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ABSTRACT 

Radioactively contaminated metallic materials comprise a large part of the potential waste 
products which result from nuclear facility repair, refurbishment, and decommissioning. 
United States Government (Departments of Energy and Defense) facilities, U.S. nuclear 
power plants, and other commercial nuclear fuel cycle facilities have large inventories 
of radioactive scrap metal which could be decontaminated and recycled into useful 
radioactive and non-radioactive products. Residual radioactivity and recycling criteria is 
needed to avoid the high cost of disposal and the waste of natural resources. 

In the United Kingdom, BNFL has decommissioned the gaseous diffusion plant at 
Capenhurst and has recycled a large fraction of the metallic scrap into the metals market. 
Other structural materials have also been released as uncontaminated scrap. U.K. release 
criteria for residual radionuclide contamination have been applied to these operations. A 
variety of techniques were utilized to size reduce large components, to remove 
radioactivity, and to survey and release these materials. These methods and the 
application of release criteria has a direct relationship to methods which would be 
applicable in the U.S. and in other countries. 

This paper will describe the specific U.K. technology and experience in the 
decontamination, recycle, and release of scrap metal. It will also describe the U.S. 
environment for metal recycle, including the volumes and levels of contamination, and 
the current and proposed release criteria. Comparisons will be presented between the 
U.S. and U.K., both in technology and methodology for recycle and in regulatory criteria 
for residual radioactivity and material release and for ultimate decommissioning. The 
paper will then provide suggested approaches and criteria for U.S. recycling and 
decommissioning. 
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INTRODUCTION 

BNFL Inc. is a wholly owned subsidiary of British Nuclear Fuels (BNF) pic. 
BNFL Inc. is actively engaged in offering over four decades of experience in the 
engineering, construction, operation, and decommissioning of facilities that comprise the 
total nuclear fuel cycle. BNFL Inc.'s staff of professionals represent many years of 
experience working on programs for the Department of Energy (DOE) and its 
management and operating contractors, as well as with the private sector nuclear power 
industry. 

A major part of BNFL Inc.'s expertise is total waste management. The 
Company's owner, BNF pic, is a company concerned with providing world leading 
nuclear fuel cycle services. Managing radioactive waste so as to minimize hazards to 
people and the environment is a key competence and the company has significant 
capability in this important area of the fuel cycle. BNF pic manages and operates five 
major sites in northwest England and southern Scotland. These sites generate various 
forms of radioactive waste, including liquids, gases, and solids in various levels of 
radiation from low-level to high level. All the wastes generated at these sites are 
collected, treated, and stored or disposed. BNF pic has over three decades of experience 
in waste management and treatment resulting in state-of-art technologies that not only 
minimize the final waste, but also package it in a form that is safe to the environment 
and to the public. BNF pic actively engages in transferring its experience and technology 
to BNFL Inc. for use in North America. 

BNFL Inc. and BNF pic are actively engaged in metal recycle projects taking 
radioactive contaminated scrap metal (RSM) and decontaminating it for reuse or 
manufacturing products from slightly contaminated metal. Experience gained at the 
Capenhurst gaseous diffusion plant decommissioning and the metal recycle activities is 
being applied in the U.S. In the U.S., BNFL Inc. is actively involved in metal recycle 
projects teamed with Manufacturing Sciences Corporation in their National Conversion 
Pilot Project at the DOE Rocky Flats facility, in a demonstration of the beneficial reuse 
of stainless steel for the DOE Savannah River facility, and in proposed work for the Oak 
Ridge Gaseous Diffusion Plant. 

The objective of this paper is to assist in criteria development for release of 
radioactive scrap metal and in the development of radiological standards for release of 
decommissioned facilities. 

U.S. METALS PROBLEM 

In the US there is a large quantity of radioactive scrap metal (RSM) which could be 
recycled. The sources of this scrap metal are presented below along with approximate 
quantities of these metals. 
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METAL SOURCES 

There are three main sources that represent significant quantities of metals suitable for 
recycle. 

1. Nuclear Power Plants represents the largest current source of RSM. Nuclear 
power plants currently generate from regular plant overhauls radioactive scrap 
metal such as old heat exchangers, piping, pipe hangers, and spent fuel racks. 
Since this metal is not generally free-released directly by the plants to the open 
market, few choices exist: 

(a) Bury the metal at an approved low-level waste landfill such as Barnwell 
where the current cost is from $3.28/lb to $8.00/lb depending on status 
as either a sited or unsited waste generator with the Southeast Compact. 

(b) Send the metals to a licensed radioactive scrap metal processor such as 
SEG or Quadrex (American Ecology). 

(c) Dispose directly after specific approval from the NRC (10 CFR 20.2002 -
formerly 20.302). About 25 such approvals have been obtained 

The total volume of metal generated from the 109 operating nuclear power plants 
last year was 29 million pounds. 

2. DOE Facilities. There currently exist stockpiles of metal at various DOE sites 
across the country. Significant quantities of additional metals will come from 
facilities as they are decommissioned and dismantled. The current estimate of the 
DOE facilities for all metal including that which is in stockpiles is 1.7 to 3.6 
billion pounds! As facilities start to be decommissioned/dismantled and the metal 
is sent to be processed, the annual quantity should increase to 50-90 million 
pounds/year. DOE disposal costs vary from $5 to $10 per cubic foot at Nevada 
(not the life cycle cost) to about $50 per cubic foot per year at Idaho for low-level 
waste. The latter reflects the continual costs of maintenance of the 
disposal/storage facility. 

3. Nuclear Plant Decommissioning. As power plants reach the end of their current 
40 year operating licenses, they will be decommissioned. The metal that arises 
from these decommissionings will be spread over the next 50+ years to the year 
2053. There are currently 109 nuclear power plants. The first plants to be 
decommissioned include Yankee Rowe, Trojan, and Shoreham. This market 
might be stretched if some of the plants successfully extend their NRC operating 
licenses beyond the 40 years of if the power plants get acceptance to put the 
majority of the facility into mothballs. It is currently estimated that 1.5 billion 
pounds of steel exist in the nuclear power plants that could be processed. The 
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quantity of this material should start to be significant by 2003. It is estimated that 
the average annual flow of metal should be over 25 million pounds per year. 

TIMING 

The sources of RSM market is currently increasing in all three segments. The nuclear 
power plant RSM is expected to level off in five years and will start to decrease in the 
year 2003 as more plants are decommissioned, eliminating the generation of metal waste 
from operations. RSM from nuclear plants will cease altogether by 2042 if no 
change/extension occurs in the present 40 year license requirement. 

Metal from the DOE is a difficult source to predict because of the problem DOE has 
with free release and the fact that the Nevada Test Site is currently charging between $5 -
$10/cu ft to dispose whereas the actual life cycle cost is more like $35/cu ft. Until the 
DOE decides on a workable free release policy (including liability issues for their 
management & operating contractors), the material for processing will be limited to 
acceptable internal end uses, such as containers, and to limited free-release from specific 
sites. 

The third segment, RSM from the decommissioning of nuclear power plants, will be 
erratic in nature until about 2014. The flow of metal should continue until 2053 when 
the final plants will be decommissioned completely. 

DOE SCRAP METAL VOLUMES AND LOCATIONS 

Figures 1 and 2 show the quantities of DOE scrap metal by type and by location. The 
specific quantities actually in inventory vary depending on which survey you believe. 
Total quantities range in estimates from 400,000 tons to 1,800,000 tons. The figures 
showing the breakdowns are from a quick, telephone survey and may not reflect the 
actual quantities nor the correct distribution of metals or locations. It is included in this 
paper for illustrative purposes only to show a wide variety of materials and locations. 

U.K. EXPERIENCE IN METAL RECYCLE 

CAPENHURST DIFFUSION PLANT DECOMMISSIONING 

The Capenhurst Diffusion Plant was built in the early 1950s at which time it was the 
largest industrial building in Europe under a single roof, measuring 1,000 yards in length 
and 160 yards in width. It was originally built to produce highly enriched uranium for 
military purposes but this came to an end in the early 1960s when it was converted and 
extended for low enriched uranium production for civil use. After a further twenty years 
of life, the plant was shut down in 1982. By this time centrifuge enrichment plants were 
built and operating at Capenhurst and the diffusion plant was no longer economical. 
Since that time a program of decommissioning and dismantling has been in progress 
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with an process plant material having been recycled or put in the appropriate form for 
disposal. Part of the building has already been demolished and a new centrifuge plant 
constructed on the same land. The remainder will remain in tact so long as there is 
economic use for it. 

Post operational work to empty and cleanup the plant was carried out to leave as little 
residual contamination as possible by the use of a fluorinating agent to convert solid 
deposits to volatile fluorides which were pumped away. Further cleanup operations were 
carried out on the static plant to locate and deal with any significant buildup of solid or 
gaseous pockets of contamination remaining within the 4,800 process stages and 1,200 
miles of interconnecting pipework. 

A safe system of working was then established for the dismantling of the plant, which 
included survey measurements throughout the plant to ascertain what amounts of activity 
were left which would have to be dealt with at the decontamination and disposal stages. 
The initial phase of dismantling involved the cutout, removal, and storage of large 
numbers of components, including compressors, coolers, valves, large diameter 
pipework, and the large process stage units. 

Since 1984, up to 6,500 tons of major plant components have been successfully stored 
outdoors, including 850 tons of steel stage units. The 18,000 tons of structural steel have 
been dismantled and disposed of as clean scrap. Process pipework and the large process 
stage units have been cut up into lengths and sections suitable for the decontamination 
process. A variety of methods have been employed in cutting up the process plant. 
These include both hot and cold cutting, automated wherever feasible. Robotically-
controlled plasma cutting has been employed to volume reduce a total of 5,300 tons of 
large aluminum stage units. Steel shells have been separated from a further 1,000 tons 
of stage units using remotely-controlled oxyacetylene methods. Both processes have been 
carried out in specially developed ventilated enclosures. The bulk of cold cutting has 
been done by automated metal cutting techniques (including band sawing). 

DECONTAMINATION TECHNOLOGY 

Chemical treatment for the removal of uranium and uranium breakdown products is a 
well established process and significant quantities of aluminum and steel have been 
cleaned and recycled to the metals market. However, a large section of the plant had 
been exposed to reactor recycled feed material and contaminated with Np-237 and Tc-99, 
the latter being particularly difficult to remove. One disposal option was land burial at 
Drigg (near BNFL's reprocessing plant at Sellafield), the only currently available low-
level waste site in the U.K. The large volumes of material involved (some tens of 
thousands of cubic meters) which was equivalent to several years of remaining Drigg 
lifetime made this option unacceptable. Furthermore, costs would have been very high. 
It was decided to develop a procedure for effective decontamination to very low, 
deminimis levels at which it could be sold as uncontaminated scrap metal. An extensive 
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laboratory and pilot plant investigation was successfully carried out and a full scale 
decontamination plant has been built and is in operation. Over 9,000 tons of aluminum 
and steel has been decontaminated to date and recycled to the scrap metal market. The 
flowsheet design for the plant was based on the plant discharges having a negligibly small 
impact on the environment and on the U.K. statutory regulations for recycling scrap 
metals to the open market. The process is one of successive stages of decontamination 
in process liquors which are subsequently treated by ion exchange methods. This results 
in the activity being transferred to relatively small and manageable volumes of solid and 
liquid residues and low activity solid and liquid wastes. 

U.K. SCRAP METAL RELEASE CRITERIA 

Criteria for free release of scrap metal was established for the U.K. based on the UK 
Radioactive Substances Act, 1960 and revised 1988. The following are these criteria: 

All radionuclides - (total alpha, beta and gamma) = less than 0.4 Bq/gm (0.011 nCi/gm) 

Exemption for naturally-occurring uranium (alpha) of 11.1 Bq/gm (0 .3 nCi/gm) 

For decommissioning, the buildings and site must be returned to the local area naturally-
occurring background radiation levels. Rubble and other non-recyclable scrap must also 
be at natural background before releasing it to commercial landfills. 

RESULTS FROM THE CAPENHURST METAL RECYCLE PROGRAM 

In summary, the major achievements to date are as follows: 

• Over 99.5% of the decommissioning materials (160,000 tons) was recycled as 
clean material. 

• Disassembled a complete diffusion plant comprising 4,800 process stage units, 
1,200 miles of pipework, and associated plant items, including 3,500 tons of 
electric motors. 

• Management and control of the outdoor storage of 6,500 tons of contaminated 
plant components for periods of time up to nine years. 

• Developed hands-on and remotely controlled systems for volume reducing 8,000 
tons aluminum, 23,000 tons steel, 70 tons copper, 300 tons aluminum bronze, 
200 tons cupro-nickel, and 320 tons of nickel. 

• Since 1983, over 5,000 tons of aluminum (including 950 tons from the highly 
enriched section of the plant) have been prepared, decontaminated, and sold for 
recycle into the metals market. Some 23,000 tons of steel (including 1,100 tons 
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from the highly enriched section) "have been prepared and sold directly to the 
metals market as "clean" scrap, without the need for full decontamination. 

• The 3,500 tons of contaminated electric drive motors (including 800 tons from 
the highly enriched section of the plant) have been successfully treated and sold 
for recycle in the metals market. 

• Developed a process for separation of contaminated aluminum heat exchange 
sheaths from cupro-nickel liner cooling tubes. 

• Ancillary buildings, including 11 large cooling towers (13,000 tons), pumphouses, 
electrical substation, and part of the main diffusion plant building were 
completely raised to the ground producing 46,000 tons of concrete rubble for off-
site disposal. 

• Five bays of the plant have been demolished to greenfield status. The recovered 
site (of approximately six acres) was made available for the construction of a new 
centrifuge enrichment building. 

• The 850 tons of low-level contaminated waste have been dispatched for land 
burial at the Company's open cast landfill site at Drigg. 

• Over 88,000 cubic yards of material was able to be disposed of by recycling or 
free release thus avoiding disposal as radioactive waste. At $2000 per cubic yard 
($74 per cubic foot, much less than U.S. commercial rates), this resulted in a 
savings of over $180 million. Additional savings came from not having to use 
radioactive materials rules for much of the dismantling activity and not having to 
package and transport materials as radioactive. This savings is more than the cost 
of the actual decommissioning activity. 

U.S. / U.K. REGULATORY COMPARISON 

The rules and regulations under which the nuclear industry operates in the U.K. have 
both similarities and differences with the rules and regulations in the U.S. 

One area of significant difference is that in the U.K. the same agencies regulate both 
radioactive and hazardous wastes. This eliminates areas of conflict of jurisdiction such 
as occurs in the U.S. with the handling of mixed wastes. In the U.K. there is no 
classification such as mixed waste. Also in the U.K. the nuclear waste category called 
intermediate-level waste is between low-level waste and high-level waste. This 
intermediate-level waste is currently being cement grouted and stored for the eventual 
long term burial in an underground repository. 

There are also some differences in the definition of requirements and their application. 
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In general, the U.S. requirements are prescriptive and extremely detailed, while in the 
U.K., the onus is placed on the owner of the waste to provide detailed protective criteria 
to the satisfaction of the regulator. In some cases, these risk-based criteria are more 
extensive than equivalent U.S. legal requirements. 

Quantitative criteria for nuclear protection, upon which requirements in the two nations 
are based, are the same. They are the International Committee on Radiological Protection 
(ICRP) and the International Atomic Energy Agency (IAEA). However, these 
organizations are applied differently. In the U.S. isotopic discharges are regulated by 
concentration at the source, while a U.K. site is limited to an annual total discharge 
quantity. In the U.K., deminimis levels of radioactivity are defined which allow 
innovative clean-up and recycling of materials; while in the U.S., deminimis is 
effectively limited to that which can be shown to result in a dose to an individual of less 
than 0.02 mSv/hr. Table I lists the discharge limits by radionuclide for gases and liquids 
in the U.K. and the U.S. 

On the environmental side, the U.K. has certain environmental release regulations based 
on the use of surrounding arable lands for food production and water for drinking and 
fishing. Since the U.K. has a relatively small land mass, it is more extensively populated 
and farmed in the U.K, than in the U.S. This makes the environmental requirements 
more stringent, but reasonably based on real risk rather than concepts in which no risk 
is acceptable. 

CURRENT U. S. RELEASE CRITERIA 

The Energy, Environment, and Resource Center at the University of Tennessee was 
directed by the DOE to research the establishment of effective environmental standards 
for RSM. In a draft report published in May 1993, they gave a summary of the current 
status. 

There currently are no nationally applicable standards that facilitate the treatment and 
recycle of RSM. Existing standards by the NRC do not appear to be adequate guidance 
in the treatment of RSM. 

The following standards by various agencies exist: 

The International Atomic Energy Agency (IAEA) - Basic Safety Standards (BSS) 
for specific isotopes of radioactivity-follow ALARA principles. In addition there 
is 'The Application of Exemption Principles to the Recycle and Reuse of 
Materials from Nuclear Facilities' which provides safe levels for the recycle and 
re-use of steel, aluminum, and concrete. This set of principles includes 
volumetric and surface contamination levels, but are based on an individual 
dosage of one mrem per year, which is below what is considered practical and 
achievable on an economic basis. 
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The International Commission of Radiological Protection (ICRP) - original 
advocates of ALARA. 

The Environmental Protection Agency (EPA) has developed standards for the safe 
levels of radioactivity, as they apply to drinking water, and air quality. There are 
also some recent guidelines pertaining to the treatment of soils and debris which 
might have a bearing on RSM. 

The Nuclear Regulatory Commission (NRC) developed the Regulatory Guide 1.86 
in 1974. This guide deals with surface contaminated materials that are 
nonactivated. It is this guideline that the nuclear waste processors have used in 
their licensed approval to free release metals from nuclear power plants. The 
values are in DPM/100cm2. The Energy Act of 1992 was to encourage the NRC 
to initiate the Enhanced Proposed Rule (EPR), an effort to establish cleanup 
standards for the decommissioning of nuclear power plants. This effort could 
result in changes or at least clarifications in how RSM is to be processed and 
released for unrestricted release. 

The DOE has Order 5400.5 which in part is based on NRC Regulatory Guide 
1.86. It deals only with surface contamination. Unfortunately, when Leo Duffy 
was with the DOE, he issued a memo stopping all release of DOE metals for 
recycle. Even though he is no longer with the DOE, the sites are hesitant to 
resort back to Order 5400.5. The only exception is Femald which has been 
sending steel to SEG to be made into shield blocks and to Quadrex for free 
release. The RFP currently on the street for Building 7 at Fernald will result in 
a contract for the decontamination and release or fabrication into boxes of over 
700 tons of mild steel. 

PROPOSED U.S. REGULATORY CHANGES AND COMMENTS/SUGGESTIONS 

EPA and NRC are currently in the process of rulemaking actions to set radiological 
standards for decommissioning. No effort is currently underway to the authors' 
knowledge to develop volumetric contamination release standards for recycled materials. 
Such standards are necessary to fully implement a scrap metal recycle policy. 

Reasonable standards are needed for recycling and decommissioning. Reasonable 
standards will promote their use. These standards must be measurable with current 
technology cost-effectively and must be understandable. Where possible, the regulatory 
agencies should establish release numbers which are directly measurable, e.g. nCi/gm 
or DPM/I00cm2. This approach is preferable than requiring each radioactive material 
user to develop their own release numbers from site specific analyses for exposure to the 
public. The experience of others should be utilized in developing these limits, especially 
current scrap metal recycle facilities and decommissioned facilities. A separate set of 
criteria which is for "restricted use" should be developed and allowed which will permit 
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a decommissioning to restrict the use of the facility/site without having to maintain an 
active license for the site. For example, allowing the use of a fonner nuclear facility for 
an industrial plant, with certain obvious restrictions. Material recycling and free release 
standards are needed for volumetric contamination in addition to surface contamination. 
Much of the DOE scrap metal has been volumetrically contaminated. 

DERIVED BENEFITS 

This paper has discussed the waste forms that are generated in the U.K. and how they 
are handled. The paper also discussed the specific handling of radioactive scrap metal at 
Capenhurst. Next a discussion was presented on the regulatory requirements in the U.K. 
and how they are similar and different from the U.S. 

Now that these subjects have been discussed, it is appropriate to tie them all together in 
a discussion of what benefits can the U.S. derive from the U.K.'s nuclear industry? 

First of all the U.K. is actively collecting, treating, and at least properly storing for 
disposal all of its nuclear waste as it is being generated. In the U.S. this is not the case, 
especially in the DOE communities. For the U.S. to get to this practice they need to 
expedite the collective process of standardizing the discharge limits for all nuclear waste 
materials as their release is related to the public health and the protection of the 
environment. Risk based analysis can result in risk based criteria that can be restrictive 
relative to the personal exposure and not on the absolute values. 

Secondly, the U.K. has been able to actively recycle significant quantities of metal back 
into society. The DOE is currently stalled with this effort because of their policies on 
release of DOE metals. Huge quantities of metals are not being processed and recycled. 
In the U.K. the Capenhurst facility has been able to generate jobs and revenue for the 
nuclear industry while protecting the public and the environment. 

Thirdly, in the U.K. land is at a premium and the country cannot afford to contaminate 
and not clean up for reuse the land and facilities that have ceased their intended 
operation. The Sellafield complex is on only 700 acres and is surrounded by 
communities. This is in comparison to say the Savannah River Site which is on 192,000 
acres of land and its closest community is Aiken, South Carolina, about 20 miles away. 
Therefore, in the U.K. at the Sellafield Complex, when a new facility is to built, it is 
designed with a specific life expectancy. It is also designed so as to be more easily 
decommissioned and dismantled at the end of its useful life. When a new facility is to 
be built, an old facility must be dismantled completely including any soil and ground 
preparation. The cost to do the eventual D&D is factored into the facility as a life cycle 
cost and is accrued over the life of the facility so that when the facility ceases to operate 
there are sufficient funds available to perform the proper D&D. 

Lastly, there is in the U.K. an integrated effort to treat the public and the environment 
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in a proper perspective. Rules and regulations are designed along the principles 
recommended by the ICRP. These basic principles are: 

• Any practice involving radiation exposure must be justified in relation to its 
benefits. 

• Any necessary exposures must be kept as low as reasonable achievable, economic 
and social factors being taken into account. 

• Radiation doses must not exceed recommended dose levels. 

In addition to the U.K. experience, there are benefits derrived from U.S. recycling and 
decommissioning experience. The cost savings of having rules that can be complied with 
is true not only for the owner but also for the public. We have numerous occurrences in 
the U.S. of companies which declared bankruptcy and thereby forced the public to pay 
for the cost of cleanup, whether it was low-level radioactive, or high-level waste. Having 
reasonable rules will also avoid or reduce dismantling, packaging, transportation and land 
disposal, increasing the safety to the public and to the workers. 

There are additional benefits to recycling which should be considered. Most of these 
benefits are true whether we are talking about radioactive scrap metal or domestic scrap, 
such as aluminum soft drink cans. These benefits include the overall economic benefit, 
reduces energy consumption, and minimizing the environmental impact of new mining 
and material processing. 

CONCLUSIONS/RECOMMENDATIONS 

Recycling is an important part of the overall safe management of radioactive materials. 
Reasonable standards for material recycle and free release, including radiological 
standards for decommissioning, will assist in compliance and will be an overall benefit 
to the public, workers, and industry. It is also be best use of our natural resources. 
Specific volumetric and surface contamination standards for recycle and decommissioning 
should be established such that they are definitive, can be measured with current 
capabilities cost-effectively. 
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TABLE I 

DISCHARGE LIMITS 

Radionuclide 

Total Alpha 

Total Beta 

Tritium 

Carbon 14 

Sulphur 35 

Cobalt 60 

Argon 41 

Strontium 90 

Krypton 85 

Zirconium 

Technetium 99 

Ruthenium 106 

Iodine 129 

Iodine 131 

Cesium 134 

Cesium 137 

Cerium 144 

Plutonium 241 

Plutonium Alpha 

Americium 241 

Curium 242 

Critical Group 
Dose 

GASEOUS DISCHARGES 

U.K. Site 
Authorization 

(GigaBequerel/yr) 

10.5 

210 

1,100,000 

30,000 

220 

18 

3,700,000 

12 

10,000,000 

69 

88 

220 

76 

47 

3.4 

4.5 

4.5 

450 microSieverts 

U.S. Discharge 
Limit 

(GBq per m3) 

5.55 x lO8 

3.7 x 10-10 

4.81 x 10-" 

6.29 x 1013 

6.29 x 10-8 

7.03 x 10-13 

3.7 x 10-* 

1.26 x 10" 

3.37 x lO"13 

1.67 x 10-» 

7.03 x 1013 

3.7 x 1012 

3.0 x 1016 

1.96 x 1012 

LIQUID DISCHARGES 

U.K. Site 
Authorization 

(TeraBequerel/yr) 

10 

500 

3,500 

4 

8 

35 

180 

10 

170 

0.4 

10 

110 

22 

170 

7 

3 

219 microSieverts 

U.S. Discharge 
Limit* 

(TBq per liter) 

1.11 x 10-7 

2.96 x 10* 

1.11 xlO-9 

1.11 x 10" 

2.96 x 10-* 

7.4 x 10"* 

2.96 x 10-8 

2.22 x 1012 

3.33 x 10-'° 

7.4 x 10-'° 

3.7 x 10-10 

7.4 x 10"' 

1.48 x 10-10 

U.S. Liquid discharge are given for the more restrictive soluble limits, except for Cobalt whose limit is slightly more restrictive for its insoluble 
form. 
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Figure 1 Quantities by Type 
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Figure 2 Quantities by DOE site 
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