E3 
1.23E-4 
6.17E-2 
1.31E-2 
6.07E-2 
1.20E0 
1.11E1 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

5.97E-2 
b 
b 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

3, 
8. 
1. 
2, 
7, 
7. 
4. 

b 
b 
b 
b 
b 
b 
b 

.10E2 
,96E2 
.82E-4 
.61E-2 
.53E-3 
.87E-2 
.91E-1 

b 

1.13E1 
5.13E0 
5.03E0 
4.72E0 
4.82E0 
3.57E-3 
4.41E0 
1.03E3 
6.76E2 
2.3E-3 
3.32E-2 
8.18E-3 
2.85E-2 
3.03E-1 

b 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

1.99E-2 
6.61E-3 
6.66E-2 

b 
b 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

4.27E-2 
3.56E-2 
3.56E-2 
4.27E-2 
3.56E-2 

b 
3.56E-2 
4.27E-2 
4.27E-2 
7.11E-3 
2.13E-2 
1.07E-2 
2.67E-2 
1.07E-1 
3.56E-2 

2.30E2 
5.50E1 
5.39E1 
5.06E1 
5.17E1 
7.08E-3 
4.73E1 
1.77E2 
5.39E1 
1.03E-1 
1.97E-1 
6.45E-2 
4.46E-1 
1.0IE0 
1.19E0 

50-year dose commitments from reference number 11. 

Same as total body value. 



A-l 2 

Table A-3. Daily Intake from Continuous Deposition of 
1 yCi/m2/daya 

Radionuclide 

U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
Pu-239 
Np-237 
Tc-99 
Zr-95 
Nb-95 
Cs-137 
Ce-144 
Sr-90 

Above Surface 
Foodb 

1.20 
1.20 
1.20 
1.20 
1.20 
0.42 
1.20 
1.20 
1.20 
1.20 
1.00 
0.87 
1.20 
1.15 
1.20 

Milkc 

0.31 
0.32 
0.32 
0.32 
0.32 
0.09 
0.32 
0.001 
0.003 
9.0 
0.001 
0.96 
8.30 
0.01 
1.18 

Meatd 

0.09 
0.09 
0.09 
0.09 
0.09 
0.001 
0.09 
0.017 
0.06 
0.07 
1.75 
7.80 
1.04 
0.17 
0.16 

Total 
(yCi/day) 

1.60 
1.61 
1.61 
1.61 
1.61 
0.51 
1.61 
1.22 
1.26 

10.27 
2.75 
9.62 

10.54 
1.33 
2.54 

aSteady state values reached in the environment, reference 
number 12. 

Daily intake is 0.25 kg. 

cDaily intake is 1.0 l. 

Daily intake is 0.3 kg. 



Table A-4. Dose Rate Factors3 for Ingestion Exposure Mode (rem/yCi) 

Radionuclide 

U-232 
U-233 
U-234 
U-235 
U-236 
U-237 
U-238 
Pu-239 
Np-237 
Tc-99 
Zr-95 
Nb-95 
Cs-137 
Ce-144 
Sr-90 

Total Body 

2.93E-1 
5.24E-2 
5.13E-2 
4.82E-2 
4.92E-2 
1.09E-5 
4.50E-2 
1.91E-2 
5.54E-2 
4.92E-5 
6.39E-6 
1.79E-6 
4.32E-2 
2.60E-5 
1.66E-1 

Bone 

4.15E0 
8.64E-1 
8.29E-1 
7.95E-1 
7.95E-1 
2.97E-5 
7.60E-1 
7.87E-1 
1.37E0 
1.23E-4 
2.47E-5 
4.98E-6 
8.09E-2 
4.81E-4 
8.31E0 

Muscle 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

7.96E-2 
b 
b 

Thyroid 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

Reference Organ 

Liver 

b 
b 
b 
b 
b 
b 
b 

1.06E-1 
1.19E-1 
1.82E-4 
9.12E-6 
3.39E-6 
1.10E-1 
2.05E-4 

b 

Kidneys 

4.43E-1 
2.02E-1 
1.98E-1 
1.85E-1 
1.90E-1 
1.40E-4 
1.73E-1 
8.12E-2 
4.12E-1 
2.3E-3 
1.33E-5 
3.27E-6 
3.80E-2 
1.21E-4 

b 

Spleen 

7. 
2. 
8. 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

.96E-6 

.64E-6 

.77E-2 
b 
b 

Testes 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

Ovaries 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

GI Tract 

6.47E-2 
6.47E-2 
6.47E-2 
6.47E-2 
6.47E-2 

b 
4.85E-2 
6.47E-2 
6.47E-2 
9.70E-3 
3.23E-2 
1.94E-2 
4.85E-2 
1.94E-I 
4.85E-2 

Lungs 

b 
b 
b 
b 
b 
b 
b 
b > 
b i 

1.55E-5 w 

b 
b 

1.24E-2 
b 
b 

50-year dose commitments from reference number 11 

Same as total body value. 
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COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT 

INTRODUCTION 

Written comments received on the draft statement are published in this 

appendix along with ERDA's response to the specific comments. Major lines 

of commentary involved nuclear power growth assumptions, the no gaseous 

diffusion plant alternative, plant security and sabotage, and the laser 

enrichment alternative. 

Several commentors expressed a desire for the inclusion of the latest 

figures on nuclear growth projections. They felt that recent downward 

revisions may delay the need for additional uranium enrichment capacity. 

The most recent forecasts, issued by the ERDA Office of the Assistant 

Administrator for planning and analysis in February 1975, have been 

included in the final statement. These figures indicate a downward trend, 

and reduce the number of 8.76 x 10 SWU/yr enrichment plants needed 

through the year 2000 from eleven to ten. However, these revised figures 

do not indicate that the next increment of enrichment capacity can be 

delayed, but only that a slight reduction in the nuclear growth rate 

is now projected. 

Other comments stated that the environmental statement should consider 

specially the no gaseous diffusion plant alternative, since the centrifuge 

process has a smaller environmental impact than the diffusion process. 

The draft statement did consider the mix eleven centrifuge plants to no 

diffusion plant, but did not consider it independent from the discussion 

on other possible combinations of gas centrifuge and gaseous diffusion 

plants. Since a large scale enrichment plant utilizing the gas centrifuge 

process has not yet been built, total dependence on the centrifuge process 

and the complete exclusion of the diffusion process is not justified. 

The discussion on various mixes of the two processes is written so that 

the reader can evaluate any given mix. 



Questions were also raised concerning security and safeguards, and two 

commentors requested a discussion on highly enriched uranium security 

and safeguards requirements. This discussion was provided using ERDA's 

Portsmouth Gaseous Diffusion Plant as a model facility. Additional 

information was also provided per commentors requests concerning the 

check and balance systems and the problems of sabotage. 

Comments also felt that the laser process of isotope enrichment should be 

considered as an alternative for the 1985-2000 time period. Laser isotope 

separation has the potential of being a low-power-consuming process; 

however, at this time there is not enough known about the process to 

evaluate it's environmental impact. Without a meaningful evaluation of 

it's environmental effects it was not felt that the laser process could 

be weighed against the other alternatives. 

NOTE: THE COMMENT LETTERS AND STAFF RESPONSES CONTAINED HEREIN ARE 

REPRODUCED FROM THE BEST AVAILABLE COPY. 



DEPARTMENT OF STATE 

Washington. DC. 20520 

BUREAU OF OCEANS AND INTERNATIONAL 
ENVIRONMENTAL AND SCIENTIFIC AFFAIRS 

July 31, 1975 

Dr. James Liverman 
Assistant Administrator 

for Environment & Safety 
ERDA 
Washington, D.C. 20545 

Dear Dr. Liverman: 

We have received your letter of June 30 which 
transmitted copies of the draft environmental impact 
statement on the expansion of US uranium enrichment 
capacity (ERDA 1543). The document has been reviewed 
carefully, and the Department has the following com
ments to make. 

Recognizing that the program for expanding US 
uranium enrichment capacity is aimed primarily at 
supplying domestic requirements (7 out of 11 project
ed plants), there nonetheless is a significant inter
national facet. 

One aspect is the concern often expressed in 
some fora about the alleged energy intensive nature 
of the export of enrichment services. In view of 
this, it might be desirable to include in this EIS 
a consideration of that issue. While there ob
viously is some export of energy involved in connec
tion with the provision of such services to other 
countries, it might be worthwhile to see a comparison 
of "the foreign trade benefits earned/energy consumed 
ratio in selected other high technology fields with 
that in the uranium enrichment area - particularly 
if, according to our impression, the ratio for the 
latter is not unfavorable in comparison to the former 

Viewing the foreign trade issue more broadly, 
quantification of trade benefits is briefly handled 
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in Section 2.4.1, and the data are repeated in Section 
5.1.3, where the alternative of expanding capacity 
only enough to supply domestic needs is considered. 
This issue is not, however, presented in enough de
tail to give a clear picture of the trade impact, either 
as a discrete trade issue or as part of the overall 
US balance of payments. 

This, in our view, would be particularly worth
while in Section 5.1.3, since the case for supplying 
foreign as well as domestic needs is rather weakly 
developed—both as to the economic advantage and the 
broader, nonquantifiable issues. (These latter, 
significant, issues are mentioned only in one brief 
paragraph). 

In a more editorial vein, we have several non
substantive comments on sections which have inter
national implications. These comments are set forth 
in the attachment to this letter. 

Sincerely, 

Lindsey Grant 
Director, Office of 

Environmental Affairs 

Enclosure: 
as indicated 
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Miscellaneous Comments on 
ERDA 1543 

Page 2.3-183, Footnote a — The definition of special 
nuclear material is not the general one for U-235 
under Title 10, but rather defines the criteria 
under which special physical security measures must 
be applied to U-235, as set forth in 10 CFR 73. 

Page 2.3-184, Para. 2, Line 1 — Although it may have 
been overlooked, we did not find the definition of 
an "effective kilogram". 

Page 2.4-1, Para. 3 —• The first sentence of this 
paragraph is confusing. To whom will the benefits 
of "potential electricity production" accrue — 
the U.S. or those using nuclear power abroad? The 
entire paragraph is so general in nature that it 
either should be dropped or amplified with more ex
plicit examples. 

Page 5.1-18, Para. 2, Line 11 — Should the last word 
of the sentence not be "feed" rather than "fuel"? 

Page 5.1-18, Para. 4, Line 5 — Safeguards are not 
directly provided for in the enrichment service 
contract, but rather through the intergovernmental 
agreement for cooperation which provides authority 
for the transfer of the enriched uranium (enrichment 
services), as required by the Atomic Energy Act. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Lindsey Grant, Director 
Office of Environmental Affairs 
Bureau of Oceans and International 
Environmental and Scientific Affairs 
Department of State 
Washington, D. C. 20520 

Dear Mr. Grant: 

This is in response to your July 31, 1975 letter which provided 
comments on the Draft Environmental Statement, Expansion of U. S. 
Uranium Enrichment Capacity (ERDA 1543). Sections 2.4.1 and 5.1.3 
have been given a careful review in light of your comments regarding 
the quantification of trade benefits' and modified in the final 
document as appropriate. A more comprehensive analysis of your 
concerns about the energy intensive nature of the export of enrich
ment services and trade benefits in general is provided in the Draft 
Environmental Statement, U. S. Nuclear Power Export Activities 
(ERDA-1542). This document, which was issued in August 1975, not 
only discusses enrichment services, but the impact of foreign trade 
on the entire uranium fuel cycle. 

We appreciate the review of ERDA-1543 and comments of the Department 
of State on the draft statement. Your miscellaneous comments have 
been incorporated in the final text and a copy of the final state
ment is enclosed. 

Sincerely, 

Jaipes L. Liverman 
j i s tan t Administrator 
for Environment and Safety 

Enclosures: 
As s ta ted 

•oUJT/O/v 

7 ^ e - i 9 i e 
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B A L T I M O R E G A S A N D E L E C T R I C C O M P A N Y 
G A S A N D E L E C T R I C B U I L D I N G 

B A L T I M O R E . M A R Y L A N D 2 1 2 0 3 

C H A R L E S A. P O W E L L 

CORPORATE DIRECTOR 

RESEARCH ACTIVITIES August 8 , 1975 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and Environmental 
Research 

U. S. Energy Research and Development 
Administration 

Washington, D. C. 205^5 

Dear Mr. Pennington: 

Thank you for forwarding to us a copy of the Draft Environ
mental Statement, Expansion of U. S. Uranium Enrichment Capacity, 
ERDA-IS^S* We have reviewed the document within our Company and wish 
to offer several supportive comments. 

We are of the opinion that this document has been carefully 
prepared and that all substantive issues are adequately discussed in 
a generic sense. As pointed out in the statement, specific sites and 
conditions will be individually evaluated in light of unique circum
stances, and thus should be capable of satisfactory resolution on a 
case-by-case basis. It appears that the significant considerations have 
been adequately identified, and a basis provided for determination of 
individual site suitability. 

We endorse the fundamental statement of need for expanded 
uranium enrichment facilities in the nation. It seems clear that our 
near- and mid-term electric power needs can logically be supplied only 
by increased usage of nuclear power and coal, with both being necessary. 
On this basis, we strongly support the expansion of uranium enrichment 
facilities to assure the availability of uranium fuel for future reactors. 

The proposed mix of diffusion and centrifuge plants is a 
reasonable one. While gaseous diffusion is a well-proven technology, 
the centrifuge process has the advantages of size flexibility and 
drastically reduced electric power requirements. In view of current 
difficulties in constructing new power plants, the latter is not an 
insignificant consideration. It is also apparent that the option of 
constructing smaller plants is attractive from the standpoint of capital 
requirements, especially in the early stages of commercializing the gas 
centrifuge enrichment technology. 
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Mr. W. H. Pennington - 2 - August 8, 1975 

It is interesting to.note that private industry is responding 
to the concept with solicited and unsolicited proposals. We view this 
as an indication of industry's conviction that the need is real, and 
that viable commercial enterprises can be established. The position taken 
by ERDA in the subject Statement should be helpful in moving such a 
program forward on a timely basis, and we are hopeful that Government 
and private industry will find appropriate technological and economic 
bases upon which the effort can be launched. 

We believe that our nation should be in a position to provide 
for its own energy needs to the greatest extent possible. The enrichment 
capability for expanded nuclear power generation is certainly a component 
of such self-sufficiency and should weigh heavily in our overall energy 
plans. Having seen what comes of dependence upon foreign oil, we should 
not make the mistake of imposing any such influences on our nuclear 
generating capability. We should, therefore, provide additional enrich
ment capacity to satisfy our own national needs and, preferably, to 
permit future exports of uranium enrichment services. 

Very truly yours, 

CAPrclm 
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UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASHINGTON. D.C. 20545 

Mr. Charles A. Powell 
Corporate Director Research Activities 
Baltimore Gas and Electric Company 
Gas and Electric Building 
Baltimore, MD 21203 

Dear Mr. Powell: 

This is in response to your letter of August 8, 1975 providing comments 
on the Draft Environmental Statement, Expansion of U.S. Uranium Enrich
ment Capacity, ERDA-1543. We agree with your observation that construc
tion of gas centrifuge enrichment plants smaller than the 8.75 million 
SWU/yr size discussed in the statement does have attractive features. 
The environmental statement only evaluated the 8.75 million SWU/yr plant 
because it would have a greater impact on a hypothetical site and thus 
the worst case impact would be evaluated. Of course, a small plant 
would have a smaller site impact, but we feel that the cummulative impact 
of uranium enrichment expansion through the year 2000 would not be greatly 
affected by the size of individual centrifuge plants. 

We appreciate your review of the draft statement and your comments on 
the need for uranium enrichment capacity expansion. A copy of the final 
statement is enclosed. 

Sincerely, 

imes L. Liverman 
ssistant Administrator 
for Environment and Safety 

Enclosures: 
As stated 

' -^6-191* 
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OEOTHERMAL. ENERGY INSTITUTE 
tOOO NORTH POINT - RM. 1704 

SAN FRANCISCO. CA 041 OB 

DONALD F. X. F INN 
MANAQINO DIRECTOR 

August 8, 1975 

United States Energy Research and Development Administration 
Washington, D. C. 20545 

Attention: W. H. Pennington, Mail Station E-201 

RE: Draft Environmental Statement in respect of proposed 
expansion of U. S. Uranium Capacity ERDATT1543 

Gentlemen: 

We have reviewed ERDA's draft environmental statement and 
make the following comments for your consideration: 

1. ERDA proposes the construction of 11 enrichment plants 
at a cost of $3 Billion each. 

The economic costs and benefits of these plants is not 
clear to us. 

We suggest that the cost of uranium fuel be detailed in 
a simple table which sets forth the projected costs of: 

U308 
UFg Conversion 
Enrichment 
Fabrication 
Spent Fuel Shipment 
Reprocessing 
Waste Management 
Fuel Inventory Carrying Charge 

Total Nuclear Fuel Cost: 

2. The economic summary at page 9.1.2 does not clearly present 
economic costs. We query the $20/lb assumption made for yellowcake OIOQ)• 
A 7/8/75 sale was reported at $30/lb. 

UFg Conversion costs are not clearly stated. At page 9.2-1 
an estimated $56.65/kg is used for UF6, which at $20/lb for yellowcake 
would seem to assume a $5.68/lb cost for conversion. At $30/lb UFg costs 
would come to $78.60/kg, assuming a $5.68/lb cost for conversion. 

3. $75/SWU as a projected cost for separative work seems 
questionable. $100/SWU prices are projected by Barron's, 7/7/75, 
"uranium Enrichment". 

4. We also query the assumption of power costs which are 
calculated only at 12 mills per KNH. We calculate that power costs may 
cost 26 - 30 mills per KWH. Alternate cases should be considered. 

5. Since costs are set foirth in 1975 dollars a projected 
rate of inflation should be stated and assumed in projections of actual co 
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GEOTHERMAL ENERGY INSTITUTE 

6. The analysis of Future Energy Demand at 2.1.4 ff seems wanting in 
style of presentation and in substantive analysis. 
We refer generally to Rand Corporation's remarks included in Dr. 
Seaman's Findings of 6/30/75 in respect of the FES for the Breeder 
Reactor Program. 

7. Our basic view of the statement is that it inadequately sets forth 
a reviewable analysis of economic costs for nuclear power so that 
they may be weighed not only in terms of competing technologies 
but in judging the usefullness of the cost-benefit analysis of the. 
kind presented in the statement. 

8. If private industry is to build and operate enrichment plants, we 
believe some sonsideration of insurance costs should be considered. 

We appreciate the opportunity to share our views with you. 

"**v Sincerely yours, 

Donald F.X. Finn 
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UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASHINGTON. O.C. 20545 

Mr. Donald F. X. Finn 
Managing Director 
Geothermal Energy Institute 
1000 North Point, Room 1704 
San Francisco, California 94109 

Dear Mr. Finn: 

This is in response to your letter of August 8, 1975 in which you 
provided Geothermal Energy Institute comments on the Draft Environ
mental Statement, Expansion of U.S. Uranium Enrichment Capacity, 
ERDA-1543. 

Many of the comments you made were incorporated as.text changes in 
the final statement while others are specifically addressed in the 
enclosed staff response. 

We appreciate your response to our request for comments on the draft 
statement and your interest in ERDA programs. A copy of the final 
environmental statement is also enclosed. 

Sincerely, 

: L. Liverman 
Assistant Administrator 

for Environment and Safety 

Enclosures: 
1. Staff responses 
2. ERDA-1543 

CA.UT/0/̂  
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ERDA Staff Response To Comments By 
Geothermal Research Institute 

1. Light Water Reactor power costs have been estimated in ERDA-33, Nuclear 

Fuel Cycle, and are as follows: 

Cost Component Mills/KWH 

Uranium Feed 0.82 

Uranium Enrichment 1.07 

Fuel Fabrication 0.27 

Spent Fuel Transportation 0.43 
and Reprocessing 

Waste Treatment, Storage 0.05 
and Disposal 

Fuel Inventory Carrying 0.87 

Charge (@15%) 

Plutonium Credit (0.49) 

Fuel Cost 3.02 

2. It is clear, as suggested by your query as to the cost of feed, electric 

power and separative work used in preparation of ERDA-1543, that it is difficult 

to predict costs which will prevail in the 1980's. Since it is impossible 

to defend any assumption of 1980 prices, a brief discussion as to the basis of 

the values used for each of these items is given. The feed costs, power costs, 

and value of enriched uranium entries presented in Table 9.1-1 of ERDA-1543 

may, of course, be adjusted for other cost assumptions by merely multiplying 

the cost entry by the unit cost (of feed, power, or separative work) desired 

and dividing by the base unit cost used in preparation of the table. 

The ERDA [Division of Nuclear Fuel Cycle and Production] has made a survey of 

average uranium prices expected to be paid under procurement contracts as of 

July 1, 1975. The results of this survey are contained in GJO-108(75), issued 

by the ERDA Grand Junction Office, Grand Junction, Colorado. On page 47 

of this report, a price of $19.20/pqund is given for U 0g delivered in 1932. 

Projected prices for new contracts are also reported on page i \ Hare it 

is seen that projected prices under new contracts have increased dramatically 

with the price of some uranium expected to rise as high as $40/lb ^-.0- in 

the early 1980's. 

* John A. Patterson, Chief, Supply Evaluation Branch, Division ^' Nuclear 
Fuel Cycle and Production, LKDA, Washington, D.C., October 197: 
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It would seem from the above that the $20/lb U_0 cost used in ERDA-1543 

remains a reasonable figure under procurement contracts. On the other 

hand, material purchased under new contracts might well exceed this 

figure by a significant amount. 

3. The $75/SWU cost of separative work figure used in ERDA-1543 is based 

upon the UEA estimate released in a paper given at the ANS-CNA joint 

meeting in Toronto, Canada, in April 1975 by Mr. Ashton J.. O'Donnell, 
* 

Bechtel Corporation. In his paper Mr. O'Donnell stated that UEA projects 

a separative work cost of $73/SWU (based on January 1974 cost figures) for 

a 9 x 10 SWU/yr diffusion plant coming on stream in 1983. The $75/SWU 

figure of ERDA-1543 is a "rounded" version of this estimate. We consider 

this a reasonable estimate to use based upon current dollar value. 

4. Recent estimates of electric power for delivery in the mid-1980's 

expressed in 1975 dollars range from 10 - 16 mills/kw-hr. Although one 

might argue for the use of 13.0 mills, the median of this range, che 12 

mill cost does not appear to be an unreasonable figure for use in ERDA-

1543. 

5. Costs are set forth in 1975 dollars in order to provide an unambiguous 

basis for comparing alternatives- Future rates of general cost escalation 

are unknown, and for purposes of the environmental statement no useful 

purpose is served by speculating what these rates might be, since all 

alternatives would be proportionately affected. Such projections must 

be attempted, of course, for budgeting and financial planning, but these 

are not purposes of the environmental statement. 

Ashton J. O'Donnell, Bechtel Corporation, "Uranium Enrichment Associates 
Status and Plans," Presented at ANS-CNA Joint Topical Meeting on ̂ crsir.ercial 
Nuclear Fuel Technology - Today, Toronto, Canada, April 30, 1975. 
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6. Section 2.1.4 has been revised in an attempt to clarify future energy 

supply and demand requirements. 

7. Further economic data has been provided to aid in your review of the 

cost-benefit analysis. 

8. Insurance costs have been included in Section 9.1.1 as suggested in your 

letter (annually ̂  0.25% of the capital investment - "Guides for Economic 

Evaluation of Nuclear Reactor Plant Design," NUS-531, January 1969). 
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FEDERAL POWER COMMISSION 
W A S H I N G T O N , D.C. 20426 

AUG 131375 

Dr. James L. Liverman 
Assistant Administrator for 
Environment and Safety 

Energy Research and Development 
Administration 

Washington, D. C. 20545 

Dear Dr. Liverman: 

This is in response to your letter dated June 30, 1975, requesting 
comments on the NRC Draft Environmental Statement, Expansion of U. S. 
Enrichment Capacity, ERDA-1543. 

These comments by the Federal Power Commission's Bureau of Power 
staff are made in compliance with the National Environmental Policy Act 
of 1969, and the August 1, 1973, Guidelines of the Council on Environmental 
Quality, and are directed to the need for expansion of enrichment capacity 
as it relates to the adequacy of electric power supply. 

In preparing these comments, the Bureau of Power staff has considered 
the Draft Environmental Statement and its own analyses and projections of 
electric demand and the availability of energy sources to satisfy the 
demand. Because of the considerable uncertainties which are inevitably 
present in such long term projections, the comments are expressed in 
general terms. 

Coal and uranium are the most abundant domestic energy resources and 
are expected to be the major sources of electric power for the rest of 
this century. The industry's plans now call for a doubling of coal use 
by 1985, a goal, however, which the Bureau of Power believes may be 
difficult to achieve, considering the problems of opening new mines and 
of increasing coal transport capabilities. Beyond 1985, there will be 
even greater difficulties in expanding the rate of coal production and 
use. Consequently, the Bureau considers that the most rapid possible 
growth of nuclear power to 1985 and beyond is essential to ensure an 
adequate electric power supply without excessive dependence on oil. 
Because the existing U. S. enrichment plant capacity is already fully 
committed to existing or planned reactors, additional enrichment capacity 
is required to sustain the needed growth in nuclear power. Although 
commercial availability of the fast breeder, reactor will eventually reduce 
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Dr. James L. Liverman 

the demand for increments of enrichment capacity, the additional enrichment 
capacity will allow utilities to continue to commit nuclear power plants 
during the next two decades. 

In Table 5.1-1, projections are given of installed electrical 
capacity and generation for 1985 and 2000. The figures for 1985 are 
within the range of current Bureau of Power staff estimates. However, 
the figures for 2000 appear to be on the low side, representing an 
annual growth rate of only 2.4% per year between 1985 and 2000 and some 
20% below the minimum growth case considered by the staff in recent years. 

The Bureau of Power concludes that, even at low rates of electric 
power growth, additional enrichment capacity is essential to maintain 
an adequate national electric power supply to the end of this century. 

Very truly yours, 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. T. A. Phillips, Chief 
Bureau of Power 
Federal Power Commission 
Washington, D. C. 20426 

Dear Mr. Phillips: 

This is in response to your letter of August 13, 1975 providing the 
Federal Power Commission comments on the Draft Environmental 
Statement, Expansion of U.S. Uranium Enrichment Capacity, ERDA-1543. 

The installed capacity and electrical generation shown in Table 5.1-1 
is not a projection but a scenario which reflects a limitation on 
nuclear power growth after 1985 which could result from failure 
to provide additional domestic uranium enrichment capacity. This 
assumed limitation of a major electricity source, coupled with an 
accelerated use of coal for synthetic fuels production as well as 
generation of electricity, leads to a slower rate of growth since 
other sources of electricity may not be able to compensate for the 
lack of nuclear power growth. This low electrical growth character
istic is also prevalent in scenarios which reflect aggressive 
conservation efforts. 

Your agency's concurrence with ERDA's program to expand domestic 
enrichment capacity in view of the projected need for nuclear 
energy to provide electric power needs during the remainder of 
this century is appreciated, and a copy of the final statement 
is enclosed for your information. 

Sincerely, 

L. Liverman 
Assistant Administrator 
for Environment and Safety 

Enclosure: 
As stated 

7^6-i9i* 
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DEPARTMENT OF AGRICULTURE 
OFFICE OF THE SECRETARY 

WASHINGTON. D. C. 2 0 3 5 0 

August 14, 1975 

Mr. James L. Liverman 
Assistant Administrator for Environment & Safety 
U.S. Energy Research and Development Administration 
Washington, D.C. 205/*5 

Dear Mr. Liverman: 

In response to your letter of request dated June 30, 1975, the Depart
ment of Agriculture has reviewed the draft environmental impact state
ment, ERDA 15^3, entitled "Expansion of U.S. Uranium Enrichment Capacity.' 
We have the following comments for your consideration. 

While we find the subject EtS to be a sophisticated and well written 
treatment of the routine impacts of the construction and operation of 
uranium enrichment plants, the discussion of the potential impact of 
catastrophic accidents and the problems of storage of radioactive wastes 
should be significantly expanded to permit the reader to assess the 
potential impact on soils, agricultural use of soils, and land use 
patterns. As an example, we are unable to determine what the effects 
on people, land use, and crop production would be i.f a tornado devastated 
a uranium enrichment plant located in an area of prime agricultural lands. 

Also, this EIS, by virtue of its brief treatment of energy alternatives, 
appears to presume that nuclear fission is the optimum solution to fill 
the "now to 2000" energy gap. Since this debate is still open, we 
believe that a much greater depth of treatment of all energy alternatives 
is needed to enable the reader to assess the total comparative impacts 
on land, people, and culture of the different energy alternatives. 

Additional specific comments are included as an enclosure to this letter. 
We appreciate the opportunity to review the statement and hope these 
comments will be useful. 

Sincerely, 

Acting Coordinator 
Environmental Quality Activities 

Enclosure 
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Specific Comments 
on 

Expansion of U.S. Uranium Enrichment Capacity 

1. Page 1-6, paragraph 1 - "Potential adverse effects due to erosion and 
surface water siltation can be held to acceptable levels by using adequate 
mitigating measures." It would be desirable to be more specific as to how 
the adverse effects from erosion and surface water si 1 tat ion wi11 be held 
to acceptable levels. Consider the following: 

"Erosion and sedimentation can be held to acceptable levels by 
applying various combinations of the following practices: 

1. select land where drainage patterns, topography, and 
soils are favorable for the intended use. 

2. fit the development to the site and provide for erosion 
control in the.site development plan. 

3. develop tracts in small workable units on which construction 
can be completed rapidly so that large areas are not left 
bare and exposed for long periods. 

k. grade at a minimum and remove only undesirable trees 
wherever possible. 

5. control runoff and convey it to storm sewers or other 
outlets so it will hot erode the land or cause offsite 
damage. 

6; protect critical areas during construction with mulch 
or temporary cover crops and with mechanical measures 
such as diversions and prepare outlets. 

7. construct sediment basins to detain runoff and trap 
sediment during construction. 

8. provide for safe offsite disposal of runoff, which 
includes the increased runoff resulting from construction. 

9. establish permanent vegetation and install erosion 
control structures as soon as possible. 

2. Page 1-11, paragraph 1, last line - What does "continue into future 
generations" mean? The statement would be improved if an estimate of 
the years or centuries involved were stated: In light of the leakage 
of stored wastes at Hanford, Washington, in only 30 years, this becomes 
a significant consideration. 
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3. Pages 2.3-27 and 2.3-91 - Paragraph is well written, but the last 
sentence could be more specific. ". . . before being discharged to the 
environment . . . ." This might be reworded "before being discharged 
into natural waterways, streams, and rivers." 

**• Page 2.3~69 - Clarify what effect, if any, the rupture of a l^-ton 
cylinder of UF^ and the other accidents involving release of radioactive 
materials would have on croplands and resulting food produced in the 
vicinity of an enrichment plant. 

5. Page 2.3-129, paragraph 1 - Consider adding the following: 
Select sites for sanitary landfills to help insure that surface and 
underground pollution of soil and water will not occur in the disposal 
area. Underground water movement on areas with unfavorable soil 
characteristics may make a site unsuitable. 

6. Page 3-2-82, paragraph 1 - Can it be stated why this material must 
be classified? We recommend at a minimum that the effect on productivity 
of croplands in plant vicinity be stated clearly. 

7. Page h.1-1, paragraph 3 - "During construction of these facilities 
an unknown amount of timber destruction and soil erosion will result." 
Consider rephrasing this to read: During construction of these facilities, 
timber destruction will be held to a minimum and erosion will be reduced 
by (1) using soils that are suited for development, (2) leaving the soil 
bare for the shortest time possible, (3) reducing the velocity and 
controlling the flow of runoff, (A) detaining runoff on the site to trap 
sediment, and (5) releasing runoff safely to downstream areas. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, O.C. 20545 

Mr. David J. Ward 
Acting Coordinator 
Environmental Quality Activities 
Department of Agriculture 
Washington, D. C. 20250 

Dear Mr. Ward: 

This is in response to your letter of August 14, 1975 providing 
Department of Agriculture comments on the Draft Environmental Statement, 
Expansion of U. S. Uranium Enrichment Capacity, ERDA-1543. 

The alternatives section has been modified as a result of your comments 
as well as others received in this area. 

The use of land for burial grounds at the enrichment plant should not 
be a deterrent to eventual return of the surface for general use. The 
contaminants projected for burial are "low level", so that permanent 
retention of the burial area is not expected to be necessary. A complete 
analysis of burial ground disposition can only be performed at or 
near completion of its use. 

The effects of a tornado accident on land use, crops, etc., have 
been included in section 3.2.1.7. Accidents postulated to release 
radioactivity will have less impact on land use, crops, etc., than the 
tornado accident as now described in the text. Significant effects 
of both radioactive and non-radioactive deposition are expected to be 
limited to the buffer zone and thus not affect land use. 

Your comments concerning erosion control measures are appreciated and 
these measures are presented in section 3.1.1. 

We are not free to provide additional information concerning accidental 
releases from process buildings because it involves classified material 
relating to uranium enrichment technology. 

'^e-1916 
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Mr. David J. Ward 2 

It is hoped that the Department of Agriculture will maintain an 
awareness of ERDA programs and will continue to provide us with 
input concerning our programs in which USDA has an interest. 

Sincerely, 

nes L. Liverman 
ssistant Administrator 
for Environment and Safety 

Enclosure: 
As Stated 
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Rockwell 
International 

August 13, 1975 In reply refer to 75AT-4859 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and Environmental Research 
Energy Research and Development Administration 
Washington, D.C. 20545 

Dear Mr. Pennington: 

Thank you for your letter of June 30, 1975, inviting our comments on 
ERDA's Draft Environmental Statement, Expansion of U.S. Uranium Enrich
ment Capacity, ERDA-1543. 

We have reviewed the statement generally and believe it gives a compre
hensive coverage of the enrichment problem and its possible environmental 
impacts. While the major emphasis of our activities in the nuclear area 
deal with the LMFBR rather than LWR's, we recognize the importance of the 
LWR in meeting our near-term energy needs, and the urgency in moving ahead 
with the nuclear option. The impending shortage of enrichment capacity 
represents a serious threat to the exercise of this option, and we welcome 
this statement as an essential step in addressing this serious problem. 

Sincerely, 

. ̂  .'I jv«r»\v\Av-» 
S. F. Iacobellis 
President 

kjs:3/8 

Atomic* International Division 
8900 Oe Soto Avenue 

Canoga Park. California 91304 
(213) 341-1000 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mr. S. F. Iacobellis 
President 
Atomics International Division 
Rockwell International 
8900 De Soto Avenue 
Canoga Park, California 91304 

Dear Mr. Iacobellis: 

Reference: 75AT-4859 

Enclosed is a copy of the Final Environmental Statement, Expansion of U.S. 
Uranium Enrichment Capacity, ERDA-1543. The final document has been 
modified in response to comments received on the draft environmental state
ment. These modifications include an expanded section on plant security and 
sabotage and the inclusion of the latest nuclear growth projections. 

We appreciate your review of the draft document and the comments provided in 
your August 13, 1975 letter. 

Sincerely, 

J^mes L. Liverman 
ssistant Administrator 
for Environment and Safety 

Enclosure: 
As stated 
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Omaha Public Power District 
1 6 9 3 HARNEY OMAHA. NEBRASKA SS102 TELEPHONE 6 3 8 - 4 0 0 0 AREA CODE 4 0 2 

August 13, 1975 

Ser: 75-RC-211 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical & Environmental Research 
U. S. Energy Research and Development Administration 
Washington, D. C. 20545 

Dear Sir: 

This is in response to your le t te r dated June 30, 1975. 

The Energy Research and Development Administration's Draft Environmental 
Statement, Expansion of U. S. Uranium Enrichment Capacity, ERDA-1543, 
has been reviewed and we are in agreement with the conclusion that the 
expansion of the U. S. uranium enrichment capacity should be undertaken. 

We also note that the conclusions of ERDA-1543 are also substantiated by 
recent studies of the Atomic Industrial Forum. 

Sincerely yours, 

' M. S. Blair 
Division Manager 
Environmental & Regulatory Affairs 

MSB:cb 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mr. M. S. Blair 
Division Manager 
Environmental and 
Regulatory Affairs 

Omaha Public Power District 
1623 Harvey 
Omaha, Nebraska 68102 

Dear Mr. Blair: 

Enclosed is a copy of the Final Environmental Statement, 
Expansion of U.S. Uranium Enrichment Capacity, ERDA-1543. 
The final document has been revised, in response to 
comments received on the draft environmental statement. 

We appreciate your review of the draft document and your 
concurrence with need for an expansion of U.S. uranium 
enrichment capacity as noted in your letter of 
August 13, 1975. 

Sincerely, 

L. Liverman 
ss is tant Administrator 
for Environment and Safety 

Enclosure: 
As stated. 
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* flfllliftl \ DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 
'* 1*1f |i * * L 0 S A N 0 E L E S A R E A OFF'CE 
* l l l l l l l l °* 2500 WILSHIRE BOULEVARD, LOS ANGELES, CALIFORNIA 90057 

""'J-uo • > ' August 13, 1975 
REGION IX 

450 Golden Gate Avenue 
P.O. Box 36003 

San FrancUeo, Cali fornia 94102 IN REPLY REFER TO: 

9.2SE - Terence Kinq 
Telephone: 688-5824 

Mr. W. H. Pennington 
Office of the Assistant Administrator 

for Environment and Safety 
Mail Station E-201 
U.S. Energy Research and Development Administration 
Washington, D.C. 20545 

Dear Mr.Pennington: 

Subject: Comments on the Draft Environmental Statement 
"Expansion of U.S. Uranium Enrichment Capacity" 
(ERDA-1543) 

The Statement was prepared in support of ERDA's administrative 
action related to expansion of the U.S. uranium enrichment capacity 
and the President's message and legislative proposal sent to Congress 
on June 26, 1975. The Statement attempts to describe the reasonably 
foreseeable environmental, social, economic, and technological 
costs and benefits of an expansion of U.S. enrichment capacity 
through the year 2000, and the reasonably available alternatives to 
such expansion. 

We have no specific comment to make as a result of our review of the 
Statement, but would appreciate the opportunity to review and comment 
on the Draft Environmental Impact Statements for specific planned 
sites in the future. 

Sincerely, 

/ / .' . 

( \ 

,John E. Bonkoski 
Environmental Clearance Officer 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. John E. Bonkoski 
Environmental Clearance Officer 
Department of Housing and 
Urban Development 

Los Angeles Area Office 
2500 Wilshire Blvd. 
Los Angeles, CA 90057 

Dear Mr. Bonkoski: 

This is in response to your letter of August 13, 1975 commenting on the 
Draft Environmental Statement, Expansion of U.S. Uranium Enrichment Capacity, 
ERDA-1543. The final environmental statement has taken into account 
comments received on the draft, and a copy of the final is enclosed for 
your information. If it becomes necessary for ERDA to expand its enrichment 
capacity, the Department of Housing and Urban Development will be given the 
opportunity to comment on any specific site statements prepared. 

We appreciate your review of the draft environmental statement. 

Sincerely, 

y? 
lades L. Liverman 

[Assistant Administrator 
for Environment and Safety 

Enclosure: 
ERDA-1543 

'^e-itf* 
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PHILADELPHIA ELECTRIC COMPANY 

2301 MARKET STREET 

PHILADELPHIA. PA. 19101 

1215)841-4000 
J. L. EVERETT 

PRCSIDCNr 

August 15, 1975 

Mr. W. H. Pennington 
Office of the Assis tant Administrator 
for Environment and Safety 

Mail Station E-201 
U.S. Energy Research and Development Administration 
Washington, D.C. 20545 

SUBJECT: Draft Environmental Statement 
Expansion of U.S. Uranium 
Enrichment Capacity, ERDA-1543 
Dated June 1975 

Reference: Letter W. H. Pennington, ERDA Assessments 
and Coordination Officer, to J. L. Hankins, 
Vice President, Philadelphia Electric Co. 
dated June 30, 1975, Subject as above. 

Dear Mr. Pennington: 

We are pleased to submit the following comments in response to 
reference letter concerning the Draft Environmental Statement, Expansion 
of U.S. Uranium Enrichment Capacity, ERDA-1543: 

1. We concur with ERDA's staff conclusion given in Section 1.9, Cost-
Benefit Analysis, that after weighing the economic, technological, 
and social benefits against the economic, environmental, and social 
costs, and after considering the reasonably available alternatives 
and their benefits and costs, that the expansion of the U.S. uranium 
enrichment capacity (up to one gaseous diffusion plant and 10 gas 
centrifuge plants in operation by the year 2000) should be undertaken. 

2. We also concur with the statement given in Section 5.1.3 that -
"Based upon the relatively minor environmental impact of reducing 
the total number of future enrichment plants from 11 to 7, and the 
economic and security implications of not providing enriched uranium 
for foreign reactors, this alternative is. not considered desirable." 

3. We wholeheartedly endorse the current ERDA policy which favors private 
ownership of all new enrichment plants with ERDA maintaining the 
capability to provide these plants should industry's efforts not be 
adequate (Reference Section 5.1-23). Industry should concentrate 
its main effort to construct and own the gas centrifuge enrichment 
plants. 
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We would hope that the U.S. Nuclear Regulatory Commission will 
actively pursue a policy that leads to an orderly processing of 
license applications for construction and operation of enrichment 
plants without undue delays. 

We appreciate the opportunity to present our comments . 

Sincerely, 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. J. L. Everett, President 
Philadelphia Electric Company 
2301 Market Street 
Philadelphia, PA 19101 

Dear Mr. Everett: 

This is in response to your letter of August 15, 1975 providing Philadelphia 
Electric Company comments on the Draft Environmental Statement, Expansion 
of U.S. Uranium Enrichment Capacity, ERDA-1543. The statement has been 
revised to take into account comments received on the draft statement, and 
a copy of the final statement is enclosed for your information. 

We appreciate your company's agreement with ERDA's program to commercially 
expand domestic enrichment capacity in view of the projected need for nuclear 
energy to provide electric power needs. It is hoped that the Philadelphia 
Electric Company will maintain an interest in ERDA programs and will continue 
to provide input to us. 

Sincerely, 

L. Liverman 
jistant Administrator 
for Environment and Safety 

Enclosure: 
ERDA-1543 
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CEifaTAR 
associates 
369 Passaic Avenue • Fairfield, 
New Jersey 07006 • (201) 227-4662 

August 15 , 1975 

• • * 

W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and 
Environmental Research 

United States Energy Research and 
Development Administration 

Washington, D.C. 20545 

Dear Mr. Pennington: 

CENTAR Associates appreciates the opportunity you have afforded us 
to review and comment upon ERDA's June 1975 Draft Environmental 
Statement on "Expansion of U.S. Uranium Enrichment Capacity." We 
have an active interest in participating in ERDA's cooperative 
program for the development of private centrifuge enrichment 
facilities and are pleased to offer our suggestions for possible 
improvements in your commendable draft statement. 

The Environmental Statement assumes the construction of one gaseous 
diffusion enrichment plant of 8.75 million SWU/year capacity and 
ten gas centrifuge plants each of 8.75 million SWU capacity. The 
assumed size of the gas centrifuge plants does not appear to us to 
be realistic. 

Our own studies, as well as those performed by ERDA and others, in
dicate that a centrifuge plant size in the area of 3 million SWU/ 
year is economically viable and technically desirable. We have 
proposed to build a plant of that size under a cooperative arrange
ment with ERDA. The smaller size presents many attractive advant
ages. It represents a lesser financial investment, encouraging 
increased competition. The modular type of construction both 
permits construction increments that keep pace with customer re
quirements and places little penalty on a 3 million SWU size as 
compared to a 9 million SWU size. The smaller size lends itself to 
the desirable objective of regional plants sited in proximity to 
markets and serves to reduce the adverse social and environmental 
impacts of the individual plants. 

We believe that it would be a far more likely assumption that 
centrifuge plants constructed during the next decade, at least, 
will be of a substantially smaller size than 8.75 million SWU's. 
It seems essential to us that the Environmental Statement recognize 
this objective fact and discuss the significantly different environ
mental and social impacts that would flow from a plant of the smaller 
size. 
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ssociates 
W. H. Pennington - 2 - August 15, 1975 

Some of the impact categories in which we would expect to find 
significant differences are: 

Land use - a smaller land area required for the individual 
plant, but probably a larger area overall for the 
increased number of plants. 

Construction impacts - reduced water use at each site; 
a shorter construction period and smaller work force 
with less strain on community facilities. 

Operation impacts - reduced thermal releases and water 
consumption; lesser impacts on aquatic life by way 
of impingement and entrapment; lower levels of 
radioactive discharge; reduced releases of biocidal 
liquid waste, chemical gases and nutrient chemicals. 
The smaller work force would reduce the burden on 
community facilities; but tax and payroll benefits 
to the community would be reduced. 

Off-site impacts - reduced power requirements (about 80 MW 
instead of 240 MW) would reduce the need for construc
tion of new electrical generation facilities with 
their inherent adverse environmental impacts. 

While the aggregate environmental impact of thirty smaller-sized 
enrichment plants, as contrasted to ten large plants, would prob
ably not be significantly different, the important consideration 
is that the impact of any one smaller plant would be significantly 
less and the impacts, both favorable and unfavorable, could be 
spread evenly in all sections of the country. 

Our main concern in this regard is that the ERDA programmatic 
impact statement is likely to become the base reference point for 
the environmental impact statements that will be required for the 
NRC licensing of individual plants and that the assumed 8.75 million 
SWU plant may not be an appropriate reference for the much smaller 
plants that will be in the licensing process for the near future at 
least. 

Section 2. We consider the discussion of the relationship of the 
uranium enrichment program to the U.S. energy economy in Section 2.1 
to be of considerable importance. We believe that public under
standing would be enhanced if a broader summary and introduction 
were added at the beginning of this Section that would detail the 
assumptions underlying the discussion and the approach used in the 
analysis of enrichment service supply and demand. 
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associates 

W. H. Pennington - 3 - August 15, 1975 

Section 5 Alternatives 

The alternative of "No expansion of enrichment facilities" is 
discussed in Section 1.5 and Section 5.1.1. Because of the im
portance placed on this alternative, we believe that Section 1.5 
should summarize in more detail the analysis and conclusions of 
Section 5.1.1 and that the discussion of alternative non-nuclear 
energy systems in Section 5.1.1 itself should be expanded. Sim
ilarly, in dealing in Section 5 with assumed non-nuclear alterna
tives, it would be quite helpful if a summary and introduction 
were added to indicate clearly the basis for the alternative 
assumptions. 

Section 5.1.1 discusses the alternative of "No expansion of en
richment facilities," but does so only in terms of sacrificing the 
nuclear power alternative as an energy source. There is, of course, 
another alternative - to rely on foreign sources of enrichment 
services. While we would deplore such a course of action as being 
disastrous to the economic and political interests of the United 
States, it is a fact that there are foreign enrichment facilities 
in operation and major expansions planned, that U.S. utilities 
have seriously discussed supply arrangements with foreign enrichers 
and that this possibility receives at least occasional public at
tention. We would agree that this is not a desirable alternative 
but, in the interest of completeness of coverage we believe it 
merits discussion. 

Section 5.1.2 discusses "Other combinations of gas centrifuge and 
gaseous diffusion plants," but appears to focus on the effects of. 
having more than one diffusion plant. In the light of the continued 
successful development of the centrifuge process in ERDA's develop
ment program and the additional time afforded for evaluation and 
proof of the process as a result of the significant reductions in 
projected enrichment requirements for the early 1980's, we believe 
there is today another viable alternative - to rely entirely on 
centrifuge enrichment to meet future requirements. In view of the 
substantially more adverse environmental consequences of the gaseous 
diffusion plant and its associated electric power supply facilities, 
as concluded in the draft Environmental Statement, we urge that the 
EIS treat specifically the "no gaseous diffusion" alternative. 

The discussion of "Government Ownership of all new enrichment plants" 
as an alternative in Section 5.1.5 indicates the staff's conclusion 
that, regardless of new plant ownership, the generic environmental 
effects and anticipated benefits of the expansion are not signifi
cantly different. While we agree with this conclusion, there are 
of course some difference in the economic and social impacts under A 
Government ownership that we believe merit some discussion. ™ 
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associates 
^ W. H. Pennington - 4 - August 15, 1975 

The laser process of isotope separation has received a great deal 
of public attention recently. The optimistic predictions of its 
potential for more efficient utilization of uranium at substantially 
reduced cost have caused many to question the desirablity of in
vestment in new ventures that will use currently available, but 
potentially obsolescent, enrichment technology. Section 2.2.5.1, 
discussing laser separation, concludes that a minimum of five to 
ten years will be required for development of a viable process and 
that it cannot be considered as a practical alternative "for the 
near future". The laser is not mentioned however, in the discussion 
of alternatives. Since the draft Environmental Statement covers 
enrichment requirements for the balance of this century and beyond, 
we believe it would be desirable, in the light of the favorable 
environmental impacts predicted for that process and recent an
nouncements of technical advances; to discuss the laser process as 
an alternative in this time frame, particularly with respect to 
whether it presents a realistic alternative for the supply of the 
requirements of enrichment services projected for the 1985-2000 
time period. 

Cost-Benefit Balance 

Section 9.3 states that the major overall benefit of expanding 
enrichment capacity is that it will allow nuclear power to remain 
a viable energy option. We agree. We believe, however, that, in 
the context of a cost-benefit analysis, it is equally important 
that consideration be given to the potential economic advantages 
to be gained by using nuclear generation rather than fossil-fuel 
generation. There is overwhelming support for the belief that 
the existing very substantial economic advantage for nuclear power 
will continue into the indefinite future. In our view, a complete 
and objective cost-benefit analysis should give due consideration 
to this important impact on the national economy. 

Other Comments 

Section 3.2.3 states that demonstration centrifuge plants will be 
1 to 3% the capacity of full-scale (8.75 million SWU) plants, giving 
a demonstration plant size of roughly 90 to 270 thousand SWU capacity. 
The ERDA Request for Proposals of June 26, 1975 envisions proposals 
for plants in the range of 1 million to 3 million SWU/year. It seems 
highly improbably that any smaller plant will be built. It appears 
that the discussion of demonstration plants in the draft EIS should 
indicate that the concept of a small demonstration plant is obsolete. 

•

In the comparative cost-benefit analysis of gaseous diffusion plants 
vs. centrifuge plants in Section 9.1.1, it is not clear that the 
"overall operating costs" of diffusion plants do not include power 
costs. We recommend that this be made completely clear. 
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associates 

W. H. Pennington - 5 - August 15, 1975 

We will appreciate your consideration of our suggestions in your 
development of the final environmental statement and will be 
available to discuss our comments if you so desire. 

Very truly yours, 

j* : A M ^/-j '" ,. • i 

Vincent V. Abaj ian 
Co-Chairman 

WA:oh 

cc: Mr. R. Chambers, 
Atlantic Richfield 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mr. Vincent J. Abajian 
Centar Associates 
369 Passaic Avenue 
Fairfield, New Jersey 07006 

Dear Mr. Abajian: 

We appreciate your review of the Draft Environmental Statement, Expan
sion of U.S. Uranium Enrichment Capacity, ERDA-1543, and the comments 
provided in your August 15, 1975 letter. The document has been revised 
as a result of comments received on the draft statement. A modifi
cation was included to recognize the likelihood of smaller centrifuge 
plants than the nine million SWU plant described and evaluated. A 
revision to describe a three million SWU size plant was not made for 
several reasons. It is likely that the first addition to U.S. uranium 
enrichment capacity will consist, at least in part, of a 9 million 
SWU gaseous diffusion plant as has already been proposed by private 
industry. Evaluation of a 9 million SWU gas centrifuge plant enables 
direct comparison of the environmental impacts of the two approaches. 
It is also felt that a 9 million SWU gas centrifuge plant is the 
largest that is likely to be built and thus the maximum environmental 
impact is evaluated in ERDA-1543. It is possible to make a reasonable 
assessment of the effects of a 3 million SWU gas centrifuge facility 
by considering 33% of the effects of the 9 million SWU plant as those 
of a 3 million SWU plant. 

The alternatives section has also been expanded in response to your 
comments. Specifically, the nonnuclear alternatives have been expanded 
and the economic and social impacts under government ownership have 
been included. The alternative of utilizing foreign enrichment services 
has not been discussed because of uncertainties over foreign enrichment 
capabilities and the likelihood that the U.S. will remain a net exporter 
of enrichment services. The no gaseous diffusion plant alternative 
has been considered in the discussion of possible combinations of gas 
centrifuge and gaseous diffusion plants. At this time the assumed mix 
of one diffusion plant and ten centrifuge plants appears to be the most 
probable combination because of the necessity to build two 9 million 
SWU plants as the next increment of U.S. uranium enrichment capacity 
and it is felt that the centrifuge industry can not reliably provide 
machines for the concurrent fabrication of two centrifuge plants. 
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Mr. Vincent J. Abajian - 2 -

An assessment of laser enrichment in the alternative section is not 
considered practical at this time since the laser program has not 
developed to the point where it can be evaluated as a viable alternative. 

Concerning the cost-benefit analysis, while we agree that nuclear power 
may retain an economic advantage over fossil power, we do not feel 
it appropriate to evaluate nuclear versus fossil power beyond that 
already evaluated in the alternatives section. It is not within 
the scope of ERDA-1543 to justify nuclear power but to evaluate the 
enrichment portion of the uranium fuel cycle. 

In response to your other comments, you were correct in pointing out 
that the demonstration plants discussed in the draft of ERDA-1543 are 
no longer planned. Section 2.3.5 has been altered to clarify the 
present situation. Additionally, the narrative under Section 9.1-1 
have been revised to affirm the fact that power is not included in 
the quoted annual (operating) costs. 

Your comments have been valuable in the development of the final 
environmental statement and two copies of the final statement are 
enclosed for your information. 

Sincerely,. 

//James L. Liverman** 
r Assistant Administrator 

for Environment and Safety 

Enclosures: 
ERDA-1543 (2) 
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August 13, 1975 

Mr. W.H. Pennington 
U.S. Energy Research'and Development 
Admini st rat i on 

Washington, D.C. 205^5 

Dear Mr. Pennington: 

We appreciate the opportunity to comment on the Draft Environmental 
Statement (DES), Expansion of the U.S..Uranium Enrichment Capacity. Congres 
Watch is a public interest group which has expressed a continuing concern 
over the growth of nuclear power and its accompanying risks to the general 
public. We will begin our comments with a general summary and then make 
detailed comments with reference to specific sections of the DES. 

Sincerely, 

James Cubie 
John Wasilczyk 
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GENERAL SUMMARY 

ALTERNATIVES TO EXPANDING ENRICHMENT CAPACITY 

One of the major issues of any environmental statement is whether this 

impact is necessary at all. The DES does a credible job of making a rough 

estimate of the general environmental impact of the proposed uranium enrichment 

plants but is totally inadequate in its discussion of whether this expansion 

program is necessary at the present time. The DES correctly recognizes that 

the main alternative to building new enrichment plants is to limit the growth 

of nuclear power plants in the U.S., however, the statement does not give the 

alternative the careful treatment it deserves in either sections 2.1 or 5.1. 

Instead, basea upon the limited nuclear power scenario in ERDA-^8, A National 

Plan for Energy Research, Development and Demonstration, the draft summarily 

concludes that limiting nuclear power is not a viable alternative for two 

reasons: l) ERDA argues that even with rapid development of non-nuclear energy 

sources the future demand for energy cannot be met without an unacceptable 

level of oil imports. 2) ERDA claims that even if alternative technologies 

could be developed to meet energy demand, their cost would be much higher than 

nuclear technology and therefore economically undesirable. 

In fact, both of these conclusions are untrue and neither is supported by 

the limited treatment found in the draft statement. The impact statement 

presents the conclusions of the limited nuclear power scenario IV of ERDA-48 

without adequate discussion of its assumptions or methodology. By referring to 

ERDA-U8, one finds that ERDA failed to include one major energy source (energy 

saved with conservation) in its limited nuclear development scenario, and thus 

created the misleading impression that limiting nuclear energy development was 

an unrealistic goal at best and foolhardy at worst. If ERDA's own estimate of 
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the energy savings from conservation and improved efficiencies in devices 

(from its Conservation Scenario I) are added to ERDA's limited nuclear power 

scenario, estimated oil imports under the combined limited nuclear power and 

conservation scenario are reduced by 1,600 million barrels of oil in 1905 

and the country is energy independent by the year 2000, only five years later 

than under ERDA's recommended plan. One must conclude from this that the 

limited nuclear scenario with conservation is certainly feasible from a 

technological point of view. Since this is really the only alternative to at 

least some expansion of uranium enrichment capacity, the environmental impact 

of pursuing this alternative must be given more attention than in Section 5 

of the DES. The Environmental Statement should, at the very least, carefully 

examine the probability of achieving the energy supply levels of the limited 

nuclear power scenario as listed in Table 5.1-1 and give specific estimates 

based on recent studies. Reference to the evaluations done by the AEC in 

PFES-LMFBR, v.Ill is not sufficient since those evaluations were heavily 

criticized and performed before solar energy was given equal priority with 

the breeder reactor and fusion programs. Those evaluations also ignored recent 

studies which examined the feasibility of energy technologies such as solar 

thermal, ocean thermal, windpower, geothermal and coal gasification. These 

studies, which will be discussed in more detail below, have indicated that 

non-nuclear energy technologies can become cost competitive with nuclear 

power much faster than assumed in this environmental statement. We may well 

be better off developing these technologies instead of spending $35 billion 

for enrichment plants and even more for the accompanying reactors. 

The DES should also provide specific estimates of the economic cost of 

achieving Scenario IV with conservation included and compare its resulting 

environmental effects with the total effect of the nuclear power fuel cycle 
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including the possibility of accident. The DES simply does not do a thorough 

enough job on this issue. 

PROJECTIONS OF ENERGY DEMAND AND NUCLEAR POWER GROWTH 

The second area that deserves comment is the energy demand projections 

and the predicted growth of nuclear power plants. These projections, taken 

from WASH-1139, a report done by the AEC in early 197^, are clearly much too 

high compared to recent estimates as admitted by the DES on p. 2̂ .1-15. Even 

the lowest AEC prediction for nuclear capacity growth, Case A, is much too 

high since it predicts 850,000 MWe of nuclear power by the year 2000 while 

the June 1975 EKDA-it8 Report estimates that only M8,000 MWe will be built by 

2000 in its recommended Scenario V, The DES uses the AEC's medium case, Case D, 

to predict separative work requirements but Case D's estimate of nuclear 

capacity (1,090,000 MWe) is more than twice as high as in ERDA-1+8. The actual 

growth of nuclear power has always been substantially slower than official 

estimates so perhaps even the most recent ERDA-lt8 estimates are too high. The 

point is that the DES does not deal at all with more realistic growth projections 

and how they would affect the proposed expansion of uranium enrichment capacity. 

There may not be any need for the enriched uranium to be produced by the new 

enrichment plants if the estimates of nuclear growth are too high. Perhaps 

actual nuclear growth could be achieved with merely a further expansion of 

existing enrichment plants. These issues greatly affect the cost-benefit 

analysis, of Chapter 9 but are completely ignored in the DES. Furthermore, 

realistic estimates of nuclear capacity growth indicate that we have more time 

in which to make this decision. In fact, if the.S.W.U. capacity of our present 

expanded enrichment plants was used solely for U.S. power pi ants, under ERDA-W 

projections we would not need a new enrichment plant until the 1990!s. ^ B * 
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COST-BENEFIT ANALYSIS 

The third section of the environmental statement which needs extensive 

revision is the cost-benefit analysis in Section 9. The DES takes a simplistic 

approach, merely tabulating the various costs of the proposed program and 

then comparing these costs to the total potential benefits in order to conclude 

that there is a net gain. A true cost-benefit analysis must compare the costs 

and benefits of building the proposed eleven enrichment plants with the costs 

and benefits of other alternatives which would ultimately provide the same 

portion of society's energy needs. These alternatives can be divided into two 

categories: A) non-nuclear methods of providing the same amount of energy which 

would involve no expansion of uranium enrichment capacity, such as conservation, 

coal power plants, solar or geothermal power plants, and B) alternative schemes 

providing for nuclear growth, such as further expanding present gas diffusion 

plants, using plants of a different size than suggested, using a different mix 

of enrichment technologies such as six centrifuge and five laser plants, etc. 

The DES does consider the costs of some of these alternatives in Section 

5 but this is not adequate since the benefit may be quite different from the 

proposed program. An adequate cost-benefit analysis should show not only that 

the recommended approach has a net benefit but that it is substantially better 

than any of the alternatives. The cost-benefit analysis in the DES simply 

avoids this entire area. 

TREATMENT OF NUCLEOTIDE RELEASE AND RADIOACTIVITY EXPOSURE 

Finally, a few specific comments will be made on various sections in 

Chapters 2.3, 2.U, and 3 which describe hypothetical facilities and estimate 

environmental effects of regular operation and hypothetical accidents. 
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COMPLIANCE WITH NEPA REQUIREMENTS 

It is our opinion that the Draft Environmental Statement - Expansion of 

U.S..Uranium Enrichment Capacity does not comply with the requirements of NEPA 

as determined by the CEQ guidelines. The draft does not examine the feasibility 

of alternatives in a comprehensive and objective manner nor does it meet the 

standard of a rigorous exploration and objective evaluation of the environmental 

impact of these alternatives. The Draft Environmental Statement fails to 

provide sufficient information for meaningful assessment of the expansion 

program particularly in the projections of future need for enriched uranium 

and in the cost-benefit analysis. Finally, although it makes a fair attempt 

at estimating the approximate environmental impact of the proposed enrichment 

plants, its treatment of nucleotide release and radioactivity exposure from 

accidents is inadequate. 

SPECIFIC COMMENTS 

2.1.^.2. Need for Nuclear Power 

5.1.1.1.1. Description (Limitation of nuclear power) 

These sections describe the main alternative to the proposed enrichment 

plants, limiting the growth of nuclear power to the plants presently built or 

planned to be built before 1985. The sections are completely inadequate 

because they summarily conclude that this limitation of nuclear power is not 

a viable option. Actually, a close examination of ERDA-U8 shows that this 

alternative is quite feasible and therefore deserves much closer consideration. 

We agree with the DES that this alternative is essentially the same as Scenario 

IV of ERDA-^8. However, we do not agree with ERDA's conclusion that Scenario IV 

proves that limiting nuclear power is highly risky and must lead to greatly 

increased oil imports. This conclusion can only be reached by stacking the 
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deck against limited nuclear power by using a scenario which develops alternative 

sources but fails to include the crucial effects of conservation. Nuclear power 

critics have always coupled their advocacy of limitation of nuclear power with 

advocacy of the development of both conservation technologies and alternative 

energy sources in order to replace the energy supplied by nuclear power. 

The DES gives a general description of ERDA-^8 and its various scenarios 

but merely presents the conclusions of Scenario IV without discussing the 

actual assumptions used in calculating this scenario. In developing the plan, 

ERDA used six major scenarios to examine alternative long range strategies in 

meeting our energy needs and these are listed below: 

Scenario 0 (S-0) - No new energy initiatives 

Scenario I (S-I)- - Conservation and improved efficiencies in end use 
Scenario II (S-Il) - Emphasis on coal and oil shale 
Scenario III (S-IIl) - Intensive electrification and nuclear power 
Scenario IV (S-IV) - Nuclear power limited to 200 reactors 

Scenario V (S-V) - Combination of all technologies 

ERDA's conclusion was that all scenarios resulted in unacceptable levels of 

oil imports except for S-V, which could lead to energy independence by the year 

1995. However, one key assumption was made in the scenarios which created this 

result. S-l included extensive conservation but no accelerated development 

of energy resources while S-II to S-IV each had extensive acceleration of some 

energy technologies but minimal conservation. Only S-V included the necessary 

combination of conservation and accelerated development of energy resources. 

This study has combined the conservation effects of S-I with the accelerated 

development of non-nuclear sources used in the limited nuclear power scenario 

S-IV. ERDA's Reference Energy System (RES) techniques and the data presented 

in Appendix B of ERDA-U8 were used to accomplish the combination. The modified 

limited nuclear power scenario S-IV A is based primarily on the RES diagrams 

for S-IV in ERDA-U8, Figs. B-9 and B-10. The data for improved efficiency 
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technologies were obtained from the RES diagrams of the conservation scenario,^ 

S-I, Fig. B-3 and B-U. It was then substituted into S-IV in the following w a y ^ 

1) Increase transport efficiencies (autos, trucks, trains, aircraft) to 
levels of S-I. 

2) Decrease residential and commercial energy demand by better air 
conditioners, furnaces, appliances, etc. as in S-I. 

3) Use increased decentralized conversion efficiencies as in S-I. 
k) Add use of'waste heat and waste products. N.B. (l-U are also done 

in S-V, ERDA's recommended approach.) 

KEY AREAS IN REDUCTION OF OIL USE 

In each of these areas, inclusion of the improved efficiencies of the 

conservation scenario S-I into the limited nuclear power scenario S-IV results 

in substantial savings of oil in the modified limited nuclear power scenario 

S-IVA. 

A. Transport - Including improved efficiencies saves 2.08 quads of oil 
in 1985 and 6.75 quads in 2000 and is quite realistic. For example, 
ERDA's S-IV assumes that by 2000, cars will get only 20.0 mpg while 
S-I predicts an average of 28.0 mpg. 

B. Residential & Commercial Space Heating - Improved efficiencies and 
use of waste heat saves 2.71 quads of oil in 1985 and ^.98 quads in 
2000. 

C. Industrial Process Heat and Misc. - S-IVA 
a. used increased efficiencies 
h. substituted for oil with gas saved in Misc. Thermal and with coal 

saved by converting electricity savings in air conditioning back 
to coal. In 1985, S-IVA saved more coal by using 2 quads of wood 
and waste products as in S-I but it did not use the 65 quads of 
wood and waste products for 2000 from S-I. 

c. This saved 3.l6 quads in 1985 and 1 .kk quads of oil in 2000. 
D. Excess electricity is converted back to oil and this saves 1.12 quads 

in 1985 and 2.52 quads of oil in 2000. 

STUDY DOES NOT- CHANGE 

A. Extraction Figures for each resource as given in ERDA's Scenario IV 
(except for 2.0 quads of wood and waste as used in 1985 by S-I and S-V). 

B. Central station conversion and transmission factors to increased 
efficiency of S-I and S-V since ERDA said S-IV "electricity use grows 
too slowly to justify changes." (Highly questionable conclusion since 
S-IV use of 16.02 quads of electricity in 2000 is actually higher than 
electricity in 2000, for S-I and S-V, lU.17 and lU.86 respectively') 

C. Distribution pattern of resources as used in ERDA's S-IV except to 
use gas and electricity savings from increased efficiencies. S-IVA 
replaced oil with gas and coal in Industrial Process Heat & Misc. as ^ B 
done by ERDA in Scenarios I and V. ^ | 
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CONCLUSION 

ERDA-U8 concluded that Scenario IV - Limited Nuclear Power demonstrated 

that a nuclear limitation was not feasible and would lead to substantial oil 

imports. This is true only if the conservation technologies that improve the 

efficiencies of end use devices are not implemented to cut energy demand 

without any decrease in the services provided. ERDA's Scenario IV made con

servative assumptions on the accelerated development of geothermal, solar 

and coal energy resources and deliberately ignored the savings possible from 

increased efficiencies in the key areas of transport, space heating, and 

industrial process heat. Inclusion of these technologies shows that the 

limited nuclear power Scenario IVA is very feasible and would result in oil 

imports only slightly higher than Scenario V, ERDA's recommended approach. 

In 1985, limiting nuclear power would increase our oil imports over ERDA's 

recommended Scenario V level by only .5 quads or 90 million barrels of oil a 

year, less than one a day. By the year 2000, the U.S. would be energy independent 

under both scenarios with independence coming perhaps five years sooner under 

the combination Scenario V than under the limited nuclear power Scenario IVA. 

ERDA's decision to disregard efficiency improvements in Scenario IV can only 

be an intentional attempt to discredit the limited nuclear power option. 
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OIL IMPORTS (IN QUADS) 
(negative number indicates excess oil) 

Scenario I (improved Efficiencies) 
Scenario IV (Limited Nuclear Power) 
Scenario IVA (.III With Conservation) 
Scenario V (Recommended Combination) 

OIL IMPORTS CiN MILLIONS OF BARRELS) 

Scenario I 
Scenario IV 
Scenario IVA 
Scenario V 

1985 2000 

10.U9 
17- h2 
8.35 
7.85 

20.62 
20.55 
- l . l f c 
-4.11 

1985 2000 

1888 
3136 
1503 
1413 

3712 
3699 
-205 
-7^0 
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ABBREVIATIONS ON CHARTS 

R & C = Residential and commercial 
I = Industrial 
e = electricity* 
g = natural gas 
o = o i l 
c = coal 
s = solar 
w = waste heat 
mpg" = average miles per gallon 
pmpg = passenger miles per gallon 
tmpg = tons miles per gallon 
( ) = conversion efficiencies 
e.d.e. = savings due to increased end device efficiency 
c.e. = savings due to increased conversion efficiency 
t = total savings before converting to a particular utilization device 

NOTE: Charts A & B summarize the data in the last two columns of the Reference 
Energy System diagrams in Appendix B of ERDA-1+8. All numbers are given in 
quads, an energy unit equal to 1 X 1015 BTU. For any given sector the difference 
in demand between the scenarios results from increased efficiencies of end-use 
devices. The differences between the numbers in parentheses indicate increased 
decentralized conversion efficiencies or more efficient utilizing devices. 
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CHART A 
COMPARISON OF S-I AND S-IV 

1985 
S-I 

SECTOR . Demand Utilizing 

R&C misc.e 
I e drive 
I Aluminum 

pe 

2.50 
3.28 
.26 

I iron 
& steel 

Transporta
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.90 

.17 

(1 .0 ) e 
(1 .0 ) e 
H5(.57)e 

S-IV 
emand U t i l i z i n g 

2 .58( .26)c 
. 2 3 ( l . 0 ) e 

( l . 0 ) e 

2.78 
3.28 

26 
.90 

.17 

.78(3 .3)e i 

. 0 3 ( l . 8 ) g 

(1 .0 ) e 
(1 .0) e 
U5(.75)e 

S-I 

10 
60 
1+3 

2.58( .26)cj 9J+ 

. 2 3 ( l . 0 ) e ' 
( l .O)c .23 

2000 

f 
Demand U t i l i z i n g DemandrUtilizin, 

( l . O ) e 
( l . O ) e 
.75( .57)ej 

S-IV 

It.20 
5 .60 

2.3l»C.29)<l 1. 
26(1.0)cJ 

17 

TiM* .23 

( l . O ) e 
( l . O ) e 
•83( .57 )e 

2 . 9 3 ( . 2 9 ) c 
. 3 2 ( l . 0 ) e 
( 1 . 0 T 

R&C 
Air Con

d i t i o n i n g 
2.6U 2.78 

,91(3.0)? 

.03(1.8)g 
U.3* 

1 .07(3 .6) 
. 3 ( l ) s 
. 2 ( l )w 
0 

t .82 

.95U.O)e ! 

• 6 0 ( l . 0 ) s 7 .88 
. l t0( l .0)w 
7.23(.5*»)g 

.U2(i:o)e ] ' " " 

.60(l.0)s J3.01 

.25l.63)J 
2 . l 7 ( . 6 6 ) g 

1.1+2(3.0)e 
.5(Ds 
. 1 w 

• 0 3 ( l . 8 ) g 
33 (1 .0 ) e 

1 . 0 ( l . 0 ) s 
- w 

8 . 3 5 ( . 5 l ) g 
h.98(.h6lo_ 
~.65( l i0)e 
1 . 0 ( 1 . 0 ) s 

. 2 l ( . 6 3 ) o 
2 . 2 2 ( . 5 5 ) g 

R&C 
Space Heat 

ing 

5.38 
. 9 5 ( 1 . 0 ) e 

. 2 5 ( l . 0 ) s 6.33 

.10Cl .0 )w | 
6 .33( . .5 l )g . 
1 .8 l ( .U7)o ' 

R&C 
Misc .Ther

mal 
Water Htag 
Cooking 

2.1+1 
.90(.1.0)e! : 

. 20 (1 .0 ) s 2.lH 

06( .63)o 
2 . 0 9 ( . 6 l ) g l 

30(1.0)w 
.57(1.o)e 

. 9 5 U . 0 ) e 

. 1 0 ( 1 . 0 ) s 
- w 

6.1+6 

7.00(.l+9)g' 
l+.ll( . l+5)o 
.90Cl .0)e 
. 1 0 ( 1 . 0 ) s ]3.01 

10( .63)o ' 
2.1t5(.55)g 
. .30(1.0)v 
30 (1 .0 ) e 
2 5 ( 1 . 0 ) s 

1 .58( .70)c 
9.8lC.6U)g 
U.52( .68)o 

. 2 . 0 ( l . 0 ) w 
! . 5 7 ( l . 0 ) d 

L.8.1+9 ' 3 . 0 ( 1 . 0 ) 3 JL8.U9 
!8.28(.77).c 
| 9 . 3 5 ( . 7 0 ) g 
0 ( . 7 5 ) o ' 

I 
Process 
Heat & 
Misc. 

11.30 l l . 3 0 
9lC.77)cl 

1 1 . 2 7 ( . 7 7 ) e 
U0(.75)o 

- 0 - w 
1 . 0 ( l . 0 ) e 
2 . 0 ( l . 0 ) s 
3 .83 ( . 77 )c 
9 . 9 M . 7 0 ) g 
7.UU(.75)o 

P e t r o 
chemical 

7.50 
1.39g 
5.87o 
.2ltc 

7.50 
1.76g 
5.Jt9o 
• 25c 

L2.31 
|2.00g 
8.31o 

|2 .00c 
12.31 

3.07g 
7.2i+o 
2.00c 

Auto 
Aircraft 

^Truck, Bus, Train 
Ship 
Pipelines 

9 .81 
5.28 

U.23 
|1.17 

.06 

l8 .75pg 
19.6pmpg 
6.Otmpg 

10.1+8 
6.22 
I 

>t.70 
1.17 

.06 

17.5mpg 
17.Opmpg 
5.2tmpg 

3.17 
T.33 

.13 

.62 

.10 

28mpg 
23pmpg 
7.8tmpg 

12.81+ 
8.63 

3.91 
. .62 
. 10 

!20mpg 
20pmpg 
6.8tmpg 
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CHART B 
SCENARIO IV A 

SECTOR 
Demand 

R+C m i s c . a . 5 0 

I . e . d r . 3.J.8 
I . a l u m i 

num .26 
" I . i r o n + 

s t e e l .9 ' 

Trans>-
P o r t a t i o n .17e 
R+C 
A i r Condi
t i o n i n g 2 .64 

Savings ' 

.28e 

1 

-.14+ 

e | . d . e - + | .13e 
c e . 
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Hea t ing ' 

R+C 2 . 4 1 
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c e . 
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Hea t ing 
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P e t r o 7.50 
Chemical 
T ranspo r t 
Auto 9 .81 
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1 
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+ 
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. l e 
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1 
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.10 

.43e 
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( 
1 
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1.780 
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CHART C 
CALCULATION OF TOTAL ENERGY SAVINGS FROM SCENARIO IV-A 

1985 

1. .Hie.saved 
.098 .312 

converted back converted back 
to coal using to oil using 
(.90) electric transmission (.90) 
(.35) steam electric (.34) 
(.97) refining (.91) 
.32c result 1.12 o 

used in I Process 

2 . Total o i l savings 

1.12 
2.71 
3.16 

.67 

.9H 

.47 
9.07 quads 

Oil Imports (S-IV)-Savings (S-IVA) 
17.42 - 9-07 a 8.35' 

Total imports 

1. 
1.44 e 

2000 

2.15 e saved 
.71 e 

converted back converted back 
to coal using to oil using 
(.91) electric transmission (.91) 
(.38) steam electric (.34) 
(.97) refining (.91) 
4.29 c r e s u l t 2 . 5 2 o 
+.59 c saved 
4.88 c used in I Process 

2. Total oil savings 

2.52 
4.98 
7.44 
3.67 
1.30 
1.78 
21.69 

Oil Imports (S-IV) - Savings (S-IVA) 
20.55-21.69 = -1.14 

excess oil 
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5 . 1 . 1 . 1 . 2 . EVALUATION OF ALTERNATIVE TECHNOLOGIES 

5.1.1.1.3. CONCLUSIONS 

The DES deals briefly with the alternative technologies that would replace 

nuclear power and concludes that not only are they unlikely to be developed fast 

enough but also that except for coal they would be much more expensive than the 

planned expansion of nuclear power. These conclusions are directly contradicted 

by a number of government and non-government studies which are much more optimistic. 

Indeed, the main support that the DES cites for these conclusions is the AEC PFES-

LMFBR which was heavily criticized for its unfair treatment of alternative technol

ogies. The final EIS should discuss some of the recent evaluations done by agencies 

or private organizations without a direct interest in nuclear power. The following 

is intended as a very quick summary of a few of the reports assessing these tech

nologies . 

1) Geothermal 

ERDA's limited nuclear power scenario IV requires 100 GWe of geothermal 

capacity by 2000 which the DES labels as very optimistic but as indicated below 

this can easily be achieved with an agressive program. 

ESTIMATES OF INSTALLED GEOTHERMAL CAPACITY (in GWe) 

SOURCE 1985 2000 

Hickel Panel (1972) 

Moderate R&D 19 75 

Accelerated R&D 132 395 

Rex and Howell (1973) 400 

Futures Group (1974) 

Normal Program 9-11 55-200 

Crash Program 27-40 270-800 
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Project Independence (1974) 

Business as Usual 4 59 (by 1990) 

Accelerated R&D 34 111 (by 1990) 

The total capital cost for dry rock geothermal powerplants was estimated at 

$56l.63 - $86l.63. This compares favorably with the high capital cost of LWR's 

and indicates that an expanded geothermal program could provide much of the energy 

of projected nuclear reactors. 

2) Ocean Thermal Energy Conversion (OTEC) 

Scenario IV assumes that solar energy can produce 100 GWe by 2000. According 

to Project Independence estimates, this carl be produced by OTEC which is just one 

of the promising solar technologies. The Task Force on Solar Energy concluded 

that 260 GWe of OTEC powerplants could be installed by the year 2000 with an ac

celerated R&D program. Both TRW and Lockheed have done studies indicating that 

OTEC powerplants could be economically competitive at even $1000/kw capital costs 

because there are no fuel costs. Studies by Dr. Heronemeus of the University of 

Massachusetts and Dr. Lavi and Zener of Carnegie-Mellon University indicate that 

capital costs could drop below $500/kw with improvements in the heat exchanger systems. 

3) Wind Power 

Wind energy electrical generators have been getting significantly more attention 

in the past few years. Large commercial wind powerplants could be built without any 

major technological breakthroughs and with the proper government support could supply 

a major part of our electricity needs. The Project Independence Task Force on Solar 

Energy estimated in their accelerated scenario that by the year 2000 500 GWe rated 

capacity of wind powerplants could be operating. Even with a 35$ capacity factor 

these powerplants would produce 175 GWe a year. Dr. Inglis of the University of 

Massachusetts has estimated that commercial wind powerplants could be built with 

a capital cost of $200 per rated kw based on the experience of the Smith-Putnam 

machine. This was a privately financed experimental 1.25 MWe wind machine built 
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and operated in the 1940's by the S. Morgan Smith Company. The Project Independence 

Report concluded that the initial capital cost of $1000/kw for an experimental 

machine could be reduced to $250/kw by 1985 making windpower very competitive with 

conventional power systems. 

4) Solar Thermal Conversion 

The DES briefly discusses the land requirements and economics of solar conversion 

powerplants. It does not sufficiently examine the many studies and projects that 

have demonstrated the importance of this energy resource and the degree to which 

it can replace nuclear power. As Project-Independence has noted, the solar energy 

reaching only 10$ of the California-Arizona desert could provide more than twice 

our current electrical energy needs. The Task Force on Solar Energy estimated 

that 80 GWe of solar thermal^conversion powerplants could be built by the year 

2000 with an accelerated support program. The capital costs of load-following 

solar powerplants were estimated to be $600-$800/kw in the 1980*'s which is very 

close to the $600-$700 capital costs for LWR's now under construction. 

2.15 PROJECTIONS OF-FUTURE NEEDS FOR ENRICHED URANIUM 

This section of the DES gives projections of the future needs for enriched 

uranium taken from the AEC Report, Nuclear Power Growth, 1974-2000 (Feb. 1974). 

Evsn the lowest cases presented for U.S. and foreign nuclear power growth, 

Cases A and X, are substantially higher than more recent ERDA forecasts of nuclear 

power plant construction. Thus the DES's use of the medium forecasts, Cases 

D and Y, is completely unrealistic. ERDA can provide a legitimate upper bound 

on requirements and benefits of expansion by using Cases A and X. If the higher 

cases of D and Y are still used in the final E.S., ERDA should at least present 

an additional SWU requirements table and cost-benefit analysis based on the low 

cases to illustrate how the requirements and benefits of the proposed program would 

change if actual nuclear power growth in the U.S. continues to slip drastically 
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behind the forecasts. This trend toward increased slippage may well continue or 

even accelerate as indicated by the recent postponements of construction of 

planned nuclear powerplants due to decreased demand for electricity. The 

following table shows that successive forecasts of nuclear growth have continued 

to produce declining estimates and indicates that even the lowest case in the 

DES, case A, may be unrealistically high. 

U.S. Nuclear Power Capacity (in Gigawatts) 

Source 

AEC, WASH-1139 (1971) (most likely case) 

AEC, WASH-1139 (Dec. 1, 1972) (most likely case) 

AEC, WASH-1139 (Feb., 1974) (used by DES) 

Case C, (highest case) 

Case D, (DES based on this) 

Case A (.lowest case) 

ERDA-48, A National Plan (June 1975) 

Scenario III (Intensive Electrification) 

Scenario V (Recommended Combination) 

1980 

151 

132 

1985 

306 

280 

225 

225 

2000 

1200 

112.4 

102.1 

85 

275 

250 

230.9 

1400 

1090 

850 

800 

448 

It should be noted that both ERDA-48's Scenario III and Case C of the AEC 

February 1974 report are estimates of the nuclear powerplant construction required 

by a high electrification scenario. Thus, in two years, the AEC-ERDA estimates 

of nuclear powerplant construction, even assuming accelerated development have 

decreased by 600 powerplants. This is almost a 50$ reduction. At the same time, 

the most likely estimate of nuclear expansion has also dropped from 1090 GWe in 2000 

as assumed by the DES to 448 GWe in ERDA-48, a decrease of 59$. 
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This drastic decrease certainly indicates that basing .the S.W.U. requirements 

in the DES on the AEC Case D is unreasonable and implies that even the most recent 

estimates of ERDA-48 may be too high. 

The Case D forecast for nuclear power growth is based upon an estimate for 

total energy demand. Another test of Case D's reasonableness is a comparison of 

this estimate with other estimates of energy demand from reliable sources. Although 

the DES does not supply this information, it can be found on p. 11 of Nuclear 

Power Growth., 1974-2000. Case D is based on a total energy demand that is sub

stantially higher than other projections as shown below. 

Total Energy Demand (in Quads 1015 BTU) 

Source 

Case D (used by DES) 

Case A (low case in DES) 

Scenario V, ERDA-48 

Conservation Scenario, Project Independence 

Technical Fix Scenario, Ford Foundation1 's EPP 

1985 

104.8 

96.2 

96.0 

93.0 

92.0 

2000 

174.3 

135.3 

130.0 

120.0 

124.0 

One must also question the DES's choice of Supply Schedule 3 which according 

to Appendix A of WASH-1139(74) assumes that the U.S. would supply 52$ of the 

foreign demand for enriched uranium (excluding that of the communist countries). 

In the midst of a continuing energy crisis with enriched uranium an increasingly 

valuable resource, it is unlikely that the U.S. will continue to furnish over 

half of the world's demand. The environmental statement should discuss the foreign 

programs for uranium enrichment in more detail than on p. 2.1-11 and include tables 

of S.W.U. requirements with lower foreign supply schedules. In summary, this section 

simply does not provide enough information for an accurate and realistic appraisal 
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of the need for this proposed program of expansion of U.S. uranium enrichment 

capacity. In particular, it is impossible to evaluate the-reasonableness of the 

proposed construction schedules for the enrichment plants in section 2.3.6.1 

without a more comprehensive estimate of nuclear power growth in section 2.1.5. 

9.1.1 Economic Costs 

Our overall view of the cost-benefit analysis was presented in the preceding 

summary. Section 9.1.1 merely presents general estimates of the various component 

costs of the proposed program and should be expanded to deal with alternatives to 

the proposed program. Some of the alternatives we have already discussed include: 

development of non-nuclear technologies; slower growth of nuclear power; further 

expansion of existing facilities rather than new ones; different sized enrichment 

plants; different mixes of enrichment technologies. 

9.1.2 Environmental Costs 

Discussion of the environmental costs in a generic type E.S. is understandably 

difficult. However, the qualitative judgments used in Table 9.1.2 are very 

difficult to evaluate unless one knows what the staff mean by "Minor, moderate, 

insignificant" etc. It would be much more helpful to include a quantitative 

range that would give some substance to these labels. It would appear that Table 

9.1.2 does not take into account any of the potential accidents discussed in the DES 

when calculating the annual environmental costs. 

9.2.1 Economic Benefits 

9.2.2 Technological Benefits 

9.2.3 Social Benefits 

There is even more reason for these sections on benefits to deal with alter

natives than there is for the cost sections. The DES does treat the costs of some 

alternatives in Section 5 but nowhere does it examine the benefits of alternative 

programs and compare them to the suggested program. 
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9.3 Cost-Benefit Analysis 

This section states "The major overall benefit of expanding U.S. uranium 

enrichment capacity is that it -will allow nuclear power to remain a viable energy 

option"...But neither this section nor any other in the DES discusses the overall 

cost which is the increased risk of a major nuclear plant accident and increasing 

amounts of intensely radioactive wastes with the addition of hundreds of new power-

plants. The single paragraph devoted to alternatives on p. 9.3-2 never discusses 

their benefits. As a result, the balancing of alternatives versus the proposed 

program is inadequate and simply does not sufficiently support the conclusion that 

this expansion is the best approach to meeting our need for energy. 

2.3.1.22.2 Noncriticality accidents involving Radioactive Materials (centrifuge) 

The DES's discussion of potential accidents fails to give any quantitative 

estimates of the probability of their occurrence. Judgments such as "very low", 

"unlikely" or "credible" are not very useful. Admittedly, a range of numerical 

probabilities for each potential accident would involve considerable study but 

it is necessary in order to make this section meaningful. This is particularly true 

of the various accidents involving rupture of the Ik ton feed cylinder and the 10 

ton return cylinder. Table 2.3-27 gives the historical record of accidents involving 

feed cylinders at just one gas diffusion enrichment plant. This list of 13 accidents 

in lk years indicates that the probability of these accidents is quite substantial 

and deserves more detailed treatment. 

On page 2.3-69 the DES states that a ruptured cylinder could release 

7560 Kg Cor 6,630 lb) of UF^ vapor. It then assumes that after this UFG reacts 

with moisture to form U0jFt, nearly k0% could be contained in the building. There 

is no support for this assumption in the DES. Section 2.3.1.2.1,,which describes 

the building containment features, merely states that the ventilation system is 
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designed to contain accidental releases. It does not explain how this is done 

or under what conditions the system could fail: If this containment is the same 

as the COFJZ traps discussed in 2.3.1.17.1 Gaseous Wastes the reader should be 

referred to it. Nowhere is there an analysis of the possibility of failure of 

containment and its consequences. The autoclave, in which the cylinders holding 

UFc are heated, to over 100° C, could fail to contain UFc if the meter measuring 

electrical conductivity malfunctions or if power is lost without activating the 

emergency generators. The building could fail to contain UF6 if a window breaks 

or the ventilation system fails to operate. This would substantially increase the 

amount of radioactivity released and the potential effects on the population 

discussed in section 3.2.1.7. 

The brief paragraph on natural disasters on p.2.3-75 should include some 

estimate of how much force would be required to demolish the building and release 

all the feed material. For example, how strong an earthquake is necessary, would 

a direct pass by a small tornado be sufficient, etc. This section might also 

consider the possibility of a flood or plane crash at the enrichment site and the 

subsequent consequences. 

2.3.3.22.2 Non-criticality Accidents (gas diffusion) 

The comments mentioned above would also apply here. It is difficult to 

understand why a description of the potential accidents including the results of a 

natural disaster is classified information. Surely this information alone would 

not enable one to build a diffusion plant. This seems to be a deliberate attempt 

to hide relevant information from the public. 

2.3.k.k.k Plant Security and Sabotage 

This section needs to be expanded to deal more thoroughly with the probability 

of successful sabotage actions and their consequences. If this country does become 
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heavily dependent upon nuclear power, enrichment plants will become tempting 

targets. Their destruction would cripple the entire power industry as well as 

release tremendous amounts of radioactivity. In particular one must wonder about 

the possibility of bombs planted inside the plant, possibly by someone in the work 

force. It is not sufficient to say that the radioactivity released from sabotage 

would not be worse than a tornado since the probability of the event's occurrence 

may be substantially greater. 

2.3.^.3.3 Transportation Accidents 

The DES must be commended for including numerical probabilities for most 

of these accidents. One must only wonder why the same was not done for the accidents 

with potentially more serious consequences. 

3.2.1.2.1 Assumptions and Models Used to Assess Environmental Effects -

Meteorological Data 

It seems rather meaningless to average meteorological data taken from stations 

scattered throughout the country in order to calculate concentrations of nucleotide 

releases. The resulting data have no validity and can not give a realistic 

estimate of conditions in an actual location. It would be much better to use data 

that are representative of major meteorological regions and generate parallel 

tables for each region. One could then have some basis for saying that the calculated 

exposures to radioactivity were meaningful for an enrichment plant located in that 

region. 

3.2.1.7 Potential Effects of Accidents 

Neither this section nor section 3.2.1.2.2 on radiological effects on people 

contains occupational concentration guidelines that would give the reader some 

means of evaluating the significance of the radioactivity doses listed in Table 3.2-15. 

The DES states, that the exposure to an individual from an accident would be less 
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than the maximum recommended annual exposure and concludes it is permissable. This 

does not take into account the fact that exposures from an accidental release Vould 

be more intense but over a very short period of time. This type of does can be 

substantially more dangerous than a low intensity exposure over a year's time. 

Furthermore, Table 3.2-15 is based on the assumption that in an accident, almost 

half of the UOaF would be contained. The table should also include calculated 

exposures in cases where containment is less successful, including the maximum 

case of total UOzFa release for each accident. No reason is ever given for calcu

lating exposures for transportation accidents based upon the dose to an individual 

300 meters away from the scene. This is almost 1/4 of a mile. What happens to 

all the people that are closer, particularly other drivers, people in stores or homes 

along the road, etc? Exposures should be calculated at several distances and 

listed in the same table in the final impact statement. Finally, none of the 

sections dealing with environmental impacts on the local population translate 

calculated exposures in rems to estimated effects on personal health. 

B-64 



UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. James Cubie 
Mr. John Wasilczyk 
Congress Watch 
133 C S t r e e t , S.E. 
Washington, D.C. 20003 

Dear S i r s : 

This is in response to your letter of August 13, 1975 commenting on the 
Energy Research and Development Administration's (ERDA) Draft Environmental 
Statement, Expansion of U.S. Uranium Enrichment Capacity, ERDA-1543. The 
statement has been revised as a result of comments received on the draft 
statement. Many of the comments you made were incorporated as text changes 
in the final statement and others are specifically addressed in the enclosed 
staff response. 

We appreciate your response to our request for comments on the draft statement 
and your interest in ERDA programs. Two copies of the final statement are 
enclosed. 

Sincerely, 

L. Liverman 
jsistant Administrator 
for Environment and Safety 

Enclosures: 
As stated 

0\,UT/0/i, 

^ /SV % 
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ERDA STAFF RESPONSE TO COMMENTS BY 
CONGRESS WATCH 

ALTERNATIVE TECHNOLOGIES AND THE I 
NEED FOR NUCLEAR POWER 

Congress Watch has misinterpreted the purposes of the ERDA-48 scenarios. 

As stated on page IV-2 of ERDA-48, these scenarios are not forecasts or predictions. 

They are intended as analytical tools to evaluate how different technologies 

might be grouped to satisfy energy requirements postulated for future time periods. 

The energy contributions from new supply technologies or from new conservation 

technologies for each scenario in turn were based on highly optimistic targets 

of achievement. 

The fact that many alternative combinations of technologies could be postulated 

for different scenarios in no way changes the basic situation that the Congress 

Watch new scenario IV-A would not represent a forecast. For example, a modification 

of the limited nuclear power scenario to include the full range of conservation 

targets would be a feasible scenario within the ground rules of ERDA-48, although 

the scenario depends on the most optimistic assumptions about solar and geothermal 

electric contributions. Nevertheless, such a case was not necessary for the 

purposes of ERDA-48. These purposes were to demonstrate that emphasis on 

individual technologies alone would not provide assurance that future requirements 

could be met. 

Congress Watch proposed a revised scenario IV from ERDA-48 combining the 

optimistic assumptions about conservation made in Scenario I and these for solar 

and geothermal in Scenario IV, but with a limitation on nuclear power. The 

computations underlying this scenario have been checked through the ERDA-48 

computer program and have been found to be accurate. The resultant installed 

electric capacity is summarized in the attached table. This scenario results in 

an import level of 7.16 Quads in 1985 which is somewhat lower than scenario V. 

The domestic oil surplus in the year 2000 is 3.03 Quads or about one Quad less 

than the scenario V result. Congress Watch concludes that this combination 

scenario demonstrates that the United States could be self-sufficient in energy 

by the end of this century without further growth in nuclear power. 

For several reasons, ERDA does not agree with this conclusion. First, as 

indicated above, the scenario technique is not meant for use as a forecast or 

prediction, in the manner prepared by Congress Watch. Some textual changes have 

accordingly been made in the text of this Statement to clarify the purposes and * 

the limitations on the scenarios from ERDA-48. However, no change is made in " 
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the conclusion that maintenance of the nuclear option and expansion of U. S. 

enrichment capacity must be pursued. 

As stated on page V-6 of volume I of ERDA-48: 

"The scenario analyses indicate that success in 
developing- all technologies barely meets national 
energy goals. The very nature of technological 
R, D&D, however, precludes complete success in 
achieving results and includes substantial un
certainty as to when results will be available." 

It is the explicit result of looking at the pursuit of individual approaches that 

leads to the conclusion that all approaches should be pursued. The embodiment of 

this approach is not the success rate reflected in scenario V. As expressed on 

page IV-7 of ERDA-48, Volume I: 

"The appropriate conclusion to be drawn is that if 
all R, D&D technologies were pursued, if all were 
fully implemented, then it would be possible to 
meet our energy requirements with domestic supplies 
and hence achieve zero net imports. Such a con
clusion must recognize this scenario as an ideal, 
not a prediction that these results are possible. 
Complete success in all these complex endeavors 
is highly unlikely." 

The same comments apply to Congress Watch1s revision of scenario IV, where even 

higher rates of implementation are included for some technologies, and where 

maximum reliance is placed on highly optimistic projections while foreclosing 

one of the viable options (nuclear power) already available to the U. S. 

Essentially, Congress Watch has combined the highly optimistic assumptions 

about all technologies other than nuclear to produce a scenario of lower 

probability of occurrence than either Scenario I or Scenario IV and, even more 

importantly, one of a higher risk to the nation. It was never contemplated in 

the scenarios that all these assumptions would achieve reality. ERDA did not 

select one scenario as the preferred outcome. Instead., it looked at all 

scenarios, assessed the probability of achievement and the risk involved, and 

from that analysis drew conclusions about actions to take today. Congress Watch 

is incorrect in asserting that ERDA intentionally prepared scenarios that 

favored nuclear power. 

Text changes are also made in section 2.1 to reflect updated domestic energy 

and nuclear growth projections which are more consistent with recent changes in 

energy consumption and with current domestic utilities' expansion plans. The 

B-67 



- 3 -

Electric Capacity Installed (GWe) 

1985 2000 

LWR 180 192 

HTGR 5 8 

Hydroelectric 86 92 

Geothermal 20 100 

Coal 261 252 

Gas Turbine 79 H I 

Oil, Steam Electric 16 4 

Gas 82 25 

Solar 5 100 

Fusion 0 1 

Total 

(1012 KWhr) 3.2 4.0 

Congress Watch statement that, in two years, the ERDA nuclear growth estimate 

for the year 2000 has been reduced by 50% is not accurate since the 

comparison is being drawn between the high case of the 1974 forecast and 

the moderate/low case of 1975. 

Revised figures for additional separative work requirements which 

reflect the updated nuclear growth estimates have also been included 

in the final statement. 

Congress Watch suggestions that the total separative work capacity 

of ERDA's present enrichment plants after expansion be dedicated solely to 

domestic requirements is not a feasible alternative since roughly one third 

of this output is already contractually committed to a number of foreign 

customers. 
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COST BENEFIT ANALYSIS 

The generic statement provides a cost-benefit analysis for the proposed 

expansion of enrichment facilities in Chapter 9 and a discussion of tech

nically feasible power alternatives in Chapter 5. The economic and environ

mental costs of nuclear technology are projected to amount to less than 

those of other forms of power generation (see Tables 5.1-2 and 5.1-3). 

Since the benefits from other power sources will likely be no less than 

those of nuclear power, the staff feels that detailed preparation of 

cost-benefit balances for comparison of ^11 technologies is unnecessary. 

The comment on page 20 under Cost-Benefit Analysis suggests defi

ciencies in Section 9 of ERDA-1543. FRDA's purpose in preparing an 

environmental statement on uranium enrichment capacity expansion is not 

to justify nuclear power, rather it is to estimate potential environmental 

impact of the uranium enrichment portion of the fuel cycle should capacity 

be expanded. ERDA staff c£m understand Congress Watch's desire to pursue 

topics of concern to them. However, staff feels it necessary to limit 

inclusion of information about the rest of the fuel cycle to that nec

essary to supply the lay reader with a background. 

The economic costs of various alternatives to nuclear power are 

summarized in Chapter 5. A detailed evaluation of these costs, step by 

step from the development of a resource to the production of electric 

power, can be made along the lines of the format in Energy Alternatives 

(see the references for Section 5.1), once each step and the source of a 

specific fuel are defined. 

ENVIRONMENTAL COSTS 

Definitions of the terms minor, moderate, etc. have been included in 

Table 9.1-2. Additional comments on environmental effects have been 

added where possible to help quantify the costs. The staff does not feel 

further quantification of impacts is possible in this summary table. 

Additional details on the impacts are available in Sect. 3. Impacts of 

accidents have not been included in Table 9.1-2. The staff believes 

that the potential costs of all accidents on an annual basis would not 

significantly change the cost-benefit balance. 

SOCIAL BENEFITS 

A discussion of the various social benefits (9.. 2.3) of the alter

natives suggested in the Congress Watch comment to 9.1.1 (Economic Costs) 

would be very speculative at best. Along with nuclear power it is ex-
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pected that alternate technologies will be developed and utilized 

extensively. Some people favor zero growth and a "simple life"; how

ever, such sociological changes are far too complicated to address in this 

report. Public health and safety factors have been discussed in Sect. 5. 

The social benefits of different sized enrichment plants will largely 

depend on the specific site and discussion should be reserved for indi

vidual statements. The same is true for the further expansion of existing 

plants. Unfortunately, a generic statement such as this must be restricted 

to a general-discussion of social impacts because detailed analysis of such 

impacts requires specific data on the particular social structure involved. 

NONCRITICAL ACCIDENTS 

The Congress Uatch suggestion that probabilities be developed for 

noncriticality accidents involving radioactive materials has been considered 
The accidental releases of UF. have been dramatically reduced in recent year 

as a result of both improved systems and operating procedures. Calculations 

of probabilities based solely on long term averages would give numerical 

values which would be higher than today's actual experience. Similarly if 

only the recent trend is consideredE the improvement over the last few 

years would result in a time-dependent value approaching zero as time 

progressed. Neither of these probabilities are truly representative of 

reality and could thus be of no value. Fortunately, the type of accident 

(e.g., a few gram release of UF ) which can be expected occasionally has 

no significant impact whether on or offsite. Even the very large releases 

hypothesized in ERDA-1543 have little impact. Nevertheless, it is ERDA's 

policy to reduce all discharges to as low as reasonably practical levels 

and efforts will continue toward that end. 

The release of UF, described on page 2.3-69 of the DEIS (section 
o 

2.3.1.22.2) under the uranium hexafluoride (UF.) feed station was analyzed 
b 

using experimental data developed at the Oak Ridge Gaseous Diffusion 

Plant. These data actually show that approximately 60% of the UO F is 

being confined to the building. The nature of UO J as a heavy particulate 

matter indicates that in the relatively calm air within a feed building 

a great deal of the material would settle out of the air unless large 

holes developed in the feed building. Air forced through the ventilating 

system would be the primary carrier for the escaping UO F which means that 

manual operator shutdown of the ventilation equipment could likely contain 

a substantial part of the remaining discharge. Despite these data, 100% of 
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the UO„F was assumed to be released in the evaluation of impact in 

Section 3. The Co F traps are not in any way related to the building 

ventilation system. 

The autoclaves described in the report are expected to have redundant 

fail-safe safety systems. Should these features somehow fail to perform 

their functions, the uranium would be picked up in the steam condensate 

leaving the autoclaves. Containment of uranium-bearing condensate can be 

incorporated in the initial plant design. 

The seismic criteria for design of new process buildings require 

capability of the structures to remain functional after suffering the 

maximum earthquake which has K.7- or less probability of occurrence over 

the next 50 years. Generally, this would be in the range of Richter 5 

unless a high risk zone is considered. Earthquakes of magnitude Richter 

5 to 8 would be expected to destroy such facilities. 

Criteria for design with resard to tornadoes are not yet well estab

lished. However, current designs call for ability to withstand 100 mph 

winds. The expected 150 to 280 mph winds of a tornado would be expected 

to severly damage the process or feed buildings and some of the process 

equipment xtfith the extent of the damage determined by missies hurled by the 

winds. The probability of such an occurrence on a national scale at any 
-3 

given site would range from about 4 x 10 per year in central Oklahoma 

to 8 x 10 in low frequency areas. This would yield times between 

occurence of from 250 years to 12,500 years. For the most damaging level 

of tornadoes the probabilities would drop to a range of 1 x 10 to 1 x 10 

Other disasters such as floods and plane crashes are more remote 

possibilities and may be strongly influenced by location. Any investment 

of the magnitude of an enrichment plant will be constructed well above 

any expected flood levels which should include disasters such as dam 

failures. Location of an enrichment plant away from major airports would 

reduce the probability of a plane crash with further reductions obtained 

by avoiding established flight paths. 

SECURITY, SAFEGUARDS AND CLASSIFICATION 

Congress Watch views about classification of information regarding natural 

disasters is understandable; however, the information is classified and no 

further elaboration is possible. The section in ERDA-1543 you question 

regarding plant security and sabotage has been expanded as a result of 

comments on the draft statement. However, security requirements dictate 
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that anti-sabotage procedures be discussed only in general terms. 

METEOROLOGICAL DATA ™ 

For purposes of estimating radiation dose to population in generic en

vironmental impact assessments, meteorological parameters do not influence 

calculations as greatly as variables such as release heights and population 

distribution. They do, however, greatly influence estimated maximum radia

tion doses to individuals at facility boundaries where wind speed, frequency 

and direction are controlling variables. For this generic assessment, an aver

age frequency of prevailing winds from 70 locations in the continental U.S. 

was selected as being representative of meteorological conditions which would 

best typify those to which individuals at facility boundaries would be exposed. 

POTENTIAL ACCIDENT FFFECTS 

Additional information on radiation dose standards has been added to the 

test in Sect. 3.2.1.7. The staff feelF tl at the degree of centiinreut assumed 

for accidental releases in buildings is very conservative. Realistically, more 

containment would be expected than that used for estimates of radiation dose. 

The 300 meter distance was used for exposures to transportation accidents because 

it was determined that this distance represented the point of maximum exposure. 

The transportation accidents, with the exception of the ruptured cylinder in 

a stream, have fires associated with them. The heat causes the radioactive 

release (a plume) to rise. People who are closer than 300 meters would receive 

less radiation exposure as the plume would be lifted over them by the heat. 

If 1000 people were exposed to the maximum radiation dose estimated for an 

accident (rupture of a reactor return cylinder Table .3.2-16) the estimated 

health effects would be 0.17 specific genetic defects, 0.19 lung tumors and 

0.05 bone tumors. This accident gave the highest estimated radiation doses; 

therefore, exposure of 1000 persons to other accidents would cause a smaller 

number of potential health effects. 
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'T? STATE OF TENNESSEE 

OFFICE OF URBAN AND FEDERAL AFFAIRS 
SUITE 108 • PARKWAY TOWERS BUILDING • NASHVILLE 37219 • 615-741-2714 

RAY BLANTON WASHINGTON BITI .KR. JR. 
Director 

August 15, 1975 

Mr. James L. Liverman 
Assistant Administrator for Environment and Safety 
U. S. Energy Research & Development Administration 
Washington, D . C . 20545 

RE: Draft EIS (ERDA-1543) 
Expansion of U. S. Uranium Enrichment Capacity 

Dear Mr. Liverman: 

As the designated State Clearinghouse for Federal development programs under 
OMB Circular A-95 guidel ines, we have conducted a review of the subject draft 
environmental statement, dated June 1975. 

Enclosed are comments and recommendations submitted by the Tennessee Wildlife 
Resources Agency, the independent State agency responsible for preservation 
and maintenance of fish and wi ld l i fe resources in Tennessee, and the Tennessee 
Department of Transportat ion. We urge that appropriate consideration be given 
their remarks in preparation of the final statement. 

We appreciate the opportunity to review this proposal. We, or other reviewing 
authorit ies, may wish to comment further at a later time. We request f ive (5) 
copies of the final statement upon its completion, publication, and d is t r ibut ion. 

If this office can be of further assistance, please do not hesitate to contact me. 

Sincerely, 

Stephen H. Norris 
Grant Review Coordinator 

SHN:mn 
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Augurt h, 1975 

Mr. Stephen H. Norris 
Grant Review Coordinator 
Urban and Feder-'l Affairs 
108 Parkway Towers 
Nashville, Tennessee 37219 

Re: ERDA - Draft EIS - Expansion of U. S. Uranium Enrichment Capacity 

Dear Mr. Norris: 

We have reviewed ERDA's Draft EIS entitled "Expansion of U. S. Uranium 
Enrichment Capacity". 

Description of Project 

Natural uranium contains only C.7 percent urani'im - 235 (U-235). However, 
conventional nuclear plants require uranium enriched it two to four percent 
U-235; high-temperature gas-cooled reactors require greater than 9° percent 
U-235. Therefore, the U-235 content must be "enriched" to fuel these reactors. 

Enrichment is currently accomplished by the use of three gas diffusion plants. 
It is predicted th-'t these plants will only be able to serve the domestic 
nuclear industry and 35 percent of the world nuclear power through 19^3. 
The expanded program gives heavy emphasis to the new gas centrifuge process. 
A total of one gas diffusion and ten gas centrifuge plants are predicted by 
the year 2°00. Each pl-mt would require 350 to /,00 acrea for riermanent on-
site facilities plus about 550 acres for transmission lines, etc. 

The effluents and, therefore, the environment"1 impacts are d^scrib^d as 
being simular ->t gar diffusion and gas centrifuge plants. However, the gas 
centrifuge process has the "dvint-iges of: (1) ten times less the power 
requirements of g«s diffusion and (2) lower requirements for recirculating 
makeup water. R-idiological releases during routine operation of a gas 
centrifuge plant are said to represent an increase in exposure of loss than 
0.1 percent of that received by an individual dun to natural background 
radiation. 
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Mr. Stephen H. Norris *AUG 6 REC'O 
Page 2 
Augurt L, 1975 

Conclusion and Recommendations 

We believe that adverne fish and wildlife impacts are more controllable in 
the expnnded nuclear program thnn are possible in the nltermtive of mining 
conl as an energy source. This is due to the hundreds of thousands of Meres 
proposed to be disturbed from coal strip mining in Tennessee alone. Six 
hundred miles of streams are already polluted by ncid mine drainage in 
Tennessee. However, we find no reference in the draft EIS to the amount of 
conl rind acreage of conl strip mining for which the expanded enrichment pro
gram would be an alternative. We recommend that the final EIS evaluate 
these factors. 

We appreciate the opportunity for comment. 

Sincerely, 

Harvey Bray, Director 

Robert M. Hatcher, Environmental Planner 
Planning & Environmental Resources Division 

RMH/bs 

cc: Mr. Hudson Nichols 
Mr. Reid Tatum 
Mr. Harold Hurst 
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m p7 TENNESSEE DEPARTMENT OF TRANSPORTATION 
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RAY BLANTON 
GOVERNOR 

July 23, 1975 

Mr. Washington Butler, Jr. 
Director of Urban and Federal Affairs 
Office of Urban and Federal Affairs 
Suite 108, Parkway Towers Building 
Nashville, Tennessee 37219 

JUL^KtC'O 

E D D I E SHAW 
COMMISSIONER 

W. A. G O O D W I N 
DEPUTY CCMMi, IOMH 
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Subject: A-95 Notification: ERDA-1543-Draft Environmental Statement 
Expansion of U.S. Uranium Enrichment Capacity; 

Dear Mr. Butler: 

We have reviewed the subject statement and note that it is a 
general report covering environmental impacts for two proposed additional 
nuclear power plants. 

The general statements covering transportation impacts seem to be 
reasonable, but comments about impacts cannot be made until specific 
site locations and size of sites are known. Since an environmental 
impact statement will be required for each proposed plant, we should 
wait and comment on transportation impacts at that time. 

We would recommend, however, that the Energy Research and Development 
Administration and/or any other involved agency coordinate the location 
of future nuclear plant sites with-our Department's plans at the very 
earliest stages before site locations are made. 

We would be glad to meet with any concerned agency or person for 
informational and coordination purposes. 

If I can be of further assistance, please do not hesitate to call 
on me. 

3 
•f 

a: 

•r 

Sincerely, 

&) E. R. TERRELL 
Director, 
Bureau of Transportation 
Planning and Programming 

o NEC:bf 

3 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Stephen H. Norris 
Grant Review Coordinator 
State of Tennessee 
Office of Urban and Federal Affairs 
Suite 108 
Parkway Towers Building 
Nashville, Tennessee 37219 

Dear Mr. Norris: 

This is in response to your August 15, 1975 letter which provided Tennessee 
Wildlife Resources Agency and Tennessee Department of Transportation comments 
on the Draft Environmental Statement, Expansion of U.S. Uranium Enrichment 
Capacity, ERDA-1543. 

The no expansion of nuclear power alternative is discussed in Section 5.1.1.1.2. 
There has been some additional material inserted in the text based on your 
comment. Assuming no new nuclear reactor commitments, ERDA-48 projects that 
356 GWe of coal-fired electrical production capacity will be needed through 
the year 2000 (Table 5.1-1). Based on data from Table 5.1-2, this would require 
on the order of eight million acres of land committed for coal-fired energy 
production (including coal mining). The amount of coal consumed could be as 
high as 818 million tons (based on figures in Table 1.1 in WASH-1224). That 
portion of this additional mining that would be stripable is not known. 

We appreciate your review of the draft environmental statement and are 
enclosing five copies of the final statement. 

Sincerely, 

fes L. Liverman 
Lstant Administrator 

"for Environment and Safety 

Enclosures: 
ERDA-1543 (5) 

^ur/o* 
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Consolidated Edison Compiny of New York. Inc 
4 Irving Pkice. New York. N Y 10003 
Telephone (212) 460-3H19 

August 15, 1975 

Re Comments on Energy Research and 
Development Administration (ERDA) 
Draft Environmental Statement, 
Expansion of U. S. Uranium 
Enrichment Capacity, ERDA-1543 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and 
Environmental Research 

U. S. Energy Research & 
Development Administration 

Washington, D. C. 20545 

Dear Mr. Pennington 

We appreciate.your referral of the captioned draft 
environmental statement for our comment. We 
generally agree with the conclusions and wish 
to submit the following specific comments on 
Section 2.3.1.22.1, Criticality Accidents: 

1. The quoted representative energy for thermal 
neutrons that corresponds to a speed of 2200 
m/sec. should be 0.0253 eV. 

2. There is an inconsistency between the units 
of fission yield and energy release. Either 
the fission yield should be expressed as 
total fissions (lO^ fissions - 1 kwhr) or 
the energy release expressed as energy 
release rate (10 fissions/sec. - 1 kwhr/sec). 

mk Vice President 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Will iam J . C a h i l l , J r . 
Vice P r e s i d e n t 
Consol idated Edison Company of 

New York 
4 I r v i n g P lace 
New York, New York 10003 

Dear Mr. C a h i l l : 

This is in response to your letter of August 15, 1975 providing comments 
on the Draft Environmental Statement, Expansion of U.S. Uranium Enrichment 
Capacity, ERDA-1543. The final statement has been revised as a result of 
comments received on the draft statement including your comments concerning 
criticality accidents. 

We appreciate your review of the draft statement and are enclosing a copy 
of the final environmental statement. 

Sincerely, 

nes L. Liverman 
Ssistant Administrator 
for Environment and Safety 

Enclosure: 
As stated 
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NATIONAL SCIENCE FOUNDATION 
WASHINGTON, D.C. 20550 

OFFICE OF THE 
ASSISTANT DIRECTOR 

FOR ASTRONOMICAL, EARTH, 
AND OCEAN SCIENCES 

August 18, 1975 

Dr. James L. Liverman 
Assistant Administrator 

for Environment and Safety 
United States Energy Research 
and Development Administration 

Washington, D. C. 20545 

Dear Dr. Liverman: 

Several individuals in the Foundation have reviewed the Draft EIS-
EXPANSION OF U. S. URANIUM ENRICHMENT CAPACITY (ERDA-1543). In 
general, we found that the statement covered the subject matter 
very well. Specific comments* are attached. 

Sincerely, 

Edward P. Todd 
Deputy Assistant Director for 
Astronomical, Earth, and Ocean Sciences 

Enclosure 
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COMMENTS ON ERDA, 1543 

1. On pages 2.3-67 and 2.3-68 there are statements regarding a 
criticality incident and its effects, and design and program to 
ensure nuclear safety. This ought to be covered in greater detail 
in any environmental statement written for a specific plant. 

2. On page 2.3-30 the last paragraph states how the blowdown steam 
is treated, and handled. The last sentence states, "The clarified 
liquid and sludge will flow to the primary holding pond, which will 
be dredged periodically." In the first place, it is questionable 
whether the sludge should be discharged to the holding pond; possibly 
it ought to be handled separately. Second, only until one reads 
page 2.3-35 does one know that the sludge is disposed in the contam
inated burial ground. Whether or not this disposal practice is 
satisfactory may depend upon individual site conditions. 

3. On page 5.1-11 there is the statement, "Based on conservative 
calculations, 180 to 210 man-days are lost annually due to routine 
releases of radioactivity from a 1000 MWe LWR system." This seems 
to be very high._ 

4. In paragraph 2.3.1.17.2 the first sentence should read "The 
centrifuge plant will discharge radioactive liquid wastes to the 
primary holding pond." 

5. The alternative of utilizing Heavy Water Reactors does not appear 
to have been examined fully as a long term power possibility. 

6. Section 2.3.4.4 addresses protection of technology, materials 
safeguards, etc. Safeguards"for ERDA-operated plants are described 
as "equivalent" (p. 2.3-185). It seems that there should be some 
reassurances of a "check and balance" system. Also, one aspect of 
vulnerability which does not appear to have been considered is the 
possibility of sabotage or material diversion from within the 
facility itself. This might be as possible as an external attack 
using mortars, etc. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASHINGTON. D.C. 20545 

Mr. Edward P. Todd 
Deputy Assistant Director 
for Astronomical, Earth 
and Ocean Sciences 

National Science Foundation 
Washington, D.C. 20550 

Dear Mr. Todd: 

This is in response to your letter of August 18, 1975 providing National 
Science Foundation comments on the Draft Environmental Statement, Expansion 
of U.S. Uranium Enrichment Capacity, ERDA-1543. The statement has been 
revised in response to comments received including those of the NSF. 

We agree with your comment that criticality incidents and their effects 
should be covered in greater detail in specific plant statements. With 
regard to your comment regarding loss of man-days, these are very con
servative estimates and are very difficult, if not impossible, to 
observe. The use of these conservative estimates, however, does not have 
an effect on the conclusions of the statement. 

Your comment regarding use of the primary holding pond for disposal of Cr 
and Zn sludge is well taken, as is your statement about ultimate disposal 
of this sludge in a contaminated burial ground. The system as described 
is a simplification. Among possible schemes, there could be a sludge 
pond before the primary pond for the removal of the sludge. In this way 
the Cr and Zn would be kept as uncontaminated as possible for future 
resource recovery when technology becomes practical. 
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Mr. Edward P. Todd 2 

We appreciate your response to our request for comments and hope that 
the NSF will maintain an interest in ERDA programs and continue to 
provide input. A copy of the final environmental statement is enclosed 
for your information. 

Sincerely, 

Imes L. Liverman 
ssistant Administrator 
for Environment and Safety 

Enclosure: 
As stated 
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Houston 
Lighting 
& Power 
Company 
Electric Tower 
RQ Box 1700 
HoustonTcxas 77001 

August 15, 1975 

Mr. W. H. Pennington 
Office of the Assistant Administrator 

for Environmental and Safety 
Mail Station E-201 
U.S. Energy Research and Development 
Administration 

Washington, D.C. 20545 

Dear Mr. Pennington: 

Re: Draft Environmental Statement on Expansion of U.S. 
Uranium Enrichment Capacity, ERDA-1543 (June 1975) 

The above-referenced draft Environmental Statement on Expansion 
of U.S. Uranium Enrichment Capacity has been reviewed by Houston 
Lighting & Power Company. We have no substantive comments on the con
tent of this draft statement at this time. HL&P would, however, like 
to make a few pertinent comments with respect to the addition of future 
enrichment capacity. 

ERDA has based the subject statement on a maximum number of 
eleven new enrichment plants thought to be necessary by the year 2000 
and has assumed a hypothetical mix of one gaseous diffusion to ten gas 
centrifuge plants of a size similar to those in existence. In addition, 
ERDA has concluded that the environmental impact of the ten centrifuge 
plants is approximately equivalent to the one diffusion plant. Although 
it is difficult to say at this time when additional enrichment capacity 
will be needed, it now appears possible that the centrifuge technology 
could be 'demonstrated in sufficient time to meet these needs. 

If this is truly the case, it is difficult to imagine why ERDA 
would promote the addition of the next unit of enrichment capacity 
using gaseous diffusion. Such a proposal by private industry is pres
ently being considered by ERDA. Rather than proceeding in this manner, 
it is felt that ERDA should (1) make every effort to promote demonstra
tion of the gas centrifuge technology, (2) take such steps as necessary 
to assure that, in case of such demonstration of the gas centrifuge, 
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Houston Lighting & ft»wr Company 

Mr. W. H. Pennington 
Page 2 
August 15, 1975 

the next increment of enrichment capacity be of such type, and (3) 
gaseous diffusion be used only as a contingency measure to backstop 
future requirements if it appears that centrifuges are either not 
economically viable or cannot be demonstrated in sufficient time to 
meet such requirements. 

The environmental incentives to proceed with such a course of 
action would seem clear. In addition to the environmental incentives, 
present projections also indicate a significant cost savings in utiliz
ing centrifuge-produced separative work. This combined with rapidly 
escalating cost of energy as well as the need for U.S. energy indepen
dence should therefore reinforce, the need to move rapidly and efficiently 
toward the establishment of a viable and productive centrifuge-based 
enrichment industry in the U.S. 

Though the above remarks are not directly related to the draft 
statement, HL&P believes that they should be evaluated in relationship 
to the need for future enrichment production facilities. 

yery truly yours, 

sa. 
Executive tiXce President 

RPM:jak 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mr. G. W. Oprea, J r . 
Execut ive Vice P r e s i d e n t 
Houston L igh t ing and Power Co. 
E l e c t r i c Tower 
P.O. Box 1700 
Houston, Texas 77001 

Dear Mr. Oprea: 

This is in response to your letter of August 15v 1975 which provided 
your comments on the addition of future uranium enrichment capacity. 
The Draft Environmental Statement, Expansion of U.S. Uranium Enrich
ment Capacity, ERDA-1543, evaluates a mixture of one gaseous diffusion 
plant and ten centrifuge plants because it currently appears that 
the next increment of enrichment capacity will be provided by the 
diffusion process. The existing ERDA enrichment plants are 
contractually committed to the extent that no further enrichment 
services will be offered. Therefore, additional enrichment capacity 
must be provided in order for additional nuclear power plants to 
meet domestic energy requirements. Due to the long construction 
period, the next increment of enrichment capacity must be commenced 
promptly. 

As you no doubt know, proposals for private centrifuge enrichment 
have been requested and three proposals have been received from 
industry. However, the first increment of new enrichment capacity 
will most likely employ the gaseous diffusion process. The timing 
and need for additional enriching capacity is such that a conservative 
approach utilizing the time-proven gaseous diffusion process is most 
certainly required. With successful demonstration of the centrifuge 
process, plants following those already proposed will likely use 
the centrifuge process. 
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Mr. G. W. Oprea, Jr. 2 

We appreciate your review of the Draft Environmental Statement and 
are enclosing a copy of the final ERDA-1543. 

Sincerely, 

imes L. Liverman 
;sistant Administrator for 
Environment and Safety 

Enclosure: 
As Stated 
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D U K E P O W E R COMPANY 

POWEH BUIUDINO.BOX 2 1 7 8 , ClUBLOTTE. N . G. S 8 S 4 S 

W. H. OWEN 
VICC PRESIDENT. 

DESIGN ENGINEERING 

August 18, 1975 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and Environmental Research 
Energy Research and Development Administration 
Washington, D. C. 205^5 

RE: Draft Environmental Statement 
"Expansion of U.S. Uranium Enrichment Capacity, ERDS-15^3" 
Duke File Nos. A-12.21, A-12.21.1, A-12.21.2 

Dear Mr. Pennington: 

Please refer to your letter of June 30, 1975 sending us a copy of the ERDA 
Draft Environmental Statement, "Expansion of U.S. Uranium Enrichment Capacity, 
ERDA-15^3", and inviting us to comment on the draft statement. 

We are generally in agreement with the conclusion arrived at by the Staff that 
the expansion of the U.S. Uranium Enrichment capacity, as described in the 
draft statement, should be undertaken. We have some other minor comments whic 
we are submitting for your consideration. 

1) The predicted waste materials for operation accummulated for the first 
8.75-mi11 ion SWU/year gas centrifuge enrichment plant, in Table 2.3-7. 
appear to be on the high side. 

2) On page 2.3-75, under Natural Disasters, the probability of a massive 
tornado hitting the feed building should be discussed. 

3) In Subsection 2.5.3.10, Water Use, it is stated that the optimal location 
for a gaseous diffusion plant should be on a large river with a minimum 
flow of at least 300 cfs. We feel that such a limitation is unnecessary. 
The consumptive water use of a gaseous diffusion plant is of the order 
of 26 cfs. Natural streams with a minimum flow of about 100 cfs could 
easily support a gaseous diffusion plant. If necessary, some local 
storage could be provided near the plant to supplement the stream flow 
during periods of low flow. 
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Mr. W. H. Pennington 
August 18, 1975 
Page 2 

k) Table 5.1-3 presents a comparison of annual economic costs for 
alternative technologies. The annual operating cost for a LWR 
is reported as $121-mi11ion as against the $120-million for a 
coal plant. These numbers suggest that a coal plant would produce 
energy at a lower cost than a LWR, which is not consistent with our 
experience and economic studies for generating plants for the mid-
1980s. In our estimate, the cost of generation by a fossil plant 
of about 1000 MW size is about 30 percent higher than the cost of 
generation by a LWR of comparable size. 

5) The draft statement projects requirements for enrichment capacity 
based on the assumption of .3 percent enriched tails assay. Although 
Subsection 5.1.^ discusses the effects of varying the tails assay 
from .2 percent to ,k percent, future plans seem to be oriented 
toward .3 tails. Such a tails assay" minimizes expansion of enrich
ment facilities but at the same time diminishes the nation's uranium 
resources. The Nuclear Exchange Corporation (NUEXCO Report No. 83) 
has indicated .21 percent will be economically optimum as late as 
1982. Our in-house s"tudies support this conclusion. Thus, a lower 
percentage tails should be used in planning for increased enrichment 
capabi1ity. 

We appreciate the opportunity to comment onr the draft statement. 

Yours very truly, 

dOVdbutJ 
W. H. Owen 

WH0:pt 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASHINGTON. D.C. 20545 

Mr. W. H. Owen 
Duke Power Company 
Power Building 
Box 2178 
Charlotte, NC 28242 

Dear Mr. Owen: 

This is in response to your letter of August 18, 1975 which 
provided comments on the Draft Environmental Statement, 
Expansion of U. S. Uranium Enrichment Capacity, ERDA-1543. 
The statement has been revised in response to comments 
received and a copy of the final statement is enclosed for 
your information. Your specific comments are addressed in 
the enclosed staff response. 

Your company's support of ERDA's program to expand domestic 
enrichment capacity and your comments on ERDA-1543 are 
appreciated. We hope that Duke Power Company will maintain 
an awareness of ERDA programs and continue to provide input 
concerning those of specific interest. 

Sincerely, 

B-90 

Enclosures: 
As Stated 
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ERDA STAFF RESPONSE TO DUKE POWER COMPANY COMMENTS 

The predicted waste materials listed in Table 2.3-7 are based 

on experience with small development operations and, as such, 

should be considered first estimates only. They do appear to be 

reasonable but operations learning experience in production 

plants may result in revisions of these figures, 

A tornado of most any magnitude passing directly through the 

feed building would certainly cause significant damage under 

current design critieria. Whether or not a major release would 

occur would depend on the strength of the tornado and the 

missiles created. The probability of any tornado hitting a 

specific location would range from 4 x 10 per year in central 

Oklahoma to 8 x 10 in lower frequency areas east of the Rocky 

Mountains. Chances of occurrence are significantly lower west 

of the Rocky Moutains. For the most severe of tornadoes this 

—6 —7 
probability range reduces to 1 x 10 to 1 x 10 annually. 

The staff agrees that a gaseous diffusion plant could be sited 

on a river with a low flow less than 300 cfs. However, to reduce 

interference with other water users and decrease the potential 

for significant impingement and entrainment of aquatic biota, the 

optimal location would be on a river with at least 300 cfs low flow. 
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Consideration of specific gaseous diffusion plant locations will 

include the availability of a sufficient water supply. An 

assessment of the plant's environmental effects on the water 

source will be made in the environmental statement prepared for 

that specific facility. 

A new table (5.1-2) replaces the cost information you questioned. 

The new costs include pollution abatement capital equipment and 

its operation. Coal can be seen to be significantly more costly 

as compared to nuclear. 

With certain assumptions of the costs of feed, power, and 

enriching services, your comment regarding optimum tails assay 

is valid. The assumptions of 0.3% tails is based on the 

approximate projected tails assay needed to sustain ERDA enrichment 

services contracts with plutonium recycle. 

(See section 5.1.4 for an expanded analysis.) 
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DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 

OFFICE OF THE SECRETARY 

WASHINGTON. D C . 20201 

AUG • " W75 

Mr. James L. Liverman 
Assistant Administrator for 
Environment and Safety 

Energy Research and Development 
Administration 

Washington, D. C. 20545 

Dear Mr. Liverman: 

We have reviewed the draft Environmental Impact Statement 
concerning Expansion of U. S. Uranium Enrichment Capacity, 
ERDA-1543. On the basis of"our review, we offer the following 
comments: 

1- In a generic sense, the statement provides a 
satisfactory detailed description of the possible 
environmental and sociological effects of 
building enrichment plants. It is noted that the 
impact specific to any community will depend upon 
the locale in which these plants would be 
located. 

2- We found the analysis of the health effects of this 
program to be quite complete. It is apparent that 
the off-site health effects would be minimal insofar 
as the uranium enrichment facilities themselves 
are concerned. As has been noted in earlier 
reports generated by the Atomic Energy Commission, 
the major health effect is an occupational one and 
is due to the initial mining of the uranium ore. 

3- The draft statement makes the assumption that 
these new facilities would be furnished power from 
fossil fuel electrical plants. It seems appropriate 
to consider locating the enrichment plants in 
locations where the power could be generated from 
nuclear power plants. In this regard, the associated 
health effects of providing this necessary power, as 
well as the demand on natural resources, would be 
less if this power were supplied from nuclear sources. 
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Page 2 - Mr. James L. Liverman 

We suggest that the alternatives with respect to 
power sources be discussed in the final document. 

Thank you for the opportunity to review this statement, 
-V- -

:erely, 

Cromwell 
acting Director 
Office of Environmental Affairs 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Paul Cromwell 
Acting Director 
Office of Environmental Affairs 
Department of Health, Education and Welfare 
Office of the Secretary 
Washington, DC 20201 

Dear Mr. Cromwell: 

Enclosed is a copy of the Final Environmental Statement, Expansion 
of U.S. Uranium Enrichment Capacity, ERDA-1543. The document 
has been modified in response to comments received on the draft 
environmental statement. Additional information regarding health 
effects from uranium mining has been factored into Section 5.1.1.1.2. 
as a result of your comment. 

We agree with your comment that generation of required power by nuclear 
power plants would be appropriate and lessen the environmental impacts 
of offsite power generation. Electricity to the uranium enrichment 
plant, however, would in general be supplied by a separate utility. 
Location and fuel for this power plant cannot be fixed at this time. 
The particular nature of electric power generation to be used for 
specific new enrichment facilities will be fully presented and evaluated 
in the environmental statements which will be issued for each specific 
site. For this statement, coal-fired electrical generation was assumed 
for the summary of environmental costs included in Table 9.1-2 because 
we believe they represent a more conservative assessment of environmental 
impact. Changes required in the table to convert to nuclear-fueled 
power would primarily involve significant reductions in gaseous chemical 
discharges but inclusion of radiation doses to people and other biota 
and a slight increase in thermal releases. Offsite land requirements 
do not include land committed for mining or other fuel cycle facilities. 
Land requirements for coal mining to supply coal-fired power plants 
are more than 20 times those associated with nuclear plants. 
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Mr. Paul Cromwell 2 

We appreciate your review of the draft document and the comments 
provided in your August 19, 1975 letter. 

Sincerely, 

fman 
Administrator 

for Environment and Safety 

Enclosures: 
As stated 
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'>>8-l9T* 

TENNESSEE VALLEY AUTHORITY 
CHATTANOOGA. TENNESSEE 37401 

August 2i 1975 

Dr. James L. Liverman 
Assistant Administrator for 

Environmental and Safety 
Energy Research and 
Development Agency 

Washington, D.C. 205^5 

Dear Dr. Liverman: 

We appreciate the opportunity to review and comment on the draft 
environmental statement "Expansion of U.S. Uranium Enrichment 
Capacity." We agree with the timeliness of this proposal in that 
future expansion of uranium enrichment capacity will be necessary 
to provide fuel for projected nuclear power growth. Our review 
of this statement has not identified any significant environmental 
issues which would preclude this proposed expansion. Conversely, 
we "believe that this statement demonstrates that this course of 
action is a prudent and even necessary step and that no alternatives 
with less impact are available. 

Sincerely yours, 

JyPetev A. Krenkel, Ph.D. P.E. 
/ Director of Environmental Planning 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Dr. Peter A. Krenkel 
Tennessee Valley Authority 
Chattanooga, Tennessee 37401 

Dear Dr. Krenkel: 

This is in response to your letter of August 21, 1975, providing 
Tennessee Valley Authority comments on the Draft Environmental 
Statement, Expansion of U.S. Uranium Enrichment Capacity, ERDA-1543. 
The statement has been revised in response to comments received and 
a copy is enclosed"for your information. 

Your agency's concurrence in ERDA's program to expand domestic 
enrichment capacity in view of the projected need for nuclear energy 
to provide electric power needs during the remainder of this century 
is appreciated. It is hoped that the TVA will continue to provide 
input to ERDA concerning ERDA programs in which your agency has an 
interest. 

Sincerely, 

: & ~ ~ 
es L. Liverman 
;istant Administrator 
for Environment and Safety 

Enclosure: 
As stated' 
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Commonwealth Edison 
One First_ National Plaza. Chicago. Illinois 
Address'ReplyTo: PosTOffice Box 767 
Chicago. Illinois 60690 

August 2 0 , 1975 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and 
Environmental Research 

U.S. Energy Research and Development 
Administration 

Washington, D.C. 20545 

Dear Mr. Pennington: 

In response to your letter dated June 30, 1975, 
Commonwealth Edison Company has reviewed ERDA's draft en
vironmental statement, Expansion of U.S. Uranium Enrichment 
Capacity. This appears fairly complete with two exceptions: 
Section 1.9, Cost-Benefit Analysis, limits the benefits to 
the direct value of the enriched uranium produced and the 
related operating payroll. The benefits of the reduction 
in oil requirements and reduction in coal requirements and 
associated pollution, which are a result of the use of nuclear 
power, should also be included. Under the same section, the 
alternatives given to the proposed plans for expansion of 
enrichment capacity are limited to nuclear alternatives, 
perhaps fossil alternatives should also be included. (This 
ties in with our comment on Cost-Benefit.) 

Very truly yours, 

R. L. Bolger 
Assistant Vice President 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. R. L. Bolger 
Assistant Vice President 
Commonwealth Edison 
P.O. Box 767 
Chicago, Illinois 60690 

Dear Mr. Bolger: 

We appreciate your review of the Draft Environmental Statement, Expansion 
of U.S. Uranium Enrichment Capacity, ERDA-1543 and the comments provided 
in your August 20, 1975 letter. The final document has been modified in 
response to comments received and includes an expanded discussion on plant 
security and sabotage and the addition of the most recent data on nuclear 
growth projections. 

In regard to your comments on the cost-benefits analysis, the indirect 
benefits of nuclear power are discussed in Section 5.1, Alternatives to 
the Expansion of U.S. Uranium Enrichment Capacity. This Section considers 
as a major alternative the limitation of nuclear power and the associated 
expanded development of nonnuclear energy sources. The major alternative 
technologies considered being coal, oil, gas, gas turbine, geothermal, 
and solar (see Section 5.1.1.1.2). Scenario IV of ERDA-48 was used to 
estimate the development of power production facilities with no new LWR 
and HTGR commitments. The energy technologies were compared with regard 
to economic costs, effects on land, air, and water, and health and safety 
factors. Section 9 is designed as a cost-benefit analysis of the proposed 
uranium enrichment capacity expansion. Opportunity costs and benefits 
avoided by not limiting nuclear power are implied in Section 5. 

A copy of the final environmental statement is enclosed. 

Sincerely, 

James L. Liverman 
Assistant Administrator 
for Environment and Safety 

Enclosure: 
As stated 
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FOR 
LAW 
AND 
SOCIAL 

P O L I C Y 26 August 1975 

Mr. W.H. Pennington 
Office of the Assistant Administrator 

for Environment and Safety 
Mail Station E-201 
United States Energy Research and 

Development Administration 
Washington, D.C. 20545 

Draft Environmental Impact Statement, "Expansion 
of U.S. Uranium Enrichment Capacity" (ERDA-1543) 

Dear Mr. Pennington: 

We are writing on behalf of the Sierra Club, the 
Environmental Defense Fund ("EDF"), the Natural Resources 
Defense Council ("NRDC"), the National Parks and Con
servation Association ("NPCA"), and Friends of the Earth 
("FOE") (collectively referred to as the "environmental 
groups") 1/ to present their comments on the Energy Re
search and Development Administration ("ERDA") draft 
environmental impact statement, "Expansion of U.S. Uranium 
Enrichment Capacity" (ERDA-1543), issued June 26, 1975 
(the "Enrichment Statement"). Although the environmental 
groups are concerned generally with the impacts of and 
alternatives to ERDA's proposals with regard to expansion 
of U.S. enrichment capacity, these comments are limited 
solely to ERDA's recommendation that four additional en
richment plants be constructed to supply fuel for use in 
foreign reactors. 

1/ The environmental groups are all broadly based 
membership organizations concerned with the preservation 
and protection of the environment. The Sierra Club, whose 
principal place of business is at 220 Bush Street, San 
Francisco, CA 94104, has a membership of approximately 
150,000 persons. EDF, whose principal place of business 
is 162 Old Town Road, East Setauket, N.Y. 11733, has a 
membership of approximately 40,000 persons and a 700 member 
Scientists' Advisory Committee. NRDC, whose principal 
office is at 15 West 44th Street, New York, N.Y. 10033, 
and which has additional offices in Washington, D.C. and 
Palo Alto, CA, has a membership of approximately 21,000 
persons. NPCA, whose principal office is 1701 18th Street, 
N.W., Washington, D.C. 20009, has a membership of approxi
mately 45,000 persons. FOE, whose principal place of business 
is 529 Commercial Street, San Francisco, CA 94111, has a 
membership of 27,000 persons. 
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Mr. W.H. Pennington 
page 2 

(a) Function of the Enrichment Statement 

The essence of ERDA's proposal, as expressed in the 
Enrichment Statement, is that eleven new uranium enrichmont 
plants — 1 gaseous diffusion plant and 10 gas centrifuge 
plants — will be needed by the year 2000 to meet uranium 
enrichment demands which can and should be supplied by the 
United States. Of- these eleven plants, no less than four 
"are required by 2000 to meet estimated foreign enrichment 
requirements" (p. 5.1-18), upon the assumption, which 
pervades the Enrichment Statement, that "this country seems 
likely to remain a large scale commercial supplier to the 
world" (p.2.1-10). While the Enrichment Statement presents 
a one page discussion of the alternative of limitation of 
uranium enrichment services to U.S. requirements only 
(pp. 5.1-18-5.1-19), neither the implications of an expanded 
United States commitment to supply enriching services to 
much of the free world, nor alternatives to that commitment, 
are explored in detail. 

The issue of whether the U.S. should supply enriched 
nuclear fuel for foreign reactors and, if so, under what 
circumstances and in what amounts, is currently being 
examined by ERDA in its draft environmental impact state
ment, "U.S. Nuclear Power Export Activities" (ERDA-1542), 
released August 4, 1975. That statement, which is not 
even cited in the Enrichment Statement, assesses in de
tail projections of world supply and demand through the 
year 2000, as well as the impacts of the growth projected 
by ERDA, and alternatives to current U.S. policies. 
Whether U.S. enrichment capacity should be expanded to 
meet projected foreign demand necessarily depends upon 
the outcome of ERDA's review of export policies.. 2/ 
Until the review of those policies is completed, the en
vironmental groups believe that it is wholly inappropriate 
to recommend the creation of new enrichment facilities de
signed to supply enriching services to foreign users. 

2/ As far as both domestic and foreign demand are 
concerned, it might also be questioned whether a commitment 
should be made to expand enrichment capacity until ERDA 
completes its analysis under NEPA of waste management 
proposals and plans. 
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(b) Impacts of ERDA's Proposal 

To the extent that the Enrichment Statement is utilized 
to make determinations with respect to expanding U.S. com
mitments to supply enriched fuels to foreign countries, its 
assessment of the impacts associated with such commitments 
is inadequate. The Enrichment Statement contains an ex
tensive analysis of the benefits to be derived from supply 
to foreign countries — improved balance of payments position 
(p. 2.4-1), assurance of safeguards (p. 5.1-18), "life
style" improvement (p. 2.4-1), etc. — but it provides 
virtually no sense of the incremental risks either to the 
United States or the world environment. Although a decision 
not to construct four new enrichment plants would reduce 
power-related impacts of ERDA's overall proposal by 2 0% 
and other impacts by 37% (p.5.1-18), ERDA dismisses in a 
single sentence these major reductions as having only a 
"relatively minor environmental impact" (p. 5.1-19). 
Further, although ERDA's proposal, if adopted, would 
necessitate much increased sea or air transport of nuclear 
materials to foreign countries, neither the accident 
potential nor security needs associated with such transport 
are even mentioned in the Enrichment Statement. 

Most importantly, ERDA's recommendation-, if adopted, 
would almost surely have the effect of promoting expansion 
of worldwide nuclear power generating capacity, enhancing 
the serious potential environmental consequences of fission 
power, e.g., the risk of accident resulting in a major re
lease of radioactivity, the difficulty of providing for the 
safe management of high level radioactive wastes, the pos
sibility that nuclear materials will be used for destructive 
or non-peaceful purposes, either by nation states or sub-
national terrorist groups, etc. Such consequences, in
dividually as well as cumulatively, are bound to have an 
impact upon the United States, as well as upon the world 
environment generally, but are now ignored in the Enrichment 
Statement. 

(c) Alternatives to ERDA's Proposal 

The Enrichment Statement is also inadequate insofar 
as it fails to address at least one key alternative — 
placing future enrichment facilities for foreign users 
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under some form of. international ownership 3/. Inter
national ownership of fuel facilities may be one of the most 
significant alternatives for reducing the dangers of nuclear 
proliferation, see e.g., Statement of Senator Ribicoff, 
121 Cong. Rec. S.13231-13233 (July 21, 1975), and President 
Ford's message to Congress of June 26 recognized that it may 
be appropriate to provide "an opportunity for foreign invest
ment" in new enrichment plants. See H. Doc. No. 94-202, 
121 Cong. Rec. H.6264, H.6265 (June 26, 1975). 

Other nations, as well as the United States, are 
seeking to diversify their energy base and to reduce their 
dependence upon any single supplier. As the Enrichment 
Statement admits, the issue at present as to whether foreign 
countries will develop their own enrichment capacity is 
"largely one of economics and international relations", 
since the basic centrifuge technology and related theoretical 
principles have been widely disseminated (p. 2.3-177). 
An effort by the United States to maintain its dominance 
in the world enrichment market may only spur foreign countries 
to develop such capacity, which may be unsageguarded or inef
fectively safeguarded. Indeed, the accord reached in June, 
1975, between the West German and Brazilian governments under 
which the Bonn government agreed to suppy Brazil with en
richment technology, see The New York Times, June 29, 1975, 
at 14, col. 2, indicates that such an eventuality is far from 
unlikely. By contrast, establishing new enrichment facilities 
for foreign users under some form of international ownership, 
thereby avoiding the problem of dependence upon a single 
supplier, might tend to reduce the incentive for individual 
nations to construct and operate their own enrichment facili
ties. 4/ The Enrichment Statement must critically examine 
not only a proposal to permit foreign investment in new en
richment plants but also more expanded concepts of international 
ownership. 

,3/ Another alternative not mentioned in the Enrichment 
Statement involves supplying something less than 35% of foreign 
demand for enriched fuel. For example, differentiations might 
be made among different countries, depending upon their particu
lar power needs, the adequacy of regulatory frameworks, and 
the likelihood that safeguards can be applied effectively, with 
the result that the United States might supply some countries, 
but not others. Indeed, it was recently reported in The New 
York Times that such a recommendation, at least as far as 
reactor sales are concerned, has already been made by ERDA's 
own consultants. See The New York Times, August 20, 1975, at 
58, col. 6. 

4/ Such action, it should be noted, miqht additionally 
serve as a precedent for international ownership of the back-
end of the fuel cycle, e.g., reprocessinq and waste storage, 
further reducing proliferation risks. 
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We appreciate the opportunity to comment upon the 
Enrichment Statement. If you have any questions with 
respect to the views of the environmental groups, please 
do not hesitate to contact the undersigned, and we shall 
be most happy to provide you with what further information 
we can. 

Very truly yours, 

Eldon V. C. Greenberg 

Counsel to the Sierra--C>lub, the 
Environmental Defense Fund, the Natural 
Resources Defense Council, National 
Parks and Conservation Association, 
and Friends of the Earth 

Caryl Bartelman* 

* Third year student at UCLA Law School; student intern 
at the Center for Law and Social Policy. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mr. Eldon V. C. Greenberg 
Center for Law and Social Policy 
1751 N Street, NW 
Washington, DC 20036 

Dear Mr. Greenberg: 

This is in response to your letter of August 26, 1975 which provided 
comments for five environmental groups on the Draft Environmental 
Statement, Expansion of U. S. Uranium Enrichment Capacity, ERDA-1543. 
This statement does not attempt to recommend the creation of new 
enrichment capacity to supply foreign reactors. Projections on what 
percentage of foreign enrichment requirements will likely be provided 
by the U. S. are included so that the environmental effects of this 
expansion can be evaluated through the year 2000. 

There has been no attempt to provide a detailed analysis of the broad 
issues relating to the policies of supplying nuclear fuel to foreign 
reactors. The issues of international safeguards, overseas trans
portation and international ownership are considered to be beyond 
the scope of this statement. As stated in your letter, the issues 
concerning the nuclear export program are being examined in the 
draft of ERDA-1542, U. S. Nuclear Power Export Activities. It does 
not appear to be appropriate to expand ERDA-1543 to include the 
export issues discussed in ERDA-1542. 

The statement has been revised in response to comments received and 
a copy of the final environmental statement is enclosed. We appreciate 
your interest in the ERDA programs. 

Sincerely, 

Liverman 
l i s tan t Administrator 
cor Environment and Safety 

Enclosure: 
As s tated 

'^e-1916 
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POWER AUTHORITY OF THE STATE OF NEW YORK 
lO C O L U M B U S C I R C L E N E W YORK, N. Y. 10019 

(212) 265-6510 

TRUSTEES 

JAMES A. FITZPATR1CK 
CHAIRMAN 

GEORGE L. INGALLS 

VICE CHAIRMAN 

WILLIAM J. RONAN 

RAYMOND J. LEE 

August 26, 1975 

GEORGE T. BERRY 
GENERAL. MANAGER 
AND CHIEr ENGINEER 

LEWIS R. BENNETT 
ASSISTANT 
GENERAL MANAGER 

SCOTT B. LILLY 
GENERAL COUNSEL 

WILBUR L. GRONBERG 
ASSISTANT GENERAL 
MANAGER-ENGINEERING 

JOHN W. BOSTON 
OIRECTOR OF 
POWER OPERATIONS 

THOMAS F. McCRANN. JR. 
CONTROLLER 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Division of Biomedical and Environmental 

Research 
U. S. Energy Research and 

Development Administration 
Washington, D. C. 20545 

Dear Mr. Pennington: 

We have your letter of June. 30, 1975, and have reviewed the 
draft environmental statement relative to expansion of the U. S. 
uranium enrichment capacity. 

We found the report to be extremely interesting and are gratified 
to note its general conclusion to the effect that the overall socio-economic 
and environmental costs of the proposed expansion of enrichment capacity 
will not exceed the benefits derived from supplying enriched uranium and, 
further, that the expansion of the U. S. uranium enrichment capacity 
should be undertaken. 

Beyond this, we have no comments on the draft environmental 
statement. 

icerely, 
/J. 

7 7 4 
"George T. Berry 
General Manager 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mr. George»T. Berry 
General Manager 
Power Authority of the 
State of New York 

10 Columbus Circle 
New York, N.Y. 10019 

Dear Mr. Berry: 

Thank you for your review of the Draft Environmental Statement, 
Expansion of U.S. Uranium Enrichment Capacity, ERDA-1543 and 
your letter of August 26, 1975. The final document has been 
modified in response to comments received and specifically con
tains the latest ERDA nuclear growth projections. 

A copy of the final statement is enclosed. 

Sincerely, 

imes L. Liverman 
Assistant Administrator 
for Environment and Safety 

Enclosure: 
As stated 
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
W A S H I N G T O N . D. C. 20S55 

AUG 2 9 1975 

W. H. Pennington 
Office of the Assistant Administrator 
for Environment and Safety 

Mail Station E-201 
U. S. Energy Research and Development Administration 
Washington, D. C 20545 

Dear Mr. Pennington: 

Attached are the Nuclear Regulatory Commission's comments on the 
draft environmental statement, "Expansion of U. S. Uranium Enrichment 
Capacity" (ERDA-1543). To aid in your review of these comments, we 
have, where possible, related the comments to specific sections on 
the draft statement. 

The classified supplements to the draft statement were not received 
until August 13, 1975. Our comments, if any, on the supplements will 
be sent to you at a later date. 

If you have any questions regarding our comments, please contact 
Mr. W. Nixon of my staff (492-7427). 

Sincerely, 

y \ Kenneth R. Chapman, Director 
S Office of Nuclear Material 

Safety and Safeguards 

Enclosure: 
Comments on Draft 
Environmental Statement 
(ERDA-1543) 
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COMMENTS ON ERDA - 1543 
DRAFT ENVIRONMENTAL STATEMENT 

EXPANSION OF U.S. URANIUM ENRICHMENT 
CAPACITY 

Section 2.1.4.1 

The six scenarios should be more fully described and developed. 
They were not designed to be forecasts of projected energy 
growth. According to ERDA-48, Page IV-2, "These scenarios 
are not forecasts or predictions. They are intended as 
illustrations, as analytical tools, indeed as 'paper and 
pencil experiments'." 

Section 2.3.1.1.5 

The seismic event for which "all equipment critical to production 
operations and safe working conditions will be designed" should 
be identified. 

Section 2.3.1.15 

Bases should be given for the 10 uCi/Kg or 10 uCi/Ft limits. 

Criteria for the selection and monitoring of burial grounds 
should be given. 

Section 2.3.1.17 

Feed percent and alpha activity for reactor return material 
are not fixed for future commercial enrichment facilities. 
The process and safety related limits for these variables 
should be discussed including the relation to a cost-benefit 
analysis. 

Section 2.3.1.22.2 

On Page 2.3-75 under Natural Disaster the statement is made 
that "Designing a building to withstand tornadoes is not 
practical." This statement requires further justification, 
taking into account consequences. For example, would it be 
"practical" (considering costs and risk) to construct "hardened" 
facilities for the feed and withdrawal stations? 
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Section 2.2.2.6 

Water requirements in this section are not consistent with 
information in Sections 2.3.2.7 and 2.3.2.8. 

Section 2.3.3.22.2 

Although it is stated in this document that the environmental 
effects from a major seismic or tornado accident cannot be 
discussed because of classification problems, we do not consider 
this document complete without at least a comparison of these 
accidents with other accidents. 

Section 2.3.3.22.3 

While the rupture of an HF storage tank was considered 
(Page 2.3-145), the consequences in terms of detrimental 
health effects of such an event are not included in Table 
3.2-17 on Page 3.3-87. The release is of similar magnitude 
(5 tons of HF) to other items listed. 

Section 2.3.4.3.1 

Transportation of UF5 by the commercial industry is subject to 
the regulations of NRC and DOT. 

Section 2.3.4.4.2 

The footnote is incorrect. The correct definition of special 
nuclear material (SNM) is given in 10 CFR Part 70. 

1. In discussing safeguards requirements on Pages 2.3-183 through 
2.3-186, the document fails to mention the possible production 
of high enriched uranium (HEU) (i.e., >_20% enrichment) in the 
'enrichment facilities. Based on statements made elsewhere in 
the report that HEU will be needed for HTGR's, the report should 
include a discussion of needed physical security measures for 
these materials and plants. 

2. If the enrichment facilities are to produce HEU, we believe the 
safeguards section should be substantially expanded along the 
lines of the EIS for the LMFBR program. 

3. The first sentence on Page 2.3-186 implies that safeguards costs 
are treated in Section 9, but they are not mentioned in that 
section. The reader must be given enough information to justify 
the assertion that these costs are not more than a few percent 
of operations payroll and capital cost of plant construction. 

B-111 



-3-

4. We have gone on record in the draft GESMO saying that 
present safeguards are not adequate for a plutonium recycle 
economy and that safeguards improvements are necessary. We 
believe the same considerations apply to safeguards for HEU 
enrichment facilities. We suggest that the Conclusion para
graph on Page 2.3-186 be appropriately changed to indicate 
this viewpoint. We do not agree that present safeguards are 
adequate for a substantially expanded HEU industry. 

5. Also, we believe the Conclusion paragraph incorrectly 
links safeguards with the protection of restricted 
data or other classified information. Current usage of the 
term "safeguards" is limited to the protection of nuclear 
plants and materials. 

Section 2.3.6.1 

Is there a basis or requirement, considering ERDA agreements 
with private firms, for the conclusion that experience gained 
in the construction and operation of the first centrifuge plant 
(if privately owned) would be available to subsequent plants owned 
by other organizations? 

Section 2.4.3 

Under Natural Resources Benefits, the gaseous enrichment process 
is stated to consume less than 5% of the total electrical output 
of light wa^er reactors whereas the gas centrifuge requires less 
than 0.5%. Neither value is substantiated. The net energy 
requirements of the nuclear fuel cycle have been, on occasion, the 
subject of controversy. We recommend that this section of the state
ment be expanded to expressly compare the energy investment requirement 
for enrichment facilities (both gaseous diffusion and centrifuge) versus 
the energy gained from operation of the LWR's. 

Section 3. 

The potential environmental impact of buried wastes should be 
discussed and the evaluation should address the ranges of para
meters which might be anticipated. 

Section 3.2.1.2.1 

The criteria used in selecting the 18 stations used for 
meteorological data should be discussed. Do the locations 
of these stations represent potential or typical sites for 
enrichment facilities? 
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The choice of meteorological data appears inconsistent in 
that data from 18 stations was used to develop joint wind-
speed-stability categories, but data from 70 stations was 
used to develop wind direction data. 

Pasquill stability category B with a wind speed of one meter 
per second was chosen for evaluation of accidental releases. 
For nighttime, a more conservative basis would be stability 
category F with a wind speed of one meter per second. This 
basis would be more consistent with the evaluation of HF 
releases given on Page 3.3-16. 

Section 3.4.1 

A more realistic basis for location of the power generating 
plants for a diffusion facility would be to assume the plants 
were adjacent to the diffusion facility and were dedicated 
to supplying power to the enrichment facility. Total environ
mental effects, in this case, of the diffusion facility and 
power generation plants should be considered together. Of 
particular interest, of course, is the thermal load on the local 
region. 

Section 3.5 

A more complete justification should be given for the assumed 
ratio of diffusion to centrifuge plant. Information should 
be included on the estimated timing for the completion of the 
full-scale commercial development and demonstration of the 
centrifuge process, and this timing together with projected 
demands for enriched uranium and construction times for 
facilities used to determine the type and timing of future 
enrichment facilities. Information given in Tables 9.1-1 
and 9.1-2 indicates that the centrifuge process is expected 
to be more economical than diffusion in both economic and 
environmental costs. This may preclude construction of 
diffusion plants after full demonstration of the centrifuge 
process. 

Section 3.5.1.3 

More adequate support should be given in the statement to 
support the conclusion that a demonstratable "positive social 
impact" to the country will result from construction and 
operation of these plants. 
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Section 5. Alternatives 

Additional environmental evaluation information should be 
provided concerning the concept of an "add-on" plant which 
is an interwoven private industry-government operation complex. 

Section 5.1.1.2, Page 5.1-11 

In the consideration of alternatives, a proper comparison of 
the occupational health and safety effects cannot be obtained 
by excluding exposures to toxic or radioactive materials as 
was done in the draft statement (p. 5.1-11). 

Table 5.1-4 

This table should show more clearly that the final total sums 
both occupational and public health and safety estimates. 

Section 5.1.5 

A cost benefit analysis of government vs. private ownership, 
including the potential for and impact of foreign investment 
should be presented. 

Sections 8.1.3 and 8.2 

There is insufficient information presented to demonstrate 
that there will be no_ irreversible and minimal irretrievable 
commitment of abiotic and biotic resources from the con
struction of 11 enrichment facilities, four rotor fabrication 
plants and 702 LWR power plants through the year 2000. 

Table 9.1.2 

The words "same as gas centrifuge" should be inserted for the 
quantity of radionuclides discharged onsite and offsite to 
ambient air from a gaseous diffusion plant. 

Throughout the document the area requirements for a cen
trifuge plant are stated to be 350 acres. On page 9.1-8 
the area requirements for a centrifuge plant are stated 
to be 372 acres. This difference should either be corrected 
or clarified in the FES. 
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General 

1. The statement includes several references to plutonium 
recycle. Final NRC policy for plutonium recycle has not 
been established and, thus, references to plutonium recycle 
should connote this uncertainty. 

2. The report should include a brief discussion of trends for uranium 
enrichment industry beyond the year 2000, taking into considera
tion the potential for development of other energy resources. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, O.C. 20545 

Mr. Kenneth R. Chapman 
Director 
Office of Nuclear Material Safety 
and Safeguards 

Nuclear Regulatory Commission 
Washington, D. C. 20555 

Dear Mr. Chapman: 

Reference is made to your August 29, 1975 letter which provided 
comments on the Draft Environmental Statement, Expansion of U.S. 
Uranium Enrichment Capacity, ERDA-1543. The final document has 
been revised in response to comments received. Responses to your 
specific comments are found on the enclosed staff response. 

Major text changes have been made in Section 2.1, "Relationship 
of Uranium Enrichment Program to the U.S. Energy Economy" and 
Section 2.3.4.4, "Safeguards and Sabotage." Section 2.1 has been 
modified in an attempt to more fully describe the ERDA-48 scenarios 
and to better explain their relationship to energy growth projections. 
The safeguards section has been expanded to include a more detailed 
discussion of SNM safeguards requirements. Text changes were also 
made concerning burial grounds, non-criticality accidents, meteoro
logical data, and health and safety. 

We appreciate your review of the draft statement and are enclosing 
five copies of the final environmental statement. 

Sincerely, 

ssistant Administrator 
for Environment and Safety 

Enclosures: 
As stated 

7^6-i9i6 
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ERDA Staff Response to 
U.S. Nuclear Regulatory Commission Comments 

Section 2.1.4.1 

Section 2.1.4 has been modified to include more details on the 

ERDA-48 scenarios. 

Section 2.3.1.1.5 

Section 2.3.1.1.5 has been modified to. indicate seismic loading 

design philosophy. 

Section 2.3.1.1.5 

Criteria for selection and monitoring of onsite burial grounds are 

given in 10 CFR 20 and in the ERDA Manual, Chapter 0511. In the 

case of private industry (a licensee), the method of burial and 

the limits on quantities of radioactive material to be buried are 

specified in Paragraph 20.304, 10 CFR 20, Standards for Protection 

Against Radiation.. Material buried onsite or sent: to a commercial, 

licensed facility will have little radioactive contamination and 

low specific activity. Materials exceeding 10 pCi/kg transuranics 

will be stored retrievably (if ERDA-owned) for ultimate shipment to 

a Federal repository. This limit is specified in ERDA Manual 

Chapter 0511 and is based on the approximate equal toxicity of 

plutonium to radiŝ ia, which is naturally occurring in the environ

ment in concentrations up to 10 uCi/kg. Non-ERDA facilities will 

meet NRC recuirensr-ts. 

Section 2.3.1.17 

Reactor return material is discussed in Section 5 of the ta:ct in 

addition to Section 2.3.1.17 as referenced in your comment. In 
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Section 5.2.4 it has been recognized that reactor returns present 

problems; problems deserving of special attention by NRC in the 

licensing process. 

The maximum alpha activity for all transuranic elements in UF sent 
o 

to government enrichment plants is currently set at 1500 disinte-

grations/min/gram of total uranium, as noted in the statement. There 

are no specifications in existence for reactor returns to privately 

owned commercial enrichment plants. 

Existing specifications for uranium feed are based on power reactor 

returns being only 10% of the feed to gaseous diffusion plants. It 

is now expected that in the future cascade feeds in the long run will 

include a greater fraction of reactor returned uranium and a tighter 

control on the total alpha radiation in cascade feed will be required. 

Consequently, an evaluation of UF specifications appears to be in order 
b 

for both government and private commercial enrichment feeds. 

Two cases based on the reduced alpha specifications have been treated 

in the report and their consequences analyzed. In summary, if sig

nificant impurities are allowed to enter a uranium enrichment cascade, 

they can become operational problems, cause excessive occupational 

exposure, and in some measure be released to the environment. To 

avoid these problems, impurities can be removed either at the reproces

sing plant or as the UF, feed enters the enrichment plant cascade. The 

cost of removal at either site is thought to be of similar magnitude; 

the benefit is similar also, except for the added benefit of keeping 
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impurities out of transport when removal takes place at the reproces

sing plant. The true cost-benefit balance can best be determined by 

NRC as the agency having licensing control over each aspect of the 

"fuel cycle. 

Section 2.3.1.22.2 

This section has been expanded to acknowledge that tornado protection 

may be practical for service consequences. 

Section 2.2.2.6 

Inconsistencies in water use requirements have been eliminated. 

Section 2.3.3.22-2 

We agree with the need to discuss environmental effects from a 

seismic event or tornado and have provided you with a c lass i f i ed 

ana ly s i s . The unclass i f ied text has not been a l t e r ed . 

Section 2 .3 .3 .22 .3 

At your request Table 3.2.17 has been expanded to include the con

sequences of an KF storage tank re lease . 

Section 2 . 3 . 4 . 3 . 1 

The text has been changed to include your suggested addition of NRC 

and DOT as regulators of transportation by the commercial industry. 

Section 2.3.4.4.2 

The safeguards and security sections have been greatly expanded to 

cover the points raised in your letter. 

Section 2.3.6.1 

This comment is well taken. Technical innovations are required to 

be reported to ERDA and on ERDA request industrial participants are 

required to grant third party licenses for these patentable innova

tions. Nevertheless, the original statement was too all encompassing 
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and threfore has been deleted. 

Section 2.4.3 

Uranium contains very large quantities of potential energy capable of 

producing electricity in nuclear reactors. The electrical energy 

consumed by the nuclear fuel cycle is also large, with uranium 

enrichment representing over 90% of the total electricity expended. The 

bulk of the energy consumption in the diffusion process is for electric 

power in the amount of 2400 MW annually. Construction of the diffusion 

plant requires about 232 MW-yrs of electrical energy and 2S60 MW-yrs 

(equivalent) of thermal energy which is primarily from fuel for con

struction equipment. When applied over a diffusion plant life of 30 

years, the electrical equivalent is 103 MW annually for a total power 

of 2503 MW each year. An 3.75 million SWU per year diffusion plant 

at 0.30% tails assay would support 96,000 MW of nuclear pcw^r, if a 75% 

plant factor and no plutonium recycle are assumed. Thus, only 3.5% 

of the reactor power production would be used by the enrichment plant. 

Decreasing the tails assay to 0.25% would increase this to 3.9% of 

the production, while maintaining a 0.3% tails assay and assuming 

plutonium recycle would decrease the fraction to 2.7%. When based 

on the centrifuge process the operating power drops to about 240 MW 

and the construction requirements are assumed similiar. Thus, to support 

the 96,000 MW of nuclear power, about 353 MW of annual power consumption 

would be expected which amounts to 0.49% of the generated pover. For 

the 0.25% tails assay case, the fraction would increase to about 0.55% 

and for the plutonium recycle assumption at 0.3% tails assay ;he 

fraction drops to 0.39%. It is recognized that*other methods for cos-

paring the power consumption used in construction could be applied, 
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but these results would not change by more than one or two percent of. 

the total generating capacity. 

Section 3 

The use of land for burial of enrichment plant wastes should not be 

a deterrent to eventual return of the surface for general use. The 

contaminants projected for burial are "low level" so that permanent 

retention of the burial area is not expected to be necessary. 

Section 3.2.1.2.1 

The meteorological data used is the same as that used for the LMF3R 

Program EIS (WASH-1535). It represents data from existing LWR sites 

and thus is typical of site meteorological standards which have met 

licensing criteria. For purposes of estimating radiation dose to 

populations in generic environmental impact assessment, meteoro

logical parameters do not influence calculations as greatly as 

variables such as release heights and population distribution. They 

do, however, greatly influence estimated maximum radiatirn doses to 

individuals at facility boundaries where wind speed, frequency and 

direction are controlling variables. For this generic assessment, 

an average frequency of prevailing winds from 70 locations in the 

continental U.S. was selected as being representative of meteorological 

conditions which would best typify those to which individuals at 

facility boundaries would be exposed. 

Use of stability categories F for evaluation of accidental releases 

would be more conservative, especially for nighttime. Use of the F 

category would give an X/Q value at 1200 meters about 10 tiroes greater 

than use of a B category for a 20 meter-release height. This is true 

for plume centerline calculations which were used for acci.nts 
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because they are conservative. There would be much less difference 

between B and F categories, however, for a sector average calculation 

which is perhaps more realistic for 1200 meters. 

Section 3.4.1 

The staff believes that the location of the electrical generating 

plant adjacent to the enrichment plant would, if properly sited, 

not result in overall environmental effects significantly greater 

than those discussed in Section 3. The combined site would cover 

an area of at least 600 acres. Total water requirements (assuming 

closed cycle cooling at the power facility) would be on the order 

of 115 cfs; water lost through evaporation and drift about 70 cfs. 

The major portion of the thermal load would be released to the atmo

sphere- Interaction of thermal plumes from the cooling towers (and 

possibly cooling ponds) and potential alterations in local fogging, 

icing, and other weather patterns would require significant study. 

Site selection criteria would be stringent. Important natural, 

recreational, and agricultural regions should be avoided. "later could 

be supplied either from a very large river (with a low flow of 300-1000 cf 

or through construction of a reservoir storage. The benefits of 

such a siting arrangement would be elimination of the need for xiles 

of high voltage transmission lines and reduction in energy lost during 

transmission. However, power is expected to be supplied by separata 

utilities, and siting of the power plant can not be predetermined. 

Section 3.5 

The justification for the assumed ratio of diffusion to centrifuge 

plants (1:10) is given in Section 2.3.6.1. Although the tir.e table 

for centrifuge process development and pilot plant demonstration 

supports the conclusion that the design and construction ?-:;raw for 
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a first commercial scale gas centrifuge plant can commence in October 

1976 (Table 2.3-56), the staff does not believe that the infant 

centrifuge manufacturing industry can support the hardware requirements 

of two large scale plants simultaneously (Table 2.3-56). Therefore, 

one of the two concurrently required plants (cr their equivalents in 

separative capacity) has been assumed to be a gaseous diffusion plant, 

which relies upon a different and more highly developed portion of 

the nation's industrial base for its hardware. Additionally, as pointed 

out in Section 2.3.6.1, the assumption of a diffusion plant as the first 

plant, with its greater assurance of meeting initial production schedules 

successfully, provides some tolerance to possible delays in construction 

which the first-of-a-kind centrifuge plant may encounter. Moreover, of 

the proposals received from industry for privately financed enrichment 

plants, the first has selected the diffusion process, while the other 

three have selected the centrifuge process. With successful uranium 

enrichment, utilizing the centrifuge process, plants following those 

already proposed will likely use the centrifuge process with its 

smaller power requirements. 

tion 3.5.1.3 

Your request for demonstrable positive social benefits of expanded 

uranium enrichment capacity is difficult to answer since philosophical 

concepts are involved. However, it was intended that positive 

social benefit be that associated with availability of electrical 

energy not only for economic well being, but aloo for health, 

recreational, etc., purposes. 
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Section 5 

A private enrichment plant "add-on" to an existing government enrich

ment plant has not been considered; however, some private proposals 

have indicated a desire to locate a centrifuge enrichment plant near 

the Oak Ridge Gaseous Diffusion Plant. The environmental impact from 

such an arrangement should not be significantly different from a 

government plant at. this location. 

Section 5.1.1.2 

The staff agrees that a complete comparison of occupational health 

and safety effects at LWR's vs. coal-fired power plants is not 

possible without data on effects of exposures to toxic or radioactive 

materials. Unfortunately, an analysis of this type is not readily 

available. Data on respiratory diseases developed by coal ar.d 

uranium miners has been incorporated into Sect. 5.1.1.2 as an example 

of one major occupational health problem related to the power industry. 

Table 5.1-4 

Occupational, public health and safety estimates are noc summed in 

Table 5.1-4. 

Section 5.1.5 

A discussion on economic and social impact of government versus 

private ownership has been added to Section 5.1.5. It is felt that 

foreign investment will not significantly affect the cost-benefit 

analysis. 

Section 8.1.3 and 8.2 

The text has been modified to remove the inaccuracies you notid. 

B-124 



-9-

Table 9.1.2 

Appropriate changes have been made in Table 9.1-2. As noted in foot

note A, page 9.1-8, the gas centrifuge onsite column includes the 

effects of both the gas centrifuge plant plus 1/2 of a rotor fabri

cation plant. The acreage requirement total has been corrected to 

36 acres which includes 11 acres representing half the acreage for a 

rotor fabrication plant (Section 5.1.1.2). 

General 

Notation has been included in the text that NRC Pu recycle policy 

has not been established. 

Uranium enrichment trends beyond the year 2000 have been discussed 

briefly in the text in Sections 2.1.6 and 2.1.7 as per your request. 
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Atomic Industrial Forum, Inc. 
7101 Wisconsin Avenue 
Washington. D C 20014 
Telephone (301)654 9200 
Cable Atomforum W,ishiw|tondc 

September 3, 1975 

Mr. W. H. Pennington 
Office of the Assistant Administrator 

for Environment and Safety 
Mail Station E-201 
U.S. Energy Research and 
Development Administration 

Washington, D.C. 20545 

Dear Mr. Pennington: 

The Subcommittee on Enrichment of the Nuclear Fuel Cycle Services 
Committee of the Atomic Industrial Forum (list of members attached) 
is pleased to comment upon ERDA-1543: "Draft Environmental Statement, 
Expansion of U.S. Uranium Enrichment Capacity." ERDA-1543 has been 
reviewed by subcommittee members from private and public utilities, 
reactor vendors, and others, all of whom are concerned with uranium 
enrichment and other components of. the nuclear fuel cycle. Their 
comments have been compiled, reviewed, and are summarized in this 
letter. 

It is the opinion of the Subcommittee on Enrichment that the report 
is well done and will be very- helpful in the development of uranium 
enrichment programs by private industry. However, we feel there 
are certain areas requiring further elaboration or clarification. 

ERDA-1543 is a generic statement on expansion of enrichment capacity. 
As such, the report should clarify the interface with the nuclear 
power plants which use the enriched uranium and with the other parts 
of the fuel cycle. This report should also clarify the balancing of 
costs, benefits, and impacts in the rest of the system. These clari
fications would strengthen the conclusion of the report that enrich
ment expansion is justified. 

The report is too specific on enrichments and operations modes. There 
should be an evaluation of the impact, if any, of operations at other 
assays or modes. It argues that the additional plants should be used 
exclusively for low-enrichment production. If there is an environ
mental impact effect which opposes private industry production of 
high enrichment uranium, this should also be presented. ERDA should 
consider whether the safeguards issue associated with a capability to 
produce high enrichment should be discussed. 

~3 
r 
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Mr. W. H. Pennington 
September 3, 1975 
Page 2 

The report discusses the impact of an enrichment plant on community 
population and services in terms of the peak construction force 
required for a full scale enrichment plant. It is likely, however, 
that most of the early plants (excluding gaseous diffusion) will be 
brought on-line Incrementally, starting with an initial step of 
1000-3000 MT SWU's, as has been advanced in the ERDA RFP. Therefore, 
while the report is not intended to deal with detailed local impacts, 
it should note that local communities will not necessarily face the 
impact of this addition to its population in one single step, but 
rather will see the effect in phases. Some thought should then be 
given to a more detailed consideration of how public and private 
services and facilities must expand to handle these population addi
tions to minimize the negative impact on the community both during 
construction and after departure of the work force and arrival of 
the operating force. 

The report briefly discussed the effect of tails assay on uranium 
mining and milling "and on the number of enrichment plants required. 
While it does mention that alternative assays were evaluated, this 
information is not included in the report. Such information should 
be included in order to answer industry questions which may arise 
concerning the impact of alternative tails assays. The report con
cludes that "...in the final analysis, the enrichment plant operating 
tails assay will most likely be determined by an economic balance 
which considers the cost of separative work, and the cost of feed." 
An additional factor, also of grave concern to members of the AIF, 
is the assurance of supply of feed and enrichment, which is deter
mined by the tails assay, number of U.S. enrichment plants, and the 
U.S. commitment to supply a world-widevmarket. ERDA should consider 
and discuss the environmental impact of varying the tails assay for 
the supply of foreign markets; this to be balanced against the 
desirable effect that this might have on the economy through the 
balance of trade. 

The centrifuge manufacturing plant design does not seem to include 
facilities -for testing the separative performance and reliability 
of the centrifuges with UFg gas. This could very well be part of 
such a plant. 

On Page 2.1-15, mention is made that the nuclear power capacity 
growth forecasts used in the analysis (Case D) may be high estimates 
in the light of current delays and deferrals in plant construction. 
ERDA should also consider the impact for other growth forecasts. 

On Page 2.3-41, it is stated that the spent fuel is allowed to decay 
at the reactor plant site for several days. Utilities are required 

^^to store spent fuel for a considerably longer period. 
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Page 3 

On Page 2.3-75, the report suggests that it is impractical to design 
the feed buildings against the forces of a tornado. It appears 
practical and it may even be preferable to do so rather than to argue 
the acceptability of the release of 51 metric tons of uranium hexa-
fluoride into the environs. It is unnecessarily extreme, however, 
to assume such a large release of UFs from even an unprotected feed 
building. 

In Section 2.3.4.4. 1, the discussion of a rationale for classification 
of information is unnecessary. The inclusion of such a discussion in 
the Environmental Statements detracts from the usefulness of the 
document and could burden the Statement with Freedom of Information 
questions which are not pertinent to the environmental impact of 
uranium enrichment. 

One develops the inference from reading the report that there is a 
considerable body of information that ERDA could make available to 
industry on assumptions, models, analysis methods, and calculations 
used in preparation of the report. It would be useful if more of 
this material were released, perhaps as an appendix. 

On Page 9.3-2 the report states that alternatives to the proposed 
plan, such as alternate tails assays and enrichment for U.S. require
ments only, were considered. It would be helpful to the industry if 
these alternative studies were made available in order to answer 
industry questions concerning the impact of other assays or other 
models. 

The AIF Subcommittee on Enrichment unanimously agrees with the main 
conclusion of the report that the cost benefit balance leads to the 
conclusion "that the expansion of the U.S. uranium enrichment capacity 
should be undertaken." The alternatives considered in the report to 
the expansion of the uranium enrichment program are completely unac
ceptable . 

We wish to express our appreciation to the Energy Research and Develop
ment Administration for the extended time period to allow us to comment 
on this draft environmental statement. We hope these comments will be 
useful in preparation of the Final Statement. We are ready to provide 
any further assistance or answer any questions the Administration nay 
have concerning these comments. 

Very truly yours, 

Ralpjj W. Deuster, Chairman 
Nuclear Fuel Cycle Services Committee 

RWD:cl 
Attachment ^B 
cc: Members of Subcommittee on Enrichment ^B 

Members of Nuclear Fuel Cycle Services Committee 
£. Gordon - AIF 
C. Walske - AIF 
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ATTACHMENT to letter 
Ralph W. Deuster to 
W. II. Pennington - 9/3/75 

NUCLEAR FUEL CYCLE SERVICES COMMITTEE 

SUBCOMMITTEE ON ENRICHMENT 

Mr. E. R. (Gene) Astley - Chairman 
Vice President Enrichment Programs 
Exxon Nuclear Company, Inc. 
777 106th Avenue, N.E. 
Bellevue, Washington 98009 
206/453-4373 

Mr. B. H. (Bud) Cherry 
Nuclear Fuels Manager 
General Public Utilities 
260 Cherry Hill Road 
ParsiDpany, New Jersey 07054 
201/334-7838 

Mr. H. (Herman) Clegg 
Boeing Developmental Center 
P. 0. Box 3 7 07 
Seattle, Washington 98124 
206/773-8634 

Dr. K. (Karl) Cohen, Chief Scientist 
General Electric Company 
Nuclear Energy Division 
175 Curtner Avenue 
San Jose, California 95115 
403/297-3000, Ext. 2225 

Mr. A. A. (Tony) Fuierer 
Manager Electric Systens 
General & Fuel Planning 
Rochester Gas & Electric Corp. 
89 East Avenue 
Rochester, :;ew York 14 609 
716/546-2700 

Mr. C. W. (Bill) Garrard, Jr. 
Texas Utilities Services, Inc. 
1506 Cormerce 
Dallas, Texas 75201 

Mr. L. L. (Larry) Grumne 
Washington Public Power Supply System 
P. 0. Box 968 
Richland, Washington 99352 
509/946-9681 

Mr. R. L. (Ron) Heiks 
Director of Nuclear Fuel Supply 
Consumers Power Company 
1945 Parnell Road 
Jackson, Michigan 49201 
517/788-1545 

Mr. L. E. (Lloyd) Keller 
Nuclear Engineer 
Omaha Public Power District 
1623 Barney Street 
Omaha, Nebraska 68102 
402/536-4055 

Mr. R. P. (Richard) Murphy 
Supervising Engineer 
Fuel Management 
Houston Lighting & Power 
P. O. Box 1700 
Houston, Texas 77001 
713/228-9711, Ext. 3477 

Mr. D. F. (Dave) Shaw 
Uranium Enrichment Associates 
P. O. Box 827 
Oak Ridge, Tennessee 37830 
615/483-8456 

Mr. R. D. (Dave) Smith, Jr. 
Manager, Uranium Management 
Westinghouse Nuclear Fuel Division 
Penn Center Bldg. 3-300 
P. O. Box 355 
Pittsburgh, Pennsylvania 15230 
412/256-4168 

Mr. R. J. (Bob) Tallman 
Bonneville Power Administration 
P. O. Box 6321 
Portland, Oregon 97208 
503/234-3361 

Dr. L. M. Richards 
Coordinator of Nuclear Commercial 
Development 

Altantic Richfield Company 
515 South Flower 
Los Angeles, California 90071 
213/486-0767 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON. D.C. 20545 

Mr. Ralph W. Deuster, Chairman 
Nuclear Fuel Cycle Services Committee 
Atomic Industrial Forum, Inc. 
7101 Wisconsin Avenue 
Washington, D. .C.' 20014 

Dear Mr. Deuster: 

This is in response to your letter of September 3, 1975 providing Atomic 
Industrial Forum Comments on the Draft Environmental Statement, Expansion 
of U.S. Uranium Enrichment Capacity, EPJ3A-1543. The statement has been 
revised in response to the written comments received and a copy of the 
final statement is enclosed. In addition, a copy of this letter and the 
Final Environmental Statement is being sent to each member of the Sub
committee on Enrichment of the Nuclear Fuel Cycle Services Committee of 
the Atomic Industrial Forum. 

The interface between enriched uranium and power reactors as well as the 
costs, benefits, and impacts of the uranium enrichment phase of the 
nuclear fuel cycle are treated in various sections throughout the statement. 
To provide a more detailed presentation than what is currently included 
would be beyond the scope of this environmental statement. 

We are not aware of environmental effects which oppose private industrial 
production of highly enriched uranium (HEU). The higher specific activity 
associated with HEU production, as well as its increased monetary value, 
etc. , make containment more important. Historically, the EPJ3A Portsmouth 
plant has been very successful in limiting discharges of HEU to the environ
ment to very low levels. Our assumption in ERDA-1543 that further HEU pro
duction would likely take place at the Portsmouth plant was based solely 
on projected production needs and available supply. Your comment regarding 
HEU safeguards has been given consideration and the corresponding text in 
Section 2.3.4.4.4 enlarged. Safeguards requirements for HEU facilities are 
substantially more stringent than those for low enrichment plants. Thus, 
safeguards (and security) requirements may be a significant consideration 
in a private industry's decision to process HEU. 

Your comment regarding reduced local impact for smaller size plants is well 
taken. Communities will be able to assimilate new residents and provide 
services more readily if smaller size additions are constructed or if 
large size plants are constructed in small capacity increments over a long 
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time period. The cumulative impact nationwide of providing uranium 
enrichment services, however, should not differ significantly from 
that described in draft of ERDA-1543. We have not changed the text 
of the report as a result of your comment since this generic review 
only addressed overall considerations. The basic social considera
tions discussed will probably not be changed even if there is an order 
of magnitude difference in the production capacity of constructed 
plants. 

Additional information has been provided in Section 5.1.4 to better 
express considerations which go into determination of tails assay. 
We have not, however, elaborated on the question of foreign markets 
since that subject is discussed extensively in the draft of ERDA-1542, 
U.S. Nuclear Power Export Activities. 

Centrifuges will probably not be assembled at the manufacturing plants. 
Instead, the machines will likely be shipped to the enrichment plants 
for assembly. Statistical quality control techniques will be used 
to verify the reliability of manufacturing procedures. 

Several comments were received regarding nuclear power capacity growth 
forecasts. Section 2.1 of ERDA-1543 has been updated as a result. 

Your comment that spent fuel is allowed to decay at the reactor plant 
for considerably longer than a few days has been accepted and the text 
changed correspondingly. 

As a result of your comment, as well as the comments of others, con
cerning protection from tornado damage section 2.3.1.22.2 has been 
revised to acknowledge the need for increased attention to tornadoes, 
such as hardening of the design of vulnerable plant structures and 
process components. 

The discussion of safeguards and security, as presented, is necessary 
because of the potential social, economic and environmental impacts of 
sabotage and the proliferation of technology. We consider it important 
for the statement to discuss the rationale for restricting the spread of 
information on enrichment technology so that an informal assessment of 
all possible effects of the expansion of enrichment capacity can be 
made. 

Your suggestion that further information be made available in an appendix 
on assumptions, models, analysis methods, and calculations is not practi
cal to implement due to the large volume of the material. Considerable 
effort was made in the document to reference methods, etc. Specific 
requests for such information will be promptly answered. 
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Your organization's agreement with ERDA's program to expand domestic 
enrichment capacity and your comments on ERDA-1543 are appreciated. 
It is hoped that the AIF will continue to provide input concerning 
ERDA programs. 

Sincerely, 

L. Liverman 
5istant Administrator 
for Environment and Safety 

Enclosure: 
As stated 

cc: AIF Subcommittee w/encl. 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

PEP ER-75/657 

SEP 3 1975 

Dear Mr. Liverman: 

Thank you for your letter of June 30, 1975, transmitting 
copies of the draft environmental statement and summary 
sheet for Expansion of U.S. Uranium Enrichment Capacity, 
ERDA-154 3. 

Our comments are presented according to the format of 
the statement or by subject. 

Plant Siting and Geology 

The summary description of a typical gas centrifuge 
enrichment facility mentions the requirement for 
approximately 11 acres of land at each plant for burial 
of contaminated scrap through the year 2000. However, 
in the discussion on page 23-24, no mention has been 
made of the requirement for about 12 additional acres 
of land through the year 2000 for storage of the 1,100 
14-ton cylinders of tailings that would be generated 
annually, consisting of uranium hexafluoride depleted 
in uranium 2 35. 

With regard to site-selection criteria, it is stated 
on page 2.3-38 that "the most environmentally acceptable 
site available will be used." We suggest instead a 
statement to the effect that a site meeting or exceeding 
minimum requirements for environmental acceptability will 
be used. It is stated later on page 2.3-100, that "ideally, 
the site location should be described geologically and the 
formations extending under the site should be identified." 
Rather than an ideal, this should be a minimum prerequisite 
for site selection. In addition, it would be advisable 
to stipulate that the distribution, physical properties, 
and engineering characteristics of formations extending 
under the site should be known, potential environmental 
problems related to geologic conditions should be identified, 
and appropriate mitigative measures to minimize impacts 
should be required. 

^UT/0A, 
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With regard to natural disasters, detailed estimates are 
provided on pages 2.3-75 and 76 for the radioactivity 
that would be released in the event that the feed building 
were directly hit by a tornado. Although earthquakes 
are mentioned briefly, no mention is made of potential 
releases of .radioactivity in the event of a damaging 
earthquake'. It is suggested that estimates be provided 
of the part of the enrichment facility that would be most 
vulnerable to accidental releases of radioactivity as a 
result of an earthquake, and the maximum credible releases 
from such a disaster. 

Some geologic conditions of a suitable burial ground for 
a gaseous diffusion plant have been identified on page 
2.3-129. Although it might be assumed that similar 
requirements apply to burial grounds for gas centrifuge 
plants, this has not been stated. On page 2.3-95, no 
mention of geologic conditions has been made in the dis
cussion of the classfied burial grounds for gas centrifuge 
plants, which are assumed to be ten times as numerous as 
the new gas diffusion plants. In addition, on page 2.3-140 
it is noteworthy that the quantity of solid waste generated 
by a gas diffusion plant would be "significantly smaller 
than that from a gas centrifuge plant because there will 
essentially be no contaminated equipment to dispose of." 

Section 1.3.5 should indicate water consumption per unit 
time during the project's*effective life. 

Background and Description of Uranium Enrichment 

Relative to the projection of future needs for enriched 
uranium, there have been recent reports, since the draft 
was prepared, that the ERDA forecast of installed nuclear 
capacity and demand for uranium has been revised sharply 
downward, particularly for the short tern (to 1985). On 
page 2.1-15 the statement notes that the estimates are 
high compared to more recent forecasts and that the use 
of cases D and Y are considered prudent since it provides 
an upper limit on requirements, benefits and effects. The 
final statement should discuss the significance of these 
changes in forecasts giving the most recent references, 
and should indicate whether, as a result, any changes in 
the final statement are required. 
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In the discussion of other enrichment processes, on page 
2.1-29, the enrichment process developed in the Republic 
of South Africa should also be mentioned here. Although 
South African authorities have been highly secretive 
about this process, information has become available in 
recent literature. This comment is also pertinent on 
page 2.3-180 covering the overt efforts in nations 
without enriching capabilities. 

The projections of uranium enrichment facilities through 
the year 2000 as discussed on page 2.3-192 is based on a 
uranium resource cost of up to $30.00 per pound U3 O3. 
Since this high cost as well as the total potential 
reserves are not well established, it suggested that the 
source of these estimates be given in the text. 

The energy balance in the nuclear fuel cycle is a controversial 
issue, and the favorable balance indicated on page 2.4-3 
under natural resource benefits should be better documented, 
including references. It is unclear from the brief statement 
whether the 0.5 percent for gas-centrifuge enrichment and 
5 percent for gaseous diffusion enrichment is the theoretical 
balance after repeated reprocessing and recycling stages. 
Also, energy expended or consumed is given in terms of 
electrical energy, which either means that the energy balance 
was calculated only for electrical energy of that total 
energy is considered in kilowatt-hour equivalents. This 
should be clarified. 

Cultural Resources 

The discussion of cultural resources in section 8.1.5 
should indicate measures to be taken in compliance with 
Section 106 of the National Historic Preservation Act of 
1966 and 36 CFR 800. 

Outdoor Recreation 

We have reviewed the statement and find that it has not 
given adequate consideration to the impacts on outdoor 
recreation resulting from the construction of the anti
cipated ten (10) gaseous centrifuge enrichment plants 
and the gaseous diffusion plant likely to be constructed 
over the next twenty (20) years. 
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Consideration should be given to recreation areas and 
facilities required for the 4125 (peak load) construction 
workers and 117 5 operational personnel and their families 
for each of the ten centrifuge plants and the 5,300 
(peak load) construction workers and 1550 operational 
personnel and their families for the gaseous diffusion 
plant. 

Although plant locations are not known at this time and 
the adequacy of existing recreation areas and facilities 
near each site cannot therefore be analyzed, the statement 
should include the type of general considerations and 
analyses that will be given to outdoor recreation during 
the site-selection procedure and in the formulation of 
plans for the plants. In addition, any physical effects 
caused by the plants and their operation on recreation 
use and facilities likely to be near future plant locations 
should be examined. 

Alternatives 

The alternative of limiting uranium enrichment services 
to U.S. requirements, as discussed on page 5.1-18, should 
preferably discuss foreign developments in more detail. 
The forcast of four domestic enrichment plants for foreign 
customers appears excessive. Western Europe and Japan do 
not favor continuing dependence on the United States for 
enrichment services. Australia and Canada are considering 
development of enrichment capacity for their uranium re
sources. South Afica is building an enrichment plant. 
Also, increasing competition for enrichment services con
tracts can be expected from the U.S.S.R. 

We hope these comments will be helpful to you. 

Mr. James L. Liverman 
Assistant Administrator 

for Environment and Safety 
Energy Research and Development 
Administration 

Washington, D.C. 20545 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASHINGTON. OX. 20545 

Mr. Royston C. Hughes 
Assistant Secretary of the Interior 
United States Department of the Interior 
Washington, DC 20240 

Dear Mr. Hughes: 

This is in response to your letter of September 3, 1975 
providing the Department of the Interior comments on 
the Draft Environmental Statement, Expansion of U. S. 
Uranium Enrichment Capacity, ERDA-1543. The statement 
has been revised in response to comments received and 
copies of the final statement are enclosed. Your 
specific comments are addressed in the enclosed staff 
response. We appreciate the Department's review of the 
draft statement and your interest In ERDA programs. 

Sincerely, 

mes L. Liverman 
sistant Administrator 
for Environment and Safety 

Enclosures: 
As stated 
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ERDA STAFF RESPONSE TO COMMENTS 

FROM THE 

U.S. DEPARTMENT OF THE INTERIOR 

Plant Siting and Geology 

The storage needs for tails cylinders were not explicitly mentioned 

throughout the report because tails storage is considered to be onsite 

and thus contained in plant land requirements. 

Additional information has been added to Section 2.3.1.15 to clarify 

burial ground selection criteria and the suggestion has been incorpora 

into Section 2.3.2.15.2. 

Information concerning the consequences of damaging earthquakes is 

classified and cannot be included in the unclassified environmental 

statement, ERDA-1543. 

With regard to the deficiency ncted in Section 2.3.2.12 (page 2.3.95 

in the DEIS), the reference burial ground description is for the rotor 

plant rather than the centrifuge plant. The centrifuge plant burial 

ground criteria have been modified as noted above under Section 

2.3.1.15. 

Water consumption per unit time during the project's effective life 

has been added to Section 1.3.5 per the request. 

Background and Description of Uranium Enrichment 

Future needs for enriched uranium have been questioned by various 

commentators. Section 2.1 of the report has been revised to update 

estimates. 
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The text has been changed to incorporate additional information about 

the Republic of South Africa's separations systems. 

The source of the estimates of uranium resources and their costs 

referred to in Section 2.3 in U.S. ERDA, Grand Junction Office Report 

G0)-100, "'Statistical Data of the Uranium Industry", January. 1975. 

The bulk of the energy consumption in the diffusion process is for 

electric power in the amount of 2400 MW annually. Construction of 

the diffusion plant requires about 232 MW-years of electrical energy 

and 2860-^jW-years (equivalent) of thermal energy which is primarily 

from fuel for construction equipment. When applied over a diffusion 

plant life of 30 years, the electrical equivalent is 103 MW annually 

for a total power of 2503 MW each year. An 8.75 million SWU diffusion 

plant at 0.30% tails assay would support an annual power production of 

96000 MW, if a 75% plant factor and no plutonium recycle are assumed. 

Thus, only 3.5% of the reactor power production would be usei by the 

enrichment plant. Decreasing the tails assay to 0.25% would increase 

this to 3.9% of the production, while maintaining a 0.3% tails assay 

and assuming plutoniun recycle would decrease the fraction to 2.7%. 

When based on the centrifuge process, the operating power drops to 

about 240 MW and the construction requirements are assumed to be 

similar. Thus at the 96,000 MW level of generation about 353 MW of 

annual power consumption would be expected which amounts to .49" of 

the generated power. For the 0.25% tails assay case, the fraction 

would increase to about 0.55% and for the plutonium recycle assumption 
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at 0.3% tails assay the fraction drops to 0.39%. It is recognized that 

other methods for comparing the power consumption used in construction 

could be applied, but these results would not change by more than one 

or two percent of the total generating capacity. 

Cultural Resources 

.The text has been modified to indicate that all legal requirements for 

the protection of cultural resources will be met. 

Outdoor Recreation 

Additions have been made to Sections 3.2.1.6 and 3.3.1.6. The siting 

criteria in Section 2.5 recommend that areas of high recreational value 

be avoided. Gaseous releases from the plants would not significantly 

affect the use of smaller recreation areas in the vicinity of the site. 

The potential for significant impacts on water-related recreational 

activities is confined primarily to plant effects on fish and other 

aquatic biota. Impacts on these organisms are covered in Section 3. 

Alternatives 

Developments in the field of foreign enrichment capability and expansion 

have been added to the text in Section 2.1.5.1. 
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E ^ O N NUCLEAR COMPANY, Inc. 

777 - 106th Avenue N.E., Bellevue, Washington 98004, Telephone (206) 453-4300 

RAYMOND L. DICKEMAN 
PRESIDENT 

August 27, 1975 

Mr. W. H. Pennington 
Office of the Assistant Administrator 
for Environment and Safety 

Mail Station E-201 
U. S. Energy Research and Development Administration 
Washington, D. C. 20545 

Dear Mr. Pennington: 

SUBJECT: Draft Environmental Statement (ERDA-1543) 
Expansion of U.S. Uranium Enrichment Capacity 

We have reviewed ERDA-1543 and we offer the following comments. 

The need for generation of electricity by nuclear power plants using 
enriched uranium is an implicit and well-grounded basis for this statement. 
Favorable action on individual nuclear power plant environmental statements 
is evidence that such plants are and will continue to be an environmentally 
attractive source of power. The expansion of enrichment capacity must take 
place to maintain the continued growth of nuclear power. This statement 
should concern itself with impacts and costs of a reference enrichment 
expansion program (as it does) and enrichment alternatives (as it does). 
Discussions of the alternatives involving other sources of power should be 
deleted. These discussions are part of the broader issue.of national 
energy programs and should be discussed in that context. 

In the discussion of different mixes of diffusion and centrifuge plants, 
the statement argues on Page 5.1-16: "As evidenced from analysis in 
previous sections, the assumed 1:10 ratio of diffusion to centrifuge 
enrichment plants constitutes a yery acceptable overall balance from the 
standpoint of performance reliability, socioeconomic, and environmental 
considerations." This statement is not that well evidenced. The 1:10 
ratio involves nearly twice the power consumption, water consumption, and 
thermal pollution of the 0:11 ratio. Unless centrifuge technology cannot 
be relied upon for the first increment, the 0:11 ratio is environmentally 
much more preferable to the 1:10 ratio. 
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One advantage of the gas centrifuge process over diffusion is the adapta
bility of the centrifuge to smaller size plants. This generic advantage 
makes it easier for that process to find acceptable siting from the point 
of view of local environmental impact. This should be brought out more 
prominantly in the statement. 

On Page 2.2-18, the statement is made that "Optimistically, a minimum of 
five to ten years will be required for the development of a viable laser 
isotope separation process. Therefore, it cannot be considered a practical 
alternative to either gaseous diffusion or gas centrifugation in the near 
future." But, the statement covers the period through the year 2000 and 
the first increment is not expected until at least 1982. If a laser pro
cess is commercially proven by 1985, it could provide all or most of the 
capacity coming on line from 1990 on and, therefore, could amount to up 
to half of the incremental capacity in the 1982-2000 period. The proper 
justification for not examining the laser process in this statement is that 
the enrichment program impact is shown to be acceptable without the laser 
process. If it can improve the impact from 1990 on, that is all the better. 

The Statement presumes on Page 2.3-75 that it is impractical to design for 
protection against tornadoes and that it is, therefore, necessary to examine 
the consequences of the release of 51 metric tons of UFg to the atmosphere. 
It is possible that such a point of view would lead one to choose a very 
large exclusion area. It is appropriate for the designer to examine the 
economic trade-off between exclusion area and building integrity. 

The summary on Page 1-7 relative to off-site exposures from credible 
accidents requires clarification. There should be some indication in the 
summary that the accidents producing exposures at the level indicated are 
low probability accidents. 

The Statement presumes certain radiological impurities in recycle uranium 
feed. The Statement indicates that the feed would be passed through a 
cobaltous fluoride trap to remove some of the more troublesome impurities 
before it enters the cascade. It would be much more logical for this 
filtration to be done at the chemical processing plant where it would be 
a negligible incremental burden on the waste handling operations. At 
the enrichment plant, it is an added burden. 

Throughout the Statement there are discussions of the project duration for 
gaseous diffusion plants and centrifuge enrichment plants which are not 
internally consistent and which are in some cases misleading. In particu
lar on Page 2.3-193, the project duration for a diffusion plant is assumed 
to be nine years as compared to nine and three-fourths years for a centri
fuge enrichment plant. Our studies indicate that a centrifuge enrichment 
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plant can be put on line as much as two years earlier than a diffusion 
plant of the same size and can be started up incrementally even earlier. 
The inconsistencies should be removed and the project durations clarified 
in the Statement. 

Very truly yours, 

EXXON NUCLEAR COMPANY, Inc. 

Raymond L. Dickeman 
President 

RLD:lwm 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Raymond L. Dickeman 
President, Exxon Nuclear Company, Inc. 
777-106th Avenue, N.E. 
Bellevue, Washington 98004 

Dear Mr. Dickeman: 

This is in response to your letter of August 27, 1975 providing Exxon 
Nuclear Company comments on the Draft Environmental Statement, Expansion 
of U.S. Uranium Enrichment Capacity, ERDA-1543. The statement has 
been revised in response to comments received and a copy of the final 
environmental statement is enclosed. 

Your support of ERDA's proposed program to expand domestic enrichment 
capacity in view of the projected need for nuclear energy to provide 
electric power needs during the remainder of this century is appreciated. 
The legal requirements of the National Environmental Policy Act 
requires the inclusion of alternatives to the proposed program in the 
environmental statement issued to support that program. It is for this 
reason and in this context that the discussion of alternate power 
sources is included in ERDA-1543. Please realize, also, that this 
statement is a generic one and, consequently, the subject discussion 
must be presented in terms of alternate programs. 

From Exxon Nuclear's participation in and contribution to uranium 
enrichment technology and capacity, I am sure you know that one of the 
other private enrichment proposals has selected the gaseous diffusion 
process. ERDA is supporting qualified enrichment proposals, regardless 
of the process selected. 

The justification for the assumed ratio of diffusion to centrifuge 
plants (1:10) is given in Section 2.3.6.1. Although the time table 
for centrifuge process development and pilot plant demonstration 
supports the conclusion that the design and construction program 
for a first commercial scale gas centrifuge plant can commence in 
October 1976 (Table 2.3-56), it is not felt that the infant 
centrifuge manufacturing industry can support the hardware requirements 
of two large scale plants simultaneously (Table 2.3-56). Therefore, 
one of the two concurrently required plants (or their equivalents 
in separative capacity) has been assumed to be a gaseous diffusion 
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plant, which relies upon a different and more highly developed 
portion of the nation's industrial base for its hardware. Additionally, 
as pointed out in Section 2.3.6.1, the assumption of a diffusion 
plant as the first plant, with its greater assurance of meeting 
initial production schedules successfully, provides some tolerance 
to possible delays in construction which the first-of-a-kind centrifuge 
plant may encounter. 

Your statement that the environmental impact of the proposed expansion 
program is acceptable without the laser isotope separation (LIS) 
process is well taken. However, regardless of the environmental 
acceptability of the proposed program, all viable alternatives must 
be presented in the EIS. The lack of LIS development and demonstration 
makes it a non-viable alternative at this time. Therefore, we feel 
that the reason stated for not considering the laser process is a 
reasonable one. 

Comments in addition to yours were received concerning the DEIS 
statements and conclusions, regarding a tornado-feed station accident. 
Section 2.3.1.22.2 has been modified in response to the comments. 

The estimated offsite radiological exposures given in the text (referred 
to in Section 1.3.2 and discussed in Section 3.2.1.7) are based on 
conjectured maximum credible postulated accidents and thus have a very 
low probability of occurring. The probabilities cannot be evaluated 
numerically because of the absence of experience data. 

Your suggestion that UFg impurities be removed at the reprocessing 
plant is discussed in Section 5.2.4 of the report. In addition to 
your stated advantage, there is the added benefit of preventing these 
impurities from being transported in the UFg cylinders, and compounding 
the cylinder decontamination problems. The NRC has pointed out 
the need for a cost-benefit evaluation of this problem. Such a 
study could be instrumental in establishing the impurity specifications 
for reactor returns to private commercial enrichment plants. 

The inconsistencies you pointed out in the draft report with respect 
to projected timing have been reviewed and the text has been revised 
to clear up questions on projected construction schedules. A 9.75 
year schedule is visualized for the centrifuge enrichment plant from 
the start of engineering to the end of construction (i.e., 9.25 years 
from the start of construction to its end). A nine-year schedule is 
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projected for the diffusion plant from the start of engineering to 
the end of construction. With respect to your conclusion that 
centrifuge plants can be put on line as much as two years earlier 
than a diffusion plant, our studies for 8.75 x 10° SWU/yr plants do 
not agree with your conclusions. 

It is hoped that Exxon Nuclear Company will continue to maintain 
an awareness of ERDA programs and to provide input concerning those 
programs of interest to you. 

Sincerely, 

(raies L. Liverman 
Assis tant Adminis t ra tor 

for Environment and Safe ty 

Enc losure : 
Environmental Statement 
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State of Ohio Environmental Protection Agency, Box 1049, 361 East Broad Street, Columbus, Ohio 43216 (614) 466-8565 

September 10, 1975 

Re: Draft Environmental Statement - Expansion of 
U.S. Uranium Enrichment Capacity - (ERDA-1543) 

James A. Rhodes 
Governor 
Ned E. Williams, P.E. 
Director 

W. H. Pennington 
Office of the Assistant Administrator 

for Environment and Safety 
Mail Station E-201 
U.S. Energy Research and Development 

Administration 
Washington, D.C. 20545 

La' 

Dear Mr. Pennington: 

The Ohio Environmental Protection Agency has been charged, by the 
Governor, with-lead agency and review coordination responsibilities 
for the State of Ohio on Federal Environmental Impact Statements. 
The above mentioned Draft Environmental Impact Statement has been 
reviewed by sections of this Agency and the Ohio Power Siting 
Commission. The following comments constitute those received from 
the above agencies and have been coordinated under the auspices of 
the State Clearinghouse. 

General: 

As presently written, the statement is rather cumbersome. While 
certain areas are well written and presented (the environmental 
data base and maps on p.p. 2.5-14 and 2.5-15), other areas are 
covered in too general terms, or are needlessly repeated within 
the statement. A paring down of the document with cross references 
would be helpful in controlling its size. 

Three major points which ERDA could clarify concern the gas centri
fuge program, the HWR program alternative, and the project costs. 

It is difficult to ascertain why the gas centrifuge program remains 
classified. Technologies other than this program exist for plutonium 
extraction (these other technologies being unclassified). A further 
explanation of the necessity for classification would be helpful, 
if only to show that the classification is of any import. 

The future of the centrifuge program is further clouded by mention 
of a 0.1 size demonstration plant on page 3.2-124. We suggest that 
this be discussed more thoroughly, giving an expected schedule for 
centrifuge development insofar as allowed by the present classifica
tion program. We are also discomfited by the necessity of a rotor 

B-147 



W. H. Pennington 
Page Two 

fabrication plant for the centrifuge facility. A clear statement 
of centrifuge availability should be made. In addition, on p. 
2.4-3, the statement is made that the gas centrifuge operates 
with 0.1 of the energy input of the gaseous diffusion plant. It 
is not clear from the test whether this includes the energy used 
in the rotor fabrication plant. Energy balances should also 
account for that energy used during the construction of the plant. 

Further clarification in the alternatives section seems necessary 
for the heavy-water nuclear reactors (HWR) alternative. The HWR 
concept is an attractive one inasmuch as it uses a larger fraction 
of the energy in the uranium, does not require enrichment, does 
not require excessive processing (i.e. fluoridation) and does not 
create a "tails" dump which wastes 0.2-0.3% U235. We recommend that 
the ERDA investigate the possibilities of joint programs with the 
Canadian vendors. 

Concerning the cost-benefit analysis (sections 9.1 and 9.2), it is 
felt that an accounting of capital costs, interest rates, and rates 
of amortization should be given. It is realized that these numbers 
could differ, depending on whether the plants are government or 
privately financed. In addition, somewhere in the financial break
down, the enrichment costs should be translated into mils/Kwh. 
Although we realize that all the costs will not appear in the rate 
base, those which do not should appear somewhere (either in increased 
costs of commodities or in the tax structure.) But a proper per
spective on the cost of the services is most properly mils/Kwh. 

Specific Comments: 

1) Table 2.3-30 listing of gaseous effluents without toxicity 
indices is confusing. Although toxicities are given later, 
the addition to the table would make things much clearer. 

2) p. 2.5-4 Vertical and horizontal clearances would be more 
meaningful if the size of the largest component were given. 
Most industrial equipment can be handled routinely but the 
shipment of an item the size of the reactor vessel poses 
special problems. 

3) p. 3.2-2 Wording change suggested. "Dilution of this effluent 
in a 100 c.f.s. river will increase Cr (III) concentration in 
the river (words added for clarity) by about 0.37 ug/1." 
Present wording is confusing and_ oxidation state of chromium 
should be specified since Cr (VJ_) is more toxic than Cr (III). 

4) p. 3.2-54 Treat uranium as a heavy metal poison (as later on, 
pp. 32-68-9) not as a radiological hazard. 

5) p. 2.3.1.15 Burial grounds. Throughout the report, the impli
cation is that (radioactive) contaminated materials will be 
buried onsite. Will this be true if the facility is privately 
owned, or will contaminated materials be shipped to a licensed 
AEC burial site? 
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p. 8.1-4 Add fluorine and phosphorous to the list of scarce 
materials. Both are listed in Brobst & Pratt USGS Circular 
682 (1973). 

The last paragraph on page 2.5-31 states that a uranium en
richment facility should not be sited on a seacoast or the 
coastline of the Great Lakes. We do not advocate siting plants 
on prime beaches, marshlands, or public parks or reserves, 
however there are already two nuclear generating plants sited 
along the Lake Erie Coast in order to utilize the large amounts 
of water available there for cooling purposes. We believe 
that with proper environmental safeguards it is possible to 
locate an industrial land use of this type in a coastal area 
with minimum environmental harm. 

We would concur with the NRC staff that expansion of the enrich
ment program is desirable and at present it would seem that expan
sion of the present gaseous diffusion plants would entail the least 
impact, environmental and otherwise. Data on the gas centrifuge 
program is at present too meager to allow a meaningful evaluation. 

It should be noted at this point that given Ohio's history of 
little seismic activity, the potentiality of adequate supplies 
of cooling water, and the State's existing nuclear facilities, the 
possible location of a uranium enrichment facility in this State 
should not be overlooked. 

We appreciate the opportunity to review this Draft Environmental 
Statement. 

Very tru}y yours, 

Ned E. Williams, P.E. 
Director 

NEW/mam 
31503^0 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Ned E. Williams, Director 
Ohio Environmental Protection Agency 
Box 1049 
361 East Broad Street 
Columbus, Ohio 

Dear Mr. Williams: 

We appreciate the Ohio Environmental Protection Agency's review of 
the Draft Environmental Statement, Expansion of U.S. Uranium Enrich
ment Capacity, ERDA-1543, and the comments provided in your September 10, 
1975 letter. The final text has been modified in response to comments, 
including changes to Section 5.1.1.2 concerning the HWR alternative 
and Section 2.3.5. concerning present centrifuge development planning. 
Your specific comments are addressed in the enclosed staff responses. 

Your concurrence with the need for an expansion of uranium enrichment 
capacity is appreciated. A copy of the final environmental statement 
is enclosed. 

Sincerely, 

lies L. Liverman 
d i s t a n t Administrator 
for Environment and Safety 

Enclosures: 
1. Environmental Statement 
2. ERDA Staff Responses to the 

Ohio Environmental Protection 
Agency 

/;>6-t9l* 
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ERDA STAFF RESPONSFS TO THE 
OHIO ENVIRONMENTAL PROTECTION ACL\TCV 

General Comments 

1) Need for Classification 

The need for continued classification of uranium (not plutonium) separation 

technology was discussed in Section 2.1.-/,.4.]. A continuing rcevaluation 

of classification renuirements is made to keep classification policies 

current with national security needs, Making gas centrifuge technology 

improvements readily available to would be clandestine groups does appear 

to be in the interest of national security. 

2) Centrifuge Development Schedule 

Section 2.3.5 has been modified to indicate present centrifuge development 

planning. 

3) Centrifuge Availability 

At present no large industrial capability exists to manufacture gas centrifuges 

but a small privately owned facility has produced a few machines. A gas 

centrifuge enrichment plant will require a large number of new machines to be 

delivered within a relatively short span of time. Consequently, it is 

inevitable that new manufacturing facilities will be required to meet such 

a demand. The ongoing development program is an effort"by the government to 

test centrifuge manufacturing techniques which would be applicable to assembly 

line operations. Initial conceptual engineering efforts to translate the 

development experience into the design of a future large-scale centrifuge 

manufacturing plant are completed. At the same time, the government, through 

its Industrial Participation Program, has transferred technology and design 

information to additional private enterprises to assist them in prenaring to 

enter the field of rotor manufacturing. The plan is to combine government 

and industrial technology for mass production of centrifuges by industry. 

4) Energy Requirement 

The electric power requirements for the gas centrifuge process (240 MW) 

provided in Tables 2.2-1 and 2.2-3 do not include rotor fabrication plant 

energy requirements. Table 2.2-2 shows that 16 MW is required for a model rotor 

fabrication plant, and since the ratio of centrifuge to rotor plants is 

10 to 4, only 6.4 MW corresponds with a model centrifuge plant. This addition 

would not perceptibly affect the 0.1 ratio. Energy consumption during 
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construction is listed in the tables referred to above. 

5) Heavy Water Reactor Alternative 

Section 5.1.1.2 has been changed in response to comments on this alternative. 

6) Cost-Benefit Analysis 

The capital cost of about $3 billion For an P.75 million SWU per year enrich

ment plant is based on current ERDA engineering studies. An estimated plant 

life of 30 years is based on operating experience in existinr ERDA plants. 

The discount rate of 10% used is a value recommended by the Office of Manage

ment and Budget for evaluatinp government projects and is intended to 

represent the after-tax cost of money in the private sector exclusive of 

effects due to inflation. The combination of 10o/ and 30 years results in 

an annual capital charge of 10.61°' which was used in the June '75 draft 

EIS to annualize capital costs. This rate might be 15% or higher in the 

private sector. 

The costs of table 9.1-1 may be converted to equivalent mills per kwh of 

power cost from the nuclear reactors served by the enrichment plants. 

Based on the reactor mix and reactor properties given in WASH-1139(74) , for 

the assumption of the draft EIS an average requirement may be estimated of 

105 SWU per MW-year of power generated. For an 8.75 million SWU/yr enrich

ment plant this converts to 0.00137 mills/kvh for each million dollars 

per year of enrichment plant costs. This results in values for the applicable 

cost items of table 9.1-1 as shown in the attached table. 

Specific Comment's 

1) Since impacts of these facilities are discussed in Section 3, we prefer to 

limit information such as toxicity indices to that section (see Table 3.2-20 

and Section 3.2.2.3). 

2) No great difficulty is expected at the present time with any of the components 

in utilizing either highway or rail transportation. Large components are 

expected to be shipped in containers which can hold a number of these units 

and still meet the clearance limitations encountered on either highuavs or 

railroads. The number of units per container, of course, can be varied, 

depending upon the external dimensions of the container which must meet the 

current transportation restrictions. Large -shipments such as during the 

initial fill period for the new plant will most probably be handled by rail 

transportation for economic reasons. 

3) Your suggestion of modification of Cr oxidation state designation has been 
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incorporated into the text in Section 3.2.].'•.?. 

4) In this statement, uranium is treated as both a radiological hazard and a 

chemical toxicant. On pages 3.2-5A, 3.2-68 and 3.2-6^, uranium is discussed 

only as a chemical toxicant in chemical discharges. Of major importance is 

its contribution to radiation doses. Coth modes of potential environmental 

effects are included for the sake of completeness. 

5) Your question regarding burial of contaminated materials onsite should more 

properly be answered by the Nuclear Regulatory Commission. To our knowledge, 

however, the option of burial at an offsite licensed burial facility is available. 

P) The materials of construction listed on page 8.1-1 of the draft EIS are 

"major" constituents as opposed to "scarce" materials. Fluorine and 

phosphorus are not major constituents of construction; nor are we able to 

readily quantify their presence. 

7) The staff agrees that, with proper environmental safeguards, a uranium enrich

ment facility could be built on the Great Lakes or other coastal regions of 

the U.S. with minimum environmental harm. However, the value of this land 

for aesthetic, recreational, or other uses generally tends to favor other 

regions of the U.S. in which alternative land uses are not as numerous or 

unique. Land use considerations must be examined in more detail on a site-

specific basis. 
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Power Cost Equivalents of Enriched Uranium Costs 

Land acquisition 

Operating and maintenance costs 
including capital recovery 

Feed costs 

Power costs 

Plant decommissioning cost 

RLu costs associated with potential 
future program improvements 

Increased costs to local government for 
the servifcs required by local workers 
and their fanilies 

Tax revenues to be received by local 
and state governments 

Diffusion 

Table 9.1-1 
June '75 Draft 

$ Millions 

0.7 

34 9/yr 

971/yr 

260/yr 

9 

Equivalent 
mills/kwh 

0.0001* 

0.48 

1.33 

0.36 

:Vft 

0.0001 

2/yr 

1.2/yr 

15 to 45/yr 

0.003 

Centrifuge 

Table 9.1-1 
June '75 Draft 

$ Millions 

0.71 

2/yr 

>Y»': 

Assumes an annual cost of 10% for non-depreciating capital. 

Annual cost obtained by discounting 30 years at 10%, then annualizing for 10% and 30 years 

Equivalent 
mills/kwh 

0.0001 

413/yr 

971/yr 

26/yr 

9 

0.57 

1.33 

0.036 

0.0001 

0.003 

0.002 

0.02-0.06 

1•3/yr 

15 to 45/yr 

0.002 

0.02-0.06 

LO 
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UNITED STATES DEPARTMENT OF COMMERCE 
The Assistant Secretary for Science and Technology 
Washington, DC. 20230 

September 15, 1975 

Mr. James L. Liverman 
Assistant -Administrator for 
Environment and Safety 
U.S. Energy Research and 
Development Administration 

Washington, D. C. 20545 

Dear Mr. Liverman: 

The draft environmental impact statement "Expansion of 
U.S. Uranium Enrichment Capacity", which accompanied 
your letter of June 30, 1975, has been received by the 
Department of-Commerce for review and comment. The 
statement has been reviewed and the following comment 
is offered for your consideration. 

The environmental impact of the proposed action, in 
particular with regard to the atmospheric transport and 
diffusion of plant effluents, is discussed only in the 
most general of terms. For example, it is noted in the 
Summary that "the natural characteristics of the area such 
as topography, geology, hydrology and meteorology will be 
important in determining a suitable site". Further, in 
Section 2.5 which characterizes the environment of 
hypothetical sites, meteorology is discussed (page 2.5-13) 
in non-quantitative terms. Consequently, until sites are 
chosen and effluent emissions characterized in quantitative 
terms, we have no further comments to make at this time. 

Thank you for giving us an opportunity to provide this 
comment, which we hope will be of assistance to you. 
We would appreciate receiving eight copies of the final 
statement. 

Sincerely, 

A c.U^. '/. {ft} 
Sidney'R. ,0a 11. 
Deputy Assistant Secretary 
for Environmental Affairs 

(Galier 
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UNITED STATES 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASHINGTON. D.C. 20545 

Dr. Sidney R. Galler 
Deputy Assistant Secretary 
for Environmental Affairs 

U. S. Department of Commerce 
Washington, D. C. 20230 

Dear Dr. Galler: 

Enclosed are eight copies of the Final Environmental Statement, Expansion 
of U. S. Uranium Enrichment Capacity, ERDA-1543, in response to and as 
requested in your letter of September 15, 1975 providing U. S. Department 
of Commerce comments on the draft of the statement. 

ERDA-1543 is a generic statement presenting a generalized view of the 
impacts of a single gas centrifuge plant, a rotor fabrication plant, and 
a gaseous diffusion plant, and a summary of the expected total impacts of 
the uranium enrichment expansion program through the year 2000. This 
statement outlines the major areas for potential environment impact and 
aids in decision-making and siting of any future uranium enrichment plants, 
Site specific details on topography, geology, hydrology and meteorology, 
and further definition and quantification of environmental impacts will 
be supplied in the environmental statements required for each specific 
plant site proposed. 

Your agency's comments are appreciated and it is hoped that the Department 
of Commerce will continue to provide input concerning ERDA programs. 

Sincerely, 

L. Liverman 
istant Administrator 

'for Environment and Safety 

Enclosure: 
As stated 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D C . 20460 

SEP 1 6 1975 

Dr. James L. Liverman 
Assistant Administrator 

for Environment and Safety 
U.S. Energy Research and Development 

Administration 
Washington, D. C. 20545 

Dear Dr. Liverman: 

We have reviewed the draft environmental impact statement for 
the Expansion of U.S. Uranium Enrichment Capacity (ERDA-1543) 
and our detailed comments are enclosed. The draft statement was 
prepared to support administrative actions to be taken by ERDA 
related to expansion of the U. S. uranium enrichment capacity and 
proposed legislation which was sent to Congress on June 26, 1975. 

We believe-the question of expanding uranium enrichment capacity 
should be considered in the broad context of the total U.S. nuclear 
power program. The environmental impact from enrichment appears 
low, but expansion of enrichment capacity will permit the expansion 
of the total nuclear power industry together with some unknown en
vironmental impact. Therefore, the question of expansion of enrich
ment capacity is an integral part of a broader question of the degree 
of U.S. reliance on nuclear power in the future. In our opinion, this 
important issue requires more consideration in the final statement. 

EPA generally agrees with ERDA's initiatives with regard to an 
expansion of enrichment capacity consistent with the requirements of 
the nuclear industry. However, other aspects of the fuel cycle, such 
as reprocessing and waste management, are also in need of urgent 
action. Since steps in this area are currently considered to have 
the greatest potential for environmental impact, we are concerned 
that too great an emphasis on enrichment capacity expansion may 
limit resources which could be applied to these other more critical, 
from an environmental standpoint, a reas . We believe ERDA should 
make 'an effort to more clearly define priorities in providing solutions 
for the several problem areas related to nuclear power. 
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In light of our review and in accordance with EPA procedure 
we have rated the draft statement as category 2 (Insufficient Infor
mation), and the proposed action as LO (Lack of Objections). If you 
or your staff have any questions concerning classification or com
ments, please do not hesitate to call on us . 

Sincerely yours, 

Sheldon Meyers 
Director 

Office of Federal Activities (A-104) 

Enclosure 
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U.S . Environmental Protection Agency 

Washington, D. C. 20460 

September 1975 

Environmental Impact Statement Comments 

Expansion of U.S. Uranium Enrichment Capacity (WASH-1543) 
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Review of Draft Environmental Statement 
Expansion of U.S. Uranium Enrichment Capacity (ERDA-1543) 

INTRODUCTION AND CONCLUSIONS 

The Environmental Protection Agency (EPA) has completed i ts 
review of the Draft Environmental Statement - Expansion of the 
U.S. Uranium Enrichment Capacity (ERDA-1543) issued June 1975 
by the U.S. Energy Research and Development Administration. 
The principal conclusions reached by EPA are : 

1. The proposed action of expanding the U.S. uranium enrichment 
capacity appears to have little direct environmental impact. However, 
expansion of enrichment capacity will permit the expansion of the total 
nuclear power industry together with some unknown environmental 
impact. Therefore, the question of expansion of enrichment capacity 
is an integral part of a broader question of the degree of U.S. reliance 
on nuclear power in the future; In our opinion, this important issue 
requires more consideration in the final statement. 

2. If the proposed expansion of the U.S. uranium enrichment capacity 
progresses at the suggested accelerated pace, money may be effectively 
taken from other points in the Nuclear Fuel Cycle, which may result 
in difficulties in the other areas of the fuel cycle. We believe that 
a conservative approach should be taken in the construction of new 
enrichment facilities. In addition, rapid growth may tax the already 
depleted supply of feed material before new reserves can be discovered. 

3. Volumes and types of enrichment wastes and associated waste 
management practices should be included in the final statement 
along with a dose assessment on a site dependent bas is . 

RADIOLOGICAL ASPECTS 

Environmental Impact 

The proposed expansion of the uranium enrichment capacity d i s 
cussed in the draft environmental impact statement (EIS) does not 
directly present any specific environmental problems of major 
concern. The enrichment plant, i ts operations, and potential for 
environmental impacts are reasonably well defined and manageable. 
Environmental impacts, however, could become significant in the 
context of siting a particular plant. The meteorology, hydrology, 
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monies in one particular component of the nuclear fuel cycle may 
relieve compression at that particular point, but may result in s t r e s s 
being amplified at others. More specifically, we believe that efforts 
should be considered which would also bring relief both at the r ep ro 
cessing and waste disposal points of the cycle, where the major 
environmental impact is now thought to occur. 

EPA generally agrees with ERDA as to the pressing need for new 
enrichment plants, but we would have to conclude that energy needs and 
fuel cycle scenarios could be presented which reflect a more realist ic 
and equal allocation of effort and monies for the total nuclear fuel cycle, 
since current estimates for the eleven enrichment plants will probably 
exceed $40 billion in 197 6 dollars. Consideration of these scenarios 
could aid in decision making in selecting the best path to follow in 
optimizing the entire fuel cycle. Further information should be included 
to consider all of the scenarios in a meaningful overall plan. Industrial 
participation in the enrichment industry will have to be spelled out, 
specifically including firm commitments for site location and waste 
burial site characterist ics acceptable for receiving wastes from the 
enrichment plants. 

One central problem of such rapid growth of the enrichment industry 
is a fast depletion of feed material . ERDA's supply of natural uranium 
is rapidly being depleted and is expected to reach the so-called "lower 
shelf" (the minimum working inventory, equivalent to about 45 days of 
plant operation needed to keep the gaseous diffusion facilities func
tioning smoothly) during fiscal 1977. In addition, ERDA's "open-season' 
opportunity for customers to modify, defer, or cancel their separative 
work contracts, could mean that there would be a net reduction in 
customer-supplied feed over the next few years . 

Radioactive Waste Systems-Licensing 

It is stated that if recycle power reactor fuel is re-enriched in a 
diffusion or a gas centrifuge plant there will be residual amounts of 
fission products left in the recycled uranium from the reprocessing 
plant. EPA feels that the licensing of an enrichment plant which 
enriches reprocessed uranium must have additional licensing con
siderations beyond those given to a plant which would theoretically 
enrich only natural uranium. Among these considerations is the 
required storage of "slightly contaminated" tails mater ial which 
will have a higher specific activity remaining due to the residual 
fission product activity not removed by reprocessing. In addition, 
the waste materials which are buried will probably have a higher 
specific activity and may have to be handled differently than if only 
natural uranium had been enriched in the plant. 
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ecology, or geology peculiar to a specific location may introduce 
serious environmental constraints on the development of any specific 
enrichment complex. Such problems, however, are not anticipated 
for many s i tes . As a result they do not have to be dealt with in this 
generic statement but can and should be treated in the specific environ
mental statements that will accompany the proposed licensing of each 
new or expanded plant. 

The EIS does, however, ra ise several important issues related to 
potentially significant secondary and indirect environmental concerns 
as well as social impacts that should be discussed at more length in 
the final statement. Since this EIS was prepared in support of the 
expansion of U. S. enrichment capacity and proposed legislation which 
would permit the private sector to provide this expansion, we believe 
it would be appropriate to consider the addition of a brief discussion 
relating enrichment to the total uranium fuel cycle. The environmental 
impact from enrichment appears low, but expansion of enrichment 
capacity will permit the expansion of the total nuclear power industry 
together with some unknown environmental impact. Therefore, the 
question of expansion of enrichment capacity is an integral part of a 
broader question of the degree of U.S. reliance on nuclear power 
in the future. In our opinion, this important issue requires more 
consideration in the final statement. 

Enrichment and the Nuclear Fuel Cycle 

In our review we not only attempted to assess the adequacy of the 
draft statement, but we also attempted to apply some philosophy for 
priority setting for overall nuclear fuel cycle needs. EPA believes 
that this is particularly necessary in the case of such a broad priority 
expansion of the uranium enrichment component of the nuclear fuel 
cycle. To adequately assess the expansion of the enrichment industry, 
we must first have a general understanding of our national environ
mental and energy needs in order to set priorit ies for activities which 
will affect future generations and their standard of life. 

One may view the overall nuclear fuel cycle as a chain of sequential 
events which must be implemented in such a timely fashion as to 
eliminate compression at any of a half dozen major points. At the 
present time major compression points are enrichment, reprocessing, 
and waste disposal. EPA feels that a heavy commitment of effort and 

this expansion is only needed to support a larger nuclear power industry, 
which could have a potentially significant environmental impact. If it 
is decided in the future to limit nuclear power growth for environ
ment capacity proposed by ERDA may not be required. We believe 
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This indicates that as industrial participation gains momentum 
there will have to be licensing requirement and guidelines both for 
the enrichment plant itself as well as the associated storage and waste 
burial and disposal systems. 

This may be more graphically represented if we consider that a 
given company may find it economically more profitable to enrich 
only reprocessed material while another company may only want their 
facility designed to enrich fresh or natural feed mater ial . EPA under
stands that as the industry matures, these questions will be answered. 
We must conclude, however, that these problems must be addressed 
to some extent at the beginning of the proposed private enriching 
venture. 

As mentioned briefly in ERDA-1542 (Draft), U.S. Nuclear Power 
Export Activities, there are regulatory guides which are explicitly for 
enrichment facilities (e .g . . Regulatory Guide 3. 25). However, it may 
be necessary in the future to expand these guides and to generate others 
encompassing the enrichment complex, as proposed in this EIS, covering 
disposal of foreign by-product material and export of enriched uranium. 
There should be a more thorough discussion of the regulation and the 
the standards setting activities involved or planned for the proposed 
enrichment industry. 

Water Usage 

Because it is a programmatic environmental impact statement, 
we are not able to evaluate the specific environmental impacts on 
water usage related to each plant. The submission of a site-specific 
draft environmental impact statement should be accomplished well 
prior to the start of construction rather than just immmediately 
prior to the start of construction of the facility as the proposed plan 
seems to indicate. 

We are concerned that plants may be placed adjacent to already 
burdened s t reams or that more than one plant may be placed on a 
s t ream segment considered cri t ical . Thus, the individual environ
mental impact statement must address cumulative effects of such 
plant siting. 

Although it is hinted, siting cr i ter ia should state explicitly that 
the size of a r iver by which an enrichment facility is to be located 
will have a minimum flow rate of 100 cfs (7-day, 10-year low flow) 
for a gas centrifuge plant or 300 cfs (7-day, 10-year low flow) flow 
for a gaseous diffusion plant. 
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Uranium enrichment plants should avoid locating by a body of-
water which is or will be used heavily for public drinking. According 
to p. 3 .2-31, if radioactive liquid effluents from a uranium enrichment 
plant are diluted by a 1000 cfs r iver , an annual dosage from drinking 
1. 2 l i ters/day of the river water would be 9. 2 x 10" ̂  or 9. 8 x 10 -3 

man-rem. Our rough estimates using a more commonly accepted 
drinking water consumption rate of 1.9 to 2.3 l i ters/day and a range 
of r iver flow ra tes from 100 and 300 cfs to 1000 cfs show greater 
exposure and a considerable higher risk to the public. 

Air Quality 

Considering the current controversy over the atmospheric effects 
of fluoro-organic compounds, an analysis of the environmental effects 
of fluoro -organic s from enrichment plants and potential control 
techniques for them should be presented in the final statement. 

The releases of uranium and hydrogen flouride (HF) from the 
gas centrifuge process should be estimated numerically rather than 

t race" as indicated in Table 2 . 3 - 1 , or " t race" should be defined. 
Fur thermore, it appears that long-term effects of these re leases , 
e . g . , a one-hundred year environmental commitment, has not 
been included in the analysis for either effluent. 

Dose Assessment 

There are values and assumptions missing from Section 3. 2. 1. 2, 
"Effects of radioactive discharges. " The major value missing is the 
value, or values, of the X/Q used; also, without further information 
it is not obvious that the X/Q does not peak at a location off site ra ther 
than at the site boundary. Secondly, results of the plume r i se cal
culations were omitted and the method involved in coupling the values 
is not discussed. Thirdly, even though it is assumed that such factors 
are contained in the cited references, all dose conversion factors 
and intake factors used should be included in the discussion. Without 
the above-mentioned items included in the statement, it is not possible 
to confirm the doses computed. 

To assume a 100% adult population is expedient but not necessari ly 
a true indication of critical individuals or population dose. 
In a statement which attributes substantial portions of social and 
economic impact, e . g . , housing and schools, to families, it only 
seems reasonable that an analysis be done on radiation doses to 
age groups other than adults. 
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There appears to be a lack of discussion on the environmental 
surveillance and monitoring at the plant boundary and beyond. Major 
components of the radiological and meteorological programs for a 
typical site should be discussed in the final statement. 

COST -B EN EFIT ASP ECTS 

Foreign Markets 

The forecast of capacity requirements for enrichment assumes 
that the U.S. will supply 35% of the total foreign demand (p. 2. 1-15). 
This assumption has two important aspects that should be addressed 
in the final impact statement. F i r s t , it is not clear to what extent 
domestic uranium might provide the input for the foreign supplies. 
The depletion of economically recoverable U3 0 s h a s provided the 
pr imary argument for the need for an accelerated LMFBR program 
in this country. The relative amount of uranium being enriched for 
foreign, as opposed to domestic use is significant. In 1984, for example, 
the U.S. and foreign nuclear capacities are forecast to be 216 and 
333 thousands of MWe, respectively. The U.S. would supply enriched 
capacity for about 35% of the foreign production needs. In view of 
this forecast, the possibility that domestic U3 Os might end up supplying 
foreign needs at a scale incompatible with national energy policy may 
a r i se and should be discussed in the final impact statement. 

The second way in which the foreign supply assumption takes on 
importance is in its effects on the timing of the need for new enrich
ment capacity that is to be provided by the Cascade Improvement 
Plan. Without the commitment to meet foreign requirements , the 
need for new capacity might not appear for several more yea rs . 
Given that breathing room, the proposed mix between diffusion and 
centrifuge capacity expansion might be reexamined in t e rms of least 
cost and environmental considerations. 

Demand Forecast 

The proposal to build one more diffusion plant prior to shifting 
to centrifuge plants appears based on the urgency of the need for new 
enrichment capacity by the year 1984. The need is in turn based on 
demand projections in Tables 2. 1-4 and 2.1-5 of the EIS. The nuclear 
capacity growth through the year 1984 should be a relatively predictable 
amount. With a lead time of 8 years from plans to operations, any 
capacity coming on line in 1983 .would probably have to be on order 
from reactor manufacturers today. It would appear that the projection 
of near - te rm capacity could be made more precise. The alternative 
forecasts would appear most appropriate for nuclear capacity added 
after the year 1983. 
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If the review of the near - te rm domestic needs forecast and" a r e 
consideration of foreign needs were to indicate less urgency or need 
for new enrichment capacity, the EIS might consider two issues . It 
might consider the alternative of depending solely on centrifuge plants 
after the Cascade project. In the long run this could have potential 
energy conservation and environmental benefits, which should be 
evaluated. In addition, the EIS might consider the effects of the 
proposed program on capital formation in the energy development 
area. Some flexibility in the need for enrichment capacity might 
loosen up funds for investment in other cri t ical aspects of the overall 
fuel cycle development program, such as the development of improved 
reactors or long term disposal techniques and thereby further our 
overall national energy goals. 

Cost-Benefit Presentation 

In our opinion a more proper way to value the benefits of the 
planned enrichment capacity would be to calculate the cost-savings 
of providing power by nuclear plants made possible by the enrichment 
capacity over the next least cost alternative, e. g . , heavywater 
reactors or fossil fuels. This cost-savings approach to estimating 
benefits was adopted in WASH-1535. 

The cost-savings approach can be used because without enrichment 
there could not be expansion of LWR or HTGR capacity. However, the 
approach would be very time consuming and costly. An alternative 
approach would be to take the separative work unit (SWU) costs 
projected by WASH-1535 and assume that the utilities and the public 
would be willing to pay at least that for the additional enrichment. 
This price for SWU's would then provide a surrogate measure for 
the gross benefit of enrichment. 

In a way, this appears to be what the EIS has attempted to do. 
If this latter approach to the measure of benefits is chosen, then 
the cost-benefit section should be rewritten to make that fact apparent. 
The net benefit of the program would then be the difference between 
the projected s t ream of gross benefits (revenues from SWU's) less 
the total costs of production. 

Size of Enrichment Facility 

The discussion in the final statement would be enhanced, from the 
point of view of understanding the full environmental implications of 
the program, if two additional points were covered. The EIS assumes 
that the typical plant capacity is 8.75 million SWU/year, The reason 
for this size should be explained. Are economies of scale that cr i t ical? 
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Size could also effect the second point that is not covered, i . e . , the 
probable location of the enrichment facilities. Are they likely to be 
distributed throughout all regions of the U.S . ? Answers to these 
questions, though not crit ical, would help in understanding this 
proposed program. 

OTHER COMMENTS 

1. Page 2.3-21 - Table 2.3-3 should include estimates of gaseous 
radioactive components from a coal-fired steam plant. 

2. Page 2.5-37 - Change r 3 7 Ca to 1 3 7 Cs. 

3. Page 3. 2. 14 - Instead of just relying on average meteor
ological data from 18 si tes, a range of data (i. e . , giving the high and 
the low values) would be helpful in making a more meaningful assessment 
of potential annual average meteorological conditions. 

4. Page 3. 2.14 - Stability - category G has not been included 
in the analysis of meteorological data. Since the inclusion of 
stability-category G is suggested in NRC Regulatory Guide 1. 23, 
it should not be discounted in this assessment of meteorological 
data. 

5. Page 3.2-17 - Equation for sector-averaged concentration 
should be given in the final statement. 

6. Page 3.2-18 - In the final statement, references should be 
given justifying the use of 0. 01 m/sec as the average deposition 
velocity. 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

WASHINGTON, D.C. 20545 

Mr. Sheldon Meyers 
Director 
Office of Federal Activities 
U. S. Environmental Protection Agency 
Washington, DC 20460 

Dear Mr. Meyers: 

This is in response to your letter of September 16, 1975 which provided 
comments on the Draft Environmental Statement, Expansion of U. S. Uranium 
Enrichment Capacity, ERDA-1543. The final statement has been revised in 
response to Environmental Protection Agency comments and those received 
from other sources. Responses to your specific comments are provided 
in the enclosed staff response. 

Nuclear growth assumptions were used in the environmental statement so 
that the effects of the uranium enrichment industry could be postulated 
through the year 2000. Use of these growth assumptions is not intended 
to imply that ten- additional enrichment plants will be built before 
the year 2000 or that capital should preferentially be spent for 
enrichment over reprocessing or waste management. In fact, the Energy 
Research and Development Administration (ERDA) is currently accelerating 
its efforts in areas of fuel reprocessing and refabrication and waste 
management. Evaluation of the environmental impacts of programs in 
these areas is being done as these programs evolve. This is discussed 
in greater detail in the enclosed staff response. 

^ 6 - i 9 l f e 
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Mr. Sheldon Meyers 2 

Information on the volume and types of enrichment waste and associated 
waste management practices is included in Section 2. The dose assess
ment for a hypothetical site in Section 3 has been modified in the final 
text. 

Your review of the draft document is appreciated. 

Sincerely, 

Ja'mes L. Liverman 
ssistant Administrator 
for Environment and Safety 

Enclosures: 
As stated 
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ERDA Staff Responses 
U. S. Environmental Protection Agency 

Radiological Aspects 

We agree with your statement that the expansion of enrichment capacity 

is an integral part of the broader question of U. S. reliance on nuclear 

power in the future. Section 2.1 of the final statement has been 

expanded to provide additional detail concerning the need for nuclear 

power. The environmental impact of each new nuclear power plant is 

assessed in an environmental statement. This statement is intended 

to assess the overall effect of expansion of enrichment capacity. The 

extent of the expansion of enrichment capacity will be dependent 

upon the degree that nuclear power contributes to the nation's electrica 

energy supply. 

Enrichment and the Nuclear Fuel Cycle 

In recognition of the complexity of the nuclear fuel cycle, ERDA 

established a new division which has direct responsibility for all 

aspects of the fuel cycle. We agree that planning for programs 

addressing individual positions of the fuel cycle must consider 

their effect on other components and ERDA is currently preparing 

an integrated fuel cycle plan. With regard to enrichment, it is 

ERDA's belief that all additional enrichment facilities should be 

provided by private industry. This is the approach which potentially 

allows for minimum government funding, and would not preclude or 

foreclose possible activities associated with other portions of 

the fuel cycle. 

Water Usage 

This environmental statement has assumed each plant will process reactor 

returns materials. As time goes on the amount of reactor returns versus 

virgin uranium will increase; thus our assumption that the presence 

of impurities in the UF feed is a potential problem seems reasonable 
o 

and has been discussed as such in the statement. The possibilities of 

further removing these impurities has been discussed in Section 5.2. 

In response to the comments on regulations needed tor enrichment plants 

a brief introduction has been added to Section 3. 
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Water Usage 

Because of the generic nature of the statement and because uranium en

richment plants may be built largely by private industry, the staff en 

only recommend siting criteria. Additions have been made to Section. 

2.5.1.0 to make clearer our recommendations of minimum flow rates in 

rivers supplying water to a centrifuge plant. Minimum flow rate in a 

river supplying water to a gaseous diffusion plant is discussed in 

Section 2.5.10. 

The estimates of radiation doses to people via drinking water were 

based on the assumption that the liquid radioactive discharge is 

released directly into a 1000 cfs (average flow) river from which 

people obtain drinking water. Estimated doses from this pathway are 

less than 0.0017 of background total body radiation dose for an 

individual. It is true that rivers, or streams, with a 100 cfs flow 

would lead to doses 10 times higher than those calculated for a 1000 

cfs river. Such doses would still be very much lower than those 

derived from current regulatory limits on releases. Also it is 

improbable that any substantial number of people would obtain drinking 

water from streams of 100-300 cfs. 

Air Quality 

Discussion of potential environmental effects of chlorofluorocarbons 

and long term effects on fluoride emissions have been expanded in 

Sections 3.2.2.3.1, 3.2.2.*, 3.7.1.4.3, and 3.3.1.7. 

ERDA has not yet investigated potential control techniques for fluoro-

organics, however, should control become necessary, it is anticipated 

that activated charcoal and possibly other techniques could be used 

effectively. 

Releases of uranium and hydrogen fluoride (HF) listed in Table 2.3-1 

are not for the entire gas centrifuge plant, rather from the uranium 

recovery, i.e., decontamination, facility. The term "trace" is used 

to indicate a very small discharge as compared to other releases, one 

which is lost when rounding sums to significant figures. One-hundred 

year commitments have not been included in this report. An addition 

has been made to Section 3.3 to indicate potential lonf-torm HF 

effects on vegetation in the vicinity of a plant site. It should be 

further noted that cumulative man-rem calculations are in tiie report 

and that dose estimates are 50-vear commitments. 

B-171 



- 3 -

6) Dose Assessment 

The X/Q value used for estimates of maximum radiation doses at the 1200 

meter boundary in the prevailing (most frequent) wind direction is 

1.78 x 10 . This value has been added to Section 3.2.1.2. The X/0 

value does not peak at a location offsite because the assumed releases 

are from a 20 meter height and no plume rise is used for the emission 

of these radioacitve materials. Plume rise calculations are made in 

the case of the steam plant stack for nonradioactive emissions. 

Dose conversion factors and intake factors assumed for dose calcu

lations are contained in cited references. However, they have been 

added, via apprendix, to the statement. 

For the particular radionuclides released by enrichment facilities, 

the assumption of a 100% adult population is reasonable. With the 

exception of radiation doses to the GI tract, liver and kidneys, 

uranium radionuclides account for over 807 of the dose to the total 

body and organs of individuals. Technetium-99 and Ruthenium-1^6 

account for the remaining fraction and make up 97% of the dose to the 

GI tract, 37% of the dose to the liver and 72% of the dose to the 

kidneys. Estimates of dose to infants or teens exposed to these 

radionuclides would not be expected to vary from doses to adults by 

more than the expected variations .(approximately a factor of three) 

within an adult population. Further, since conservative assumptions 

were used for ingestion and contaminated ground nathwavs (primary 

exposure pathways) the estimated radiation doses are believed to be 

higher than would be actually expected for adults. 

In response to your comment requesting major components of the radio

logical and meteorological urograms for a tvpical site, a new section 

(?. 3.1. ?<\ (-) has been added to tne report. 

Cost - Benefit Aspects 

1) Foreign 'larkets 

ERDA-24, ''Survey of United States Uranium "arketing Activities'* reports 

that through 1^74, 7000 short tons of 11,(1, have been exported, while 

purchase commitments tor foreign uranium have totaled -', l.HOO short 

tons. Indications are that the United States will continue to he a 

net importer of V .0() in the foreseeable future. Current 1v the KRDA 
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uranium enrichment plants are contractually committed and any addi

tional enrichment services, either for domestic or foreign customers, 

must be supplied by new enrichment capacity. The impact of limiting 

future uranium enrichment sources to U.S. requirements is discussed 

in Section 5.1.3, however, it is currently U.S. policy to offer enrich

ment services to foreign customers. 

Demand forecast 

The growth schedules through the year 198^ are based on reactor manu

facture orders; hov/ever, potential delays in reactor installation could 

lead to a lower installed capacity by 1984. Recent forecasts still 

show the need to begin construction of additional enrichment capacity 

to meet domestic requirements. 

Cost - Benefit Presentation 

The cost-benefit analysis has not been rewritten to reflect the cost-

savings appraisals. 

Size of Enrichment Facility 

The use of 8.75 million SWU per year as the base for new enrichment 

plant capacity originates from a new 17.5 million SWU per year stand

alone diffusion plant conceptual study done by the USAEC in FY 1968. 

A review of the rationale which led to the choice of 17.5 million 

SWU per year as the plant capacity for this study and the events 

which followed should explain the use of 8.75 million SWU per year 

as the typical plant capacity in ERDA-15<-'13. 

In the FY 1968 study it was reasoned that separative work requirements 

would rise steadily along a specified projected path until the time 

at which breeder reactors would capture a substantial portion of the 

power plant market. At this point the requirements would level off 

to a plate.au and at a subsequent date begin to fall. The year 1986 

was viewed as a reasonble date at which breeders would predominate in 

the nuclear power plant scene. Based on the projected separative 

work requirements at the time of this study (FY 1°6.'") and the assumptio 

of a 1986 breeder date, a total separative work recie i rement of about 

65 million SWU per year was obtained. With the existing facilities, 

improved and uprated, supplying about '0 million SWU per venr a new 

plant requirement on the order of 35 million ^UV per year was obtained. 

In the FY 1968 study a plant size of 1'/ . ri million SWU per year (half 
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that of the total 35 million SWU per year reouired) was chosen with this 

choice being based on consideration of such factors as 

a) Cost/size scaling advantage associated with large gaseous dif

fusion plants provided equipment sizes do not exceed the con

straints imposed relating to manufacturing technology and trans-

pofrational considerations, 

b) large plants require earlier expenditure of capital than do 

small plants, and 

c) financing for very large plants would offer problems'. 

Shortly after the issuance of the results in the FY 1968 study, hov/ever, 

the USAEC directed that a plant capacity of half that size, or S.75 

million SWU per year, be used as the base plant size in future conceptual 

design studies. The reasons for the AEC's preference for the smaller 

plant size are related to considerations of the capital investment 

required and the availability of acceptable new diffusion plant sites. 

All subsequent AEC and ERDA new enrichment plant studies, including 

the ERDA-1543 stuay have thus been based uDon the 8.75 million Sl/U 

per year typical plant size. In using this typical plant capacity 

it is recognized that cost/size scaling considerations would inflict 

less economic penalty for the centrifuge process than for the 

diffusion process were the plant size decreased. 

It is conjectural.as to whether plants of this size will be distributed 

throughout all regions of the U.S. It is felt that this is a highly 

unlikely eventuality for the following reasons: 

a) there are a limited number of sites which can offer the power and 

cooling water requirements for a diffusion plant of this size, 

b) although the centrifuge process is not as site-restricted as the 

gaseous diffusion process from a power-cooling water standpoint, 

it is likely that industry would enter into centrifuge plant 

construction in smaller than 8.75 million SWU per year capacity 

steps since production size centrifuge plants are not fully proven 

and the cost/size scaling penalties are not as severe as with 

diffusion, 

c) if private industry does not choose to enter the enrichment 

business, then the required new enrichment capacity must he built 

by the U.S. Government and it is likely that the first new FRDA 
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plants would be built at existing enrichment plant sites for 

economic reasons, and 

d) geological and seismic considerations preclude many areas in the 

U.S. for the building of enrichment plants of any size. 

Other Comments 

1) Radioactive emissions from steam plants have been included in table 

2.3.3. 

2) Typographical error corrected. 

3) An indication of the range of meteorological data is given in Section 

3.2.1.2.1. It was pointed out that the frequency of prevailing winds 

could vary from 6.25% to 25% (average 12.72%). This indicates that 

the estimated maximum doses for the individuals at the plant boundary 

could vary by a factor of two (higher or lower) from the estimates 

based on the average frequency. 

4) Category G stability data were not available for all of the 18 site 

meteorological data sets that were used to determine an average 

meteorology for use in this study. In cases where G stability 

frequencies were available, they were combined with E and F stability 

categories. 

5) Additional information on methodology for sector-averaging of radio

nuclide concentration in air and use of depostion velocities has 

been included- in an Appendix. 

6) References have been provided. 
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George C. Wallace 

Governor 

STATE OF ALABAMA 

ALABAMA DEVELOPMENT OFFICE 
r ~ - • — i 

R.C. "Red' Bamberg 

Director 

W.M. "Bill Rushton 

Assistant Director 

September 22, 1975 

TO: Mr. James L. Liverman 
Assistant Administrator for 
Environment and Safety 

Energy Research and 
Development Administration 

Washington, J^ C^ 20545 

FROM: Michael R. Amos 
State Clearinghouse 
State Planning Division 

SUBJECT: DRAFT ENVIRONMENTAL IMPACT STATEMENT 

Applicant: Energy Research and Development Administration 

Project: Draft Environmental Impact Statement for Expansion of 
United States Uranium Enrichment Capacity 

State Clearinghouse Control Number: ADO-014-75 

The Draft Environmental Impact Statement for the above project has been 
reviewed by the appropriate State agencies in accordance with Office of 
Management and Budget Circular A-95, Revised. 

The Environmental Impact Statement on this project appears to be in order. 
No comments are offered. 

Please contact us if we may be of further assistance. Correspondence 
regarding this proposal should refer to the assigned Clearinghouse Number. 

A-95/06 

Agencies contacted for comment: 
Conservation and Natural Resources 
Geological Survey of Alabama 
Environmental Health Administration 
ADO - Sternenberg 
Energy Management Board - Hudspeth 

^UJTIO/i, 

'•^e-itf6 

11362 

STATE OFFICE BUILDING • MONTGOMERY, ALABAMA 3G104 • (205) 269-1831 
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UNITED STATES 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 
WASHINGTON, D.C. 20545 

Mr. Michael R. Amos 
State Clearinghouse 
State Planning Division 
Alabama Development Office 
State Office Building 
Montgomery, Alabama 36104 

Dear Mr. Amos: 

This is in response to your letter of September 22, 1975, in which 
you indicated that the State of Alabama had reviewed the U.S. Energy 
Research and Development Administration's (ERDA) Draft Environmental 
Statement, ERDA-1543, Expansion of U.S. Uranium Enrichment Capacity, 
and had no comments to offer. The final statement has taken into 
consideration comments which were received during the review period 
and appropriate revisions made in response to these comments. Copies 
of all the comment letters and ERDA responses are presented as appendix 
B of the statement. 

Review of the draft statement by the appropriate State of Alabama 
agencies is appreciated. A copy of the Summary Sheet and the final 
statement are enclosed for your information. 

Sincerely, 

L. Liverman 
nstant Administrator 

For Environment and Safety 

Enclosure: 
As Stated 
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^W SUMMARY SHEET 

FINAL ENVIRONMENTAL STATEMENT (ERDA-1543) 
EXPANSION OF U.S. URANIUM ENRICHMENT CAPACITY 

U. S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

1. This Final Environmental Statement has been prepared toward compliance with 
the National Environmental Policy Act and in support of the Energy Research 
and Development Administration's administrative actions related to expansion 
of the U.S. uranium enrichment capacity and the President's message and 
legislative proposal sent to Congress on June 26, 1975. 

2. The current production capacity for enriching uranium for commercial nuclear 
power plants ia fully committed to existing and currently planned domestic 
and foreign reactors. The postulated expansion required to support nuclear 
power growth through year 2000 is eleven enrichment plants, each of which 
is equivalent In capacity to an existing U.S. uranium enrichment plant. 
This statement assesses the reasonably foreseeable environmental, social, 
economic, and technological costs and benefits of this expansion along 
with the reasonably available alternatives to such expansion. 

3. The environmental impacts of construction and operation of the postulated 
eleven additional plants would involve the commitment of approximately 
8,000 acres of land for plant sites and power transmission lines. The 
major Impact associated with the expansion will be due to the production 
of power required to operate the enrichment plants. This impact will be 
minimal since it is anticipated that the majority of the new plants will 
use the gas centrifuge process which requires only about ten percent as 
much electricity as the currently used gaseous diffusion process. The 
radiation dose to population living within 50 miles of the plants is 
estimated to be 0.05 percent of the dose received from natural radiation 
background. 

4. Alternatives considered included no expansion of enrichment capacity; 
limiting enrichment services to U. S. requirements; alternate ratios of 
diffusion and centrifuge plants; and alternate tails assays. 

5. Written comments on the draft environmental statement which was issued 
by ERDA as ERDA-1543, June 30, 1975 were received from: the Departments 
of State; Agriculture; Housing and Urban Development; Health, Education 
and Welfare; Interior; Commerce; the Federal Power Commission; the Nuclear 
Regulatory Commission; the Environmental Protection Agency; the Tennessee 
Valley Authority; the National Science Foundation, and State agencies, 
utility companies and other industrial organizations, and environment 
and other public groups. 

6. The statement was forwarded to the Council on Environmental Ouality on 
April 23, 1976 and an announcement of its availability has been submitted 
to the Federal Register'. 

•
OTE: Additional information about the program or statement can be obtained 

from J. L. Schwennesen, U. S. Energy Research and Development 
Administration, Washington, D. C. 20545, (301) 353-3516. 
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

Notice of Availability of Final Environmental Statement 

EXPANSION OF THE U.S. URANIUM 
ENRICHMENT CAPACITY PROGRAM 

ERDA-1543 

Notice is hereby -given that the Final Environmental Statement, 

Expansion of U.S. Uranium Enrichment Capacity, ERDA-1543 (April 

1976), has been issued pursuant to the Energy Research and Develop

ment Administration's (ERDA) implementation of the National 

Environmental Policy Act of 1969. The statement was prepared in 

support of ERDA's administrative actions related to expansion of 

the U.S. uranium enrichment capacity and the President's message 

and legislative proposal sent to Congress on June 26, 1975. 

Copies of the final statement are available for public inspection i 

the ERDA public document rooms located at: 

ERDA Headquarters 
20 Massachusetts Avenue 
Washington, D. C. 

Albuquerque Operations Office 
Kirtland Air Force Base East 
Albuquerque, New Mexico 

Chicago Operations Office 
9500 South Cass Avenue 
Argonne, Illinois 

Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 

Oak Ridge Operations Office 
Federal Building 
Oak Ridge, Tennessee 

Nevada Operations Office 
2753 South.Highland Drive 
Las Vegas, Nevada 

• 
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Richland Operations Office 
Federal Building 
Richland, Washington 

San Francisco Operations Office 
1333 Broadway 
Oakland, California 

Savannah River Operations Office 
Savannah River Plant 
Aiken, South Carolina 

Copies have been furnished to those who commented on the draft statement 

that was issued by the Energy Research and Development Administration 

as ERDA-1543, June 30, 1975. Copies are also available for public 

inspection at designated Federal Depository Libraries. 

A limited number of single copies of the final statement are available 

for distribution by the Technical Information Center, P. 0. Box 62, Oak 

Ridge, Tennessee 37830, (615) 483-8611, extension 34672. The statement 

is also available from the National Technical Information Service, 

Springfield, Virginia 22161. 

Dated at Germantown, Maryland, this 23 day of April 1976. 

For the Energy Research and Development Administration. 

James L. Liverman 
Assistant Administrator 
/for Environment and Safety 
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