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EXECUTIVE SUMMARY

O
The U.S. Department of Energy (DOE) has proposed the construction and

operation of the Advanced Neutron Source (ANS), a 330-MW(f) reactor, at Oak Ridge
National Laboratory (ORNL) to support neutron scattering and nuclear physics
experiments. ANS would provide a steady-state source of neutrons that are thermalized
to produce sources of hot, cold, and very cold neutrons. The use of these neutrons in
ANS experiment facilities would be an essential component of national research efforts in
basic materials science. Additionally, ANS capabilities would include production of
transplutonium isotopes, irradiation of potential fusion and fission reactor materials,
activation analysis, and production of medical and industrial isotopes such as _2Cf.

Although ANS would not require licensing by the U.S. Nuclear Regulatory
Commission (NRC), DOE regards the design, construction, and operation of ANS as
activities that would produce a licensable facility; that is, DOE is following the regulatory
guidelines that NRC would apply if NRC were licensing the facility. Those guidelines
include instructions for the preparation of an environmental report (ER), a compilation of
available data and preliminary analyses regarding the environmental impacts of nuclear
facility construction and operation. The ER, described and outlined in NRC Regulatory
Guide 4.2, serves as a background document to facilitate the preparation of environmental
impact statements (EISs). Using Regulatory Guide 4.2 as a model, this ANS ER provides
analyses and information specific to the ANS site and area that can be adopted (and
modified, if necessary) for the ANS EIS.

The ER is being prepared in two phases. This Phase I ER includes many of the

data and analyses needed to prepare the EIS but does not include data or analyses ofalternate sites or alternate technologies, because no such alternatives have yet been
identified. The Phase II ER will include the additional data and analyses stipulated by
Regulatory Guide 4.2 and will be initiated after the completion of Phase I. Section 1 of
this ER discusses the scope of the document, the need for the facility, and the
consequences of delaying the project.

Section 2 describes the site and environmental interfaces for the ANS facility; it
gives detailed background information about the proposed site, the ORNL area, and the
surrounding environs. Included in the discussion are (1) geography and demography (e.g.,
ANS site location and description, residential and transient population statistics, and
nearby facilities), (2) ecology (terrestrial, aquatic, and threatened or endangered species),
(3) meteorology (climate and air quality), (4) hydrology (surface water and groundwater),
(5) geology (geology of the proposed site, local area, and region); (6) scenic and cultural
resources, (7) noise, and (8) radiological and chemical dose to the public (background
levels, ORNl., sources, and nonradiological chemical doses).

Section 3 begins with a description of the ANS facility, including functional
descriptions of' ANS buildings, the reactor, water systems, and heat dissipation systems.

: Became the ANS design has not been finalized, the latest available data regarding process
specifics were used, but they are subject to modification in the Phase II ER. ANS
radioactive waste systems and source terms also are discussed in Sect. 3. Liquid, solid, and
gaseous radioactive wastes at ORNL are described, providing a baseline for predicting how
laboratorywide radioactive waste management systems would be affected by the operation
of ANS. Radioactive waste management systems for ANS and their interface with ORNL
waste systems also are characterized, as are chemical, bioeide, sanitary, and other

O nonradiological waste systems. Section 3 concludes with a discussion of radioactive
=
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material transport and in,.,_,';:_zsa projection of ANS waste volUmes, an analysis of
transport risks, and a characterization of the radioactive materials.

Section 4 describes the environmental effects of site preparation and facility lr"

construction, such as effects on vegetation, wildlife, wetlands, and air quality. Other
subjects considered are utility corridor construction, resources committed, site radioactivity,
and a construction impact control program.

Section 5 analyzes the environmental effects of facility operation. As a significant
driver of nuclear facility impacts, the effects (both physical and biological) of the heat
dissipation system are discussed in detail. Other important areas include radiation dose to
the public from routine operations, chemical and biocide discharges, sanitary waste
discharges, operation and maintenance of utility corridors, noise, stack emissions (generic
calculations), resources committed, worker health and safety, and waste management.
Discussions of ANS decommissioning and the uranium fuel cycle are deferred to the
Phase II ER, in which more complete information will be available.

Section 6 gives an overview of cun'ent effluent and environmental monitoring
programs on the Oak Ridge Reservation (ORR), the proposed site for ANS. The
discussion emphasizes the ORNL area and provides more summary information for the
K-25 Site and Y-12 Plant areas, ANS operational monitoring programs have not been
developed yet, but descriptions of these programs will be included in the Phase II ER.
Section 6 offers some preliminary comments about wastes and surface water monitoring.

Section 7 analyzes the environmental effects of potential accidents. For severe
reactor accidents involving radioactivity, a computer-based model is used to predict the _
transport of fission product nuclides and their release from containment, and another
model is used to determine subsequent atmospheric dispersion and radiation exposures. A
discussion of modeling methodology and assumptions is included. Potential nonsevere
accidents and transportation accidents involving radioactivity also are evaluated.

Section 8, socioeconomic effects, examines changes in local employment, income,
population, housing and public services, fiscal and tax effects, land use, transportation, and
emergency preparedness that would result from ANS construction and operation.

Sections 9 (technologies and sites) and 10 (facility design alternatives) are deferred
to the Phase II ER. Section 12 of the ER identifies the major environmental and health
and safety statutes, regulations, 'Executive Orders, and DOE Orders applicable to the
proposed construction and operation of ANS. In particular, Sect. 12 addresses the various
federal and state statutes that impose environmental, health, and safety protection and
compliance requirements on DOE.

Section 11 gives a summary of the impacts predicted by the analyses in the ER;
these impacts are described below.

Construction Impacts

Terrestrial biota. The construction of ANS would require clearing 25-35 ha
(60-90 acres) of second-growth hardwood forests for facilities and laydown areas, and
6-10 ha (15-25 acres) of forest would be cleared for power line right-of-ways. These
clearings would benefit animal species that thrive in cleared areas and adversely affect
animal species dependent on relatively undisturbed fore.st conditions.

A number of possible wetland areas are found on the ANS site. About 4 ha
(10 acres) of these would be destroyed or damaged by the construction of A.NS. The
exact extent and legal status of these areas is being pursued but is not yet clear. The site
has been surveyed for threatened or endangered plant and animal species. The only
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threatened or endangered plant or animal found on the site is ginseng, but it is located in

O an area that would not be disturbed by ANS as currently planned.

Water quality and aquatic biota. The construction of ANS could adversely affect
water quality and aquatic biota in Friendship Creek and in the Melton Branch-White Oak
Creek system. Standard mitigative techniques should be adequate to prevent significant
adverse effects on water quality and aquatic biota.

Air quality. The exhaust from construction equipment would increase local levels
of carbon monoxide, nitrogen oxides, volatile organic compounds, and particulate matter.
These emissions would not have appreciable effects on regional ambient air quality,
Excavation and earthwork could appreciably increase local concentrations of inhalable

_' particulate matter with a diameter of less than 10 microns. To avoid violations of the
national air quality standards during the construction period, a combination of limiting the
amount of area disturbed at one time and using diligent dust suppression measures may be
required.

Resources Committed

Construction of ANS would involve the irretrievable commitment of land, energy,
and material resources. The 30-45 ha (75-115 acres) of land committed to the facilities
and the power lines most likely would not be available for other uses in the foreseeable
future. The material and energy used in the construction of ANS facilities (for which

O estimates are not presently available) would be essentially unavailable for any future uses.The operation of ANS would result in the use of about 7,200 kg (16,000 lb) of
highly enriched uranium fuel over the 25-year life of the facility.About 17 kg (37 lb) of
95% enriched uranium fuel is used each time the reactor is refueled. Spent fuel contains
only about 10.3 kg (22.7 Ib) of Z35u. Spent fuel is expected to be reprocessed, so the
amount of 23su consumed over the life of ANS would be about 2200 kg (4800 lb).
Reprocessing the spent fuel 'would produce substantial quantities of high- and low-level
radioactive wastes that would require permanent disposal. The amounts of these wastes
produced in reprocessing presently are unknown, but they would be generated at the
Savannah River Site, where reprocessing would occur.

ANS also would consume substantial quantities of electricity, natural gas, and
steam from the ORNL Steam Plant. Over the life of the facility, ANS would consume
about 6 × 1016J (6 x 10t3 Btu) of primary energy in various forms.

Heat Dissipation System Effects
t,

Blowdown from the cooling towers would be discharged to upper Melton Branch.
These discharges would change the flow regime in upper Melton Branch from intermittent
to perennial. The temperature of the blowdown will increase the temperature of the

-- water in much of the upper reaches of Melton Branch during most of the yea:. This
increased flow will support warm-water-tolerant aquatic life where little aquatic life
currently is found and discourage aquatic life that prefers colder water and more variable

J stream flows.

0
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The plume from the cooling towers may cause fog and icing during certain weather

conditions. Because no roads (except access roads) are located near the ANS site, fog and @
icing would not cause a public safety hazard. Normal operation of the ANS cooling
towers would not be expected to have any significant effects on terrestrial biota, although
vegetation tn the immediate vicinity could be damaged slightly.

Other Effects of Operation

Sanitary, chemical, and bioe/de discharges. Santtat3'wastewaters would be piped to
the Sewage Treatment Plant. After treatment, this wastewater would be discharged to
White Oak Creek, resulting in an increase of about 1% in the average annual flow in the
creek but no significant alteration of the aquatic communities in the creek.

Process water would be piped to the Nonradiological Wastewater Treatment
Facility, treated, and discharged to White Oak Creek a short distance upstream of the
Sewage Treatment Plant outfall. The chemical composition of process waters from ANS
has not been determined yet but would be nontoxic after treatment. Process water from
ANS would increase flows in White Oak Creek by about 1%, which is not expected to
significantly affect aquatic communities.

Storm water runoff from the ANS site would be collected in detention basins and
monitored before being released to Friendship Creek and Upper Melton Branch. If
treatment were necessary, storm water could be piped to the Process Waste Treatment
Plant. The discharge of collected runoff from the detention basins must be controlled to
minimize alteration of the receiving streams.

Noise. During operation, the principal noise from the ANS site would be from the @
mechanical-draft cooling towers. Because the nearest is about 2.4 km (1.5 miles) away and
would be separated from the nearest humans by intervening hills, no significant noise
impacts to humans would exist.

Radiation Dose to the Public

Routine operations. Because of meteorological conditions, the closest individual,
assumed to be at Shoreline Estates, 2.8 km (1.7 miles) southeast of the site, is estimated
to receive 1.7 _Sv/year (0.17 mrem/year), while an individual at GaUaher Bend, 2.9 km
(1.8 miles) east-northeast of the site, would receive the greatest radiation dose of
12.4 jzSv/year (1.24 mrem/year). For this maximally exposed individual, tritium contributes
97% of the dose and 133Xecontributes 2.7%. These individual doses are below the

applicable federal limit of 100 _Sv/year (10 torero/year) specified in 10 CFR 16. Current
ORR radioactive material releases to the atmosphere result in a 50-year committed
effective dose of 20 tzSv (2 torero) to the hypothetical, maximally exposed individual (near
the Y-12 Plant). Releases from ANS would contribute to a negligibly small increase irs
this maximally exposed individual's dose.

The operation of ANS is estimated to result in a collective effective dose to
persons within 80 km (50 miles) of ANS of 0.0418 person-Sv/year (4.18 person-rem/year)
and a collective effective dose to the gonads of 0.0416 person-Sv/year (4.16 person-
mrem/year). Tritium accounts for 91% of this dose and x:_3Xeaccounts for 8.'7%. These
doses are small compared with natural doses. They would increase the populationwide
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chance of fatal cancer by less than 1 in 1,000,000 and the chance of birth defects by less

O than 3 in 1,000,000.

Routine transportation of radioactive materials. The transport of spent fuel to the
Savannah River Site would be the dominant source of radiation exposure to the public,
but the dose from that activity would result in less than a 3-in-10,000 chance per year of
inducing a latent cancer facility. Other transportation activities would carry less than one-
thousandth the risk of inducing cancer fatalities.

Nomovere accidents. Radiation dose calculations for atmospheric pathways (the
most rapid pathway) of the seven nonsevere accident scenarios were evaluated using
computer-assisted modeling. The evaluation indicates that all doses are below 0.01 Sv
(1 rem), whether for effective whole body or organ (thyroid), except for the detritiation '
facility accident. A dose of 0.013 Sv (1.3 rem) would result from the detrittation facility
accident. Doses from postulated accidents other than the detritiation facility accident are
below the 0.01 Sv (1 rem) level at which the U.S. Environmental Protection Agen_
(EPA) has recommended protective actions. In the case of the 0.013 Sv (1.3 rem)
estimate, the recommended actions are to at least seek shelter, consider evacuation, or
evacuate, unless constraints make it impractical.

For nonsevere accidents with liquid pathways, a maximum dose of 8.2 x 10 -6 Sv
(8.2 X 10-4 rem) is estimated to result from drinking contaminated water; this dose is
equivalent to about 1% of natural annual external background radiation dose in
Tennessee.

Severe accidents. ANS is being designed to ensure that severe accidents are very
O unlikely. ANS is being designed to a 1-in-100,fM30per year probability of a core damage

accident and a containment failure probability goal of less than 1-in.100 per core damage
accident. However, in the unlikely event of a severe accident, the consequences could be
severe. Two potential severe accidents were examined using pessimistic assumptions. For
the more severe of the two, about five on-site workers would be expected to die within a
few weeks of radiation exposure. Another 17 workers would be expected to die of
radiation-induced cancers. About another 33 persons within 80 km (50 miles) would be
expected to die of radiation induced-cancer caused by the accident.

Transportation accidents. The risks of transporting radioactive materials to and
from ANS would be very low. The chance of inducing a latent cancer fatality for any
postulated accident is estimated to be less than 5 in 10,000. For any postulated accident,
the dose to a maximally exposed individual would be < 6 x 10"8mSv (6 x 10 .3 mrem).

Worker Health and Safety

Because the design of ANS is currently conceptual, occupational radiation doses
cannot be predicted with any certainty. However, experience from other reactors with
similar features and from ORNL's program to minimize occupational exposure suggest
that typical doses will be less than 5 mSv/year (500 mrem/year). A few operators and
experimentalists might experience up to 1 roSy/year (1 rem/year). (While not expected to
be significant, the possible contributions from skyshine have not been evaluated.)

®
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'Waste Management

Waste management procedures and techniques are being upgraded on ORR and
throughout DOE. Many types of waste are being stored on.site while permanent storage
disposal facilities are being developed. The analysis of waste management impacts
considers two scenarios: (1) permanent waste disposal and improved waste treatment
facilities will be available by the time ANS becomes operational, and (2) permanent
disposal and improved waste treatment facilities will not be available by the time ANS
becomes operational, so most wastes will continue to go to interim storage on ORR.

The potential impacts of ANS wastes on the ORR waste management system are
summarized as follows:

• Without upgrades, liquid low.level radioactive wastes (LLLW) from ANS would
exceed the capacity of the ORNL LLLW system.

® Without upgrades, the ORNL radioactive process waste (PW) system may not be able
to accommodate additional PW from ANS.

• If the Waste Isolation Pilot Plant becomes operational in 2007 as planned, transuranic
wastes from ANS could be accommodated easily; if not, transuranic waste storage
facilities must be constructed on ORR.

• High-level incidental radioactive wastes would not be generated during normal ANS
operations.

• Spent fuel from ANS could be accommodated by the proposed deep-geologic storage
facility or the Receiving Basin for Offsite Fuels at the Savannah River Site.

o DOE has responsibility for developing disposal facilities for greater.than-class-C
(GTCC) low-level radioactive waste. Until such facilities are developed, GTCC wastes
will be stored on ORR. Because the volume of GTCC waste generated by ANS
would be small, it could be accommodated by interim storage facilities at ORNL or the
K-25 Site until permanent disposal facilities become available.

• If planned and proposed solid low-level waste disposal facilities (on and off ORR) do
not become available, additional interim storage capacity on ORR would be needed.

• About 2.7 x 1014Bq/year (7200 Ci/year) of tritium would be released to the
atmosphere; these releases are not expected to cause any serious problems. Tritium
would permeate most solid and liquid radioactive wastes generated by ANS. The
waste management organization is concerned that additional tritium releases to White
Oak Creek may not be acceptable because of the 9 x 1013to 11 x 1013Bq/year (2500
to 2900 Ci/year) currently leaking into White Oak Creek from Solid Waste Storage
Area 5.

• Mixed wastes from ANS could be readily accommodated by the Oak Ridge Mixed
Waste Incinerator.

• Sanitary wastes from ANS could be readily accommodated by the ORNL Sanitary
Waste Treatment System.

• The disposal of conventional solid, liquid, or gaseous wastes would not cause any
particular problems; however, waste water discharges to upper Melton Branch or
Friendship Creek would require modification of the ORR National Pollutant
Discharge Elimination System permit.

• Nonradioactive hazardous wastes generated at ANS would be disposed off-site at
EPA-permitted treatment and disposal facilities.

0
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O The net economic effect of ANS would be positive; however, because ANS would
involve less than 1% of the labor force in the region of influence (ROI), it would not
induce significant changes in the local economy, Immigration would modestly increase the
populations of communities in the ROI, with the largest effect in Oak Ridge being about
100 persons or 0.3% of the current population, Public services and housing in the
surrounding communities are expected to easily support the additional people who come
to the community because of ANS. ANS would have small but beneficial fiscal and tax
effects on local communities. ANS would increase the fraction of ORR committed to

facilities by about 0.5% but would have no appreciable effect outside ORR. Additional
workers traveling on Bethel Valley Road and State Road 62 could reduce the level of
service (LOS) from D to E during rush hour periods; however, staggering work hours
would allow these roads to accommodate the ANS workers without reducing LOS on
these highways. ANS design objectives would protect public safety to the extent that ANS
would not Increase demands on the existing emergency preparedness systems.

O
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1, THE PROPOSED FACIliTY

O The U,S, Department of Energy (DOE) has proposed the construction and
operation of the Advanced Neutron Source (ANS), a 330.MW(f') reactor, at Oak Ridge
National I.,aboratory (ORNL) to support neutron scattering research and to produce
transplutonium isotopes, This section describes the purpose of ANS, the need for the
facility, the consequences of delaying the project, and the scope of this environmental
report, which has been prepared to facilitate the preparation of the environmental impact
statement for ANS,

1.1 PURPOSE OF THE ADVANCED NEUTRON SOURCE

The purpose of an Advanced Neutron Source (ANS) facility (described in
Sects, 3,1-3,4) would be to support neutron scattering and nuclear physics experiments by
providing n steady-state source of neutrons that are thermalized to produce sources of hot,
cold, and very cold neutrons. The proposed facility would be an essential component of
national research efforts in basic materials science and would be designed to provide an
effective user-oriented environment,

in addition to neutron scattering and nuclear physics experiments, the capabilities
of ANS would include production oi' transplutonium isotopes, irradiation of potential
fusion and fission reactor materials, activation analysis, and production of medical and
industrial isotopes, For example, ANS is being designed to produce 1.5 g/year of ZS2Cfand
40 #g/year of ZS4Es,which have industrial, medical, and research applications, These
capabilities are being incorporated into the ANS design without compromising the facility's
ability to support neutron scattering and nuclear physics experiments, ANS is also being

O designed to allow placement of materials samples on high-flux zones of the reactor in
order to measure the physical characteristics of materials exposed to high neutron _uxes
(e.g,, in a fission reactor).

1.2 NEED FOR THE ADVANCED NEUTRON SOURCE

Many of the research data that form the basis for U,S, materials technology are
gathered by probing matter with three types of radiation: electromagnetic (e.g,, light or' X
rays); charged particle (e,g., electrons), or neutral particle (neutrons). Although the three

. types of information thus obtained are complementary, certain research areas may be
weighted more heavily towards one or the other. In the past few decades, the equipment
required to obtain int'ormation about materials has become increasingly complex, and the
cost of providing research facilities hi_sexceeded the reach of most industries. In response
to this need, the federal government has provided access to the necessary equipment
through the DOE national laboratories, Neutron research at DOE laboratories prov'ides
unique information needed to maintain high-technology research and development (R&D)
endeavors in several important fields, The proposed ANS facility is needed to help the
United States stay competitive in these R&D fields. Although it is difficult to quantify the
value of neutrons to industrial R&D, there are several indicators that industrial neutron
research is cost effective. For example, industry has often preferred to pay full cost
recovery for neutron scattering experiments at the High Flux Isotope Reactor (HFIR) at
ORNL, even for basic research, rather than operate under the policy of free access in

O return for publishing the results. Another indicator is that industries that began to useneutrc:mdatt l many years ago are still doing so (e,g., Exxon and Rolls Royce Aerospace).

, 1-1
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Although many U,S, corporations have tbund neutron researchnecessaryto their
operations, they have had to use overseas facilities to gain access to the best equipment.
This is complicated by the fact that currently, overseas facilities are heavily over-subscribed
(by a factor of two to five, for example, at the Institut Laue-Langevin in Grenoble,
France), and priority is given to researchers from member nations. Furthermore,
proprietary research by U,S, companies is generally not possible at such facilities,

Neutron scattering research has developed into an important tool I_or
understanding the structure and behavior of solid and liquid structures, _ '/t_rmalized
neutrons have properties that make them uniquely valuable for probing the structure of
condensed matter. Many of the properties of materials are determined by structures that
are 100 to 1000 times the size of atoms. Thermalized neutrons have wavelengths in a
range suitable for probing these structures. Because they have no electric charge,
neutrons can penetrate materials that charged particles cannot; consequently, neutrons can
be used to determine the bulk properties of materials, The ability of neutrons to
penetrate large items enables large manufactured articles to be examined for defects and
allows details of I_perations to be studied,

The AN_ neutron scattering capabilities will have multidisciplinary applications in
physics, astrt_phltsics,nuclear physics, condensed matter (solid and liquid state) physics,
surfaces and interfaces, biochemistry, structural biology, materials science and engineering,
archaeology, materials irradiation and analysis, and isotope research, For example,
neutron scattering has been used to study fluid-flow properties under operating conditions
in jet engines and can be used to study fluid flow in other situations, Neutron scattering
can also be used to measure stress patterns in manufactured objects, and, because it yields

important information about the microscopic structure of polymers, tt can be used in the O
design of new polymers. Cold neutron scattering has been used to measure magnetic flux
lattices in high-temperature superconductors and is expected to play a critical role in the
development of materials that are superconducting at higher temperatures.

ANS would also provide defense-related capabilities. Defense uses of ANS would
include production of isotopes for aircraft and other radiography and for explosives
detection in counterterrorism; testing of materials under irradiation bombardment; and
nondestructive testing of critical engineering components. In this context, the most
important task for ANS would probably be to take over from HFIR the production of
ZS_Cf,a portable neutron source, thus enabling neutron radiographic inspection to take
place in the field.

Although the primary purpose of the ANS facility would be basic research, a
secondary function would be the production of isotopes with commercial applications.
There are more than 300 radioactive isotopes with half-lives varying from about 1 d to
10,000 years or more. The widely varying physical, chemical, and biochemical properties
of these radioisotopes can be applied to many uses in food technology, agriculture, energy
supply, aerospace, public health, medicine, industrial technology, and national security. In
the United States alone, about 40,000 medical procedures each day mz_keuse of
radioisotopes, and about 45% of ali single-use medical supplies (syringes, surgical gloves,
etc.) are sterilized by radioisotope irradiation.

In assessing the need for ANS as an isotope production facility, it is important to
bear in mind that it would also be the only source in the United States for the
transplutonium isotopes, as HFIR is now. These isotopes have a variety of uses, including
medical diagnosis, cancer therapy, and radiography of aircraft wings. A strong case can ,dh
also be made for the continued production of these isotopes as research materials for
basic studies in nuclear physics, chemistry, and solid state physics. The large volume of
very high thermal flux in the ANS reflector would also allow production of high specific
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O activity isotopes of lower mass number, as programmatic needs arise, ANS would operate
Isotope loan agreements and sales in ltne with existing, well-established DOE policies,

Commercial production accounts for most radioisotopes tn general use_ The role
of DOE has been to fill gaps where no commercial source exists, Often, thts requires
facilities Unique to DOE, The HFIR tn particular ts the only source tn the United States
oi' transuranic isotopes such as z_2Cf,which undergoes spontaneous fission with a half-life
of 2.64 years. One gram of Z_2Cfwill produce 2,3 × 1012neutrons/s, lt ts a strong,
portable source of neutrons, and this property has led to many applications, At present,
DOE has 109 loan agreements wtth 82 Institutions for HFIR_produced _2Cf.

Therapy based on neutron bombardment from Z_2Cfhas been shown to be
effective in the treatment of cervical cancer. Sources are also being developed for in vivo
neutron activation analysis to be used in clinical diagnosis and monitoring and medical
conditions involving abnormal amounts of lithium, aluminum, or nitrogen, In addition, the
U,S. Food and Drug Administration has ordered 20(} mg of _2Cf (a large fraction of the
current national supply) to be used in neutron activation analysis of certain foods, The
commercial power industry uses "-S2Ct'as the industry standard method for startup of
pressurized water reactors and as a source for neutron radiography of power reactor fuel
rods, 'There are also growing commercial uses of' _2Cf as a source ibr neutron activation
analysis and as a standard source for dosimeter calibration, One of the newest
applications of _2Cf is detecting hidden explosives in airline passenger luggage. Monitors
have already been installed at airports in New York, San Francisco, Los Angeles, and
Miami; and installations of similar devices are planned for l.xmdon, Atlanta, Frankfurt, and
Rome.

O Finally, Naval Ocean Systems Center uses neutrons to testthe from _2Ct' infrared
devices for resistance to neutron damage, and the Mound Laboratory uses _2Cf neutron
radiography for nondestructive inspection of explosive fill in detonators. Production
reactors at the Savannah River Site require _2Cf tbr startup, and there are some classified
uses.

In addition to the production of transplutonium isotopes, ANS would also be used
to prepare the many other neutron-produced radioisotopes that are used in industry and
medicine. For example, certain isotopes, such as very high specific activity 6°Co that is
used in medical therapy, sterilization, and radiography, can be produced only in facilities
that provide a very intense neutron flux, such as HFIR or the proposed ANS.

1.3 CONSEQUENCES OF DEI,&Y

The neutron scattering capability of facilities in the United States is being eroded
by the aging of current research reactors. This capability will be essentially eliminated by
their eventual shutdown. With more instruments than exist cumulatively on ali U.S.
reactors, ILl., is the world leader in neutron research; however, thermal flux at the
proposed ANS would be about 10''° neutrons, m"2. s-1 at a thermal power level of
approximately 330 MW, which would be five to ten times greater than any current
research reactor's capability, exceeding the capabilities of facilities in any other country, If
the proposed ANS is not operational before HFIR is shut down, U.S. neutron researchers
will be totally dependent on foreign research facilities. As a result, delaying the ANS

project could have scientific and technological consequences in the United States. Forexample, the two high-flux reactors in the United States, are more than 25 years old and
will soon be retired. In many fields of research, these reactors are no longer competitive
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with Japanese and European facilities. ANS could help restore the United States to a
position of leadership in the field of neutron research.

Retiring th,z HFIR facility and delaying ANS construction and operation would
also have economic implications. The immediate impact could be a loss of direct scientific
and technical jobs at ORNL because of the HFIR shutdown, followed quickly by a loss of
corollary jobs that have been created as the result of off-site support of HFIR (e.g., the

: industrial, medical, and research use of the production capability of HFIR). As a
consequence, with the loss of domestic production capability for medical and industrial
isotopes, the R&D work in those fields would be lost to foreign research reactor facilities.

Critical issues of quality control would arise because programs that evaluate the
effects of radiation on components in varying radiation fields would also not continue.
Without this safeguard, the result could be unanticipated failure of expensive components
in, for example, space hardware, reactors, and fusion applications.

F,'._.dly, if ANS were delayed, the loss of HFIR capabilities would lead to the

simple logistical problem of access. There would be a severe reduction in the time
experimenters could spend on a reactor because the available time on the remaining
reactors would be in much greater demand and thus more difficult to schedule.

1.4 SCOPE OF THIS _NT

An environmental report (ER) is a document that was developed by the Nuclear
Regulatory Commission (NRC) to facilitate preparation of environmental impact

statements (EISs) for nuclear power plant licensing. An ER is prepared by license
applicants following NRC's Regulatory Guide 4.2. Although this ER is not part of an
NRC license application, the outline of ER contents in Regulatory Guide 4.2 serves as an

appropriate basis for the organization of this report.
An ER typically includes analyses that would normally be included in an EIS, along

with any supplemental information necessary to ensure that EIS preparers have ali the
data they need to perform their analyses. This approach minimizes the effort required by
EIS preparers. Reasonable alternatives to the proposed action are considered in EISs,
including the no-action alternative. The no-action alternative is not directly addressed in
this ER because it would have no impacts. Reasonable alternate sites and alternative
technologies may also be considered in EISs; however, this ER addresses only the impacts

: of the proposed technology at the proposed site. Some of the data and analyses called for
by Regulatory Guide 4.2 also support NRC's regulatory role.

DOE regulates itself but is committed to having ANS be a licensable facility. To
ensure that the facility will be licensable and that the EIS preparation proceeds as quickly
as possible, this ER is being prepared in two phases. Phase I includes those data and
analyses needed to prepare the EIS. However, the Phase I ER does not include data or
analyses of alternate sites or alternate technologies, because no such alternatives have

: been identified to date. Phase II will include the additional data and analyses called for by
Regulator), Guide 4.2 and will be initiated after completion of Phase I.
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2, THE SITE AND ENVIRONMENTAL INTERFAC'F,S

Q
2.1 GEOGRAPHY AND DEMOGRAPHY

The following sections discuss a proposed Advanced Neutron Source (ANS) site
location and describe the population distribution near the site.

2.1.1 Site Location and Description

It is expected that the ANS facility would be constructed near Oak Ridge National
Laboratory (ORNL), which is one of three major facilities on the U.S. Department of
Energy's (DOE's) Oak Ridge Reservation (ORR). The other two facilities are the Y-12
Plant to the northeast of the proposed ANS site and the K-25 Site to the northwest of the
ANS site (Chance and Frye 1989, pp. 1-3 to 1-4).

2.1.1.1 Specification of Location

The specific location of the reactor at the ANS site would be latitude 35055'30"
and longitude 84017'40 ". The Universal Transverse Mercator coordinates are
N 3978.9 km and E 744.25 km. The site, as well as the entire ORR, is located within the
corporate limits of the city of Oak Ridge, which straddles Anderson and Roane counties
in upper East Tennessee. Oak Ridge and the surrounding area are shown in Fig. 2.1-1.
The region is known as the Great Valley of Tennessee, lying between the Cumberland
and Southern Appalachian mountains (DOE 1989, p. 2-3), and is characterized by ridges

O and valleys that follow a northeast to southwest direction. Elevation in the reservation
ranges from a low of 230 m (750 ft) above mean sea level (msl) along the Clinch River to
a high of 385 m (1260 ft) above msl along Pine Ridge (DOE 1989, p. 3-7). The ANS site
lies in Melton Valley and is bordered by Haw and Copper ridges. The ORR is bordered
on the south and east by the Clinch River (also referred to as Melton Hill Lake).

The ANS site is approximately 8 km (5 miles) southwest of central Oak Ridge and
35.2 km (22 miles) west of Kno_ille, the nearest major urban center. The 1990
population of Oak Ridge is 27,310; of Knoxville, 165,121. Knox County, which includes
Knoxville, has a population of 335,749 (TSPO 1991, n.p.); the 1990 estimated population
of the Knoxville metropolitan area is 605,000 (DOC 1991, p. 30). Other incorporated
areas near ANS include Lenoir City, approximately 16 km (10 miles) south (population
6147); Oliver Springs, approximately 14.4 km (9 miles) north northwest (population 3433);
Farragut, approximately 15.2 km (9.5 miles) east southeast (population 12,793); and
Kingston, approximately 20.8 km (13 miles) west (population 4552) (TSPO 1991, n.p.).
Figure 2.1-2 shows prominent features of these areas.

2.1.1.2 Site Area Map

Figure 2.1-3 shows the ORR property boundary and the location of the proposed
ANS site. The ORR consists of about 14,266 ha (35,252 acres) of federally owned lands

: (DOE 1989, p. 2-3). The ANS exclusion area boundary is tentatively defined as a 1-km
(0.62-mile) radius around the site. A topographical map of the proposed A.NS site is

= presented in Fig. 2.1-4.
_ The following facilities would be within the limited access area, to be enclosed by a

security fence: the main building, which houses the reactor complex; utility buildings; a
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O
waste management facility; plant maintenance; storage; and a detdtiation facility, A
parking lot and user housing would also be part of the stte structures but are outside of
the limited access area,

There are no structures within the ANS site area. Within the ORR boundary
there are the structures associated with the three major ORR sites. The primary function
of ORNL is research and development; the Y-12 Plant is a weapons fabrication facility;
and the K-25 Site, which was once a uranium enrichment facility, is now used for
developing uranium enrichment technology and storing and processing waste. These
facilities are described in greater detail in Sect. 2.1.4.

Near the Y-12 Plant are several industrial parks, including Bethel Valley Industrial
Park, Commerce Industrial Park, Valley Industrial Park, Boeing Aerospace, the Midway
and Mitchell roads area, Municipal Industrial Park, and the East Oak Ridge Turnpike
area. The Clinch River Industrial Park is on Bear Creek Road near the K-25 Site. The
industries in these areas are presented in Sect. 2.1.4, and their locations are presented in
Fig. 2,1-5.

Public access areas on the ORR include the Clark Center Recreation Park, the
ORNL Overlook, the K-25 Overlook, the ORNL Graphite Reactor, and cemeteries
(Fig. 2.1-6). The Freels Bend Education Center, which is run by the ORNl. education
office, is used as a public education facility.

State Highways 58, 61, 62, and 162 provide direct access to the ORR. Bethel
Valley and Bear Creek roads are the primary ones on the ORR. The main access road to
ANS is Melton Valley Road, which intersects Bethel Valley Road. The proposed ANS
site is at the intersection of Melton Valley Road, Melton Valley Drive, Ramsey Drive, and O
the Health Physics Research Reactor (HPRR) Access Road (Fig. 2.1-7). Melton Valley
Road will be rerouted to the west and then will reconnect to the HPRR Access Road,
which runs south of the facility.

There is no rail service to the proposed ANS site or ORNL. Norfolk Southern
Railway services the K-25 Site, and CSX Transportation (Seaboard System Railway, Inc.)
provides service to the Y-12 Plant. DOE owns and maintains spurs at each of these
facilities that total 27.2 km (16.9 miles) of railroad (Chance 1986, p, 97). These areas are
shown in Fig. 2.1-8.

The surface hydrology of the ORR is shown in Fig. 2.1-9. The Clinch River forms
the boundary of the ORR to the south and west. The ANS area is topographteaUy
divided so that the eastern side of the site drains to Bearden Creek and on to Melton Hill
Lake. The western side, which would contain the majority of the site and the reactor,
&aim to Melton Branch, a tributary of White Oak Creek that flows to the Clinch River.
Before flowing into the Clinch River, White Oak Creek flows into White Oak Lake, an
impoundment that serves gs a final settling pond for waste-water drainage from ORNL
chemical and radioactive waste disposal areas. Water quality monitoring occurs at the
White Oak Dam, 0.5 mile upstream of Clinch River.

2.1.1.3 Boundaries for Establishing Effluent Releases

. The site boundary for effluent releases from the proposed ANS site is the ORR
boundary (Fig. 2.1-3), which demarcates the controlled access area. DOE (or its prime

contractor) has control over the entire ORR regarding public use and other activities. O

=
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The t_ffluentrelease point has not be_n determined; therefore, the exact distance _1_
from that point to the ORR boundary cannot yet be determined. The distan_ to the
ORR boundaryfrom the approximate center of the proposed ANS site, is, however,
presented in Table 2,1-1,

2.1,2 Population Distn'bution

In this section, current and projected population within 16,4.km (10.mile) and
80,5.km (50-mile) radii are given. Places of high population density, (i.e., nearby cities)
are identified,

2.1.2.1 Population Within 802; km (50 miles)

Estimated 1990 population within 16,4 km (10 miles) of the ANS site is 77,277,
The estimated population in 2020, during the mid.life of the ANS project, is 81,787,
Although ORR is within the boundaries of the city of Oak Ridge, the nearest significantly
populated residential area of Oak Ridge (Country Club Estates) li_ approximately
5,12 km (3.2 mile.q)northwest of the ANS site (Fig. 2.1-10). Figure 2.1-11 shows the
jurisdictional boundaries of the counties and the locations of the cities and towns within
16,4 km (10 miles), Figure 2,1-12 shows the 1990 population counts in concentric circle.,;
at distances of 1.6, 3.2, 4,8, 6.4, and 8,0 km (1, 2, 3, 4, and 5 miles) from the site. Refer to
Fig. 2.1.13 for population within 80.5 km (SOmiles), The same 1990 population counts
are presented in Table 2.1-2; the 2000, 2010, and 2020 population counts in each sector

are pre._nted in Tables 2,1-3, 2.1..4, and 2.1-5, respectively. The estimated 1990 O
residential population between 16.4 and 80.S km (10 and 50 miles) of the ANS site is
approximately 815,780, and the total estimated 1990 population within 80.5 km (,50 mile.s)
is 893,057. Figure 2,1-13 presents the 1990 population counts of each directional sector
between 8.2 km and 80.5 km (S and 50 miles). A considerable portion of this population
is in Knoxville, which lies to the e,ast of the site. The estimated population Ix'.twecn 16.4
and 80..5km (10 and 50 miles) at the mid-life of ANS (2020) is 1,026,727, and the_
estimated total population within 50 miles in 20_.0 is 1,108,514. Tables 2.1-2, 2.1-3, 2.1-4,
and 2.1.5 also list the 16,4- and 80.5.km-radius (10- and S0-mile.radius) populations for
1990, 2000, 2010, and 2020, respectively,

2.1.2.2 Tramicnt Population

Relevant transient populations include persons at nearby industries, schools,
medical facilities, and recreational and public use areas. The population at the ANS
facility during normal operations, after construction is completed, is estimated to be 449
full-time equivalents (FT_) (beyond the year 2004), including otmrations support workers,
users, and visitors (R. Brown, Advancexl Neutron Source, Oak Ridge National Laboratory,
personal communication with M. L Socolof, Oak Ridge National Laboratory, Oct. 31,
1991). In 1990, employment at the three ORR facilities totalled 15,146, including 5,524
ORNL employees, 3,019 K-25 Site employees, and 6,603 Y-12 Plant employees, At
ORNL, 1958 guest assignments brought the total ORNL population to 7482. At the Y-12
Plant, the primary construction and maintenance subcontractor employs 1135 persons, In
addition, ORNL received more than 30,000 visitors in 1989.

There are many industrial facilities in the area (within 10 miles) of ANS. These O
facilities and the nuralx_r of employees at each arc listed in Table 2.1-6.
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Table Z I-I. Apprmtmatc distance from the center of the of

. ANs tooak
Distance

Direction [km (miles)]
. ' ..... . . .......................... : ' : iiii i iJ Ull i i - :

N 6.23 (3.88)

NNE 7.69 (4,78)

NE , 11.8 (7.34)

ENE 2.25 (1,40)

E 3.._o(2,1s)
ESE 2.86(1,78)
SE 2.67 (1,66)

SSE 2.98 (1,85)

S 4.67 (2.90)

ssw _.07(3.15)
sw 4.99(3._0)

O WSW 6.76 (4.20)

W 12.2 (7.57)

wNw 8.99(5.59)
NW 8.66(5.38)

NNW 5.04(3.13)

Oak Ridge,LoudonCounty,Roane County,AndersonCounty,andKnoxCounty
allhaveschoolswithina 16.4-km(10-mile)radiusoftheANS site.The fall1991
enrollmentsoftheschoolsarelistedinTable2.1-7.Totalenrollmentofallcityand
countyschoolswithinthe16.4.km(10-mile)radiusis16,101.Alsolocatedwithina
16.4-km(10.mile)radiusarethetwoOak RidgecampusesofRoane StateCommunity
College,witha totalenrollmentof2053in1991(O.Fern,Roan StateCommunity
CoUegc,personalcommunicationwithMariaSocolof,Oak RidgeNationalLaboratory,
Nov.14,1991),andPcllissippiState'l"cchniealCommunityCollegeinKnox County,with
7236enrolledin1991(H.Moeller,PcllissipplStateTechnicalCommunityCollege,
personalcommunicationwithMariaSocolof,Oak RidgeNationalLaboratory,
Nov.14,1991).The locationsofschoolswithin16.4km (10miles)arcshownin
Fig, 2,1-14.

O The nearest hospital is the 301-bed Methodist Medical Center (MMC) of OakRidge (TDHE 1989a, p. 1). Near MMC is the Ridgeview Psychiatric Hospital, which has
43 inpatient beds and also provides outpatient services. In addition, three institutions in
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Table 2.1.6. Indmtrie_ in the Advanced Neutron Source area
.....................................................- ........................N_-ci_r-

Number of materials

Industry Productdesca'tptlon employers licensee
-- ,. - i , i i,.,i IL ,i jt .... ,,. ___w, ,,i i __ ,,li 1 i ,

Within8km(Smiles)of,4NS

Clinch River Industrial Park:

International Mixed waste analysis, radiochemistry, health 100 Yes
Technology Corporation physics assessments, bloa,_ay, and environmental

analysis and surv_

ScientificEcology Hazardouswasteincinerationand low-level 514 Yea
Group, Inc, waste compaction and shipping

> 8 tan (5 miles) from ANS

Kingston (see Fig, 2.1.5)',

Diversified Scientific Mixed waste processing 20 Yes
Services,lhc,

Oak Ridge (see Fig, 2,1-5):

Boeing Aerospace Advanced aerospace parts 600 Yea O

Bethel Valley Industrial Park:

Cornstock,Inc, Electrostaticenergyanalyzersand charged 6
particle detectors

HNU X-ray Manufacture of X-ray fluoreacents and 20 Yes
spectrometer andmicroanalysis systems

Phyton Technologies Plant genetics and propagation 75

R & D Tectonics General Machine Shop 8

Municipal Industrial Park:

Am'oloc Design and build food packaging systems, 45
precision gauges,fixturea,dies,and jigs

American Magnetics Superconducting magnets and cryogenic 27
Instrumentation=

Aardvark Printing Printed materials 4

Chambers Teel &,,Machining General machine shop 5

Cryomagnettc, Inc. Superconducting magnets and cryogenic 12 /
instrumentation

_
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Table 2.1,_i. (continued)

Numt_r of rnat_rlais

Industry Product d_crlptlon employees licensee
_. * . ; ........... 7 ...... i ...... i I ...... --[t: LL ..... : : ..... i IllJ. dA J_ '11111 :_ : ::_2-- :::'* -_ ,: :--:L : - ,_ - 7-._ i III 7" _ I.&llllllJl _.

Municipal Industrial Park (continued):

CSEC Sheltered Bulk mali _t'vlce;manuf_tctur_survey 162
Workshop stakes, cor_ boxes, and wooden crm_

Hilltop Muffler Muffler installation 15

Industrial Hardware Wholesale distributor of trois 7

The Nucleus Nucl_r radiation detectors, radioisotopes, 150 Yes
" and nuclear medicine Instruments

Oak Ridge Tool-Engineering Tooling dies 45

Pathway Bellows Duct systems, metal and fabric expansion 214
Joints, dampers, and ckxsures

Pie.Air Precision dleca_tcomponents 90

Ouadrex Corporation Radiation decontamination and waste pries.sing 110 Yes

. _ Ridge Metals, lhc, Toot and tiles; precision machining 25

Roden Electric Wholesale electric parts and wiring 4

Tennessee Tool & Tool and dies; precision machining 39
Engineering

Valley Industrial Park:

Bechtel Service Center Maintenance and storage of decontamination 20 Yes
equipment

Conny's Custom Cabinets Cabinets 2

Dixie Electronics Electronl_ Components Distributor 9

Ebasco Waste Characterization Contractor 75

Industrial Development Incubator program for fledgling Industries varies

Jamerson Construction Construction 6

Lewis Electric Electrical contracting 27

Manufacturing Sciences Rolling of depleted uranium; fabrlc_tion 41
Corporation of depleted uranium products

Q Materials Engineering & Analytical chemistry, metallurgical testing, 4
- Testing failure analysis, and technical con.suiting

Maxima Information management services and products 100



2-24

Table 2,1-6, _(_ntinut.xl)

Number of materials
Industry Frcxluotdescription employee.,s llcent_e

_,ummimN_ :-::: : • .'___J t ,,____: .... .. : ::: i1,_ : -- : : ....... . .... : ,Jlu. " - ........ _ " =.=. __: .... : - ¢._,_._,rail,u,.__: - . :::::::::::::::::::::: -:: :::= ..... :l,A'._

Valley IndustrialPark (eontlliued):

Mid.CityTool Co, Toolanddies;precisionmachining 4

Oak RidgeF,e.searct_Institute Environmentalmonitoringandbiomedicalreseareh; 30
biologicalwaste treatmentsystc,'ms

Oak Ridge UtilityDlstriat Propane gas storage

Ordain,Inc, Electronicand electricaleqt.tlpmentand Instruments 5 Yes

Romott_c Mobilerobots andmanipulators 15

ZYI:)Coatings High t_mpcraturopaints,coatings,and marking inks 9

' Comm(_rc_Park:

CoorsCeramics Hlgh.pre01sloncomplexconfigurationsof 50
advancedceramicmat_rlal

Tennc,_e¢_InnovationCenter Incubationcenter for fledglingindustries varies

Hertel Cutting Technologies Carbide and _ramlc toolsand wear parts 60 O

Fast Oak RidgeTurnpikeAre.a:

NUS Corporation Environmentalengineering;wastemanagement 40 Yes
servicesand environmentalcontrolequipmant

Tennelec,Inc, Chargedparticleand garmanium detectors,and 107 Yes
= alpt_aandbetalowbackgroundcounters

- TMA/Eberlint_ Calibrationof nuclear detectioninstruments', 7 Yes
, healthphysl_services

Midwayand MitchellRoadArea:

. EG & O Ortec, Inc, Instrumentation,deter.tots, and 350 Yes__

systamsfornuclearradiationmeasurement

,, 1 ,_ ,_ , , , .._ ,,., , . --: .,t ,,, :..

" Sources: J, Crtder, DiversifiedScientificServices,lhC,,Kingston,Tenn,, personalcommunicationwith
S, M, Schexnayder,Oak Ridge National Laboratory,Oak Ridge,Tenn,, Jan, 9, 19(91,Cox,W, C. 1991,"SAteDescription,

: Y-12 Plant Building9215,"pp, 1-226, O.WlngFinalSafetyAnalysL_'Report, Oak Ridge National Laboratory,Oak Ridg(:,
Tenn, S. Thompson, ScientificEcologyGroup, personalcommunicationwithS, M, Schexnayder,Oak Ridge National
Laboratory, Oak Rtdge, Tenn,, Jan, 9, 1991, S. Tremaln, InternationalTechnologyCorporation,Oak Ridge, Term,,
personal communicationwithS, M, Schexnayder,Oak Ridge National Laboratory,Tenn,, Jan. 9, 19()1,White,J, L, (cd,)
1990,Directoryof Tem4esseeMatmfacturers,M, L Smtth, Nashville,'l"enn, W, Brown, Cityof Oak Ridge officeof
business licensing,personal communicationwithS, M, Schexnayder,Oak Ridge NationalLaboratory, Oak Ridge, "renn,,
Jan, 8, 1992, L. Young, 19()1, Oak Ridge Ctmmberof Commerce officeof IndustrialDevelopment, personal

" communicationwith S, M, Schexnayder,Oak Ridge NationalLaboratory,Jan, 8, 1991, li)

i

' _ " ' .... tlt_ ) .... r_(i , , , i, , i ,i i'j, ', i1¢ i1 i ,, , i, , ) lrt ,t , q ,,,,,



Table 2.1-7. City and munty _hools within n 16.4-km (10.mile)

radius of the proposed AdvancedNeutron Source sre

Jurisdtotlon and
school* Enrollment Totals

Oak Ridge 4,642
1, Oak Ridge High 1,019
2, Jefferson Junior High 686
3, Robertsvllle Junior High 733
4, Linden Elementary 643
5, Olenwood 465
6, Willowbrook 501
7, Woodland 595

Anderson County 970
8, Norwood Elementary 334
9, Norwood Middle 274
I0, Grand Oaks Elementary 362

Roane County 1,236
11, Oliver Springs High 433
12, Oliver Springs Elementary 632
13, Dyllts Elementary 171

Knox County 5,900

Farragut Primary
14, 1,061

15, Farragut Intermediate 1,096
16, Farragut Middle 1,434
17, Farragut High 2,309

Loudon County 1,501
18, Eaton Elementary 682
19,NorthMiddle 493

20, HighlandPark 326

Lenoir City 1,831
21, Lenoir City Elementary 555
22, Lenoir City Middle 336
2.3, Lenoir City High 940

Total 16,080

"Number_ preceding _¢hooh correapond to locations on Fig, 2,1-14,
Sources; Robert Martow, supervisor of =tudent services, Anderson County Schools, Clinton,

Tenn,, personal communication with M, L, Socolof, Oak Ridge National Laboratory, Oak
Ridge, Tenn,, Nov, 13, 1991; S, Carroll, Secretary to the Superintendent of Attendance, Oak
Ridge City Schools, pertonat communication with M, L, Socolof, Oak Ridge National
Laboratory, Oak Ridge, Tenn,, Nov, 13, 1991; E, Headle¢, Loudon County Schools, Loudon,
Tenn,, personal communication with M, L, Socolof, Oak Rldgt_National Laboratory, Oak
Ridge, Tenn,, Nov, 14, 1991; M, Price, Knc_ County Schools, Knoxville, Tenn,, personal
communication with M, L,,Socolof, Oak Ridge National L,abo_tory, Oak Ridge, Tenn,, Nov, 14,
1991; B, Ruffner, OlDer Springs High School, Oliver Springs, Tc:nn,, personal communication
with M, L, Sooolof, Oak Ridge National Laboratory, Oak Ridge, Tenn,, Nov, 13, 1991;
T, I, Russell, Oliver Sprlng_ Elementary School, Oliver Springs, Tenn., personal communication

with M, L. Socolof, Oak Ridge National laboratory, Oak Ridge, Tenn,, Nov, 13,
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O Oak Ridge provide residential care tbr the elderly and are located within 16,4 km
(10 miles) of the facility: the Oak Ridge Senior House, with 21 beds; the Oak Ridge
Health Care Center, with 130 beds; and the Oak Ridge Retirement Center, with 50 beds
(TDHE 1989b, p, 1-25), The Baptist Health Care Center, near Eaton Crc.ssroads,
provides 104 beds for the,elderly, Locations of these medical facilities are presented in
Fig, 2.1-1.5,

Four recreational and public areas on ORR attract visitors: the Clark Center
Recreational Park, the ORNL Graphite Reactor, the ORNL Overlook, and the K.2.5 Site
Overlook. The Freeis Bend F..ducatton Center, used as a teaching facility, is also on ORR.
Also, 28 cemeteries within the reservation attract visitors (Fig, 2.1..6),

Clark Center Recreational Park is a 134.ha (330-acre) DOE.operated site Pocated
on Melton Hill Lake, approximately 5,6 km (3.5 miles) east of the ANS site, The park
has areas and facllltte..,_for playing team sports, picnicking, swimming, and launching boats,
Softball games held from May through August attract as many as 300 people per night,
players and spectators combined. Four games are held on each of the two fields on
Mondays through Thursdays from 4:15 p,m, to 10 p.m, Two picnic shelters are used by as
many as 100 people pet' day during weekdays from mid-April through October, On
weekends, as many as 1000 people attend picnics sponsored by various local companies
and organizations. The picnics are usually several hours long, and attendance is staggered
throughout this period. The swimming area is open from Memorial Day through Labor
Day and is most heavily used on July 4, when as many as 1000 people use the area;
normal usage is from 50 to 75 people on weekdays and from 200 to 500 on weekends, On
weekends, more than 50 boats per day are launched at the park; weekday usage is

O 20 boats Jones, Clark Center Recreational Park, ORNL,approximately per day (c.
personal communication with S, M, Schexnayder, ORNL, Sept, 21, 1991),

The Graphite Reactor is a National Historical Landmark at ORNL. In past years,
annual visitation to the Graphite Reactor ranged from 13,500 to 15,000 people, In 1991,
the reactor was closed a substantial amount of time; however, visitation is expected to
return to normal in the future, No estimates are available o1"the number of visitors to the
ORNL Overlook, the K-25 Site Overlook, or the cemeteries. Approximately 19,000
people per year visit Freels Bend Education Center,

Deer hunts are held on ORR and managed by DOE in conjunction with the
Tennessee Wildlife Resources Agency (TWRA) (Kornegay et al. 1991, p, 168). The
controlled hunts are de.signed to regulate the deer population on the reservation and to
reduce the number of deer-and-vehicle collisions. In 1991, as in the past few years, three
hunts will be held: one archery and two shotgun or muzzle.loaded rifle hunts. (Before
1989, four hunts per year were held.) The hunts occur on Saturdays and Sundays in
October, November, and December. In 1989, 1990, and 1991, the quota for archery
permits was 1850; for gun permits, 1000. lt is estimated that 75% of the permitted
hunters are present for the hunts. Guards are stationed along roads to prevent access to
restricted areas, No access is allowed to administrative control areas.

Bordering the ORR on the south and east sides is the Clinch River-Melton Hill
Lake, which is dammed and maintained by the Tennessee Valley Authority (TVA),

= Numerous access points and recreational areas are along the lake, Total estimated
visitation to the entire Melton Hill Lake area is approximately 800,000 visits annually

O
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(R. Farrell, TVA, personal communication with B. D. Lasley, ORNL, Jan. 14, 1991).
About 300,000 of these visits occur at the Melton Hill Dam Reservation, approximately
4.8 km (3 miles) southwest of the ANS site.

Other major recreational facilities or public use areas, their approximate distances
from the A.NS site, and estimates of visitations are presented in Table 2.1-8, including
Melton Hill Dam and Visitors' Overlook, Atomic Speedway, Melton Hill Community Club,
Melton Hill Park, Oak Ridge Golf and Country Club, South Hills Golf Course, Willow
Creek Golf Course, and Haw Ridge Park. Several other small parks available for public
use are scattered throughout the area encompassing the 16.4-km (10-mile) radius.

2.1.3 Ur_mof Neau'oyLands and Waten_

Within an 80.5-km (50-mile) radius, the land surrounding the proposed ANS site is
used for industrial, recreational, residential, and small-scale agricultural purposes. It
includes a portion of the Great Smoky Mountains National Park, the city of Knoxville, and
several other population centers, The National Park, located on the Tennessee-North
Carolina border, attracted more than 8.3 million visitors in 1989 (NPS 1989, n.p;). Use of

= the park peaks in the fall, but visitation is also heavy in spring and summer.
Nine public water supply systems,which serve approximately91,500 people,

withdraw surface water within a 32.4-km (20-mile) radius of ORR. Of these nine supply
systems, only the city of Kingston and the K-25 Site Water Treatment Plant are
downstream of the ORR. The intake for Kingston is about 592 km (0.37 mile) above the

O confluence of the Clinch and Tennessee rivers and 33.7 km (21.1 miles) below the mouth
of' Poplar Creek. Kingston withdraws approximately 9% of its average daily public water
supply from the Tennessee River. The K-25 Site Water Treatment Plant intake is located
4 km (2.5 miles) above the mouth of Poplar Creek and provides ali of the water for the
K-25 Site (Komegay ct al., p. 13).

The nearest residence is approximately2.8 km (1.7 miles) southeast of the site
: (Fig. 2.1-10) on the opposite bank of the Clinch River from the ORR. Note that the

projected populations estimated in Section 2.1.2.1 may not accurately reflect the future
population of this local develop=ent because the projections are based on general_

population growth for the area.
Agricultural activity in the area is limited, consisting of peach and apple orchards

and some small farms. Milk is monitored for radionuclides at four small farms and the
- Broadacre Dairy. The closest location for milk monitoring is Solway, 14.4 km (9 miles) to

the northeast. The dairy is approximately 25.6 km (16 miles) east-northeast from the site
and is a proce._ing plant that does not keep cattle.

:7 Bethel Valley and Bear Creek roads are the major roads nearest the site.
Figure 2.1-16 shows several highways that also run close to the site, including Interstates=

40 and 75; U.S. Highways 11, 70, and 25W; and State Routes 95, 62, 58, and 162. Bethel
Valley Road is the closest, at 0.75 mile to the northwest. The distances and directions
from the ANS site to other major roads and highways are listed in Table 2.1-9.

2.1.4 Nead_ Industrial, Transportation, Military, and Nuclear Facilities-
_

_ This section identifies and describes nearby non-A.NS activities that might pose a
: _ hazard to the safe operation of the A_NSfacility. At the three major facilities on ORR

(ORNL, the K-25 Site, and the Y-12 Plant), radioactive and hazardous materials are
stored and handled. Three major TVA facilities--Watts Barr Nuclear Power Plant, Bull
Run Steam Plant, and Kingston Steam Piant.-_rc "_'- °'_ '¢ I..,,./qfLm;l_,_ radi11_of the

: __

-
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Table 2.1-8. Major recreational facilities within 16.4 km (10 miles)
of the proposed Advanced Neutron Source situ

Distance and
direction from Annual

ANS visitation
Facility Location [km (miles)]

Melton Hill Dam and Visitors' Overlook Roane County 4.8 (3.0) SSW 300,000

Atomic Speedway Roane County 6.4 (4.0) SW NA"

Willow Creek Golf Club Farragut 11.84 (7.4) SE 35,000

Melton Hill Community Club Loudon County 4.8 (3.0) SE -1,90(P

Melton Hill Park Knox County 5.76 (3.6) NE NA

Haw Ridge Park City of Oak 14.08 (8.8) NA
Ridge NE

Oak Ridge Golf and Country Club Roane County 6.4 (4.0) 32,000
NNW

South Hills Golf Course City of Oak 7.04 (4.4) 20,563
Ridge NNE

Oak Ridge Sportman's Association City of Oak NA (NA) NA
Ridge

aNA -." not available. The Boy Scouts occasionally have Jamboree, at this facility. The last one was in May 1990, with
450 scouts attending from Friday to Sunday. Another is not currently scheduled; however, use for this purpose is
anticipated in the future.

t'Gatherings of 35 to 40 pm'tons are held approximately four times per month, primarily ota weekends.
Source: J. CLark,Oak Ridge Golf and Country Club, Oak Ridge, Tenn., personal communication with B. D. Lasley, Oak

Ridge National Laboratory, Oak Ridge, Tenn., Jan 9, 1991; R. G. Fan'ell, Recreation Planner, TennesameValley Authority,
Norris, Tenn., perr,onal communication with B. D. L_ley, Oak Ridge National Laboratory, Oak Ridge, Tenn., Jan. 14, 1991;
G. Justice, Knox County Re.creation Department, Knoxville, Tenn., pertonal communication with B. D. t.asley, Oak Ridge
National laborato_, Oak Ridge, Tenn., Jan 9, 1991; W. Roach, General Manager, Willow Cre,ek Golf Club, Farragut, Tenn.,
personal communication with M. L. Socolof, Oak Ridge National Laboratory, Oak Ridge, Tenn., Jan. 9, 1991

ANS site. These locations are depicted in Fig. 2.1-17. Other industrial facilities or
industrial park areas are shown in Fig. 2.1-5.

At the three primary facilities on ORR, a variety of hazardous chemicals and
radioactive materials, including wastes, are generated, stored, and transported during
normal operations. At ORNL, diverse programs involve the production and shipment of
radioactive materials; among these programs is the production of stable isotopes through
an electromagnetic separation proc.e_. Isotope shipments leave ORNL by truck, but 90%
are then shipped to their ultimate destination by air; the remaining 10% are trucked to
their buyers (Fitzpatrick 1982, p. 2453). Hazardous and mixed wastes are generated by
both research projects and facility operations at ORNL. Table 2.1-10 summarizes wastes ah
generated at ORNL in 1990, and Table 2.1-11 summarizes waste storage at ORNL in
1990.
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Q
Table 2.1-9. Roads and highwayshe.aftra the pro_

Advancx_ Neutron Source sre

Shone.st distance and
direction from ANS

Roads and highways [km (miles)]

Bethel Valley Road 1.06 (0.667) NW

Bear Creek Road 3.07 (1.89) NW

SR-95 3.95 (2.44) SW

1-40/I-70 5.78 (3.57) S

US-70AJS-11 8.97 (5.54) SW

SR-58 7.01 (4.33) WNW

SR-62 9.54 (5.89) NE

SR-162 11.69 (7.22) ENE

US-25W 21.06 (13.0) NE

O
Until August 1985, the primary function of the K-25 Site was the enrichment of

uranium in the Z_SUisotope. The plant currently provides storage of radioactive,
hazardous, and mixed waste produced at five DOE facilities: ORNL, the Y-12 Plant, the
Portsmouth and Paducah gaseous diffusion plants, and Westinghouse Material Company
of Ohio (Cox 1991 p. 71). Solidified depleted uranium hexafluoride is also stored at the
K-25 Site in 9,000- and 12,600-kg (10- and 14-ton) cylinders. The types and quantities of
waste stored on-site are summarized in Table 2.1-12. The Sludge Fixation Facility
(K-1419) at the K-25 Site mixes hazardous and inorganic wastes with concrete to form a
solid mixture that can be stored above ground. The Toxic Substances Control Act
(TSCA) Incinerator at the K-25 Site, which began full operation in 1991, disposes of oils,
solvents, chemicals, sludges, aqueous waste, and solids.

The principal function of the Y-12 Plant is the fabrication of nuclear weapons
components. Enriched and depleted uranium, thorium, beryllium, and lithium are
processed at the plant (Fitzpatrick 1982, p. 2-61). The transportation of acids, chemicals,
helium, mercury, metals, uranium, and thorium is essential to the operation of the Y-12
Plant. Waste generation at the Y-12 Plant during 1990 is summarized in Table 2.1-13.
Waste storage at the end of 1990 is presented in Table 2.1-14.

Of the ten facilities on ORR that at one time served as reactors, only five can
become operational and are thus classified as nuclear reactors. Only two of these
reactors, the Tower Shielding Facility (TSF) and the High Flux Isotope Reactor (HFIR),
are currently operating. The other three reactors have been defueled: the Health Physics
Research Reactor, which was disassembled and moved to Y..12 for storage on
December 6, 1990, is not expected to become operational; the Bulk Shielding Reactor,
which is in standby and on which no decision has been made regarding future operations; O
and the Oak Ridge Research Reactor, which is awaiting decontamination and
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Q
Table 2.1-10. Oak Pddge National Laboratory waste

generation summary for 1990
•= , , .,, , , , ,L ', .... I " , ,l , ., ,,, I ,, ,= , .'----'--'"' ---- "

Volume Weight

Waste , _ .... [m3 (ft3)] , [kg (lb)]i ii i ,i , ,, ll,,lll - i

Hazardous 71,000 (156,555)

Sanitary 12,200 (430,782) 3,400 (7,497)

Industrial

Mixed 4,900 (10,805)

Polychlorinated biphenyl"
Radiological 22 (48.5)
Nonradiological 12,000 (26,460)

Transuranic
Contact handled 5.5 (194)
Remote handled 0

Low-level wastewater 1,590 (56,145)

Asbestos

Radiological 28 (988) 6,600 (14,553)

Nonradiological 15,237 (33,598)
Scrap metal

Radiological 24,000 (52,920)
Nonradiological 416,340 (918,030)

Miscellaneous nonhazardous 1,535 (3,385)

Miscellaneous radiological 0
, . , , ,_ ,, i , 1. ,

"Martin Marietta Energy Systems policy defines any material with polychlorinated biphenyl (PCB)
contamination greater than 2.0 ppm as PCB waste.

Source,. Korncgay, F. C., ct al. 1991, Oak Ridge Reservation Environmental Report for 1989,
_- ORNLdES/ESH.18N1, Oak Ridge National Laboratory, Oak Ridge, Tenn., p. 213.

decommissioning, (J. Sims, Research Reactor Division, Oak Ridge National Laboratory,
personal communication with B. D. Lasley, Oak Ridge National Laboratory, Jan. 4, 1991).

Table 2.1-6 lists other industrial facilities in the area and the products they
manufacture. Industrial growth in the area is expected to occur in the Clinch River
Industrial Park and the Bethel Valley Industrial Park. On the ORR, the Atomic Vapor
Laser Isotope Separation (AVLIS) Plant project is in the development stage. The K-25
Site is one of three DOE facilities being considered as a location for the AVLIS facility
(the other two are Portsmouth and Paducah). lt is planned that the decision on the
location be made by November 1992. Construction of the facility is not expected to begin
until 1994 or 1995.
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0
Table 2.1-11. Oak Ridge National Laboratory

wasteinstorageattheendof1990

Waste description Quantity
. .f, ,..,, . i, , ,,, ,..,, ....... ii,. , ii - - ,

Hazardous, kg (lb) 71,000 (156,555)

Mixed, kg (lb) 4,900 (10,805)

Polychlorinated biphenyls, kg (lb)
Nonradiological 12,000 (26,460)
Radiological 22 (48.5)

Transuranic, ma (fta)
Contact handled 5.5 (194)
Remote handled 0

Radiological asbestos, kg (lb) 6,600 (14,553)

Low-level°, m3 (ft3) 33 (1,165)

Radiological scrap metal, kg (lb) 24,000 (52,920)
i . , ,J,,,__ ,

"Lt_-levcl concentratedsludge.
Source.: Kornegay, F, C,, ct al, 1991, Oak RMg¢ Reservation Environmental Report .for 1990,

ORNI.,/F_.,S/F_.,SH-18N2,Oak Rtdge Nattonal Laboratory, Oak Ridge, Tcnn,, p, 209,

@
East Tennessee Natural Gas Company (ETNGC) supplies natural gas to ORR. A

55.8-cm (22-in.) main enters ORR from Knox County, crosses the Clinch River, and
proceeds to Valve Station C located along Bethel Valley Road (Chance 1986, p. 85)
(Fig. 2.1-18). Two other valve stations are located on ORR. Pipelines that carry gas to
the various facilities are smaller in size, ranging from 15.24 to 35.56 cm (6 to 14 in.), with
the exception of the abandoned 56-cm (22-in.) line that served the old powerhouse area
south of the K-25 Site. ETNGC mainline pressure ranges from 4.0 × l& to 5.4 × 107 Pa
(450 to 600 psig), but the pressure is reduced to 2.2 × l& Pa (250 psig) for Valve Stations
A and C. The pressure is further reduced to 5.8 x 105and 1.1 × 105 Pa (65 and 125 psig)
for distribution to the K-25 Site and the Y-12 Plant, respectively, and to 8.9 x 105 Pa
(100 psig) for distribution to ORNL Additional pressure reductions, to as low as 4.5 x
l& Pa (5 psig), will be made for distribution to points of special use at each facility
(Chance 1986, p. 5-86). The location and size of the pipelines are also shown in

: Fig. 2.1-18.
The water supply to ORNL is provided by the pumping station at the Clinch

River, about 1.2 km (2 miles) southwest of the Y-12 Plant. Raw water is pumped from
this station to the DOE water treatment plant located north of the Y-12 Plant on Pine
Ridge. This treatment facility provides sanitary water through two storage reservoirs with
a combined capacity of 26.6 million L (7 million gal). A 69-cm (24-in.) main provides
sanitary water to ORNL from the treatment facility. Two 11.4-million-L (3-million-gal)

,_ storage reservoirs hold the water before it is distributed through ORNL's distribution
_ system. Figure 2.1-19 shows the location of the raw and sanitary waterlines and the

holding reservoirs._
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Table 2.1-12. K-25 Site waste in storage at the end of 1990 _J

Waste Ultimate

description Quantity disposal

K.25 low.level waste, mJ 687 Incineration
K-1420 nttrtc acid (mixed), kg 8,850 Under review
K-1420 electro.less nickel solution (mixed), kg 830 Under review
Spent solvents oils, and Polychlorinated biphenyls (PCB) 628,351 Incineration

liquids (mixed), L
Patnt waste1kg 40,869 Incineration
K-1232 spent carbon filter agent (mixed), kg 25,284 Under review
PCB solids and liquids (PCB radiological), L 1,326 Incineration
Portsmouth PCB-contaminated soil, kg 909,000 Under review
Incineration ash/sludge, kg 199,841 Under review
K-1407B/C pond sludge (mixed), kg 14,883,190 To be ftxed In

concrete

K-1407B/C pond sludge (mixed), kg 24,982,170 Stabilized
Reactive Metals, Inc. (RMI), lead 23,843 Under review

contaminated liquid (mixed), kg
Westinghouse Materials Company of 79,067 Incineration

Ohio (WMCO) hazardous waste
llqutd (mixed), kg

WMCO hazardous waste solid (mixed), kg 9,728 Under review
Y-12 low-levelwaste (LLW), m3 4,628 Under review
ORNL LLW, m3 783 Under review
Y-12 hazardous liquids, kg 134,623 Under review
Portsmouth (PORTS) hazardous solids, kg 7,845 Under review ti
PORTS hazardous liquids, kg Z_;,263 Under review
RM1 spent solvents (mixed), kg 1,245 Under review
ORNL hazardous ltqulcls, L 440 Under review
Lab pack chemicals, kg 1,531 Incineration
Centrifuge expoxies/restns, kg 7,581 Under review
Central Neutralization Facility centrifuge 595,495 Under review

sludge, kg
Laboratory Best Management Practices solutions, kg 140,72.5 Under review
Photo wastes, kg 33,924 Under review
Metallic mercury, kg 1,177 Under review
Rags contaminated with solvents, kg 2,409 Under review
Test burn materials, kg 32,081 Under review
Metal shavings/lead, kg 68 Under review
Hazardous waste liquids, kg 77,565 Under review
Asbestos-covered lead pipe, kg 2,318 Under review
Hazardous waste solids, kg 54,339 Under review
Gases/cylinders, kg 648 Under review
Toxic Substance Control Act and Ionized 129,129 Under review

Wet Scrubbers sludge, kg
Lau.,_drysludge, kg 35,193 Under review
Waste from treatment of WMCO 57,821 Under review

hazardous waste liquid, kg

Source: Kornegay, F. C., et al., 1991. Oak Ridge National Laboratory, Oak Ridge, Term., Oak Ridge
Reservation Environmental Report for 1990, ORNL ES/ESH.18/V2, p. 2i2.

.... _ ' ,, ,r I_,,'_1,,, ' ,1 ,, , .... ,,, rl,,rlI
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Table 2.1-13. Y-12 Plant waste generation summary for i990

_lilll JHI III JL .... : , llll llllll l Jll li __ l III, _, ' ,, ,, .... ,,ILl, - l l" : :: :

Quantity
Waste description [kg (lb)]

- . -- . . ii I I II I I II L . _'- __jl[ - . iii i_. tllll ii . i

Sanitary and industrial" 10,756,145 (23,717,300)

Asbestos and BeO
Uncontaminated 217,270 (479,080)
Contaminated 84,638 (186,627)

Hazardous b 2,136,440 (4,710,850)

Mixed 3,880,486 (8,556,472)

Polychlorinated biphenyls (PCBs) 81,888 (180,563)

PCBs and uranium 10,661 (23,508)

Low-level contaminated waste' 1,960,042 (4,321,893)

Scrap metal
Uncontaminated 1,209,297 (2,666,500)
Contaminated 587,865 (1,296,242)

Classified 44,387 (97,873)

O ....Non ha_zardousl!quidsa ,,, 554,701 (1,223,116)i l l _ I ii i _ II i i i i i i

"This doesnot include Steam Plant regenemtlon waters,
_'Thisincludes construction/demolition spoil and flyash,
'This category consists of Industrial wastes,
dThis catogory consists of waste otis, mop waters, and other nonhazardous liquids, Does

not include the Steam Plant Wastewater Facility wastewater,
Source; Kornegay, F. C., et al, 1991. Oak Ridge Reservation Environmental Report for

1990. ORNL/F_.S/ESH.18/V1, Oak Ridge National Laboratory, Oak Ridge, Tenn., p. 208,

The major transportation routes, including highways, waterways, railways, and the
barge facility on ORR, are identified in Fig. 2,1.20. The Oak Ridge and Knoxville areas
are connected by navigable waterways, primarily the Clinch and Tennessee rivers, that are
maintained by "IVA and the Army Corps of Engineers. The depth of the channel of both
waterways is 2.7 m (9 ft) (TDECD 1989, n.p.). Using these waterways, barge traffic can
connect with ports on the Mississippi and Ohio Rivers. The only water transportation
facility located on ORR is a barge facility on the east bank of the Clinch River south of
Highway 58. The facility is rarely used but is maintained in operable condition.

The McGhee Tyson Airport, located 56 road km (35 road miles) or 28.8 air km
(18 air miles) east.southeast of the ANS site, provides the nearest available scheduled
commercial air service. The airport is served by 10 airlines offering 110 flights (arrivals
and departures) daily (TDECD 1989, n.p.). No areas of restricted airspace exist over

O ORR; however, FAA has recently proposed restricting air space over the Y-12 Plant (Fed,Register., Vol. 55, No. 30). The minimum altitude currently allowed is 910 m (3000 ft) msl
or 610 m (2000 ft) above ground level. Other small airports or airfields in the area that
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Table 2.1.14. Y.12 Plant waste in.storage at the end of 1990- • -. l i J[_11_ J_l ..... L I] IIII , I II III _'-. ....... _: ....... : .... ::_ : ......

Quantity"
Waste [kg (ib)]

........ ii i ii i ii I 1/111 i ii li iii i i i J J ._ I Illl I I ii ii _, .. --- i i i I

Low level 1,074,582 (2,369,4.53)

Mixed 677,661 (1,494,293)

Hazardous 88,112 (194,287)

Polychlorinated biphenyls (PCBs) 116,573 (357,043)

PCBs and uranium 106,594 (23,504)

Noncontaminated oils and solvents 113,269 (249,758)

Roofing materials 3,109,000 (6,855,345)

Scrap metal
Clean 0
Uranium contaminated 2,919,056 (6,436,518)

Mercury-contaminated soil 0
,11 i i .......... r, ,__ ,z_ - __ -- IIHI ii i ii ii iiii ii _ i ii ii _

'Includes atorage al K.25 site and at SEO (to be Incinerated),
Source: Kornegay, F, C,, et al,, 1991, Oak Ridge Reservation Environmental Report ,for 1990,

ORNL/ES/ESH.18N2, Oak Ridge National Laboratory, Oak Ridge, Tenn,, p, 208,

@

serve private aircraft include the Downtown Island Airport in Knoxville, Roekwood
Municipal Airport in Rockwood, and a grass.runway airfield in Oliver Springs,

No large military facilities are nearby; however, the military reserve and National
Guard have installations in Oak Ridge, Elza, Lenoir City, Knoxville, Harriman, and
Clinton (Fitzpatrick 1982, p, 2.58),

2.2 ECOLOGY

The following sections discuss the ecology of the proposed ANS site,

2.2.1 Terrestrial _iogy

This section examines the terrestrial ecology of the site,

2.2.1.1 Vegetation

Vegetation of Oak Ridge Reservation

General Description. The following general description of vegetation was obtained

from Dahlman, Kitchings, and Elwood 1977 (p, 1-83), Kitchings and Mann 1976 (p. 1.58), @
: and DOE and is representative of the proposed ANS site as well as the entire ORR.



2-39

0



2-40

®

" ' ........ _, _ll , ,..... i, ..... i ,_,_,,, ,'_ , iii I , ,l_ , _ , ,,' '," ill,iii","_,, '1',*',',, it'," ...... trf_ill_'_'_"-'*e'_*_"_#?_',,, "



\
. _,'2

\
,- , \ .P

\ Karns
I

\
\
\

Camp

_]i{!
N£.I.TONII/LI,

ANS \

.,ili

;:9

I Dixie Lee Junction /_,,

Kingeton I \ NS \.,. / //

\ _/ {,,..//
\ /

= \ e, /
_ /.." @_ .... 1

/ Legend
I

-_ _/r_' 0 BargeTerminal

_j_//_ Lenc NS Norfolkand Southern Railroadcity
: ,,,, CS\ SeaboardSystemRailway,lnc,

/ _ Railway/

Fig. 2.1-20. Rail, road, and _ater facilities in the proposed Advanced NeutronI

Som'_ (ANS) area.



, 2-42

Plant communities o1_ORR are characteristic of those found in the intermountain qP
regions of Appalachia from the Allegheny Mountains in southern Pennsylvania to the
southern extension of the Cumberland Mountains in northern Alabama. The dominant

association is oak-hickory (Quercus-Carya) forest, although elements of the mixed
mesophytic forest commonly found in the Cumberland Mountains are also present in
scattered areas. Within ali the community types on ORR, 1370 plant species have been
identified and listed (Mann and Bierner 1975, p. 1-141).

Oak-hickory forest is extensive on the ORR and ANS sites and, in addition to the
dominant oaks and hickories, has many subdominant hardwood species. In these forests,
scattered pines and small natural stands dominated by pines are also present. Yellow
poplar (Liriodendron tulipifera) often forms nearly pure stands on well-drained
bottomlands and lower slopes. Willow (Salix discolor), sycamore (Platanus occidentalis),
and box elder (Acer negundo) border streams and are dominant on poorly drained
floodplains.

Species more commonly found in the mixed mesophytic association, such as beech
(Fagus grandifolia), sugar maple (Acer saccharum), magnolia (Mangolia acuminata),

- buckeye (Aesculus _pp.), and basswood (Tilia americana), often occur in the coves and on
the sheltered slopes. In addition, about 1740 ha (4300 acres) of ORR were planted in

" loblolly pine (Pinus taeda) between 1947 and 1960; smaller areas have since been planted
in loblolly pine, black walnut (Juglans nigra), river birch (Betula nigra), sycamore, and
'_eUowpoplar (Bradburn 1977, p. 1-64). None of these pine or hardwood plantings are
located on the ANS site.

A

Major plant community types. The major plant communities of ORR have been tl
grouped into seven major categories (Dahlman, Kitchings, and Elwood 1977, pp. 26-29).

: These are described in the following paragraphs, and their relative abundance on ORR is
: given in Table 2.2-1.

Pine and pine-hardwood. This forest type includes plantations, mostly of loblolly
pine (P/nus taeda), and natural forest stands dominated by shortleaf pine (Pinus echinata)
and Virginia pine (P/nus virginiana). The plantations are monocultures, whereas the
natural pine-dominated forests include oaks (Quercus spp.), hickories (Carya spp.), and
yellow poplar. Once, the natural pine-dominated stands occupied relatively large areas
(see the vegetation map in Dahlman, Kitchings, and Eiwood 1977, p. 27); however,
because of natural succession and selective harvesting of pine in this original pine-

o hardwood forest, most areas are now dominated by hardwood species, with small stands of
natural pine scattered among the hardwoods. Also, some of the original pine-hardwood
forest was cleared and converted to pine plantations during the 1960s and 1970s.

Hanlock, white p/he, and hardwood. This forest type represents a Southern
Appalachian extension of a more northern, higher-elevation forest type. Small stands are
present in scattered areas in the western half of the ORR. Hem lock (Tsuga canadensis)
and white pine (Pinus strobus) are dominant.

Cedar, cedar-pine, and cedar-hardwooK This vegetation type is extensive in _ :_
southern half of ORR but nearly absent north of Bear Creek Road. It characteristically
occurs on shallow limestone (or dolomite) and appears rapidly in nonforested areas
following disturbance. Eastern red cedar (Juniperus vir_iniana) is the predominant species;

. t1_.. _, .
also present are shortleaf and Virginia pine, yellow poplar, oaks, hickories, redbud (Cercis

_: canadens_), sassafras (Sassafras albidum), and other hardwoods. 81_
lrplan4 .tm_rd_voods.This forest type orit_inallyoccupied roughly 20% of' ORR's

- land area. 'Ihe largest concentrations occurred on Black Oak, East Fork, Pine, Chestnut,

_ and Copper ridges. Because pines were selectively harvested in the original
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Table 2.2-1. Estimates of the abtmdance of various

habitats on the Oak Ridge Reservation

Habitat _ Percent b
' :

Pine and pine hardwood 29.8
Plantations 14.8
Natural stands 15.0

Hemlock, white pine, and 0.3
hardwood

Cedar and open scrub 3.7

Upland hardwoods 48.1

Bottomland hardwoods 2.5

Northern hardwoods > 1.0

Nonforest
Fields, old fields, 7.6

pastures, lawns
Roads 2.6
Rights-of-way 5.3

aOtherhabitatsincludeswampor marsh(0.1%)andscrub
O hardwoods(0.4%).

bFacilityareaswithinfence,s arenot included.Thereareno facility
areason theproposedAdvanced NeutronSourcesite.

Source:Mann,L IC 1985.Unpublisheddata,August.

pine.hardwood forests, upland forests dominated by hardwoods now occupy a greater
percentage (about 48%) of ORR. The upland hardwoods type consists primarily of an
oak-hickory complex and is the climax type in this region of the eastern United States.
Important species include chestnut oak (Quercus pr/nus), white oak (Quercus alba), black
oak (Quercus velutina), northern red oak (Quercus rubra), scarlet oak (Quercus coccinea),
post oak (Quercus stellata), various hickories, ash (Fraxinus spp.), yellow poplar, red maple
(Acer rubrum), black gum (Nyssa sylvafica), dogwoo4 (Comus florida), beech, and others.
The dominance of white oak Esa characteristic feature of the forest communities in this
area of the Ridge and Valley Physiographic Province, especially i,_valley floors (Braun
1950, p. 237). On the ridges, black oak increases in abundance, add the forest is a white
oak-black oak-hickory type.

Northern hardwoods. Another type of upland hardwood forest is the northern
hardwood, which occurs only in very small areas on Blackoak and Copper ridges in the
northwestern and southwestern parts, respectively, of ORR. Northern hardwood species

O composition is similar to upland hardwood forest, with admixtures of _gar maple,
hemlock, basswood, and buckeye.

_

__
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Bottam/and hard_ Bottomland hardwood forest is restricted to floodplains
along creek bottoms, lt occurs principally along Gum Hollow Creek, Bear Creel Grassy
Creel White Oak Creel and East Fork Poplar Creel Dominant species include
cottonwood (Populus deltoides), sycamore, elm (Ulmus americana), ash, willow, silver
maple (Acer saccharinum), and fiver birch.

Nonfotmrt. Nonforest includes grasslands, devegetated areas, and cultural features.
Of two types of grasslands present on ORR, one is uncultivated grassland that is either
reverting to forest or is maintained (e.g., under power transmission lines). Dominants are
primarily native species, including bluestem (Andropogon spp.), fescue (Festuca spp.), and
bluegrass (Poa spp.). The second type is cultivated grassland (lawns and pastures) around
the three plant areas (ORNL the Y-12 Plant, and the K-25 Site) and on lands of the
former Comparative Animal Research Laboratory in the eastern half of ORR. Fescues,
bluegrass, and orchard grass (Dactylis glomerata) are the predominant gl'asses.

Vegetation of the pro_ Advanced Neutron Source site

The plant communities of the proposed site are mapped in Fig. 2.2-1.

Area west of the Health Physics Reg..arch Reactor (HPRR) aeee_,_road. There is
little topographical variation here, and three drainages join together in the lower areas
(Fig. 2.2-1). The vegetation in the low sites is characterized by an over, tory of mainly
sweet gum (Liquidambar styraziflua), red maple, and green ash (Fraxinus pennsylvanica).
The ground cover is primarily Nepal microstegium (Microstegium vimineum) and sedges
(Carex sp.). The rn_re upland sites support immature forests dominated by shortleaf pine
and virginia pir_e,with sweet gum, white oak, and blackjack oak (Quercus marilandica)
also present. The under,story is almost exclusively hardwood, including sweet gum, white
oak, hickories, and dogwood. Ground cover consists of Nepal microstegium, panic grass
(Panicum sp.), beggar's-lice (Desmodium sp.), and snakeroot (Sanicula sp.). A stand of
large, mature white oak is present near the center of this area.

Area east of the HPRR access road. The topography in this area is much more
varied and i_r_cludessome fairly steep slopes. In general, an oak-hickory forest is present,
with white c_akbeing the dt,minant species. Northern red oak and black oak are also
common on low and north-facing slop-s; blackjack oak and post oak are common on ridge
tops and south-facing slopes. Other important canopy species include shagbark hickory
(Carya ovata), mockernut hickory (Carya tomentosa), shortleaf pine, tulip poplar, and
sweetgum. Common herbaceous and woody ground cover plants include Nepal
mierostegium, Panicum sp., pipissewa or spotted wintergreen (Chirnaphila maculata),
rattlesnake plantain (Goodyera pubescens), wild ginger (Asarum canadense), Christmas
fern (Polystichum acrostichoides), poison ivy (Rhus toxicodendron), and Japanese
honeysuckle (Lonicera japonica).

The highest ridge on the site supports a forest dominated by pine (Virginia and
shortleaf), eastern red cedar, and hickory. Part of this ridge has been cut, resulting in a
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mixture of tree species [hickories, sourwood (Oxydendrum arboreum), eastern red cedar,
Virginia pine, etc.] with no clear dominants. Herbaceous ground cover is sparse. On the
northfacing slope of this ridge, white oak, northern red oak, and hickories are dominant,
along with American beech. The sheltered draws also support eastern hemlock (Tsuga
canadensis). The understory includes paw (Asimina tn'loba), white oak, American beech,
and eastern hemlock. Herbaceous ground cover is varied and consists of such species as
Christmas fern, wild ginger, and ebony spleenwort (Asplenium platyneuron). The sheltered
draws support additional species such as broad beech fern (Thelypteris hexagonoptera),
cranefly orchid (Tipularia discolor), foam flower (Tiarella cordifolia), and liverleaf
(Hepatica acutiloba ).

Other slopes on this ridge are dominated by white oak, chinquapin oak (Quercus
muehlenbergiO, northern red oak, shortleaf pine, and hickories. The understory consists of
the same overstory trees, plus red maple, sweet gum, and tulip poplar. Herbaceous
ground cover includes Japanese honeysuckle, poison ivy, panic grass, and cinquefoil
(Potentilla sp.).

Two ridge spurs branch off from the main ridge. White oak, hickory spp., and
sweetgum are the dominant over,story tree species. The understory is similar to the
overstory, with the addition of red maple. Between the ridge spurs runs a small stream.
Along this valley, sweetgum and red maple are the dominant overstory and understory tree
species, with the addition of American hornbeam (Carpinus caroliniana) in the understory.
The herbaceous ground cover is dominated by Nepal microstegium and sedges.

Rare plants. No rare plants have been found on the ANS site, although ginseng
(Panax quinquefolia), which is listed as threatened by the state of Tennessee (Sect. 2.2.3),
occurs near the site (Fig. 2.2-2).

2.2.1.2 Wetlands

Various areas along the ephemeral streams on and near the proposed ANS site
exhibit wet-site conditions and may be wetlands according to the Federal Manual for
Identifying Wetlands (COE et al. 1989, p. 1-86). A review of the soils, hydrology, and
vegetation is necessary to determine if the sites are wetlands. The soil and hydrology
information is currently being reviewed, and that information will be incorporated when
complete. The vegetation is described in the following paragraphs.

West of the HPRR a_,_ road. Some intermittent wetland vegetation exists along
the three connecting drainages. The overstory vegetation is dominated (greater than
50%) by red maple, sweetgum, and green ash, the last two of which are classified as
facultative wetland species (Reed 1988, p. 1.124). Herbaceous ground cover consists
primarily of Nepal microstegium (facultative), and scattered sedges and reeds (Juncus sp.)
(both obligate and facultative wetland),

East of the HPRR access road. Of two possible wetland areas one is less than
0.1 ha (0.25 acre) and is located near the access road along a small stream. The
construction of the HPRR a_ road may have caused this wetland. Sweetgum and red
maple dominate this site; ground cover consists of Nepal microstegiurn, with scattered

sedges and wetland grasses (Leersia).
=
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The other possible wetland is along the ephemeral stream in the draw bordering g
the south side of the ANS site (Fig. 2.2-2). The vegetation of this possible wetland was
surveyed at three sites in 1991, and the results are presented in Table 2.2-2. Red maple
and sweet gum dominate the overstory vegetation, with slippery elm, American hornbeam,
green ash, and dogwood also being common in the midstory. Ground cover consists of
mtcrostegium, Japanese honeysuckle (facultative), Lycopus spp. (obligate), poison ivy (not
on wetland plant list), Aster spp. (obligate to faeultative upland), Juncus spp, (probably
obligate, facultative wetland, or facultative), Carexfranldi (obligate), and various species of
wetland or nonwetland grasses. The herbaceous ground cover is similar to that of the
other small wetland site.

Table 2.2-2. Species composition (percent fregluency)of trees, saplings, and
shn_ at three sites in the ix_ie wetlands in the draw at the

southern boundaryof the Advanced Neutron Source site

Wetland
Common indicator
name" status_ Site 1 Site 2 Site 3
' I I I a .... _ i ' _ .............. , ........ _ i ................ .

Red mapleb 27 37 36

Sweet gum fae+ 31 14 8

Slippery elm fac 24 4

American hornbeam fac 9 1 12 _L
Green ash faew 12 4 6

Flowering dogwood faeu 8 4 15

Oak spp. 5 1 3

American sycatlaore facw- 2 1 1

Tulip tree fae 1 7

Northern spicebush facw 1 11

Pine spp. 2

Hickory spp. 1 1

Eastern redbud facu 1

Carolina buckthom facu 1

Eastern red ce_tar facu- 5

Black gum fac 1 1

Black cherry facu 2
,,a_, .,, _ -- . i_ -- ___

"Common names and wetland indicator status follow Reed, P. R., Jr. 1988. National List of Plants Species

that Occur in Ve'etl_; Southeast Region 2, Biological Report 88 (262), U.S. Department of Interior, Fish and
.J Wildlife Service R_.,arch and Development, p. 1-124; fac+ = a tendency toward more wetland, facw =
< facultative wetland, facu = facultative upland, faew. = a tendency toward less wetland, and facu- : a tendency

toward less upland. /-' bAcer rubrum could include red maple (facultative), Drummond red maple (obligate), or trident red
maple (obligate).

=
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2.2.1.3 Wildlife

The Oak Ridge Reservation

Animals whose geographic ranges include the ORR and ANS sites include
70 species of reptiles and amphibians (Conant 1958, p. 366), 140 species of breeding birds
(Cook 1969, pp, 63.-84), and 70 species of mammals (Simpson 1964, pp. 57-73), Not ali
of these species would be expected to occur on ORR, however, became not ali the

. habitats required by these species are present. Fauna that have been recorded on ORR
include about 60 species of reptiles and amphibians, more than 120 species of migrant and
resident birds (excluding 32 species of waterfowl, wading birds, and shorebirds), and about
40 species of mammals. Some of these occur on the ANS site. Species characteristic of
various habitats on ORR are listed in Table 2.2-3, and more complete lists of species are
given in Tables 2.2-4, 2.2-5, and 2.2..6.

The wildlife information provided in this EP.. is based on many population surveys
of wildlife in certain areas of ORR. These studies were typically limited in scope to small
study sites and to certain taxonomic or ecologic groups of species. General overviews of

I these past surveys are presented by Kltchings and Story 1984 (p. 1-44), Dahlman,
Kitchings, and Elwood 1977 (p. 1-83), NRC 1977, Exxon Nuclear Co., Inc. 1976, Kitehings
and Mann 1976 (p. 1-58), and Project Management Corporation 1975. Additional
research projects involving wildlife surveys include Anderson and Shugart 1974
(pp. 828-837), Anderson, Mann, and Shugart 1977 (pp. 216-221), Kroodsma 1982
(pp. 79-94), Kroodsma 1984a (pp. 4_36), Kroodsma 1984b (pp. 418-425), and Johnson

1964 (p. 1-28). Reconnaissance.level surveys of wildlife habitat on the ANS site wereconducted in 1989 and 1991.
_

Habitats supporting the greatest number of species are those dominated by
hardwood tree species, followed by wetlands, old fields, fields (e.g., pastures and cultivated
fields), and pine plantations. Hardwoods are required by most species occurring in

- hardwood-dominated or pine-dominated forests. Of ali the reptile, bird, and mammal
species that breed on the reservation, only the pine warbler requires pine. Bird species
characteristic of old fields require the presence of brushy vegetation such as shrubs,
saplings, and blackberry (Rubus).

Most of the species (e.g., wild turkey, red-tailed hawk, red fox, and white-tailed
deer) that use more than one habitat type (e.g., forest and fields, Table 2.2-3) are more
dependent on the presence of trees, forest, or brush than on the presence of fields.
However, limited amounts of cultivated or old fields are beneficial to most of these
species. Populations of such species are often densest in predominantly forested areas

: with small fields interspersed among the forest. Species that require extensive forests and
are negatively affected by forest fragmentation may find much suitable habitat on ORR,
where forests are less fragmented than in the surrounding countryside.

The Advanced Neutron Source site. The proposed ANS site consists of relatively
= young, second-growth hardwood forest with an open or sparse understory. The site's

wildlife habitat, whir,h is relatively undisturbed, is typical of many forested areas on ORR
and supports many sp_ies of amphibians, reptiles, birds, and mammals. Wildlife diversity
and abundance in this relatively young, somewhat even-aged forest would be expected to
increase as the forest ages, thus developing greater structural heterogeneity both

@ horizontally and vertically. Important species that occur on the site include the white-
tailed deer, bobcat, gray fox, wild turkey, and red-tailed hawk. Although the forest floor
includes several small, occasionally wet areas along small streams, these areas do not
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O Table 2.2-4. Bird npecies of the Oak Ridge Reservation and
the pro_ Advanced Neutron $out_ sit_

L_,I ' .. _ _ I t I II I.| __. ,.. ilUl_miwil.,_ _ ____:: --::___. --- __:_--ili__Ld_ -- t_ lr -- i

Breeding density
[pairs/40 ha

Status (pairs/100 acres),
in Oak Abundance on summer & perma.
Ridge Oak Ridge Abundance nent residents

Species area Reservation at ANS site only], SWSA.7 siteb

Wood duck PR C R 0
Black vulture PR C C 0
Turkey vulture PR C C 0
Northern harrier WV R E N/A
Sharp-shinned hawk PR E E 0
Cooper's hawk PR R R 0
Northern goshawk WV R R N/A
Red-shouldered hawk PR U U 0
Broad-w/nged hawk SR U U 0
Red-tailed hawk PR C C 0
American kestrel PR U E 0

O Ruffed grouse PR U U 0
Wild turkey PR C R 0
American woodcock PR U R 0
Northern bobwhite PR C E 0
Mourning dove PR C E 0
Black-billed cuckoo M N N N/A
Yellow-billed cuckoo SR C C 5.7
Common barn-owl PR N E ' 0
Eastern screech-owl PR C C +
Great homed owl PR C C +
Barred owl PR C C 0.4
Long-eared owl WV R R N/A
Short-eared owl WV R E N/A
Northern saw-whet owl WV R R N/A
Common nighthawk SR R_ R 0
Chuck-will's-widow SR Uc U 0.4

Whippoorwill SR C U 0
Ruby.throated hummingbird SR C C 0.9
Belted kingfisher SR C E 0
Red-headed woodpecker PR R E 0
Red-bellied woodpecker PR A A 2.2
Yellow-bellied sapsucker WV U U N/A
Downy woodpecker PR A C 0.4
Hairy _voodpecker PR C C 1.1

O Ne_them flicker PR C U 0.2
Pileated woodpecker PR C C 0.7
Olive-sided flycatcher M R R N/A
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Table2.2-4.(continued)
-- +- : _-:: ........ _._+ " -___. • r__ i ,i _j ___,t ..... J. .... ,., ._._J _ __+

Breedingdensity
[palrs/40ha

Status (pairs/100 acres),
in Oak Abundance on summer & pcrrna-
Ridge Oak Ridge Abundance nent residents

Species area Reservation at ANS site only], SWSA-7 siteb
........... _S .Ill "-- ___i I . ---" _ II I III I IIIII IIII I II _ _ i + llll ---- .j + IIIII _i _ + L7 "W+m_i F.... i + --+ LIIUL J .. I

Eastern wood-peewee SR W U 0
Yellow-bellied flycatcher M N N N/A
Acadian flycatcher SR C C 1,5
Alder flycatcher M N N N/A
Willow flycatcher SR R E 0
Least flycatcher M N N N/A
Eastern phoebe PR C E 0
Great-crested flycatcher SR C U V
Eastern kingbird SR C E 0
Blue jay PR C C 1.1
American crow PR C C 0.7
Carolina chickadee PR A A 4.4 dh,
Tufted titmouse PR C C 3.2
Red-breasted nuthatch WV U U N/A
White.breasted nuthatch PR C C 1.3
Brown creeper WV U U N/A
Carolina wren PR C C 1.2
Bewick's wren PR E E 0
House wren SR Rs E 0
Winter wren WV U U N/A

+ Sedge wren M R E N/A
Golden-crowned kinglet WV C C N/A
Ruby.crowned kinglet WV C C N/A
Blue-gray gnateatcher SR C A 4.4
Eastern bluebird PR C tj V
Veery M N N N/A
Gray..cheeked thrush M C C N/A
Swaimon's thrush M A A N/A
Hermit thrush WV C C N/A
Wood thrush SR A C 0.9
American robin PR Ua U 0.2

Gray catbird SR U¢ U 0
Northern mockingbird PR _ U 0
Brown thrasher PR U _ U 0

Cedar waxwing PR 1.7_ E 0

Loggerhead shrike PR R E 0 O
. European starling PR C' R 0

Red-eyed vireo SR A A 7.5
White-eyed vireo SR C U 0
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O Table 2.2-4. (continued)
_,,., _,., ,, lr ' - .. .... :_ - _. -: • , ,..,.,,..,,...,,,._ ......... - ,,,.............. , _ - _ .......... _ i,

Breeding density
[pairs/40 ha

Status (pairs/100 acres),
in Oak Abundance on summer & perma-
Ridge Oak Ridge Abundance nent re_tdent_

Species area Reservation at ANS site only], SWSA.7 stteb

Solitary vireo M U U N/A
' Yellow.throated vireo SR U U 0.9

Warbling vireo M N N N/A
Philadelphia vireo M N N N/A
Blue-winged warbler SR R E 0
Golden.winged warbler M N N N/A
Tennessee warbler M C C N/A

Orange-crowned warbler M N N N/A
Nashville warbler M N N N/A
Northern parula SR U'_ C 3,9
Yellow warbler SR U E 0
Chestnut-sided warbler M N N N/A

O Magnolia warbler M N N N/A
Cape May warbler M C N N/A
Black-throated blue warbler M N N N/A

Yellow-rumped warbler WV C C N/A
Black-throated green

warbler M C C N/A
Blackburnian warbler M N N N/A
Yellow-throated warbler SR U_ C 1.8
Pine warbler SR C U 0,9
Prairie warbler SR A E 0
Palm warbler M N N N/A
Bay-breasted warbler M C C N/A
Cerulean warbler SR U'j E 0
Black-and-white warbler SR U U 0
American redstart M N N N/A
Prothonotary warbler SR Uc E 0
Worm-eating warbler SR U E 0
Swainson's warbler SR E E 0
Ovenbird SR C C 4.4
Northern waterthrush M N N N/A
Louisiana waterthrush SR U U 0.4

Kentucky warbler SR C U 0,9
Connecticut warbler M N E N/A

O Mourning warbler M N E N/A
Common yellowthroat SR C E 0
Hooded warbler SR C U 0
Wilson's warbler M N N N/A



2-54 O

Table 2.2.4. (oonttnucd)
.......... :. , ............ ._:. ,j_ . , ,, .... _L,L_ -I ........ ,f Jim'-i:::::: ....... ,'. ' " _ ,,, ...... .: " :: ...... _":

Breeding density
[pairs/40 ha)

Status (pairs/100 aorcs),
in Oak Abundance on summer & pcrma-
Ridge Oak Ridge Abundance nent residents

Species area Reservation at ANS site only], SWSA-7 siteb

Canada warbler M N N N/A
Yellow-breasted chat SR C U 0
Summer tanager SR C U 0.2
Scarlet tanage/" SR C C 0,4
Northerncardinal PR C C 1.8

Rosc-bremstexlgrosbeak M C C N/A
Bluegrosbeak SR C E 0

_- Indigo bunting SR A A 3.7
Dickcissel M N E N/A
Rufous-sided towhee PR C U 0 '
Bachman's sparrow SR R E 0

Chipping sparrow SR U* R 0 qp
Field sparrow PR C E 0
Vespersparrow WV N N N/A
Lark sparrow M R E N/A
Savannah sparrow WV U E, N/A
Grasshopper sparrow SR Ua E 0
Henslow's sparrow M R E N/A
Le Conte's sparrow M N E N/A
Sharp-tailed sparrow M N E N/A
Fox sparrow WV R R N/A
Song sparrow WV R R N/A
Lincoln's sparrow M N Y N/A
Swamp sparrow WV U E N/A
White-throated sparrow WV C C N/A
White-crowned sparrow WV U E N/A

" Dark-eyed junco WV C U N/A
Red-winged blackbird PR O' E 0
Eastern meadowlark PR C E 0

Rusty blackbird WV R R N/A
Brewer's blackbird WV R R N/A

: Common grackle PR C U V
Brown-headed cowbird PR C C V

: Orchard oriole SR C" E 0
- Northern oriole SR R E 0

_ Purple finch WV C U N/A I_
House finch PR U E 0
Red crossbill WV R R N/A
Pine siskin WV U U N/A

.... _ ,q tfr , _ ,, , ,, I 4 lr ,i ii ..... _ ,, lip II1_ I_11Pl, lIJ ,1 i i, q, , ' I[ .... _, Ii 'i I_ '_ ' flii £' _ ' i' r'_'"
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Table 2.2-4. (continued)
.... _ ......... . .......... ,t ....... , ,. , i _'_.-.'t I ,,,,,, • , , _" ,: ..... _':_ = _ "

Breeding density
[pairs/40 ha)

Status (pairs/100 acres),
in Oak Abundance on dummer & parma.
Ridge Oak Ridge Abundance nent resident.,;

Species area Reservation at ANS site only], SWSA-7 siteb

American goldfinch PR C E 0
Evening grosbeak , W'V U U N/A
m.---: :........... _ • - ,,1, , ,, .... , , ,., ...... ,,, i ,, ,,, -- -..=,, ,,. ,, ., , ,. J , , , , , ,,, ,,-..

'Explanation: Only those species for which suitable habitat may be present on the site are included, For summer
and permanentresidents,the abundancenotationfor the ANS site reflectsabundanceonly duringthe breedingseason
anddoesnotapplyto fall,spring,orwinters¢.asom,Noswallowsorswiftsare Included,althoughtheyregularlyoccur
overheadtitthesite, PR- permanentresident,SR = summerresident,WV = wintervisitor,M = oe2ursexclusivelyor
almostexclusivelyduringmigration,A ffiabundant,C _ common,U = uncommon,R = rare,V = visitor,N = no
Informationbut probablyuncommonor rare,E = probablyabsentm a breederat thesite,+ = protmblypresentbut
missedduring1985surveys,0 '.=birdspresenton ORRbutnot recordedon SWSA.7,N/A= notappll_ble, Common
namesof speciesareaccordingto the_th Supplementto theAmericanOrnithologist'sUnionCheck.l_toi'North
AmericanBirds,SupplemertttoTheAuk, Vol,99,No,3,July1982,

Q bTlaeSolidWasteStorageArea7 (SWSA-7)siteIsadjacentto theANSsite,anda 1985surveyof birdson theSWSA.7site(Ktocxtsma,R, L 1985,EcolbgicaICharacterizationof TerrestrialBiotaof theProposedSolid
WasteStorageArea (SWSA)7,unpublishedreport,OakRidgeNationalLaboratory,OakRidge,Tenn,,p, 1-4.4)is
consideredapproximatelyrepresentativeof birdpopulationson the&NSsite,

_lly commonin region,
%ocallyuncommoninregion.
q.ocallyabundantin region,

provide suitable habitat for wildlife that are typicallythought of as wildlife species of
marshes or swamps (e.g., herons, muskrats, or ducks). No significant stresses on wildlife
(e.g., clearcutting and industrial facilities) exist on the site.

112 Aquatic Ecology
q

Surface water runoff during construction and operation of the ANS facility could
= affect aquatic biota in two small streams: the upper reaches of Melton Branch and

Friendship Creek, a tributary to Bearden Creek (Fig, 2,2-3), In addition, cooling tower
blowdown may be discharged into Melton Branch. Process and sanitary wastewaters
generated by the ANS are expected to be treated by existing ORNL treatment facilities
(e.g., the ORNL Sewage Treatment Plant and the Nonradiological Wastewater Treatment
Facility) and discharged to White Oak Creek.

23.2.1inventory of Aquatic Speei_

The following sections describe the aquatic communities of the three streams that
could be impacted by construction and operat!on of ANS,

=

=
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Table 2.2-5. Mammal species and their habitat preferences on the
Oak Ridge Reservatio#

Old Hardwood Pine
Species Abundance Wetlands fields forest forest

Opossum C X X X
Short-tailedshrew C X
Leastshrew R X
Easternmole R X
Southeastern shrew R X

Big brown bat N X X X
Silver-haired bat C X X X
Red bat C X X X
Hoary Bat U X X X
Keen's myotis R X X X
Little brown bat C X X X
Indiana myotis E X X X
Evening bat C X X X
Eastern pipistrel C X X X
Eastern cottontail C X X X
Beaver E X

Southern flying squirrel C X
Woodchuck C X X X
Pine vole C X
House mouse U X
Golden mouse C X X
Muskrat C X
Marsh rice rat U X X
White-footed mouse C X
Norway rat U X
Eastern harvest mouse U X

Graysquirrel C X
Hispidcottonrat C X X
Easternchipmunk C X
Bobcat U X X X X

Striped skunk C X X X
Long-tailed weasel U X X X
Mink U X
Raccoon U X X X

Gray fox C X X X X
Red fox C X X X X
White-tailed deer C X X X X

l , , m {_

"Ex_anat/on: C -- common, U ffi uncommon, R --- rare, N -- no information but
probably uncommon or rare, E - probably absent at the site, X = preferred habitat.

Source: Modified from Dahlman, R. C., et al. 1977. Land and Water Resources for Environmental Research on the

Oak Ridge Reservation, ORNL/TM-5352, Oak Ridge National Laboratory, Oak Ridge, Tenn., p. I-.83.
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Table 2.2-6. AmpHbian and reptilian spec_ and their habitat preferences on the
Oak Ridge Reservation and Advanced Neutron Source site_

Number

Species collected Habitat

Spotted salamander 1b Pond, pool, spring branch, marsh
Red-spotted newt Ic Upland and floodplain forest (_eft), pond

25a (adultand larvae)
Dusky salamander 34b Spring, spring branch, spring seep, stream,

14d marsh

Slimy salamander 4b Upland and floodplain forest, cave
Northern red salamander 2b Spring, spring seep, marsh, pool

ia
Two-lined salamander 4" Spring, spring seep and branch, pool, marsh

Cave salamander 6b Caves
Eastern spadefoot toad 15 Pools in ruderous areas and old fields
A_erican toad 9 Upland and floodplain forest, old field,

ruderous area

O Fowler's toad 10 Upland and floodplain forest, old field,
ruderous area

Northern cricket frog 16 Pond, marsh, stream, embayment
Spring peeper heard Pool, pond, marsh
Gray treefrog 23 Pool, pond, marsh, forest
Chorus frog heard Pool, pond, spring seep, marsh
Eastern narrow-mouthed 58 Pond, pool, old field, ruderous area

toad

Bullfrog 3 Pond, stream
Green frog 8 Pond, stream
Leopard frog 22 Pond, pool, marsh, spring seep, floodplain

forest
Pickerel frog 4 Pond, pool, stream, spring branch,

floodplain forest
Box turtle 6 Floodplain and upland forest, old field,

ruderous area

Northern fence lizard 6 Upland forest, old field, ruderous area
Six-lined raeerunner 5 Ruderous area, old field-transition, old field
Ground skink 3 Upland and floodplain forest, old field-

tramition

Five-lined skink 6 Floodplain and upland forest, old field-
tramition, mixed hardwood and pine

Broad-headed skink 1 Floodplain and upland forest

O Queen snake 6 Stream, fluvialWater snake 7 Stream, fluvial, spring branch, pond, marsh
Brown snake 1 Old field, upland forest, mixed hardwood

and pine
Red-bellied snake 1 Upland forest, old field
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Table 2.2-.6. (continued)

Number
Species collected Habitat

Eastern garter snake 9 Old field, floodplain forest, pond
Eastern earth snake 1 Old field, upland forest, mixed hardwood

and pine
Northern ringneck snake 6 Upland and floodplain forest, spring seep
Worm snake 14 Upland and floodplain forest, old field
Black racer 7 Old field, upland and floodplain forest,

mixed hardwood and pine, ruderous area
Rough green snake 2 Old field
Com snake 4 Old field, upland and floodplain forest
Rat snake 5 Old field, upland and floodplain forest
Mole snake 1 Old field, mixed hardwood and pine
Black kingsnake 3 Old field, mixed hardwood and pine, upland

forest

Eastern milk.snake 3 Upland forest, mixed hardwood and pine
Scarlet snake 1 Upland forest, mixed hardwood and pine
Northern copperhead 5 Upland and floodplain forest, mixed

hardwood and pine, old field ,_L

"Species and number of specimens were collected at the Oak Ridge Reservation by Johnson (1964,
p. 1.28); slx:cies thai were not collected but which Johnson expected to occur in the area are red-backed
salamander, spring salamander, long-tailed salamander, green anole, slender glass lizard, hognose snake, and
crowned snake.

bAdult(s).
_Eft.
'_Latvae.
rSubadults.

Fr_iKl,SllipCreek

The fish and benthic macroinvertebrate communities of this small stream were
surveyed in June and July 1989 (Smith and Ryon 1989, pp. 1.-6). Electrofishing of
approximately 250 m (825 ft) of stream near the proposed ANS site failed to produce any
fish, although numerous salamander larvae (principally Desmognathus and Gyrinophilus)
were observed. Qualitative sampling of benthic macroinvertcbrates indicated a relatively
diverse fauna characteristic of undisturbed or only moderately disturbed streams on ORR.
Insect taxa that are usually associated with good water quality (e.g., mayflies and the
caddis fly Diplectrona) were collected (Table 2.2-7). Fish and aquatic invertebrates are
probably most limited by the seasonally intermittent flows of this small tributalT stream. _lL
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Table 2.2-7. Checklist of the benthic maeminvertebrates colleaed from O
upper Melton Branch [above kilometer 2.1 (mile 1.31) and Friendship

Creek on June 30 and July 5, 1989, respectively_

Melton Friendship
Taxon Branch Creek

Oligochaeta X X
Turbellaria X
I_opoda

Lirceus X X
E_..apoda X
Insecta
Ephemeroptera

Baetidae X X

Leptophlebiidae X X
Odonata

Cordulegastridae
Cordulegaster X X

LibeUulidae X
Plecopterat' X
Megaloptera

Nigronia X X
Trichoptera

Hydropsychidae @
Cheurnatopsyche X

Diplectrona X X
Hydropsyche X X

Limnephilidae X
Neophylax"

Philopotamidae
Chimarra X X

Phryganeidae
Oligostomis X

Coleoptera
Dytiscidae X
Elimidae X X
Halipidae X
Hydrophilidae X

Diptera
Chironomidae X X
Simuliidae X X
Tabanidae X

Tipulidae X X

*An "X"indicates the taxon was collected at the respective site. Source: J. G. Smith and M. G. Ryon,
Oak Ridge National Laboratory, memorandum to J. M. Loar, Oak Ridge National Laboratory, Oak Ridge,
Tenn.,July21, 1989.

bAsingleadultwascollectedat streamside;thus,actualoccurrencewithinthe streamis impliedbutnot

confirmed. O
cOnlythe caseof thistaxonwascollectedwithinthe creek;however,itsoccurrenceis an indicationthat

thistaxonisa periodicmemberof the benthiccommunity withinthisstream.
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'!0 Melton Branch
'/

" Melton Branch is also seasonally intermittent in the vicinity of the proposed ANS
facility, with flow ceasing for days or weeks during the summer months (Loar 1991,

<i Table 2.1). However, sufficient flows exist during the non-summer months to establish
relatively diverse benthic macroinvertebrate community and small fish populations (Loaf
1988, pp. 164-249). Early reports on the aquatic biota of lower Melton Branch have been
summarized in Loaf et al. 1981 (pp. 1-198).

A survey of fish at four sampling sites in the middle reaches of Melton Branch
(Cada 1986, pp. 1-15) collected two species of fish: creek chub (SemotUus atromaculatus)
and blaeknose dace (Rhinichthys atratulus). Both of these species are minnows commonly
found in ORR streams. Creek chub densities ranged from 0 to 1.7/m2; highest densities
were found at the uppermost sites and in summer, when large numbers of juveniles were
present. Standing crops of creek chubs ranged from 0 to 1.74 g/m2;highest valuea also
occurred in summer at the uppermost site. Variations in these population parameters
were rarely as much as an order of magnitude among sites, although large increases in
standing crops and especially numbers per unit area occurred between May and August
1985, reflecting springtime spawning of this species. Subsequent mortality gradually
reduced the densities of creek chubs at these sites in December 1985 and May 1986.
Total lengths of individual creek chubs ranged from 1.9 to 12.4 cm (.76 to 4.96 in.),
whereas weights ranged from 0.1 to 19.0 g.

Black,nose dace had densities and standing crops similar to those of creek chubs at
these sampling sites in the middle reach of Melton Branch (Cada 1986, pp. 1-15).

O Blacknose dace densities ranged from 0 to 4.29/m2, and standing crops ranged from 0 to
148 g/m2; values were generally highest at the uppermost sites. Spring spawning resulted
in large increases in densities between May and August 1985. As w/'h creek chubs,
differences in densities or standing crops between sites were generally smaller than
seasonal differences at a given site. Total lengths of individual blacknose dace ranged
from 1.6 to 9.0 cm (0.6 to 3.5 in.), and weights ranged from 0.1 to 6.8 g.

An electrofishing survey of upper Melton Branch on June 30, 1989 (J. G. Smith
and M. G. Ryon, Oak Ridge National Laboratory, personal communication to J. M. Loar,
Oak Ridge National Laboratory, Oak Ridge, Tenn., July 21, 1989) also revealed large
numbers of blacknose dace and especially creek chubs. A water-discharge weir at
approximately Melton Branch kilometer (MBK) 2.2 (mile 1.3) (Fig. 2.2-3) constituted a
bander to upstream movement for these small fish; only one large creek chub was
collected in a 100-m (328-ft) reach of upper Melton Branch above the weir.

Like Friendship Creek, upper Melton Branch supported a relatively diverse
benthic macroinvertebrate community (Table 2.2-10), with some taxa indicative of
relatively undisturbed conditions (3. G. Smith and M. G. Ryon, ORNL, personal
communication to J. M. Lyon, ORNL, Oak Ridge, Tenn., July 21, 1989, pp. 1-6).

Extensive studies of Melton Branch have been conducted under the ORNL

Biological Monitoring and Abatement Program (BMAP), including instream ecological
monitoring, studies of the periphyton communities, toxicity testing, radioecological studies,
and bioaccumulation of nonradiological contaminants. Results of the studies from March
1986 through 1990 have been reported in a series of annual reports (Loar et al. 1987,
pp. 1-354; Loar 1988 pp. 1-475; 1989 pp, 1-298; 1990 pp. 1-289; 1991p. 1-317).
Semiannual monitoring of Melton Branch will continue under the ORNL BMAP.

O The annual reports for the ORNL BMAP provide periodic estimates of densities,
standing crops, condition factors, ages, growth rates, and annual production of fkshat three
sites on Melton Branch. The most recently reported BMAP fish surveys of Melton
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Branch (April and October-November 1990) found only creek chubs and blacknose dace O
in the uppermost Melton Branch samplingsites [Melton Branch kilometers 1.4 and 2.1
(miles 0.86 and 1.30) (Fig. 2.2-3)]. Samples in lower Melton Branch [0.6 km (0.4 mile)
above its confluence with White Oak Creek] contained creek chub, blacknose dace, and
redbreast sunfish (Loar 1991 pp. 1-317). Densities and standing crops in lower Melton
Branch varied considerably among dates but were comparable to values from 13 other
sites sampled in the White Oak Creek watershed (Loar 1991, Table 6.7).

Mean densities of benthic invertebrates in Melton Branch ranged from 72.5 to
528.8 organisms/0A m2 (67.4 to 491.4/ft2); average biomass ranged from 79.2 to
587.0 mg/0.1 m2 (67.4 to 545.5 mg/ft2) (Loaf 1991, Table 6-1). Densities were highest at
the site farthest downstream [Melton Branch kilometer 0.6 (mile 0.37)] and lowest at the
site farthest upstream [Melton Branch kilometer 2.1 (mile 1.3) (Fig. 2.2-3)]. The benthic
macroinvertebrate density and biomass values Werecomparable to those for 12 other sites
sampled in the White Oak Creek watershed. A total of 81 benthic invertebrate taxa were
collected at the three Melton Branch sites, but the taxonomic list was dominated by
chironomidae (midge) larvae and contained relatively few examples of "cleanwater"
insects, (e.g., mayflies and stoneflies) (Loar 1990, Appendix C).

In summary, the fish community in the sampled reaches of Melton Branch appears
to be typical of small headwater streams in the area. The two minnow species collected
near the proposed ANS site are common and locally abundant throughout the region and
have been found in studies of other streams on ORR. Densities and standing crops of
fish are probably limited at the upper reaches of Melton Branch by discharge; flows in this
part of the stream can be low or zero during the summer, and fish habitat becomes
restricted to isolated pools. On the other hand, streamflows in the lower portion of
Melton Branch have been more reliable due to the discharges from the High Flux Isotope
Reactor (HFIR) (see Sect. 2.2.2.2), but other factors (most likely excessive water
temperatures) have restricted fish production. Lengths and weights were typical for these
species and exhibited normal seasonal variations due to the changing age structure of the
populations. Frequent or extended periods of no flow, which have been common in upper
Melton Branch near the proposed ANS site, may also prevent or reduce successful
colonization of many maeroinvertebrate taxa, including many species of mayflies,
stoneflies, and caddisflies that require 6 months or more to complete their life cycle (Loar
1991, pp. 1-317).

White Oak Creek

Early reports on the aquatic biota of White Oak Creek have been summarized in
Loar ct al. 1981 (pp. 1-198). Most recently, exteosive studies of this stream have been
conducted as part of the ORNL BMAP, including instream ecological monitoring, studies
of the periphyton communities, toxicity testing, radioecological studies, and
bioaccumulation of nonradiological contaminants. Results of the studies from March 1986
through 1990 have been reported in a series of annual reports (Loar ct al. 1987,
pp. 1-354; I.oar 1988, pp. 1-475; Loar 1989, pp. 1-298; Loaf 1990, pp. 1-289; Loaf 1991,
pp. 1-317). Semiannual monitoring of White Oak Creek will continue under the ORNL
BMAP.

The annual reports for the ORNL BMAP provide periodic estimates of densities,
standing crops, condition factors, ages, growth rates, and annual production of fish at six
sites on White Oak Creek. Recent quantitative surveys of White Oak Creek collected
14 species of fish, of which 7 were sunfishes and 4 were minnows (Loaf 1991, pp. 1-317).
Densities estimated on two dates in 1990 at White Oak Creek kilometer 3.4 (mile 2.11),
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O downstreamfromtheORNL sewagetreatmentplant(Fig.2.2-3),were0.02and
0.06fmh/m2(0.01_'5and0.0278fish/ft2);biomassestimateswere5.7and6.2g/m2(0.5and
0.6g]ft2).Thesevalueswerenearthemiddleoftherangesibr15othersitesintheWhite
Oak Creekwatershed.

Esti_atcddensitiesofbenthicmaeroinvertebratesatWhiteOak Creekkilometer

3.4(mile2.I)were61.4and729.0organisms/0.1m2(57.1and677.5organisms/ft2)in1986
and 1987,r_spectively;biomassestimateswere11.5and633.6mg]0.1mz(10.7and
588.8mg/ft2 (Loar1991,Table6.1,pp.6-4and6-5).Thesevalueswerenearthemiddle
oftherangeforthe15sitessampledinWhiteOak Creekwatershed.LikeMelton
BranchdownstreamfromHFIR, 116taxawerecollectedat6 sites,butthesampleswere
numericaUyidominatedbymidgelarvaeandhadrelativelyfewmayfliesorstoneflies(Loar
1990,AppendixC,pp.C-3-C-9).

2.2.22 Prec_ting S_ to Aquatic Biota

There are no known anthropogenic stresses to aquatic biota in Friendship Creek
or the uppejr reaches of Melton Branch nearest the proposed ANS site. Aquatic
communities in these reaches appear to be structured in response to the intermittent
nature of the natural flow regimes (Sect. 2.2.2.1).

The lower reaches of Melton Branch are affected by discharges of cooling tower
blowdown from the HFIR. The HFIR discharges are a source of heat and chemical
contamination to lower Melton Branch. For example, mean daily water temperatures in
lower Melton Branch below the HFIR tributary occasionally exceeded 30°C (86°F), and

O maximum daily temperatures approached 380C (100°F) during the summer of 1986 (L_ar
ct al. 1987, pp. 1-354). However, the HFIR discharges ensure stream flow at times when
the upper reaches are reduced to a series of isolated pools. Stream flow in Melton
Branch at MBK 0.16 (Melton Branch mile 0.09) (below the HFIR tributaryinput)
between 1955 and 1963 averaged 0.07 m3/s(2.5 lP/s); maximum flow duringthat period
was 6.85 m3/s (241.87 ria/s), although this may underestimate actual flood flows
(Boyle ct al. 1982, pp. 1-185).

C.ada(1986, pp. 1-15) sampled fish populations of Melton Branch at sites both
above and within the reach heated by the HFIR tributary (Sect. 2.2.2.1). Upper lethal
temperatures for the two species found in Melton Branch, cre.ck chubs and blackno,_e
dace, are around 31.5°C and 29.3°C (88.7°F and 84.7°F), respectively (bIAS 1972,
pp. 410-419). Creek chubs and blacknose dace were found above the tributary, but were
absent from the sampling site below the tributaryon ali but a single samplingdate in
Dew_mbcr. On this date, water temperature was 28.9° C (84°F), below the upper lethal
temperatures of both species, and large numbers of both creek chubs and blacknosc dac_
were collected. Recent surveys (Loar ct al. 1987, pp. 1-354; Loar 1990, pp. 1-289; Lo_r
1991, pp. 1-317) suggest that both fish and benthic invertebrate communities of lower
Melton Branch continue to be influenced by HFIR discharges.

The aquatic communities in White Oak Creek downstream from ORNL are
moderately impacted, probably by a variety of stresses including chemical discharges,
nutrient enrichment, elevated temperatures, altered flow regimes, and siltation. Effluents
from ORNL treatment facilities and other point source discharges to White Oak Creek
are described by Loar 1991 (pp. 1-317). Toxicity monitoring (bioassays of water samples)
indicates that chlorine is likely a major toxicant in White Oak Creek below the ORNL

O sewage treatment plant, although some toxicity remained in the water samples even after
the chlorine was removed (Loar 1990, pp. 1-289). Discharges of total residual chlorine
are believed responsible for low densities and biomass of fish (and a 1989 fish kill) in this
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stream reach (Loar 1991, pp. 1-317). The invertebrate communities at White Oak Creek Q
sampling sites are composed primarilyof chironomids (midges) and other tara with short
generation times, probablyreflecting episodic discharges of toxicants. Farther
downstream, water quality improves through dilution, volatilization, and other chemical
and physical processes; as a result, longer-lived, moderately pollution-tolerant invertebrate
taxa _me established (Loar 1991, pp. 1-317).

2.2.3 Threatened or Eadangered Spod_

In this section the presence of threatened or endangered species on ORR is
examined.

2.23.1 Plants

No plant species listed as threatened or e_dangered by the U.S. Fish and Wildlife
Service is known to occur on or near ORR. However, many species listed by the state of
Tennessee as rare, threatened, or endangered occur on ORR (Parr 1984, p. 1-24). None
of these species has been found on the ANS site. Ginseng (threatened) is the only state-
listed plant that is known to occur near the ANS site, where it has been found in two
locations (Fig. 2.2-2). Potential impacts of ANS construction on these two ginseng
locations are discussed in Sect. 4.1.1.

2.23.2 Wildlife

The potential occurrence of threatened or endangered wildlife species in the Oak
Ridge area is discttssed in detail in Kroodsma 1987 (p. 1-24). That report's list of
threatened or endangered species is provided here as Table 2.2.8, which has been updated
to incorporate several changes in threatened or endangered species status that have
occurred since that report was published. Information was obtained from the U.S. Fish
and Wildlife Service (FWS) and the state of Tennessee to comply with the Endangered
Species Aet. FWS provided letters addressing the status of threatened or endangered
species on ORR (Bay 1991, p, 1-2; Barclay 1990, p. 1-2). The state of Tennessee also lists
many wildlife species as "in need of management" (INM) and provides them with legal
protection; no one may knowingly destroy the habitat of state-listed threatened or
endangered and INM species without a permit, i_

Table 2.2-9 shows the ORR habitats for T&E and INM species that are known tO t:_'
occur or have a relatively high probabilityof occurring on ORR (Bay 1991, p. 1-2; Barclay
1990, p. 1-2; Hatcher 1990, pp. 16.-20; TWRC 1990, p. 1-4). No threatened or
endangered species or critical habitat listed, or proposed to be listed, by FWS is known to
be present on ORR. However, the Indiana bat and gray bat are possible summer
residents on ORR, particularly along East Fork Poplar Creek and the Clinch River,
respectively. Several species listed by the state of Tennessee occur on ORR, as shown in
Table 2.2-9. Of these species, only the black vulture and Cxmper's hawk probably occur
regularly on the proposed ANS site. No nesting of these two species, however, is known
to occur on or near the site.

=

• -
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T__Ic 2.2-8. Status of threatened and endangered s_
i on theOak RidgeRe_rva_od

f

........... ,'--''_ Legal status

Species _ ORR status Recommended
Federal State actlon

I i

...... i, i
Invertebrates

i

Birdwingpearlynmus,se[ E E County None
(ConradillacaeIIata)

Dromedarype,artymussel E E County None
(Dromz_drormts)

Yellow-blossomli_...arlymu:z_sel E E County None
(Epioblasma flerentina )

Tubcrcled.blomomorgre_'nblossom E E County None

pe,artymusset_Epiobtasvl_ato_osa)
Turgid.blossom lxarly mt;'mel E E County None

(Epioblasma n,¢rgidula)
Tan riffleshell {learlymtmel E E County None
(E#oblasmaWalken')

Fm.r pig,0 5,y E E county No,,
(Fusconaia_,,olu.,)

Sw pi_ _ mussel E E County None

(Fusconaia edgariana)Pinkmucketpearlymus,_el E E County None

(Lan_/t/so,,_:_ata)
Alabama lamp pearly mussel E E County None

(Lam_Uisvimcens)
White warty back pearly mussel E E County None

(Plethobasus cfiurico_Q
Orange.footed pearly mussel E E County None

(Ptethobasus COOl_a_, )
Rough pigtoe pearly mussel E E County None

(Pleurobema plenum)
Cumberland monkc3ffaccpearly mussel E E Range None

(fuadruta/ntermed/a)
Aplmlachlan m:mkeyface pearly mussel E E Range None
(Ouadrutasparsa)

Palelilliputpearlymussel E E Range None
(Taxolasma eylimtrellus)

Cumberland bean pearlymussel E E County None
(V'dlosa trabalis,V._a)

Painted snake coiled forest snail T E Range None

(Anguispirapicta)
Chittenangoovateambersnail T T Range None

(Succinea cl_enangoensis)

@



2-66

Table 2.2.8. (continued) O

Legalstatus
Species ORR status Recommended

Federal State action

Fish

Blue sucker (Cycleptus elongatus) T CJ3unty None
Spotfin chub (Hybopsis monacha) T E County None
YeUowfin madtom (Notums flavipinnis) T E County None

Amphibians and reptiles

Tennessee cave salamander T County None
(Gyrino1_uspa/ieucus)

Northern pine snake (P/tuoph/.s T Range None
melanoleucua ) "

Birds

Osprey (Pandion ha//aetus) E PR, U None
Bald eagle (Ha/iaeetus leucocepha/us) E E V, R None
Northern harrier(C/rcus cyamus) T WV, R None
C_x_per'shawk(Accipitercooperfi') T PR, U None '
Sharp.shinned hawk (Accipiter str/atm) T PR, R None
Peregrine falcon(Fa/co peregrbms) E E County None
Red-cockaded woodpecker (P/co/des E E Range None

borea/is)
Bewick's wren (Thryomanes be._') T Range None
Baclmmn's sparrow (AimophUa aestiva/is) E SR, R Survey
Grasshopper sparrow (Ammodramus T SR, U Survey

savatmaelon )

Mamma/s

Gray bat (Myotis grisescens) E E County Survey
Indiana bat (Myot/s soda/is) E E Range Survey
River otter (Lutra canadensis) T Range None
Eastern cougar (Felis concolor) E E V, R None

aLegend: County--Thespecies hasoccurredin Andentonor Roanecot,nties, accordingto the recordsof the
TennesseeHeritageProgram.Range.ORR lies withinthe geographicrange of thespecies,butoccurrencerecords
on ORR andin AndersonandRoanecountiesarelacking,None-No systematicpopulationsurveysare
recommendedspecificallyfor thespeciesat this time. Manage-i-labitatmanagementto promotethespecles
populationhtrecommended. Survey--Systematlcpopulationsurv_arerecommended,E--F_ndangered,
PR--Permanent(year-round)resident,R--Rare, SR--Summerresident(does notoccurin winter),T--Threatened,
U--Uncommon(more numerousthanrare species),V--Visltor(nonbreedtn$individualsoccur sporadicallyor
occasionally),WV--Wintervisitor(does notoccurin summer),

Source: Mm, R. L. 1987.ResourceManagementPlanfor the OakRidgeRescvation VoL24: Threatenedand Endansered
An/realSpeck_r,ORNLJF..SH-1N24,OakRidgeNationalLaboratory,Oak Ridge,Tenn.

r

=

=
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Table 2.2-9. Threatened (T), endangered (E), and in-nee.d-of-management NM)
species on the Oak Ridge Reservation

Species Status Location

U.S. Fish and W'ddlifeService

Indiana bat E Possibly present in vicinity of East Fork
Poplar Creek

State of Tennessee

Tennessee dace INM Bear Creek drainage, Ish Creek, and tributaries
of East Fork Poplar Creek (siltation due to
erosion in vicinity of the creeks must be
avoided)

Osprey E Vicinity of Melton Hill Lake and Clinch River
Sharp-shinnedhawk E AreabetweenJonesIsland,GrubbIsland,and

500-Kvpowerline
Coopcr'shawk T EntireOak RidgeReservation
Grasshoppersparrow T Largegrassyfields
Black-crowned INM ClinchRiver

nightheron
Black vulture INN[ Entire Oak Ridge Reservation; an active nest

site is located on Chestnut Ridge between
Highway 95 and New Zion Patrol Road

Red-shouldered hawk INM Forests and fields along the Clinch River and
relatively large streams

Common barn owl INM Freel's Bend and vicinity

2.3 MErEOROIJDGY

This section discusses regional climatology, specific meteorological phenomena,
representativeness of meteorological data, local air quality and emission sources, and
diffusion estimates.

23.1 Regional Climatology

This section reviews briefly the data sources used for establishing the

meteorologicalrecordintheregionaroundORNL. The generalclimateoftheregionisdescribedwithrespecttolarge-scalesynopticfeatures(high-andlow-pressuresystems,air
masses,fronts,etc.)thatprovide_hccontextforlocalizedweatherphenomena.Localized
features(e.g.,temperature,humidity,precipitation)arcdiscussedinrelationtothelarger

=__
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23.1.1 Data Sources

ORR currently has six active meteorological monitoring towers (Fig. 2.3-1). The
tower nearest to the proposed ANS site is Tower 4, located in the same valley (Melton
Valley) as the proposed ANS site and about 1.3 km (0.8 mile) southwest of it. Tower 4 is
the principal source of site-specific climatology for the ANS site. This tower has
instrumentation to measure temperature, humidity, wind speed, and wind direction at 10 m
(33 ft) and 30 m (98 ft).

Towers 1 and 6, located in Bear Creek Valley, have instruments at 10 and 60 m
(33 and 98 ft); Towers 2 and 5 have instruments at 10, 30, and 100 m (33, 98 and 330 ft);
and Towers 3 and 4 have instruments at 10 and 30 m (33 and 98 ft). Wind speed, wind
direction, and temperature are measured at ali instrument heights on ali six towers.

Information obtained by these instruments is transferred, stored, edited, and
formatted using a central preconiser r.onnected to remote data loggers. Wind velocity
vector averages of 1 min are calculated and retained for 24 h. These velocities are
processed into 15-rain averages using the unit-vector method described in EPA 1987
(pp. 6-7-6-8); that same method is then used to convert the 15-min averages to hourly
averages. Stabilities are also calculated using the standard deviation of the wind direction
(si©na them), corrected by wind speed and time of day per EPA 1987, pp. 6-20 and 6-32.

The instruments at the ORNL towers (Towers 2, 3, and 4) are ali checked for
accuracy and maintained quarterly; the instruments are currently under contract to
Environmental Servic_._Corporation, Knoxville, Tennessee. Locations of these towers are
shown on a topographic map of the immediate vicinity in Fig. 2.3-2.

The Atmospheric Turbulence and Diffusion Division (ATDD) of the National
Oceanic and Atmospheric Administration (NOAA) maintaim a meteorological station
along Illinois Avenue in the city of Oak Ridge, about 9.3 km (5.8 miles) north-northeast
of the proposed ANS site. The most complete set of meteorological data from a nearby
station comes from the McGhee-Tyson Airport (Knoxville airport), located just south of
Knoxville and about 32 km (20 miles) east-southeast of the proposed ANS site. Data
from these stations (DOC 1977a, pp. 1-4; DOC 1977b, pp. 1.-4; DOC 1989a, pp. 1-8;
DOC 1989b, pp. 1-8) and from Chattanooga (DOC 1977c, pp. 1.-4) were used for
describing precipitation features and other aspects of the regional and local climatology.
General information on the climate of Tennessee is available in Climates of the States
(Gale Research Company 1985, pp. 1021-1041.)

2.3.1.2 Description of the Regional Climate

The proposed ANS site is located in Melton Valley in Roane County in eastern
Tenne_see, between the Cumberland Mountains to the northwest and the Great Smoky
Mountains to the southeast. Local terrain is mostly ridges and valleys, with ridge
elevations generally between about 275 and 365 m (900 and 1200 ft) and with valley floors
extending to the Clinch River, which, below the Melton Hill Dam, is at an elevation of
226 m (741 ft). Orientation of the ridges and valleys is generally southwest-northeast, and
the near-surface winds generally follow the orientation of the local topography. Elevation
also influences temperature and precipitation patterns over the region, with cooler
temperatures and greater precipitation generally occurring at the higher elevations,
especially in the Great Smoky and Cumberland Mountains. Severe storms are relatively
rare because the region lies east of the tornado belt, south and east of most blizzard I
occurrences, and too far inland to be much affected by hurricanes (Gale Research
Company 1985, p. 1024).



2-69

n-
,q, lira

nllmll
O_

c: ; x, 0
z : z
0 0 V' 0

u._ 1 "
0__ : ,_ ,

* 0
tj< , <' 0

0 a _I
_ 0

D _
),

' I, N _
: ,- _

: _

, _. E(,_
!

1° _ 1 o

' < _%. :
o > ,,-, j_I' : :
, _

O " " i_J

,.',- : '.. z
li (I I 13-|

: ' !l t

Oil qle
!

llqo ,mm I ;: ,. t ,
' • _l tl Ie
: i O'*O t

, , _• I

; I °'° '
,I

I)

| j

ap
I ol
I,_ {/)
Iql taa

diii m _i_

:, - :_

NO, ;9NI)I OJ.



2-70



2-71

• ' The climate of the region may be classified as humid continental. The
Cumberland Mountains to the northwest help shield the region from cold air masses that
frequently penetrate far south over the plains and prairies in the central United States
during the winter months. During the summer, tropical air masses from the south provide
warm and humid conditions that often produce thunderstorms. However, anticyclonic
circulation around high-pressure systems centered in the we.stem Gulf of Mexico can bring
dry air from the southwestern United States into the region, leading to occasional periods
of drought. Air stagnation is relatively common in eastern Tennessee. About two _
multiday air stagnation episodes occur each year, coveting an average of about 8 d/year
(Korshover 1976, p. 10).

Wind speeds are not currently recorded at the Oak Ridge weather station. The
average annual wind speed at McGhee-Tyson Airport, at 6.7 to 9.1 m (22 to 30 ft) above
ground [anemometer height was changed to 9.1 m (30 ft) in 1986], is 3.2 m/s (7.1 mph).
The prevailingwind directions are from the northeast and southwest, reflecting the
influences of the local ridge-and-valley topography. The fastest monthly average winds are
3.9 m/s (8.8 mph) in March (DOC 1989a). Average wind speeds, by month, are given in
Table 2.3-1. Most tornadoes in the state occur in the areas of relatively low relief, to the
west of the Cumberland Mountains.

Average annual temperature in Oak Ridge is 14.2°C (57.5°F). The coldest month
is January, averaging 2.60C (36.7°F), and the warmest month is July, averaging 24.8°C
(76.6°F) (DOC 1989b). Extremes were -27.20C (-17°F) in January 1985 and 40.6°C
(10501=')in July 1952 (DOC 1989b). Temperatures above 32.2°C (900F) occur on an
average of 31 d/year,with about two-thirds of those days in July and August.

O Temperatures below freezing occur on an average of 88 d/year, with more than three-
fourths of those days in December through February (DOC 1989b, pp. 1-8). A
temperature summary for Oak Ridge is given in Table 2.3-2.

Precipitation in Oak Ridge averages about 139 em (54,7 in.) per year.
Precipitation in amounts of 0.25 mm (0.01 in.) or more occurs on an average of 128 d/year
(DOC 1989b, pp. 1-8). Precipitation in the region is greatest in the winter months
(Dew.ember through March) due to the frequent passage of large-scale cyclonic systems
and associated fronts. A secondary peak occurs in July due to summer thunderstorm
activity that is particularly evident in the mountainous regions. Lightest precipitation
generally occurs in the fall when anticyclonic (high-pressure) systems are most frequent
(Gale Research Company 1985, p. 1023). Average annual snowfall is 262 mm (10.3 in.).
The record of 1050 mm (41.4 in.) of snow fell during the winter of 1959-60, which
included the monthly record of 533 mm (21 in.) in March 1960 (DOC 1977b, pp. 1.-4;
1989b, pp. 1--8). lt is unusual for the snow to remain on the ground for longer than a
week.

Maximum precipitation at Oak Ridge in a 24-h period was 190 mm (7.48 in.) in
August 1960 (DOC 1977b, pp. 1-4; 1989b, pp. 1-8). At the Knoxville airport, the highest
amount of precipitation in a 24-h period was 129 mm (5.08 in.), in September 1944. The
record precipitation for Knoxville in one month was 298 mm (11.74 in.) in January 1954.
In that same month, Oak Ridge experienced 337 mm (13.27 in.) of precipitation, which is
the second-highest monthly value for that station. However, 489 mm (19.27 in.) of
precipitation fell in Oak Ridge in July 1967 (Gale Research Company 1985, pp.
1037-1038). These statistics reflect the intensity and localized nature of summer shower
activity that can occur in the region. A precipitation summary for Oak Ridge is given in

O Table 2.3-3.
The average number of thunderstorm days per year is 47 in Knoxville and 53 in

Oak Ridge. These storms may sometimes be severe with damaging winds. More than
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Tabk: 23-1. Average wind speed by month at McGhee-Tyson
Airportin

tw iii i i i iii

Wind speed Wind speed
Month [m/s (mph)] Month [m/s (mph)]

i i ii

January 3.5 (7.9) August 2.5 (5.6)

February 3.8 (8.3) September 2.6 (5.8)

March 4.0 (8.7) October 2.6 (5.8)

April 4.0 (8.7) November 3.1 (6.9)

May 3.2 (7.0) December 3.4 (7,4)

June 3.0 (6.5) Annual 3.2 (7.1)

July 2.8 (6.1)

Source: U.S. Department of Commerce 1989. Loca/Climatological Data
with Conq>aran've Data, 1989, Knm_le, Tennessee, National Climatic Data
Center,Asheville,N.C.

Table 23-2. Temperature data for Oak PJdge_ Tc_

['C ('_3
Mean Daily Daily Record Record

Month monthly maximum minimum highest lowest
i

January 2.6 (36.7) 7.6 (45.7) -2.4 (27.7) 24.0 (75) -27.0 (-17)

February 4.3 (39.8) 10.1 (50.2) -1.5 (29.3) 26.0 (79) -17.0 (1)

March 8.8 (47.9) 15.0 (59.0) 2.6 (36.7) 29.0 (85) -17.0 (1)

April 14.5 (58.1) 21.4 (70.5) 7.6 (45.6) 33.0 (92) -7.0 (20)

May 18.9 (66.1) 25.6 (78.1) 12.3 (54.1) 34.0 (93) -1.0 (30)

June 22.9 (73.2) 29,2 (84.6) 16.6 (61.8) 38.0 (101) 4.0 (39)

July 24.8 (76.6) 30.7 (87.2) 18.8 (65.9) 41.0 (105) 9.0 (49)

August 24.4 (76.0) 30.4 (86.7) 18.4 (65.2) 39.0 (103) 10.0 (50)

September 21.2 (70.2) 27.4 (81.3) 15.1 (59.1) 38.0 (102) 1,0 (33)

October 14.6 (58.3) 21.3 (70.4) 7.8 (46.0) 32.0 (90) -6.0 (21)

November 8.4 (47.2) 14.5 (58.1) 2.4 (36.3) 28.0 (83) -18.0 (0)

Dew.tuber 4.2 (39.6) 9.4 (48.9) -1,0 (30.2) 26.0 (78) --22.0 (-7)

Annual 14.2 (57.5) 20.2 (68.4) 8.1 (46.5) 41.0 (105) -27.0 (-17)
i ii |li i i i1,1 ,i li i i,

"Mean monthly values are the climatic normals for the 30-year period 1951-1980, Exxremes are based on

the42-yearrecordatOak Ridge(1948-1989). II,
source:u,s,DepartmentofCommerce 1989,LocalClimawlogica/DatawithComparativeData,1989,

Oak R/dge,T_, NationalClimaticDataCenter,Asheville,N.C.
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Table 2.3-3. Precipitation data for Oak Ridge, Tennessee
[mm (in.)]

Maximum in
Month Mean" Maximum b Minimum b 24 h

January 133.4 (5.25) 337.1 (13.27) 23.6 (0.93) 108.0 (4.25)

February 116.8 (4.60) 265.9 (10.47) 23.1 (0.84) 74.7 (2.94)

March 157.7 (6.21) 310.9 (12.24) 54.1 (2.13) 120.4 (4.74)

April 112.0 (4.41) 246.6 (9.71) 22.4 (0.88) 158.5 (6.24)

May 107.4 (4.23) 271.8 (10.70) 20.3 (0.80) 112.0 (4.41)

June 108.2 (4.26) 283.0 (11.14) 13.5 (0.53) 94.0 (3.70)

July 132.3 (5.21) 489.5 (19.27) 39.4 (1.55) 124.7 (4.91)

August 95.3 (3.75) 265.0 (10.46) 13.7 (0.54) 190.0 (7.48)

September 96.5 (3.80) 231.1 (9.10) 10.4 (0.41) 95.5 (3.76)

October 73.4 (2.89) 176.5 (6.95) 0 67.6 (2.66)

November 114.3 (4.50) 310.4 (12.22) 34.8 (1.37) 134.9 (5.29)

O December 143.5 (5.65) 261.9 (10.31) 17.0 (0.67) 130.0 (5 12)

Annual 1390.9 (54.76) _ 489.5 (19.27) a Oa 190.0 (7.48)

"Mean monthlyvalues are the climaticnormalsfor the 30.year period 1951-1980.
bExtremesare based on the 42-yearrecord at Oak Rtdge (1948.-1989).
_dean annualprecipitationis the annualaveragetotal precipitation.
'JAnnualextremes are for particularmonths.
Source: U.S.Department of Commerce1989. LocadClimatologicalData with ComparativeData,

1989, Oak Ridge,Tennessee,National ClimaticData Center, Aslaeville,N.C.

50% of the thunderstorms occur in June, July, and August (Gale Research Company 1985,
pp. 1037-1038). Hailstorms are typically observed in the region two or three times a year
(Eagleman 1985, p. 235), and a damaging ice storm occurs in Tennessee about one year in
five, on average, with considerable variation (U. S. Army 1959, pp. 60-61). Freezing rain
is not uncommon during the winter months, especially when cold air is trapped in the
valley and relatively lighter (warm and moist) air from the Gulf of Mexico occurs at higher
elevatiom. Under these conditions, the rain may be freezing in the valley but not in the
surrounding mountains.

Relative humidity in Knoxville averages about 72% (DOC 19894, pp. 1-8), which
is about the average for the eastern United States. In general, relative humidity is highest
early in _.he morning, during the cooler hours, and lowest during the afternoons. The

O nearest long records of relative humidity come from the Knoxville airport. These data are
summarized in Table 2.3-4.
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Table 23.4. Relative humidity data for Knoxville, Tennessee

Mean monthly relative humidity (%) at specified times of day
i, ii __ i m

Month 1 a.m. 7 a.m. 1 p.m. 7 p.m. Average

January 77 80 64 66 72

February 72 78 59 59 67

March, 71 79 55 56 65

April 71 80 51 52 64

May 81 85 57 60 71

June 85 88 60 63 74

July 87 90 62 66 76

August 87 91 61 66 76

September 87 92 60 67 77

October 84 89 56 64 73

November 79 84 59 66 72

December 77 81 63 67 72

Annual 80 85 59 63 72
i

Source: GaleResearchCompany1985. Climatesof theStates,Vol.2, 3dcd., GaleResearchCompany,
Detroit.

i

2.3.2 Specific Meteorological Phenomena

This section provides information about specific meteorological phenomena and
their effects in the area around Oak Ridge. The following items are addressed:
hurricanes, tornadoes and waterspouts, thunderstorms and lightning, hail, high air pollution
potential, fog, freezing rain, snowstorms, wind speed and direction by stability class, and
mixing heights.

2.3.2.1 Hurricanes

ORR is more than 483 km (300 miles) from the Atlantic Ocean and is separated
from it by the Appalachian Mountains. The Gulf of Mexico is more than 644 km
(400 miles) away. Therefore, hurricanes are not observed in the Oak Ridge area.
However, effects of a hurricane can sometimes be seen (for example, in the form of heavy
rain) if a hurricane is sufficiently strong and landfall is sufficiently close. Hurricane Hugo,
for example, was a strong hurricane that made landfall near Charleston, South Ca' Jlina,
on September 22, 1989. Charleston is about the nearest coastal point to Oak Ridge. The
Oak Ridge area received heavy rain caused by the remnants of the hurricane. The
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weather station at ATDD reported 44.9 mm (1.77 in) of rain on September 22 and
20.8 mm (0.82 in) more on September 23. This is far from the record 24-h precipitation
amounts, most of which are not associated with hurricanes.

2.3.2.2 Tornadoes and Waterspouts

Eastern Tennessee is infrequently subjected to tornadoes and waterspouts.
Tornadoes tend to be larger and more frequent in the areas of relatively low relief to the
west of the Cumberland Mountains. Tornado frequencies have been calculated by Thorn
(1963, pp. 730-736) for each 1" square of latitude and longitude in the United States for
the period 1953-1962. Kelly et al. (1978, pp. 1172--83) have made similar calculations
using an increased data base (1950-1976) with additional quality assurance procedures for
tornado reporting.

The annual probability that a tornado will strike any location in a gridsquare may
be estimated by multiplying the number of tornadoes per year per square kilometer (in
that particular gridsquare) by the path area of a tornado. The result of such a calculation
is greatly affected by the assumption of the size of the path area of a tornado. The data
and assumptions of Thorn (1963) suggest that the probability of a "typical" tornado striking
a specific site on ORR in any particular year is 3.63 × 10"4,which is a return period of
2752 years. These figures are based on tornado occurrences from 1953-1962. Applying
the same assumptions to the (longer) data base of Kelly et al. (1978, pp. 1172--83)
suggests a return period of about 2000 years. Became of the nature of the local terrain,
the probability that an extremely large or violent tornado will occur on ORR is extremely

Society (1983, Fig. 3.2-3) and and Murray (1985,
small. The American Nuclear Coats

p. 54) indicate that tornadic wind speeds of close to 67 m/s (150 mph) would be expected
at a particular location in eastern Tennessee about once in 100,000 years.

Sustained high winds not associated with tornadoes can cause damage to buildings
and other structures. Maximum sustained winds were traditionally quantified as the
"fastest 1 mile (1.6 km)" of wind [the highest average wind speed over a 1.6-km (1-mile)
long column of passing air]. The maximum fastest 1.6 km (1 mile) of wind values recorded
at Knoxville and Chattanooga are indicated in Table 2.3,.5. These data are taken from
older summaries became of longer record lengths in those summaries. The records for
Knoxville, given by DOC 1977a (pp. 1-4) go back to 1947, and the records for
Chattanooga, given by DOC 1977c (pp. 1--4),go back to 1943. The ali-time maximum
value for Knoxville has not been exceeded as of 1989 (Gale Research Company 1985,
p. 1037; DOC 1989a, pp. 1-8). For comparison, fastest 1.6-km (1-mile) winds range from
about 20-30 m/s (45--65 mph) in southern California and the lower Mississippi Valley
(away from the Gulf Coast) to more than 45 m/s (101 mph) in southern Florida, southern
Texas, and parts of the Midwest (DOC 1968, p. 74). '.

Waterspouts could c_:.curon the Clinch River, but the nearest point on the Clinch
River is about 1 km (0.6 mile), over hilly terrain, from the proposed ANS site.
Waterspouts would therefore pose no problems or hazards at the proposed ANS site.

23.2.3 Thunderstorms and Lightning

On the average, thunderstorms and associated lightning occur in the region about

50 days per year, with about 10 thunderstorm days occurring in July. From 30 to 40thunderstorm days typically occur during the 4-month period from May through August,
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Table 2.3-5. Record fastest 1.609 km (1 mile) of wind for Knoxville

and Chattanooga, Tennessee
ii i i

Speed° Direction Length of

.........Location ..... [km/h (mp,h,!] (wind from) , Year record (years)

Knoxville 117 (73) SW 1961 31

Chattanooga 131 (82) W 1947 35

"Theanemometerheightsat thetimeof therecordfastestmilewere 17.4m (57 ft) forChattanoogaand
6.7m (22ft) forKnoxville.

Sources:U.S.Departmentof Commerce1977a,Loca/CI/mato/og/ca/Dataw/trComparat/veData,
1_89,lOum,ille,Tennessee,NationalClimaticDataCenter,Ashevtlle,N.C.,p.2;U.S.Departmentof
Commerce1977c.Loca/ClimatologicalDatawithComparativeData,1977,Chattanooga,Tennessee,
NationalClimaticDataCenter,Asheville,N.C.,p.2.

and less than 20 thunderstorm days are normally scattered over the remaining 8 months.
Monthly and annual average numbers of thunderstorm days are given in Table 2.3-6.

2_3_.4 Hail

Hail usually occurs during thunderstorms associated with cold fronts. Hailstorms at
a given locality in Tennessee may typicallyoccur two or three times a year (Gale Research
Company 1985, p. 1024; Eagleman 1985, p. 235). For comparison with extreme values in

mw,

the United States, an average of less than one.half hail day per year occurs near the coast
of the Gulf of Mexico and about 8 hail days per year occur near Cheyenne, Wyoming
(Eagleman 1985, p. 235). On an index of potential hail damage to residential property
calculated for 1° squares of latitude and longitude, eastern Tennessee averages about 5,
which is relatively low. Values of this index are as high as 50 in northwestern Kansas and
as low as 1 or less in the Florida peninsula and in a broad area centered roughly where
the Arizona-Utah border meets the Nevada state line (Changnon 1972, Fig. 4).
Therefore, on a geographical basis, the proposed ANS site is in an area of relatively low
potential risk from hail damage.

2.3.2.5 High Air-Pollution Potential

Days of high air-pollution potential, or stagnation days, over the eastern United
States have be.enstudied by Korshover (1976) and Korshover and Angell (1982).
Stagnation days for a particulararea or location were defined fox'those studies as days on
which the surface geostrophic wind"is less than 8 m/s (18 mph), no fronts are in the
region, no precipitation occurs, and the wind speed at 7.3 Pa (500 millibars) [about 5.5 km
(3.4 miles) altitude] dees not exceed 13 m/s (29 mph) (Korshover and Angell 1982,
p. 1515). A sequence of four such days in a row is termed an air-stagnation episode.
From interpolation of Fig. 3 in Korshover 1976 (pp. 1-2g), 70 incidents of stagnation
coveting about 330 days occurred near the proposed ANS site during the 40-year period

0
"The Bcostrophic wind is defined as the horizontal wind velocity for which the coriolis force exactly balances the pressure

gradient force. This approximation overestimates the actual wind speed at the surface because the effects of friction and
turbulence, which reduce wind speed, are not considered,
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Table _ Average numbers of thunderstorm days at

Oak Ridge and Knoxvi_ Tennessee
ii li li i i ] i ii iii

Month Knoxville Oak Ridge
H iii i i L r i lJ

January I I

February I 2

March 3 3

April 4 5

May 6 8

June 8 9

July 10 11

August 7 9

September 3 3

October 1 1

November 1 1

December a 1

O Total° 47 53
ii , iii i i ii i i

q'he averageis leg,s than0.5d forDecemberin Knoxville.
Differeno_sbetweenthecolumnsumsandannualtotalsaredueto
mundoffinthenumbersgiveninthesource,

Source:GaleResearchCompany1985,Climatesof the States,
Vol.2, 3d_., Detroit,pp.1037-1038.

from 1936 through 1975. This works out to an average of 1.75 episodes per year, covering
an average of 8.25 d/year. More than half (39) these stagnation episodes occurred
during August, September, or October (Table 2.3-7).

Holzworth (1972, p. 118) has studied air-pollution potential throughout the entire
contiguous United States. His definition of air pollution potential is more conservative
than that given by Korshover (1976, pp. 4-7) or Korshover and Angell (1982, pp. 15-75)
in the sense that more days qualify as having meteorological conditions favorable for air
pollution. An episode of conditiom favorable for air pollution is defined as occurring
when, for a period of 2 d, the mixing height is less than 1500 m (4922 ft), the actual
surface wind speed (not the geostrophic wind speed, which is greater) is less than 4.0 m/s
(9 mph), and there is no precipitation (Holzworth 1972, pp. 21-22). Interpolating from
the map on page 83 of Holzworth 1972, the area around Oak Ridge experiences about 5
pollution episodes annually, coveting an average of 11 to 12 days per year. Note that

O Holzworth's 1972 conclusions are based on only 5 years of data and may not be asrigorous as Korshover's 1976 conclusions, which are based on 40 years of data.
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Table 2.3-7. Number of Korshover stagnation episodes, by month, during the

40-year period 1936-1975
i i i i i I i i |iii i iii L_ L

..... Month Numberby month Cumulativenumberby month
. i i i i i i i i i i li i i

January 0 0
February 0 O
March 0 0
April 3 3
May 8 11
June 8 19
July 5 24
August 12 36
September 9 45
October 18 63
November 6 69
December 1 70

Source: Korshover, J, 1976, Climatology of Stagt_ing Amicyclone.s East of OwRocky Mountains,
1936-1975, NOAA Technical Memorandum ERL ARL-55, U,S, Department of Commerce, NOAA,
Washington, D,C,

Other combinations of wind speed and mixing height (on occasions when no
precipitation occurred) are summarized by Holzworth (1972). The most restrictive
combination during a 2-d period [mixing height less than 500 m (1640 ft) and winds less
than 2 m/s (4.5 mph)] did not occur in eastern Tennessee during the 5 years studied by ah
Holzworth (1972, p. 76). I_,

The Korshover and Holzworth studies both indicate that the southeastern United
States has a greater frequency of potential air pollution days than does the northeastern
United States or the Great Plains and that the area around the I:roposed ANS site is
above average for the eastern United States in terms of frequency of meteorological
conditions favoring air pollution.

2.3.2.6 Fog

Fog occurs on ORR about 1 d in 11 each year, but the frequency is concentrated
in the autumn months, when fog occurs on about 1 d in 6. Fog in the area is usually
caused by the advection of cold air across a warm surface during the previous night. This
fog is often referred to as "valleyfog"because it occurs mainly in river valleys, particularly
in autumn when cold air passes over riven that have retained heat from the summer, The

fog usually disappears by mid-morning. 'l'l_efrequency of fog days at the Oak Ridge and
Knoxville weather stations (DOC 1989a, pp. 1-.8;DOC 1989b, p. 1-8) is shown in
Table 2.3-8.

2.3.2.7 Froezing

Freezing rain, sometimes called glaze, is supercooled liquid rain that freezes upon
impact with an object that has a temperature near or below the freezing point. This can
occur when rain falls from a warm (above freezing) layerof air through a cold (below

freezing) layer sufficiently shallow so that the rain does not freeze until it makes contact Owith highways, trees, telephone wires, and other surfaces.
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Table 2.3-8. Mean number of days per ye,m'with fog and
visibility 402 m (1/4 mile) or less

Month Knoxvillea Oak Ridge b
...... ii ii i i i i u ii ii i

January 3 1

February 2 1

March 2 1

Apfll 1 1

May 2 2

June 2 1

July 2 3

August 3 4

September 4 4

October 5 8

November 3 6

December 3 2

Total 32 34
I i Jl n. i i I i . i .I i. )ii) _ Ill

•Basedona47-yearrecord,
b_ ona15-yearrecord,
Sources:U.S,DepartmentofCommerce1989,LocalClin_ological

DatawithComparativeData,198_,Knarville,Tennessee,NationalClimatic
DataCenter,AsheviUe,N,C.;U.S,DepartmentofCommerce1989,Loca/
Cl#natologicalDatawithConqTarati_Dcaa,1989,OakRidt_J,7'ennessee,
NationalClimaticDataCenter,Asheville,N.C,

FreezingrainintheOak Ridgeareaisnotuncommon duringthewintermonths,
especiallywhen coldairistrappedinthevalleyandrelativelylighter(warmandmoist)air
fromtheGulfofMexicoispresentathigherelevations,Undertheseconditions,glaze
may ew.curinthevalleybutnotinthesurroundingmountains,Conditionsfavoring
freezingrainintheOak Ridgeareaaremostlikelytooccurduringthecoolermonths,
fromDecemberthroughMarch.Typically,thefreezingrainonlylastsfora fewhours,
untilmeteorologicalconditionschange.The affectedsurfacesmay,onoccasion,remain
frozenfora fewmorehours,dependingon thetimeofdayandrelatedfactorssuchas
temperatureandtrafficpatterns(onroads),

Accordingtoa studybytheU.S.WeatherBureau(nowtheNationalWeather
Service)ofa28-yearperiodendingwiththewinterof1952-53(U.S,Army 1959,
pp.59-62),mostofeasternTennesseeexperiencedfromthreetosixicestorms,oran
averagerecurrenceofaboutonestormper5 to9 years,Becausesomestormsprobably
wentunrecordedintheearlieryears,thisfiguremay below.Otherstudiesofshorter

periods by parties particular interests in the subject suggest a greater frequency of icewith

storms in eastern Tennessee, Data summaries made by the American Telephone and
Telegraph Company (covering the winters of 1917-18 through 1.c:24-25)and by the
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Association of American Railroads (covering the winters of 1928-.29 through 1936-37) are Q
presented in a U.S. Army report (i959, pp. 59.62). These data suggest a frequency of
about one ice storm every 2 years, with glaze afore than 0.25 in. thick forming in about
two.thirds of these eases, or about once every 3 yean. However, these data summaries
each cover less than 10 years and may represent periods of particularlyhigh ice-storm
frequencies. Further, Tennessee's climate may have changed somewhat since these short-
term studies were conducted. A more recent climatic sununaryof Tenn_ presented by
the Gale Research Company (1985, p. 1024) states that 'damaging ice storms occur in the
State every 5 or 6 years."

2.3.2.8 Snowstorms

Snowfall in Oak Ridge averages about 254.0 mm (10 in.) per year. Some snowfall
records for Oak Ridge and Knoxville are given in Table 2.3-9.

Table 2.3-9. Snowfall records for Oak Ridge and Knoxville

Record snowfall
Period Station [mm (in.)] Date

12 h Knoxville 462.0 (18.2) November 1952
Oak Ridge 304.0 (12.0) March 1960

1 month Knoxville 591.0 (23.3) February 1960 O
Oak Ridge 533.0 (21.0) March 1960

Annual Knoxville 1440.0 (56.7) 1959,-.60
Oak Ridge 1051.0 (4 lA) 1959.-60

w,,. .,Mmla.i i , JH,. , i ........... i,ll l i i

Sources: U.S, Departmentof Commerce I977, Loca/Climatological Data with Comparalive Datc_
1¢77, Knaxvtlle, Tennessee, National Climatic Data Center, Asheville, N.C,, pp, 1-4; U,S. Department of

Commerce 1989, Loca/Climatological Data will Compara6ve Data, 1989, _le, Tennessee,
Natlorml Climatic Data Center, Asheville, N.C., pp. 1.8; and Gale Research Company 1985, Climates
of the States, Vol. 2, 3d cd., Gale Research Company, Detroit, pp. 1037-1038,

m

'Ihe winter of 1959.-60 was clearly the snowiest year on record in Kno_Alle and
Oak Ridge. Since that time, not even three-quarters as much snow has fallen during any
other winter on record.

2.3,2.9 Wind Speed and Direction by Stability Oats

Figure 2.3.3 shows the wind rose (the distributionof wind speed and wind
direction) for Tower 4 at 30 m (98 ft) above ground level for 1986-1990. Wind roses for
the same period, for each atmospheric stability class, are given in Figs. 2.3-4--2.3-10. The
stability t_lassesrange from extremely unstable (A) to extremely stable (G). Flow of cold
air from the north.northeast at night is prominent under the most stable conditions
(stability category G) and is not evident in very l-ns,able cxmditions (stability category A),
which occur mostly in the early afternoon.
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W 23.2.10Mixing H_,Im

Mixing height is related to the volume of air available for the dispersion of
atmospheric contaminants. Mixing-height data are usuallyobtained from upper-air data
available from only a few selected stations; the closest one to Oak Ridge is Nashville,
Tennessee, which is about 237 km (135 miles) west of Oak Ridge. A first approximation
of the diurnal and annual distributionof mixing heights may be interpolated from the
maps in Holzworth 1972 (pp. 27-35). Table 2.3.10 shows the results of such an
interpolation. Table 2.3-11 summarizes mixing heights calculated from upper-air data from
Nashville,

2.3.3 Representativeness of Meteorological Data

This section is included to examirtethe representativeness of local meteorological
data in space and time. Spatial representativeness is important because it allows
inferences about climatic parameters at local sites to be made from data for surrounding
stations with similar exposure characteristics and elevations. Temporal representativeness
ensures that a short record is characteristic of longer-term conditions. Temporal
representativeness throughout periods greater than two or three decades also indicates
that the climate of the region is not changing in ways that might be relevant to the
environmental effects of the proposed action.

2.3.3.1 Temperature

Temperature does not vary appreciablyover horizontal distances of a few
kilometers unless corresponding differences exist in elevation, in distance to a large body
of water, or in some other feature that obviously influences temperature. No large bodies
of water are present in the vicinity of ORR. Temperature varies with elevation in the
area, but the elevation of the proposed ANS site (268 m, or 880 ft above sea level) is the
same as the elevation of the Oak Ridge NOAA weather station at ATDD and is close to
the elevation of the weather station at MeGhee-Tyson Airport (276 m, or 905 ft above sea
level)_ The annual average temperature at the airport is 14.94°C (58.9°F); in Oak Ridge,
it is 14.17°C (57.5°F). Short teml_rature records (mid-1940s through 1952) from three
stations several kilometers aparton ORR were compared by the U.S. Atomic Energy
Commission (1953, p. 248). '][he average annual temperatures at the sites were ali
between 14.11°C (57.4°F) and 14.72°C (58.5°F). Taken collectively, these data show
that the temperatures in the Oak Ridge area do not vary appreciably from one site to the
next, nor have temperatures ,'hanged through time, at least during the last 50 years or so,

2.332 Prc_pitation

Precipitation for short time periods can vary greatly over distances of only a few
kilometers duringsummer thunderstorm activity. On longer time scales (e.g., monthly or
annual averages), precipitation in the Oak Ridge area can vary appreciablywith elevation.
The Oak Ridge and Knoxville weather stations are at similar elevations and receive
average annual amounts of 1392 mm (54.8 in.) and 1201 mm (47.3 in.), respectively. The

higher average in Oak Ridge may result from its proximity to the Cumberland Mountains.
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Table 2.%10. Mixing height and wind s_ data for the q_
Knc=ville..Oak Ridge area

Iii i i i I i iil,lll ii i i|111 ii ii iiii iii ii i ii; i iii iiiii ii iii ]. ii ....... [ i

Morning mixing Morning Afternoon Afternoon
height wind speed mixingheight windspeed

........ .,= im (ft)] ..... [m/s,,!mph)]....... [m (ft)_] _ tm/_s,(mph!] ,

Winter 5_ (1640-1968) 5-6 (11,2-13,4) 10(0-1200 6-.7
(3280-3936) (13,4-15.6)

Spring 500-600 (1640-1968) 5-6 (11,2-13.4) 1800-1900 6-7
(5905-6233) (13,4-15,6)

Summer 400-500 (1312-1640) 3-4 (6,72-8,9) 1800-2000 4-5
(5905-6561) (8.9-11,2)

Fall 300-400 (984-1312) 3-4 (6,72-8,9) 1400-1600 5-6
(4593-5249) (11,2-13,4)

Annual 400-500 (1312-1640) 4-5 (8.9-11,2) 1600-1700 5-6
(5249-5577) (11,2-,13,4)

So;ro:e: G. C. Holzworth, 1972, Mixing Heights, W_md Speeds, and Potential for Urban Air
Pollution Througtwut the Contiguous United States, Ap-101 (NTIS No, PB 207-103), U.S,
Environmental Protection Agency, Research Triangle Park, N,C,

According to tamap of average annual precipitation (for 1948-1951) presented by
the U.S. Atomic Energy Commission (AEC) (1953, p. 380), Knoxville received about
1400 mm (55 in.) per year; locations in the Great Smoky Mountains, southeast of
Knoxville, received as much as 2290 mm (90 in.) per year. The annual average for that
period near McGhee.Tyson Airport, just south of Knoxville, was 1270 to 1400 mm (50 to
55 in.), This average, based on 4 years of data, was about 150 mm (6 in,) above the long-
term normal for that location at the time (AEC 1953, p. 381), indicating that the long-
term normal at that time was about 1120 to 1240 mm (44-49 in.). This brackets the
current (1951-1980) long.term annual average precipitation of' 1201 mm (47.3 in.) at
MeGhee.Tyson Airport.

2033.3 Wind

In the valleys of ORR, prevailing wind directions [at least to 100 m (330 ft) above
ground level] parallel the nearest ridge. This tendency is evident in the wind roses based
on recent measurements from the six existing meteorological monitoring towers (Kornegay
et al. 1990, Vol. 2, pp. 11-17) and is also evident in the wind roses from an earlier period
and a different network of sites (AEC 1953, pp. 465.-472). Wind patterns are therefore
similar from one location to the next within a particular valley, as long as the wind.,
measuring instruments are not influenced by local structures or other obstacles. The wind
data presented in this report are based on measurements 30 m (98 ft) above.ground at
Tower 4, 1.3 km (0.8 mile) southwest of the proposed ANS site, in the same valley and
about the same distance from Haw Ridge as the proposed site. Therefore, these data
represent winds at a similar altitude (and equally free of the effects of local obstacles) at
the proposed ANS site.
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Table 2.3-11. Monthly morning and afternoon mixing heights for

Knmvfllc, Tennease,e (1985-1989)
- i,,, ii ,,, ,,. ,, i ,,,ii| , .ii i. i -- : _ --'=..,,,,,_ ...... _. _ .....

Average heights [m(ft)] Extremes [m(ft)]

Month Morning Afternoon Minimum Maximum
,, , , j .... '__ -_ ....... --',., L ....... - .............. ; -mms_._ -_ ma,m_

January 748 (2454) 829 (2719) 7 (22,9) 2472 (8110)

February 707 (2319) 948 (3110) 2 (6.56) 2271 (7450)

March 685 (2247) 1290 (4232) 2 (6.56) 3143 (10311)

April 528 (1732) 1648 (5406) 1 (3,28) 3053 (10016)

May 372 (1220) 1612 (5288) 4 (13.1) 3240 (10629)
i

June 321 (1053) 1700 (5577) 4 (13.1) 3401 (11158)

July 334 (1095) i680 (5511) 5 (16,4) 3162 (10373)

August 344 (1128) 1582 (5190) 14 (45.9) 2925 (9596)

September 408 (1338) 1447 (4747) 8 (26.2) 2872 (9422)

October 513 (1638) 1184 (3884) 3 (9.84) 2364 (7755)

November 664 (2178) 901 (2956) 6 (19,6) 2477 (8126)

December 689 (2260) 814 (2670) 5 (16.4) 1876 (6154)

Annual 507 (1663) ......... !309 (4294) _1 ,!3_'28)J3401.(1,1158)

Sources: Mtrdngheight tapes were obtained from ttae National Climatic Data C._ntcr, Fcde,ral
Building, Ashevllle, N,C, 28801, Surface data are taken from the Knoxville airport, Upper air data nra
from Nashville,

AEC studied wind patterns on ORR in detail during the 1940s and early 1950s.
Maps of wind patterns for 1948--1952 (AEC 1953, pp. 465.-472) can be, compared with
more recent wind patterns at various locations on ORR (Kornegay ct, al, 1990, Vol. 2,
pp. 11-17). One of the wind.measurement locations in the earlier study was in Melton
Valley, about 200 m (about 650 ft) noah of the present location of Tower 4. As could be
expected from the preceding discussion, the wind patterns were similar. Such comparisons
confirm that the wind patterns in the area have not changed since the first instruments
were installed in the late 1940s; therefore, recent wind data represent long-term conditions
at the site. Became surface wind patterns in the region are determined primarily by
topography, slight climatic fluctuations should not alter wind patterns.

2_3.3.4Humidity

Because values of relative and absolute humidity are primarily determined by the
time of day and by the large-scale weather pattern in the area, humidity measurements at
weather stations will be representative of conditions at nearby locations. Humidity in
_,_,_m Tennessee has no! c_hangeddet_ectab!yduring the last 50 years or so.
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2.3.3.5 Atnmsphertc Stability and Mixing Heights O

Atmospheric stability influences the dispersion rate of contamhlants in the
atmosphere. Stability for a particular hour is classified in one of seven categories ranging
from extremely unstable (A) to extremely stable (O), Because stability is determined
largely by the time of day and the large.scale weather features in a region at the time, it
tends to be of the same category tbr a particularhour at ali sites of the same elevation in
the region, The fact that other climatic parameters related to stability (e,g,, temperature
and wind speed) have not changed during _he period of record indicates that the diurnal
and annual distributions of atmospheric stability have not changed,

Mixing heights are related to the volume of air through which contaminants may
be dispersed, Mixing heights in eastern Tennessee may range from zero (ground-level
inversion) to more than 3000 m (9843 ft) (Table 2.3.11). Upper.air data from Nashville,
Tennessee, were used in conjunction with surface data from the Knoxville airport to
obtain the mixing-height data summarized in Table 2,:",-11, The maps of Holzworth (1972,
pp, 27-,35) indicate that the diurnal and annual distributionsof mixing heights at Nashville
are not much different than those at Knoxville, Because other climatic parameters related
to mixing height (e.g,, temperature and wind speed) have not changed during the period
of record, it can be inferred that the diurnal and annual distributionsof mixing height
have not changed noticeablyduring the same period,

2.3A Local Air Quality and Fzni_ions Sources

This section discusses applicable state and national ambient air quality standards,
the quality of the local ambient air as compared with those standards, and major sources
of pollution emissions to the atmosphere on and around ORR,

2.3.4.1 Tennessee Ambient Ak Quality Standards

The state of Tennessee ha_aadopted the National Ambient Air Quality Standards
(NAAQS) and standards for fluoride expressed as hydrogen fluoride (HF). These
standards are set to protect human health and welfare, Federal standards also exist for
the prevention of significant deterioration (PSD) of air quality, A set of PSD standards
exists for Class II areas that cover most of the United States. A much more stringent set
of PSD standards exists tor Class I areas, which include national parks and wilderness
areas, Ali of these standards are summarized in Table 2.3-12, The nearest PSD Class I

area ts the Great Smoky Mountains National Park. The nearest boundary of this area is
about 50 km (31 miles) southeast of the proposed ANS site, Because of the distance from
the site to the park and the small amounts of emissions expected from ANS, the effects of
ANS on the park are expected to be negligible,

23.4.2 Existing Air Quality

Roane County is in attainment of ali state and local air quality standards (Chuck
Northington, Tennessee Air Pollution Control, Nashville, Tennessee, personal
communication with T. J. Biasing, Oak Ridge National Laboratory, Oak Ridge, Tenn.,
May 20, 1991). Knox County, immediately east of Roane County and about 1.5 krn

(.93 miles) east of the proposed ANS site, was designated as a marginal nonattainment O
area for ozone on November 6, 1991 (Fed. Regist. 56, p. 56694). Because of a 60-d
waiting period, this designation became effective January 6, 1991. The nonattainment
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Tab_ 2.3-12. Air quality atandard_

-- .... ' : :_:1_ .... ifip J.mmmlmk._:::: " :-.-Jt.. "....... _ i :" : _ i ii (Ii- iJII Li.J iJ_.__. I_mmmm_

Prcventlon of
National ambient air significant

quaUty standard deterioration
L_.:- : ._.IL_. " :_ ;: __: _. _ : _:_.__1 ,lm ms*_mmmmwwmmmmmmmmm*e_

Averaging
Pollutant period Primary Secondary Class I Class II

__ ., , 1111,,,,_,1,!1,1 11111 ........ . "11 ii i . i i1111 i I_.L:' II,_ZW_'_--'_ZLZ:L_Z:T':LY:Z: TL_L__:_L:ZL..JC2_.LZZ::_ZCT:" _.:LL:ZZTfiT:'_:$Z 7 TZZL'.L__:_---'ZC--. : ---:: .JIm_

Sulfur dioxide Annual 80 -- 2 20
24 hb 365 - 5 91
3 hb 1300 25 512

Nitrogen dioxide Annual 100 100 2,5 25

Carbon monoxide 8 hb 10,000 ....
1 hb 40,000 .-. ..- .-

Ozone 1 h_ 235 235 -- -

Inhalable particles _ Annual 50 50 4d 17d
24 hb 150 150 8d 30d

Lead 3 months' 1.5 1.5 -- --

State of Tennessee Standmds

O 30d_' 1.2Fluoride,,/
7 db 1,6
24hb 2,9
12h_ 3.7

_AIIeoneentratlomare Iriug/mj, -- ,,, Nostandard,
J'Notto be exceededmore thanone¢pcryear(toro'zoae,on morethan ld/year).
q'artleulatematterlessthata10micronstn diameter,
aProposedstandard,
'Calendarquarter.
/Gaseousfluorideserxpresscdashydrogenfluoride,
So_e,,Fed.Reg,asupdated,

status hsbased on exceedancea during 1988 at the Rutledge Pike monitoring station,
located in the eastern part of Knoxville, about 40 km (25 miles) east of the proposed ANS
site. Otherwise, the region around the ANS dite Is in attainment of ali state and local
standards, Table 2.3.13 lists air quality monitoring data,

2.3.4.3 l.oeal Emissions Sotm:gs

Emissions of particulate matter and nonradiological chemicals from particular
source,s at ORNL are very low, except ibr the steam plant. Therefore, the permits issued
by the Tennessee Department of Health and Environment (TDHE), Air Pollution Control

I_D Board, do not require sampling or monitoring at of the permitted emtsstonany points
except the sW.amplant (Kornegay, et al. 1990, Vol, 1, p. 39), Permit No. 028027P coven
air emissions from the five boilers (four coal.fired and one gas-fired) at the steam plant.
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Table 23-13. Air quality monitoring dsta_,b
" £_]£2 "'_ ..... __.J J 1._ ._J.LLLL- II __,.£ "_ I ] u I iIill iii i ii I ...... IIlllllllll II I I I IIj III I I ....

Maximum
tj__. JlllU iJ _ ....

Monitoring Averaging
Pollutant location Year time First Second

Sulfur dioxide Kingston 1990 Annual 11
24h 107 75
3 h 538 267

1989 Annual 13 --
24 h 61 58
3 h 227 220

Y-12 East 1990 Annual 28 --
24 h 69 61
3 h 218 192

1989 Annual 33 -
24 h 150 134
3 11 966 444

Bull Run 1990 Annual 11 --
24 h 85 61

3 h 562 292 roll
IF1989 Annual 12 --

24 h 67 64
3 h 313 218

Nitrogen dioxide McMtnn Co, 1990 Annual 23 --

_989 Annual 24 --

Carlx'm monoxide Knoxville 1990 8 h 5,900 5900
1 h 11,750 10500

1989 8 h 9,430 7705
1 h 14,030 13570

Ozone Blount Co. 1,990 1 h 211 210

1989 1 h 192 190

Knoxville 1990 1 h 265 241

1989 1 h 186 186

Sevler Co, 1990 1 h 200 198

1989 1 h 182 172
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T_le Z3.13. (mnttnued)

Maximum

Monitoring Averaging
Pollutant location Year time First Second

,,,, .Li . i, li iii i i ,i --- , 1

inhalable particles' MaryvtUe 1990 Annual 27 -
24h 65 64

1989 Annual 27 --
24 h 50 49

Loudon 1990 Annual 31 --
24 h 61 52

Knoxville 1990 Annual 38 --
24 h 75 73

1989 Annual 38 --
24 h 873 67

Lead Nashville 1990 3 months: 0.13 0,12

1989 3 month_/ 0.16 0.16

"Units are _g/m3.

O bwl_erl data from than station available for a the highest
room onc monitoring arc particular city,

valuesarepre.scnted,
CApproximat¢dlstance_fromthe proposedAdvancedNeutronSourcesite: Kingston,24 km(15miles)

west; Y-12, 6 km (4, miles) northeast; Bull Run, 16 km (10 miles) northeast; McMinn County, 60 km
(37 miles) south; Knoxville (gutledge Pike), 40 km (25 miles) east; Maryvill¢ (and Blount County), 40 km
(25 miles) southeast; ,¢a_wterCx)unty, 60 km (37 miles) east; Loudon, 25 km (16 miles) south; Nashville,
217 km (135 miles) west.

q'here is only one annual average per year;,no second highest value per year is given.
"Panicleslessthan 10 microns in diameter,
/Calendarquarter,

Emissions from the steam plant are from the stacks connected to Building 2519, on _rhitc
Oak Avenue just west of Third Street on the map in Fig. 2.3-11. Emissions estimates for
the steam plant are presented in Tables 2.3-14 and 2.3-15. Associated stack parameters
are given in Tables 2.3-16 and 2.3-17.

In addition to the ORNL steam plant, three major emissions sources near ORNL
could contribute noticeably to cumulative effects on local ambient air quality: the
Y-12 Plant near Oak Ridge, about 6.8 km (4.2 miles) northeast of the proposed ANS site;
the Bull Run Steam Plant, about 16.1 km (10 miles) northeast of ANS; and the Kingston
Steam Plant, about 20.8 km (12.9 miles) west of' ANS. Emission rates and stack
parametez,_for each of these sources are: listed in Tables 2.3-18-.2.3-26.
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Table 2.3-14. Average emi_iom from Boiler_ 1-4 at the Oak Ridge National

Laboratory Steam Plant, based on aztual coal consumption data for
1987-19890 and peak emissions (in parentheses), based on the

maximum design capacity of the units

Emissions rates
i i i i i I IIH I I I

Pollutant g/s Ib/h tons/year
iii i i ll.i

Sulfur dioxide 33.5 (122.1) 266.0 (969) 1164

Nitrogen dioxide 5.2 (19.0) 42.0 (151) 182

Carbon monoxide 1.9 (6.8) 15.0 (54) 65

Total particulate matter 0.23 (0.8) 2.0 (7) 8

Non-methane VOCs b 0.03 (0.1) 0.2 (0.8) 1

Methane 0.01 (0.04) 0.1 (0.3) 0.4

Carbon dioxide (est) ¢ 1865.1 64,880

"Anaverageof23,550metrictons(25,952tons)ofcoalperyearwasburnedduringthisperiod.The
sulfurcontentofthepurchasedcoalisgivenas2.3%.

_v'olatileorganiccompounds.
"Calculatedas 2.5 kg (5.51 lh) of carbondioxideper 1 kg (2.204 lh) of coal burned.

0

Table 2_15. Average emissions farm (gas-fir_) Boiler 5 at the
Oak Ridge National Laboratory Steam Plant based on actual

gas consumption data for 1987-1989 _ and peak emissions
(in parentheses), based on the maximum design

capacityof the uar

Emissions rates

Pollutant g/s lb/h tons/year
i i i , i i H,i J i

Sulfur dioxide 0.002 (0.013) 0.011 (0.1) 0.05

Nitrogen dioxide 1.4 (9.1) 11.4 (72) 50

Carbon monoxide 0.1 (0.7) 0.8 (5.2) 3.6

Total paniculate matter 0.01 (0.1) 0.1 (1) 0.4'J

Methane 0.0006 (0,006) 0.005 (0.05) 0.02

Non-methane VOC# 0.004 (0.03) 0.03 (0.2) 0.13

Carbon dioxide (est)' 317.8 11,053

"Anaverageof 5.13 x 106ma (181.2x 106ria)of gas was burnedduringthisperiod.
%'olatileorganiccompounds.

O 'Calculatedas4.309kg(9.5Ib)ofcarbondioxidepercubicmeter(35.32ft3)ofgas burned.
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Table 23-16. Stack parameters corresponding to Boilers 1-4 at
the Oak Ridge National LaboratorySteam Plant

Height of stack 49 m (160 ft)

Inside diameter of stack 2.74 m (9 ft)

Gas exit velocity 9.8 m/s (32 ft/s)

Gas exit temperature 433-450 K (320-350°F)
160-1770C

i iii i i i

Table 23-17. Stack parameters and Universal Transverse Mercator coordinates
corresponding to Boiler 5 at the Oak Ridge National Laboratory Steam Plant

Height of stack 22 m (72 ft)

Inside diameter of stack 1.58 m (5.17 ft)

Gas exit velocity 4.7 m/s (15.4 ft/s)

Gas exit temperature 405 K (2700F)

132"C O
UTM Coordinates for boilers 1-5

UTM" Advanced Neutron 3979000N; 744300 E Zone 16
Source

UTM ORNL b Steam Plant 3978700N; 742000 E Zone 16

Difference 300 2300

"UTM = Universal Transverse Mercator.

bORNL = Oak: Ridge National Laboratory.

Table Z3-18. Loc_tion of the Bull Run Steam Plant

Distance and direction from Approximate UTM°
proposed ANS site coordinates

10.8 km (6.7 miles)N 3989800 N
11.9 km (7.3 miles)E 756200 W
16.1 km (10 miles)NE Zone 16

'_UTM = Universal Transverse Mercator.

®
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Table 2.3-19. Emissions _tory (1990)

for the Bull Run Steam Plant
. i i ii ii i i i ii i i

Average annual Maximum rate based
emissions on permit limit

Pollutant [g/s 0b/h)] [g/s (Ib/h)]
i i i lutl.i

Sulfur dioxide 1353 (10,730) 4171 (33,080)

Oxides of nitrogen 542 (4298) No data

Particulate matter 8 (63) 109 (868)

Carbon monoxide 22 (174) No data

VOC emissions 3 (24) No data

Table 2.3-20. Stack parameters for the
Bull Steam Plant

Parameter Value

Stack height 243.8 m (800 ft)

O Stack diameter 8.5 m (28 ft)

Exit velocity 21.8 m/s (48.8 ft/s)

Exit temperature 385 K (233°F)

Table 2.3-21. Lcr.ationof the Kingston
Steam Plant

Distance and direction Approximate ZFI'M°
from proposed ANS site coordinates

• _---- , , ,i iJ iii i i i li i li ,

3.6 km (2.2 miles) S 3975400 N

20.5 km (12.8 miles) W 723800 W

20.8 km (13.0 miles) W Zone 16

"I.ITM = Universal Transverse Mercator.



2-100

Table 2_22. Emissions inventory (1990) for the Kingston Steam
Plant

i iiii i i i i IINNI i i i

Average annual Maximum rate based
emissions on permit limit

Pollutant [g/s (lbha)] [g/s 0b/h)]

Sulfur dioxide 2660 (21,094) 5475 (43,4i8)

Oxides of nitrogen 811 (64,31) No data

Paniculate matter 14 (111) 196 (1,554)

Carbon monoxide 32 (254) No data

VOC`= 4 (31.7) No data

"VOCs = volatile organic compounds.

Table 23-23. Stack parameters for the
Kingston Steam Plant_

Value

Parameter Stack 1 Stack 2 /
V

Stack height 304.8 m (1000 ft) 304.8 m (1000 ft)

Stack diameter 7.9 m (_.9 ft) 7.9 m (25.9 ft)

Exit velocity 27.2 m/s (61 ft/s) 29.9 m/s (61 ft/s)

Exit temperature 422 K (300°F) 430 K (315°F)

_'iaere are two large stacks; to be conservative, assume ali
emissions come from stack 1. Simulated concentrations will be close to
the more precise modeling with two stacks.

Table 2.3-24. Ltr_tion of the Y-12 Plant

Distance and direction Approximate UTM _
from proposed ANS site coordinates

6.3 km (3.9 miles) N 3985300 N

2.5 km (1.5 miles) E 746900 W

6.8 km (4.2 miles) NE Zone 16 O

"WI'M = Universal Transverse Mercator.

_
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O Table 23-25. F.ani_iom inventory (1990) of
the Y-12 Plant

i Hill[li I I I III I I I II

Average annual Maximum rate based
emissions on stack tests"

Pollutant [g/s (lb/h)] [g/s Ob/h)]

Sulfur dioxide 19 (151) 395 (3132)

Oxides of nitrogen 25 (198) No data

Particulate matter 0.2 (1.6) 2 (15.9)

Carbon monoxide 1 (7.9) No data
.i i

"Stack testswere conductedin1984when fuel for the steamplantwas
100% coal.

Table 23-26. Stack parametersof the Y-12 Plant_

Value

Parameter Stack 1 Stack 2
iii i i iii

O Stack 58 (190 58 m (190 ft)height ft)m

Stack diameter 3.8 m (12.5 ft) 4.6 m (15 ft)

Exit velocity 4.5 m/s (10 ft/s) 3.0 m/s (6.7 ft/s)

Exit temperature 430 K (315"F) 428 K (311°F)

_l'laere are two large stacks; to be conservative, assume ali
emissions come from stack 1, Simulated concentrations will be clo_
to the more precise modeling with two stacks.

2.4HYDROLOGY

This section describes the surface and groundwater hydrology of the regional and
local areas around the proposed ANS site.

2.4.1 Surface Water Hydrology

This section describes the regional and local surface, water hydrology in the vicinity
of the ANS site. Regional climatology is discussed in Sect. 2.3.1. Precipitation records are
summarized in Sect. 2.3.1.2 and evaluated in Sect. 2.3.3.2.

0
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2.4.1.1 Regional Surface Water Hydrology

Watershed description

Water that di"aim from the proposed ANS site enters the Clinch River by Melton
Branch and White Oak Creek (Sect. 2.4.1.2) and then flows into the Tennessee River
(Fig. 2.4-1). The Tennessee River is the seventh largest in the United States, and drains a
basin of 105,000 km2 (40,900 mile2) (Boyle et al. 1982, p. 3-11). Flow in the Tennessee
River watershed is regulated by TVA using nine multipurpose impoundments on the
Tennessee River and 26 dams on tributaries.

The Clinch River originates in southwestern Virginia near Tazewell and flows
560 km (350 miles) to join the Tennessee River at Kingston, Tennessee. The Clinch
River watershed drains a basin of 11,340 km2 (4,410 mile2). The confluence of the Emory
and Clinch Rivers occurs above Kingston and downstream from ANS at Clinch River mile
(CRM) 4.4. The Emory River drains a basin of 2,240 km2 (865 mile 2) and is the second
largest Clinch River tributary. The Powell River is the largest Clinch River tributary and
joins the Clinch above Norris Dam (upstream from and northeast of ANS).

The flow of the Clinch River in the vicinity of ANS (Fig. 2.4-2) is controlled by
three dams: Norris Dam, 129 km (80 miles) upstream from the mouth at CRM 79.9;
Melton Hill Dam, 37 km (23 miles) from the mouth at CRM 23.1; and Watts Bar Dam on
the Tennessee River, 61 km (38 miles) downstream from the mouth of the Clinch River at
Tennessee River mile (TRM) 529.8.

Norris Dam, built in 1936, is approximately 81 km (50 miles) upstream from ANS.
The dam provides flood control and regulates water flow. lt has a head of 81 m (265 ft)
and a generating capacity of 100 MW. Norris Dam creates one of TVA's largest storage
reservoirs with a useful storage volume of 2.37 x 109 m3 (1.92 × 106 acre-ft).

Melton Hill Dam has a head of approximately 15 m (50 ft) and creates a reservoir
that extends 71 km (44 miles) upstream. The dam was completed in 1963 and provides
power production (72 MW), navigation, recreation, and some low-flow regulation. Melton
Hill Dam provides little flood protection, however. Melton Hill Reservoir has a useful
controlled storage of 3.9 × 10 7 m 3 (3.2 x 104 acre-ft) which is approximately 2% of the .,,....
storage capacity of Norris Reservoir. Minimum normal pool elevation in Melton Hill
Reservoir is 241 m (790 ft), although it is possible to lower the water level to an elevation
of approximately 230 m (754 ft). ANS is located somewhat inland from Melton Hill Dam
in the White Oak Creek watershed, which drains into the Clinch River (see inset in lower
fight corner of Fig. 2.4-3).

Hydroelectric power is not generated constantly at Melton Hill Dam (ORNL 1986,
p. 17). Flow in the Clinch River downstream from the dam is pulsed, varying from periods
of zero flow to hours of flow reaching 560 m3/s (20,000 ft3/s). These pulsations affect the
flow of White Oak Creek (Sect. 2.4.1.2), which empties into the Clinch River
approximately 3 km (2 miles) downstream from Melton Hill Dam.

Watts Bar Dam on the Tennessee River creates backwaters on the Clinch River

that extend upstream to Melton Hill Dam. The dam has a head of 34 m (112 ft) and a
generating capacity of 72 MW. Watts Bar Dam was completed by TVA in 1942. Pool
elevations are maintained from 225.5 to 225.8 m (740 to 741 ft) from mid-April through
September. Corresponding winter water level elevations, which are lower, range from
224 to 224.6 m (735 to 737 ft).

W
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The average discharge through Melton Hill Dam from 1963 to 1979 was 150 m_/s
(5280 ft3/s) (Boyle et al, 1982, p, 3-15), Average summer discharge (June through
September) was 134 mS/s(4720 fts/s). Exceptduring periods of heavy rainfall, the
discharge through Melton Hill Dam results mostly from hydroelectric power generation,
Two turbines exist in the Melton Hill Dam powerhouse that are used primarilyto help
supply peak demands for electricity. Flow through a single turbine at normal pool
elevation results in a discharge of approximately 283 m3/s (10,000 ftS/s). Depending on the
demand for electricity, which is seasonal, and the availability of flow in the Clinch River,
power may be generated during mid.morning, afternoon, or early evening. Thus, the
CHnch River below Melton Hill Dam typically has periods of zero flow followed by one or
more hours of flow at 283 to 566 mS/s(i0,000 to 20,000 ft3/s). Table 2,4-1 summarizea
monthly turbine discharges from Melton Hill Dam from the time of its construction in
1,963through 1978, The figures clearly exhibit the pulsating nature of the flow through the
dam.

The influx of water from the Emory, Clinch, and Tennessee Rivers causes
increased flows to occur at Watts Bar Dam downstream fi'om ANS. The average daily
stream flow since completion of Watts Bar Dam in 1942 has been 787 m3/s (27,800 ft_/s)
(TVA 1976, n.p,). The maximum daily discharge of 5,290 m3/s (187,000 ft3/s) occurred on
December 30, 1941, before construction of Watts Bar Dam, Daily average releases of
zero flow were recorded on seven occasions during a 28-year period. Flow data for water
years 1960-1987 indicate an average summer (May-October) discharge through Watts Bar
Dam of 671 m3/s (23,700 ft3/s). The corresponding winter (November-April) discharge
through the dam was 903 m3/s (31,900 ft3/s). Average daily flow durations based on Watts
Bar Dam discharge records are tabulated in Table 2.4-2.

Figure 2.4-2 displays the systems of dams in the vicinity of ANS during normal
pool and average flow conditions. The average Tennessee River flow, which is five times
larger than the average Clinch River flow, substantially dilutes undesirable constituents
that migrate past the confluence of the two rivers. The flow of the Ernory River also
supplements this dilution process.

Floods

A gauging station has been maintained near Wheat, located at CRM 14.5 several
miles downstream from ANS. Stage and discharge records are available for the years
1937-1963 and for the 1967-1968 water year. Stage records have been maintained farther
downstream at Kingston near the mouth of the Clinch River since 1874, excluding the
years from 1877 to 1882. Mixed stage and discharge records have been maintained
upstream from ANS at Clinton since 1883, excluding the years from 1949 to 1964.
Discharge records for the Clinch Rivet' also are available for various periods of time at
_arboro and Lake City, Tennessee, as well as at Norris Dam, which ali are upstream from
ANS.

The greatest known flood on the Clinch River (based on a review of available
gauging station records, newspapers, and other historical accounts) occurred in March
1886 (TVA 1959, Plate 12). This flood reached an elevation of 234 m (767.5 ft) at the
mouth of White Oak Creek downstream from ANS at CRM 20.8. Upstream from ANS at
the mouth of Bearden Creek, CRM 32, the 1886 flood crested at an elevation of 238.7 m
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T_ble 2.4-2. Avcra_ _y flow duration at Wat_ Bar Dam for
the year_ 1960 through 1987

msmmlm=w- I I

Average daily discha,ge Percent of time equaled
m3/s (ft_/s) or exceeded

i1| ii i i i

141 (5,000) 98.8

283 (10,000) 93.2

425(15,000) s3.3

566(2o,o0o) 69.1

708(25,o00) 50.6

849 (30,000) 32.9

991 (35,000) 20.1

Source: Tennessee Valley Authority, 1976. Watts Bar Nuclear Plant Unit Nwnbers 1 and 2,
FinalSafetyAnalysisReport,Docket Numbers 50-390and 50-391,Knoxville,Tennessee,p.
WBNP.63.

(783 ft). There is anecdotal evidence of a March 1826 flood that had been 1 m (3.3 ft) @
higher than the 1886 flood. The 1826 flood is the highest flood in the v/cinity of Clinton
for which any historical documentation or physical evidence exists.

Backwater from the Tennessee and Emory Rivers has also caused floods aloug the
lower portion of the Clinch River in the vicinity of A.NS. The maximum known flood
along the Tennessee River occurred in 1867. A record-breaking flood along the Emory
River took place in March 1929. Both floods caused water levels essentially equal to
those of the 1886 Clinch River flood up to approximately CRM 18. Further upstream in
the vicinity of ANS, the flood stages caused by backwater effects from the Tennessee and
Emory Rivers were lower than the 1886 Clinch River flood levels.

Regulation of reservoirs dining flotxis

Since the installation of Norris Dam, the backwater effect caused by Watts Bar
Dam is the dominant factor that determines flood levels along the lower Clinch River in
the vicinity of ANS. Repetition of the 1929 Emory River flood would result in higher
stages on the lower 37 km (23 miles) of the Clinch River than would the repetition of any
of the large headwater floods, which would be regulated by Norris Dam (TVA 1959,
Plate 12). Repetition of the 1929 Emory River flood would cause a 229-m (751-ft) water
level elevation in Watts Bar Reservoh"that would extend back to Melton Hill Dam. The
maximum Clinch River flood level of 1886 would be reduced to an elevation of

approximately 228 m (748 ft) by flow regulation at Norris Dam (including any backwater
effects from Watts Bar Dam).

Q
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O The largest flood since completion of the present TVA system of locks and dams
occurred in March of 1973. The water level slightly downstream from Melton Hill Dam
crested at an elevation of 228.54 m (749.6 ft).

Fioodplaias

TVA has performed probable maximum flood (PMF) studies along the Clinch
River. PMF is the flood that can be expected from the most severe combination of
critical hydrometeorological conditions that are reasonably possibly over the entire Clinch
River watershed. PMF has a long but finite recurrence interval with a value ranging from
thousands to billions of years. The PMF recurrence interval exceeds the 100-to-500 year
recurrence interval of 10 CFR 1022. Results from these analyses were obtained from
"IVA to assess PMF levels along the Clinch River near ANS (Louis E. Buck, TVA,
personal communication to Robert O. Johnson, ORNL, Nov. 19, 1990). Further
information, such as the assumptions and methods utilized to determine the PMF levels, is
available on request from TVA.

The PMF levels along the Clinch River at the mouth of Bearden Creek, CRM 32,
and at the mouth of White Oak Creek, CRM 20.8, occurred at elevatiom 248.4 m
(814.7 ft) and 237.6 m (779.3 ft), respectively. Elevations at the ANS site range from 259
to 286 na (850 to 9,!0 ft) (USGS 1988, n.p.). The ANS site is located above the PMF
floodplain of the nearby Clinch River. ANS could not be affected by the occurrence of a
PMF on the Clinch River.

O Droughts

Stream gauge re.cordsfor the Tennessee River at Chattanooga, which extend back
to 1874, indicate that periods of extreme drought occurred in 1881, 1883, and 1925. Flows
in the Tennessee River during these years reached minimum recorded values. The years
of 1881, 1883, and 1925 were presumably years of relatively low flows in the Clinch River,
which feeds into the Tennessee River.

Since the 1940s, the flows of the Clinch and Tennessee Rivers have been
controlled by the series of dams built by TVA such that the unavailability of water (as
exhibited by low river flows) associated with periods of extended drought has been
mitigated. Norris and Watts Bar Dams have been in piace for approximately 50 years,
while Melton Hill Dam has been in operation for over 25 years. Norris, Melton Hill, and
Watts Bar Reservoirs store large volumes of water, and the controlled releases through
these dams greatly alter natural flow patterns in the r/ver system. Historical low flows
along the Clinch River have re.suited from regulated rather than natural flows. Thus, low
water levels and corresponding low flows in the vicinity of ANS must be evaluated in
terms of the operating policies of Melton Hill Dam, which controls the water level in
Melton Hill Reservoir.

Since the completion of Melton Hill Dam in 1963, there has been an average of
approximately 13 d/year during which no water was released through the dam
(ORNL 1986, pp. 17-19). The longest period of no release was 29 consecutive days
during February and March 1966 (Table 2.4-3). The second-longest period was 11
consecutive days during April and May 1967. Both of these extended periods of no
release resulted from operations to control aquatic weed growth in Melton Hill Reservoir

O and not from periods of extreme drought. Periods of drought since 1963 have caused
shorter periods of no release relative to the duration of zero release periods for control of
aquatic weed m'owth.
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Table 2.4-3. Periods of zero release from Melton Hill Dam Q
from Ma), 1963 to October 1972

li, i li i i i i ii i i

Consecutive days Number of Percentage of total
of zero release occurrences number of occurrences

ii i i i i i

1 114 50.7

2 73 32.4

3 22 9.8

4 9 4.0

5 2 0.9

6 N/O_ N/O

7 2 0.9

8 1 0.4

9 N/O N/O

10 N/O N/O

11 1 0.4

29 1 0.4

Total occurrences 225

"N/O = not observed.

Source: Tenn_ Valley Authority, Hydraulic Data Branch Files, Knmcvllle,Tennessee.

Regulstion of _rvoirs during droughts

The mouth of White Oak Creek (Sect. 2.4.1.2) is located on an arm of Watts Bar
Reservoir that extends up the Clinch River. The water surface elevation at the mouth of
White Oak Creek is strongly influenced by the operation of Watts Bar Dam. TVA
maintains a pool elevation between 225.5 and 225.8 m (740 and 741 ft) during the spring
and summer months (mid-April through September) and a normal winter-pool elevation
between 224.0 and 224.6 m (735 and 737 ft) during the months of December through
March. Flow from summer-poel level [225.8 m (741 ft)] is allowed to begin as early as
July 1 during dry weather to provide downstream flow augmentation or power generation.

Since the initial filling of Watts Bar Reservoir, TVA has been able to closely
follow the aforementioned plan of normal operation (Project Management Corporation
1982, pp. 24-38). Sufficient inflow has been available each year to raise the reservoir
from winter level to summer level on schedule, and no extended period of drought has
forced a significant lowering of the lake level below either the normal summer or winter
operating levels. The normal minimum operating elevation of Watts Bar Reservoir is
224.0 m (735 ft) based upon navigation considerations. Watts Bar Reservoir may be
drawn down temporarily at the dam to elevation 223.4 ra (733 ft) provided that a q_
minimum tailwater elevation of 224.0 m (735 ft) can be maintained upstream at Melton
T..THI T"S,-Jr,,_ ,-_rl I:',-,,r* T ,,,,,rl,',,,.,, T"_,,"_ /'1..,',,_¢,_,-I _,,,. *1.,,_ "I' ...... ,. lD: .... 'l "_.,,.,,,.. " '



2-113

O elevations have been maintained since the filling of Watts Bar Reservoir. It is possible to
lower Watts Bar Reservoir to about 217.3 m (713 ft) by opening the gated spillway at the
dam. More than 12 h would be required to lower the reservoir from elevation 224.0 m
(735 ft) to elevation 221.0 ra (725 ft). TVA policy requires that Watts Bar Reservoir be
maintained at a minimum level of 224.0 m (735 ft). There is no reason to lower Watts
Bar Reservoir below elevation 224.0 m (735 ft).

In addition, releases from Norris and Melton Hill Dams can be used to regulate
flows and water levels at the mouth of White Oak Creek. The operation of Melton Hill
Dam contributes to low flows at the mouth of White Oak Creek, which is immediately
downstream. The days of zero release from Melton Hill Dam result in essentially zero
velocities below the dam at the mouth of White Oak Creek. During the longest period of
no release from Melton Hill Dam; the nfinimum elevation of Watts Bar Reservoir was
224.115 m (735.32 ft). Such extended periods of zero flow from Melton Hill Dam are not
anticipated, as was discussed in the prex.eding paragraph. The drainage area between
Melton Hill Dam and the mouth of White Oak Creek is small. Thus, the incremental flow
in the Clinch River between Melton Hill Dam and the mouth of White Oak Creek is also
small dmSng periods of low flow. It is possible to lower Melton Hill Reservoir to about
elevation 229.8 m (754 ft) by use of the spillway. The total volume of storage in Melton
Hill Reservoir between elevations 240.8 m (790 ft) (normal minimum pool elevation) and
229.8 m (754 ft) is 1.04 x 10_ m3 (8.45 × 104 acre-ft).

Releases from Norris Reservoir, located on the Clinch River 91.5 fiver km
(56.7 fiver miles) upstream from Melton Hill Dam, are discharged into Melton Hill
Reservoir and flow past ANS. These releases eventually flow through Melton Hill Dam

O and pass by the mouth of White Oak Creek. Norris Reservoir is a multipurpose reservoir
providing power generation and flood control. The normal minimum pool elevation is
292.6 m (960 ft). Power generation at Norris Dam can be maintained to a minimum pool
elevation of approximately 274.3 m (900 ft). Stored water between elevations 292.6 m
(960 ft) and 274.3 m (900 ft) is available for low-flow augmentation during periods of
drought, although this is not its primary purpose. However, minimum levels will not be
violated without specific TVA Board of Directors' action. The total volume of storage in
Nonis Reservoir between elevations 292.6 m (960 ft) and 274.3 m (900 ft) is 6.38 x l0 s ma
(5.17 x l0 s acre-ft). This volume of water represents an average discharge of
approximately 20 m3/s (710 ft3/s or 320,000 gal/min) for a period of 1 year. lt is possible
to lower Norris Reservoir to about elevation 262.1 m (860 ft) using the slide gates. The
total storage volume in Norris Reservoir between elevations 274.3 m (900 ft) and 262.1 m
(860 ft) is 1.15 × l0 s ma (9.31 × 104 aere-ft).

In the Clinch River above Melton Hill Dam near ANS, periods of no flow
reaching 30 d could be mitigated by increasing the discharge upstream at Norris Dam if
water level declines became excessive in Melton Hill Reservoir. Likewise, Melton Hill
Dam could be opened to allow the discharges through Norris Dam to alleviate low water
conditions on Watts Bar Reservoir near the mouth of white Oak Creek.

The water elevation in Melton Hill Reservoir is controlled by Norris and Melton
Hill Dams. Sufficient water is available in storage in Norris Reservoir to provide an
average flow in the Clinch River of more than 20 m3/s (710 ft3/s or 320,000 gal/min) for a
period of 12 months, assuming available storage between water level elevations between
292.7 and 274.4 m (960 and 900 ft) and assuming no inflow into Norris Reservoir during
the 1-year duration of the drought. Adequate flow would be available from Melton Hill

O Reservoir to meet the demands of ANS without starving the water supply system.
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Water quality O

The waters of the Clinch and Tenne_ee Rivers are moderately hard and slightly
basic (Boyle et al. 1982, p. 3-28; Evaldi and Lewis 1986, p. 2S). Calcium and magnesium
are the principal cations. The abundance of limestone and dolomite underlying much of
the river basins causes anionic composition to be dominated by bicarbonate and carbonate.
Coal mining activities have caused increased sulfate levels in some portions of the
watershed (such as the Emory River) that drain from the Cumberland Plateau.

Water quality measurements recorded at Melton Hill and Watts Bar Dams on the
Clinch and Tennessee Rivers, respectively, are in Table 2.4-4 (Evaldi and Lewis 1986,
Tables 9 and 10). Water quality at these two locations is generally favorable. Except for
pH and fecal coliform, the measured constituent concentrations listed in Table 2.4-4
comply with federal drinking water standards. Total dissolved solids exhibit a slight
decrease between Melton Hill and Watts Bar Dams, while total nitrite plus nitrate
nitrogen (as N) shows a slight increase.

Except for fecal coliform bacteria, the differences between species concentrations
measured at the two dams are small. The measured pH and fecal coliform levels are
within acceptable limits for sources of raw water [5.0 to 9.0 and 2,000/100 mL to
20,000/100 mL, respectively (NAOS 1973, pp. 58 and 80)] and are treatable to achieve
compliance with the drinking water standards quoted in Table 2.4-4. The elevated fecal
coliform levels at Watts Bar Dam are related to occasional releases of raw sewage into
Fort Loudon Lake further upstream on the Tennessee River at Knoxville, Tennessee
(Evaldi and Lewis 1986, p. 43). Daily releases of raw sewage have bypassed the water
treatment plant during wet weather, lib

Summaries of radioactivities measured at Melton Hill Dam are available in Oak

Ridge Reservation Environmental Surveillance Reports (ORNL 1986, Oakes et al. 1987,
Daniels ct. al. 1988, Rogers et al. 1988, Kornegay et al. 1990). Measured radioactivity
levels were less than 28% of the EPA drinking water limit, which recommends a maximum
dose at the outlet of a public water distribution system of 0.04 Sv/year (4 mrern_ear)
based upon 2 L/d of water consumption (Kornegay 1990, Vol. 1, p. 68).

Consumption

About 91,500 people are served by the nine public water supply systems that
withdraw surface water within a 32-km (20-mile) radius of ANS as listed in Table 2.4-5.
Of these nine supply systems, only the city of Kingston, which is located downstream from
White Oak Dam (Sea't. 2.4.1.2), receives a portion of its flow from Melton Branch
(Boyle et al. 1982, p. 3-20, ORNL 1986, p. 24). The intake for Kingston is located at
TRM 568.2, approximately 0.6 fiver km (0.4 fiver mile) above the confluence of the
Clinch and Tennessee Rivers and 34.1 fiver krn (21.2 fiver miles) below White Oak Dam.
The Kingston intake is located in an area of baekflow of Clinch River water. As indicated
in Table 2.4-5, Kingston withdraws approximately 9% of its average daily supply from the
Tennessee River. In a worst-case scenario, the Kingston water supply could be affected
by activities at ANS because of its close proximity to the confluence of the Clinch and
Tennessee Rivers. The intakes for Lenoir City and the city of Loudon are located farther
upstream on the Tennessee River; backwater effects from the Clinch River could not
impact them.

The city of Rockwood withdraws about 1% of its average daily supply from Watts
Bar Reservoir. The Rockwood intake is located 2 km (1.3 miles) upstream from the
mouth of King Creek Embayment near TRM 553 and would not be affected by activities
at ANS. Likewise, the city of Harriman withdraws water from the Emory River upstream

= ........
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O Table 2.4-5. Public supply surfi_ water withdrawals within appruximately
32 km (20 nu'les) of the pro_ Advanced Neutron Soun_ site

i i,llllll i i i i i ii ii

Average
Population withdrawal rate Withdrawal source and Distance from

served [m% (million location [river km (river ANS [km

Public supply system (thousands) ........ gal/d)] ............. mile,!] ..... (miles)]

Clinton 6.2 0.03 (0.7) CRK 106,7 (CRM 66.3)" 25.1 (15,6)

Harrtman 10.0 0.10 (2.3) ERK 20.8 (ERM 12.9)b 21.7 (13.5)

Kingston 5.0 0.014 (0.32)_ TRK 914.2 (TRM 568.2) '_ 20.9 (13.0)

Lenoir City 6.6 0.04 (0.9) 'IRK 967.5 (TRM 601.2) 16,6 (10,3)

Loudon 5.2 0.03(0,7)' TRK 953,0(TRM 592,2) 21,7(13,5)

Ar_dersonCounty
UtilityBoard 8 0,03(0.7) CRK 89.3(CRM 55,5) 14,5(9.0)

CumberlandUtility
DistrictofRoane

and Morgancounties 4.3 0.008(0.18)/ LEREK 3.5(LEREM 2.2)s 14.0(8.7)

First Utility District of
Knox County 10.5 0.05(I.I) SCEK 2.7(SCEM 1.7)h 18.7(11.6)

Hallsdale-Powell

O Utility District 2,8.7 0.07 (1.6)_ BRCEK 2.1 (BRCEM 1.3)/ 18.2 (11.3)

West Knox County

Utility District 15,0 0.06 (1.4)* CRK 74.2 (CRM 46.1) 16.3 (10.1)i

"CRK= ClinchRiverkilometer;CRM = ClinchRivermile.
bERK = EmoryRiverkilometer;ERM = EmoryRivermile.
Csecondarysource9%;spring,91%.
*tTRK= TennesseeRiverkilometer;,TRM = TennesseeRivermile.
"Halfsource50%;spring,50%.
/Secondarysource5%;spring,95%,
rl..EREK= LittleEmoryRiverEmbaymentkilometer;LEREM = LittleEmoryRiverEmbaymentmile.
hSCEK = SinkingCreekEmbaymentkilometer;,SCEM = SinkingCreekEmbaymentmile(Tennes.w.eRiver

tributary).
_Primarysource70%;spring,30%.
JBRCEK --BullRun CreekEmbaymentkilometer;BRCEM = BullRun CreekEmbaymentmile(ClinchRiver

tributary),
VPrimarysource90%;weil,10%.

Source:EnvironmentalSafetyandHealthDivision1986.EnvironmentalSurveillanceoftheOakRidge
ReservationandSurroundingEnvironsDuring1985.ORNL-6271/ESH,OakRidgeNationalLaboratory,OakRidge,
Tenn.,p.25.

=
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from the Clinch River and would not be affected by ANS activities. The total population
served by the public water systems, using surface water supplies in the area within a 32-km
(20-mile) radius of ANS and from the Tennessee River outside that area down to the city
of Chattanooga, exceeds 370,000. Additional municipal water supply intakes are located
farther downstream along the Tennessee, Ohio, and Mississippi rivers.

Table 2.4-6 lists major industrial water withdrawals from the Clinch and Tennessee
rivers in the vicinity of ANS. The K-25 Site (formerly the Oak Ridge Gaseous Diffusion
Plant) withdraws 0.13 m3/s (3 × l& gab/d) at CRM 14.5 for potable and process uses. This
intake, which also supplies the city of Oak Ridge Industrial Park, is located 10.4 km
(6.5 miles) downstream from White Oak Dam. A second K-25 Site intake slightly
upstream from the first, at CRM 11.5, supplies 0.54 m3/s (12× l& gal/d) of makeup to the
recireula_ing totaling system. None of this cooling water is used for potable purposes.
Major withdrawals of water for industrial consumption occur farther downstream on the
Emery River at the TVA Kingston Steam Plant and on the Tennessee River at the TVA
Watts Bar Dam and Watts Bar steam and nuclear plants. Major industrial water
withdrawals also occur along the Clinch River upstream from the mouth of White Oak
Creek and are presented in Table 2.4-6.

Comumers located downstream from ANS that could be impacted by activities at
the facility include the municipal intake for Kingston and the two intakes for the K-25
Site. Consumers located farther downstream are relatively distant from ANS, and
upstream consumers are above Melton Hill Dam. The dam serves as a barrier to flow
reversals in the Clinch River near the mouth of White Oak Creel

Both Melton Hill and Watts Bar Reservoirs receive considerable recreational use
in the vicinity of ANS. Boating and fishing occur on both reservoirs. Melton Hill
Reservoir is also used for waterskiing and swimming. Public facilities are provided on
Melton Hill Reservoir within 8 km (5 miles) of ANS. A concrete boat launching ramp
and a parking area are provided that open to the public off Tennessee State Highway 95
immediately below Melton Hill Dam and allow access to the headwaters of Watts Bar
Reservoir.

2.4.1.2 Local Surface Water Hydrology

The proposed ANS site is located on the south side of Haw Ridge overlooking the
headwaters of Melton Branch, a tributary of the White Oak Creek watershed (Fig. 2.4-3).
Elevations at the proposed ANS site rise to 268 m (880 ft), sloping downward at a grade
of approximately 10%. Storm water originating as surface runoff would discharge directly
into Melton Branch. Rapid runoff would be promoted by the clayey, poorly drained,
relatively impervious soils characteristic of East Tennessee. Approximately 30% of the
incident rainfall impinging on unpaved, grassy surfaces would flow overland into Melton
Branch (Binford, Cole, and Cramer 1968, p. 2-13). Drainage from roofs, structures, and
pavement would be discharged into Melton Branch through a storm sewer system having
an appropriate retention basin for surge and contamination control.

The majority of the northeast-to-southwest-trending valley between Haw and
Copper ridges is drained in a southwesterly direction by White Oak Creek and Melton
Branch (Fig. 2.4-3). The confluence of White Oak Creek with the Clinch River occurs
downstream from Melton Hill Dam at CRM 20.8. The upper portions of the valley
between Haw and Copper ridges are drained in the northeasterly direction by unnamed
tributaries of Bearden Creek. The confluence of Bearden Creek and the Clinch River
occurs at CRM 32 upstream of both ANS and Melton Hill Dam. A north-to-south-

: Llg_llUlllg IdlgllllUg_ IdlYlldlG_ _¢IAL2_ g,,l_..DI, V_I, IIg,;,O III g,_l_,,_Y(.ILlg./ll LltgJlll &..J_' Lt,../ _ Iii _OJU li.L/ .'V"TU tg)
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O Table 2.4-6. Industrial water withdrawals from the CHnch-Tcnnesse¢ River system in the
vicinity of the proposed Advanced Neutron Source site

Average withdrawal Withdrawal source and River distance from
rate location [river km (river mouth of White Oak

, , Industrial water user , [m'/s(mill)on gal/d)] mile)] Creek [km (miles)]

Withdrawals above White Oak Creek [mouth located at CP,J( 33,5 (CRM 20,8)'1

Modine Manufacturing Co, 0,05 (1,1) CRK 103,7 (CRM 64,4) 71,2 (44,2)

Tennessee Valley Authority 25,0 (570) CRK 77,2 (CRM 48) 43,7 (27,2)
Bull Run Steam Plant

U,S, Department of Energy 0,96 (22)_ CRK 66,8 (CRM 41,5) 33,3 (20.7)
Oak Ridge National
Laboratory, Y-12 Plant,
Scarboro Facility, and
City of Oak Ridge

Withdrawals below White Oak Creek

K-25 Site and City of 0,13 (3)b CRK 23,3 (CRM 14.5) 10,2 (6,3)
Oak Ridge Industrial Park

K-25 Site 0.54 (12)_ CRK 18,5 (CRM 11,5) 15,0 (9,3)

Tennessee Valley Authority 61,3 (1,400) ERK 2,9 (ERM 1,8)'J 29,6 (18,4)

O Kingston Steam
Plant

Watts Bar hydro plant, 0,02 (0,7) TRK 851.5 (TRM 529,1)' 94,5 (58,7)
lock, and steam plant

"CRK = ClinchRiverkilometer;CRM ---ClinchRiver mile,
bproeessand potablewater,
_Coollngwater makeup only,
aERK = Emory River kilometer;ERM = Emory River mlle.
"r'RK = Tennessee River kilometer;TRM = Tennessee River mile,

Source: EnvironmentalSafetyand Health Division1986, EnvironmentalSurveillanceof the Oak Ridge
Reservationand SurroundingEnvironsDuring1085. ORNL-6271/ESH,Oak Ridge National Laboratory, Oak Ridge,
Tenn,, p, 26,

(USGS 1988, n,p.), separates the headwaters of Melton Branch and the unnamed Bearden
Creek tributaries. ANS is located on the Melton Branch (e.g., western) side of this

drainage divide slightly below the crest.
The White Oak Creek watershed drains an area of 16.4 km 2 (6.37 mile2), The

headwaters of White Oak Creek form along the crest of Chestnut Ridge at elevation
372 m (1220 ft) north of the ANS site, dropping to elevation 226 m (741 ft) at the mouth
of the creek where it joins the Clinch River at CRM 20.8. Melton Branch, the primary

O tributary of White Oak Creek, joins the main stem at White Oak Creek Mile (WOCM)
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1,55 and has a drainage area of 3,83 km2 (1.48 mile2) above the confluence. The Q
headwaters of Melton Branch form along Haw Ridge in the immediate vicinity of ANS.

White Oak Da_,'_.located at WOCM 0.6 above the stream mouth, impounds the
waters of White Oak Creek and Melton Branch. The dam's sluiceway has a design
capacity of 56.6 m3/s (2000 ft3/s) and can accommodate the discharge calculated as the
maximum possible flood (Boyle et al. 1982, p. 3-16), This sluiceway has a dual system of
weirs that allows accurate flow measurement and sample collection over the full range of
discharge. Floodgates allow temporary impoundment of the flow from White Oak Creek
and Melton Branch should contaminants be accidentally released upstream. White Oak
Lake, the small shallow impoundment behind White Oak Dam, has an approximate
surface area of 5 to 10 ha (12 to 24 acres). The water level in White Oak Lake is strongly
influenced by storms, prolonged rainfall, and operations at the White Oak Dam, which are
strongly influenced by activities at ORNL.

The portion of White Oak Creek between White Oak Dam and the confluence of
the creek with the Clinch River is haown as the White Oak Creek Embayment. The
White Oak Creek watershed is generally considered to be the 15.5-km2 (5.98.mile 2)
drainage area above White Oak Dam because flow in the embayment is regulated
externally by Melton Hill and Watts Bar Dams, The White Oak Creek Embayment
resembles a large mudflat during the winter, During the summer, daily water level
fluctuations, which do not exceed 0.5 m (1.5 ft), occur, as do flow reversals caused by
releases through Melton Hill Dam. Upstream flow velocities as high as 30 cm/s (1 ft/s)
and lasting as long as 15 rain, followed by downstream currents of similar magnitude and
duration, have been observed in the embayment.

Discharges in Melton Branch are monitored with a small weir located
approximately 0.16 km (0.1 mile) upstream from the confluence of Melton Branch and I1'

White Oak Creek. The average discharge across the weir for the period of record from
1955 to 1963 was 0.07 m3/s (2.5 rtS/s) (Table 2.4-7) (Boyle et al. 1982, p. 3-17). The
discharge varies from a minimum of zero to a maximum of 6.85 m3/s (242 ft3/s). Peak
discharges and corresponding stage measurements are not reliable because the capacity of
the weir is exceeded. There is no record of flooding near the ANS site during extreme
flows along Melton Branch or Bearden Creek. The north-to-south-trending drainage
divide disallows hydraulic communication between ANS and the occurrence of flooding
along Bearden Creek. Extreme flooding along Bearden Creek would not inundate ANS.
Fitzpatrick (1982, pp. 2-166 and 2-175) has performed a PMF analysis along Melton
Branch. The ANS site is located above the Melton Branch PMF floodplain described by
Fitzpatrick (1982). The flood plain requirements of 10 CFR 1022 are satisfied became
the PMF recurrence interval exceeds 100 and 500 years.

Liquid releases from ORNL enter the White Oak Creek watershed. The water
quality of White Oak Creek and Melton Branch is monitored just upstream of their .
confluence. Both of these locations are designated National Pollution Discharge
Elimination System (NPDES) permitted discharge points. White Oak Creek was dammed
to form White Oak Lake, which serves as a settling basin to inhibit the off-site dispersion
of radionuclides and chemical pollutants discharged into the White Oak Creek watershed
by ORNL facilities. Further information on radiological and nonradiological constituent
concentrations measured in the White Oak Creek wate=hed is available in Oak Ridge
Reservation Environmental Surveillance Reports (ORNL 1986; Oakes et al. 1987;
Daniels et al. 1988; Rogers et al. 1988; Kornegay et al. 1990).

Melton Branch and White Oak Creek do not serve as municipal or industrial water @
supplies. Melton Branch and White Oak Creek are not suitable for contact recreation,
and fishing is prohibited. _ihe White Oak Creek watershed, which includes Melton
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Branch, is located within the confines of the ORR, Access to this DOE fenced area in
which ANS would be located is restricted and not open to the public.

2.4.2 Groundwater Hydrology

Groundwater in the Tennessee Valley Region supplies water to many rural
re_sidences for domestic use and supplies the base flow to streams and dyers. Th_ section
includes discussions of groundwater occurrence in the region, local groundwater use, and
geohydrologic conditions at waste disposal facilities.

2.4.2.1 Groundwater Occurrence.

In the Valley and Ridge Physiographic Province of Tennessee, groundwater
generally occurs in bedrock formations or in residual soil ac.cumulations near the bedrock
surface, Alluvial aquifers are of minor' importance in the region. Porosity in the shales
and carbonate rocks that predominate in the region is attributed to fractures and solution
cavities.

ORR is underlain by nine geologic formations or groups (Sect, 2.5) ranging in age
from Early Cambrian to Early Mississippian. The formations are of sedimentary origin,
both chemical (limestone and dolomite) and elastic (sandstone and shale). From the
standpoint of occurrence in the area, the most important formations are the Rome
Formation, the Conasauga Group, the Knox Group, and the Chickamauga Group. Other
formations occupy relatively small parts of the area,

Information on the groundwater capacity in the sandstone and shale of the Rome O
formation is sparse became few wells have been drilled into the formation. Although
limited in number, existing road cuts and water gaps indicate that this stratigraphic unit
has very little capacity for receiving, storing, and transmitting water (Fitzpatrick 1982, as
referenced in Boyle et al. 1982, p. 3-21). In weathered bedrock the occurrence of water is
largely limited to small openings that occur along joints and bedding planes. The steep
terrain underlain by the Rome increases surface runoff and reduces recharge. The thin
mantle of residual clay and the near-surface weathered bedrock zones having slightly
enlarged openings probably account for the greater part of water movement in the Rome
(McMaster 1967, as referenced in Boyle et al. 1982, p, 3-21),

Because of its heterogeneous composition, the hydrologic properties of the
Conasauga Group are somewhat variable. Generally, the ability of this group to transmit
water increases with the thickness of the limestone strata. Formations below the
MaynardviUe Limestone in this geologic unit are practically devoid of permeability below a
depth of 35 m (100 ft) (Project Management Corporation 1975, as referenced in Boyle
et al. 1982, p. 3-21). In these instances groundwater occurs principally in the weathered
zone where openings along joints and bedding planes are enlarged. Because these
enlarged openings occur primarily at shallow depths, the total capacity for water storage is
small (McMaster 1967, as referenced in Boyle et al. 1982, p. 3-21). When recharge is
limited in summer by evaporation and transpiration losses, discharges from this
groundwater reservoir are severely depleted, The more calcareous members of this
formation that provide bedrock for Bear Creek Valley often contain cavities that are
several meters wide and extend for at least 35 m (100 ft) below the surface (Fitzpatrick
1982, as referencexl in Boyle et al. 1982, p. 3-21). The capacity to transmit water is
facilitated by these numerous large solution openings, and springs are particularly common

p. 3.21).
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O The Knox Group is the principal aquifer of the Oak Ridge area and of East
Tennemee. The extemive water.storage capacity of this geologic unit is due to fractures
of bedrock enlarged by dissolution of the soluble dolomite (Fitzpatrick 1982, as referenced
in Boyle et al, 1982, p, 3-22), Some of these openings can attain cavernous proportions.
Sinkholes occur frequently in the outcrop belts, and many sizable springs arise from the
bases of the ridges, Depths to the water table reach 39 ra (125 ft) at the ridge tops
(McMaster 1967, as referenced in Boyle et al. 1982, p, 3-22). Water table position
commonly coincides with the interface between bedrock and residual clay overburden.
Residual material, which is the thickest soft mantle tn the area and varies in depth from 9
to 38 ra (30 to 125 ft), actually provides the major basin for this unit's groundwater
storage. This huge expanse of overburden has a high infiltration capacity, which also
tends to minimize overland runoff while maximizingrecharge (Pecora 1978, as referenced
in Boyle et al. 1982, p. 3.22). In most instances, ridges underlain by the Knox also define
the watershed divides of the area. The mean yield of springs and wells in the Knox Group
used for public and industrialwater supplies is 1.'7× 10.2ra3/s (268 gpm) (see
Sect. 2.4.2.2.). No estimate is available for mean well yield of domestic water wells in the
Kmox Group.

Because it contains so much shale and siltstone, the Chickarnauga Group is a poor
aquifer. "Ihe rocks are practicallydevoid of any large solution cavities, and the only water
derived probably permeates along the bedding planes and joint partings (Fitzpatrick 1982,
as referenced in Boyle et al. 1982, p. 3-22). Although numerous small openings may occur
within the Chickaraauga Group, but rarelybeyond 30 ra (100 ft) of the surface, rates and
quantity of water transport are small. Recharge is further restricted by the high clay

O content of the overburden (Pecora 1978, as referenced in Boyle et al. 1982, p. 3.22). 'l'heresidual material is typically less than 3 ra (10 ft) thick; therefore, most is diverted to
surface runoff.

Although local, serai-confined, artesian conditions exist, groundwater flow on ORR
basically follows water table conditions. Hence, groundwater levels parallel topographic
contours, and the water movement is from areas of high elevation to areas of low
elevation. Recharge is derived primarily from precipitation, and groundwater discharge is
through evapotranspiration, springs, and streams. Extensive clay subsoils channel much of
the hydrological input into surface flow (Fitzpatrick 1982, as referenced in Boyle et al.
1982, p. 3-22).

Groundwater discharge contributes to the base flow of surface streams that
ultimately augment the Clinch River water supply. The Clinch River is a major drainage
feature of the area, and its base flow is determined by groundwater discharg_,_to the
surface water system. The low water table elevation in areas near the river is expected to
be controlled by the fiver level elevation, lt is unlikely that significant groundwater flow
could pass beneath the Clinch River except for the case of extensive well puraptng on one
3ide, which may lower the local water table.

Depth to the water table varies both spatially and temporally. At a given location,
depth to water is generally greatest during the October-December quarter and least
during the January-March quarter (Pecora 1978, as referenced in Boyle et al. 1982,
p. 3-22).

In Bethel Valley, depth to the water table ranges from 0.3 to 11 ra (1 to 35 ft),
whereas in Melton Valley the range is from 0.3 to 20 ra (1 to 67 ft), Seasonal fluctuations
tend to be greatest beneath hillsides and near groundwater divides. A seasonal variation

O as as ra (15 ft) was reported Valley. generalized map showingof much 4.5 ibr Melton A

the range in depth to groundwater in White Oak Creek (WOC) watershed during March
1963 is given in Fig. 2.4-4,
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H& 2.4-4. Map mmtrafiag general depth to gmuadwater in lhc White Oak Creek
basin during March 196.3. Source: Health Physics Division Annual ProgressReport for
Period Ending June 30, 1963, ORNL-3492, Oak Ridge National Laboratory, Oak Ridge,Tenn., Sept. 23.

e



2-125

O Water table contour maps are useful, in a general way, for estimating the direction
of groundwater movement, especially in the weathered residual soil or unconsolidated
materials overlying bedrock. However, the direction of movement in the underlying
bedrock is influenced more strongly by directional variations in permeability.
Groundwater flow in the residual soil is generally toward the individual streams of the
surface-drainage network. In Bethel Valley, groundwater in the Chickamauga limestone
moves through small solution channels. Although the rate of groundwater flow in the
area is not known, the direction and pattern of this flow on the Bethel Valley site is
essentially a subdued replica of the topography. Thus, water flows from areas of high
elevation to those of low elevation, and the principal movement is in directions normal to
the contour lines. The lay of the land is such that drainage at and below the surface of
the Bethel Valley site apparently converges to feed WOC and White Oak Lake. An
exception to this situation occurs in the western end of the Bethel Valley site where the
groundwater west of a groundwater divide flows west into the Raccoon Creek drainage
basin rather than into WOC.

Groundwater movement in the Conasauga shales of Melton Valley has been
considered in four separate investigations and reviewed by Webster (1976, as referenced in
Boyle et al. 1982, p. 3-24). Each investigation concluded that, within the study area, the
primary direction of groundwater movement in the Conasauga is parallel to the strike.
This observation suggests that greatest permeability in unweathered bedrock is associated
with partings between beds and perhaps with residue of more soluble units. However,
Webster reported that factors controlling fluid movement within the Conasauga vary with
depth. He concluded that in the uppermost portion of the saturated zone, the slope of

O the water table is the factor movement. With(hydraulic gradient) primary controlling
increasing depth, there is a change in control from the areal hydraulic gradient to control
by local hydraulic head distribution within the partings, joints, fractures, or other more
permeable zones within the rock. Webster also reported that the rate of movement in
limestone beneath Bethel Valley is relatively slow because of the small size of solution
cavities observed in drill cores and the slow recovery of wells after pumping. The best
current estimate of movement rate in the Cvnasauga under natural conditions is about
0.17 to 1.8 m/d (0.5 to 6 ft/d) based on tracer tests performed m Solid Waste Storage Area
(SWSA) 6 (Cooper 1981, as referenced in Boyle et al. 1982, p. 3-24).

2.4.2.2 Groundwater Use

The major portion of the industrial and drinking water supplies in the Oak Ridge
area is taken from surface water sources. However, single-family wells are common in
adjacen, rural areas not served by the public water supply system, tks in most of East
Tennessee, groundwater areas adjacent to ORR occur primarily in fractures in the
underlying rocks. Other than those adjacent to the city of Oak Ridge, most of the
residential wells in the immediate area are south of the Clinch River. The characteristics
of some domestic wells and springs in areas adjacent to the city of Oak Ridge and ORNL
are given in Table 2.4-8. The locations of some water wells in the Oak Ridge vicinity are
shown in Fig. 2.4-5. Wells shown are those for which the Tennessee Department of
Water Resources has well logs including well location, elevation, and depth to water.
Additional wells exist within the regions shown, but they either have not been reported to

O the state or were incompletely reported.
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More than 100 wells and springs are located within 16 km (10 miles) of ORNL,
and ali are south of the Clinch River. Studies have indicated that the incised meander of
the river in bedrock represents a major topographic feature that prevents any groundwater
flow from passing beneath the river (Exxon 1976, as referenced in Boyle et al. 1982,
p. 3-24).

Eight industrial groundwater supplies exist within about 32 km (20 miles) of
ORNL (Exxon 1976, as referenced in Boyle et al. 1982, p. 3.24) as indicated by the data
in Table 2.4-.9. Three of these supplies are about 14.5 km (9 miles) from ORNL and the
nearest is at the Charles H. Bacon Company in Lenoir City, Tennessee. An estimated
average of 320 m3 (85,000 gal) is obtained daily from this supply, (Exxon 1976, as
referenced in Boyle et al. 1982, p. 3-24) which is located about 14.5 km (9 miles) south-
southeast of ORNL A daily average of about 38 m3 (10,000 ×al) is obtained from the
well supplying the Lenoir City Car Works, which is about 14.9 km (9.3 miles) south of
ORNL, as well as the one supplying the Ralph Rogers company, which is approximately
15 km (9.4 miles) northeast of ORNL. The other five industrial groundwater supplies are
farther from ORNL.

Table 2.4-9. Industrial groundwater supplies within about 32 km (20 mile.s) of
Oak Ridge National Laboratory

Probable
Yield water- Distance from ORNL

Industrial [m3/s bearing [km (miles)] and
water user (ft3/s)] Source forrnation direction

Charles H. Bacxm 3.7 × 10.3 Well Knox 14.5 (9.0) SSE
Co. (Lenior City) (1.3 × 10"l)

Lenoir City Car 4.4 _ 10"4 Well Chickamauga 15.0 (9.3) S
Works (1.5 x 10"2)

Ralph Rogers Co. 4.4 × 10"4 Well Conasauga 15.1 (9.3) NE
(1.5 × 10 "2)

Charles H. Bacon 1.5 × 10.2 Spring" Knox 20.4 (12.6) S
CO. (Loudon) (5.2 × 10"_)

Union Carbide CO. 1.4 x 10"_ Sprin_ Chickamauga 21.2 (13.0) S
(Loudon) (4.9 x 10°)

John J. Craig Co. 5.7 × 10"4 Well Knox 24.9 (15.4) SSE
(2.0 × 10"2) Spring

Tennessee Forging 1.1 x 10.3 Well Knox 30.6 (19.0) W
Steel (3.9 × 10).2 Pond

Morgan Apparel 1.3 x 10"4 Well Unknown 30.7 (19.0) NW
Co. (4.6 x 10"3)

"Primary source.bSecondarysource.
Source: Exxon Nuclear Co.. Inc.. 1970. Nuclear Fuel Ree.cwery and Recvclino Ce.n.!_r_Pre!im..ina_ ._h,t_• , - ,_ ..... o -- --J - -j

Analysis Report, Report XN-FR.32, Docket No, 50.564.
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There are 16 public _oundwater supplies located within a 32-km (20-mile) radius g
of ORNL, and a seventeenth supply, for the city of Rockwood, is about 34.6 km
(21.5 miles) from ORNL. These 17 public groundwater supplies, their sources, and their
distances from ORNL are given in Table 2.4-10. Of these sources, the closest to ORNL is
the Allen Fine Spring supplying the Dixie-Le_ Utility District in Loudon County. This
groundwater source is about 10.9 km (6.8 miles) southeast of ORNL, and it serves
approximately 6700 people with an average of about 1500 m3 (400,000 gal) of water per
day. The well that serves the Edgewood Center in Roane County hsabout 12.2 km
(7.6 miles) southwest of ORNL, and the spring that supplies the Cumberland Utility
District of Roane and Morgan counties is approximately 12.9 km (8 miles) west of ORNL.

Because of the stratigraphic and structural control of groundwater flow in the
region, groundwater beneath ORR is expected to migrate along strike and discharge to
surface water bodies. There is a low probability of groundwater migration from ORR to
offsite wells.

The importance of the Knox Group as a regional aquifer is apparent from its wide
use among the public and industrial groundwater users. The mean Knox spring and well
yield estimated from water use figures included in Tables 2.4-9-2.4-10 is about
1.7 × 10.2m3A(268 gal/rnin). Reliable estimates of the mean yield to domestic wells in the
Knox group are not available. Yields are expected to vary widely depending on the size
and extent of cavity systems encountered by individual wells.

2,4.2.3 Regional groundwater

A previous study conducted by the USGS (Zurawsld 1978, as referenced in Boyle _1
et al. 1982, p. 3-36) presented summary appraisals of the groundwater resources in the
Tennessee Valley Region. 'Ihe region lies mainly in Tennessee, Alabama, and North
Carolina but includes small parts of Virginia, Georgia, Kentucky, and Mississippi. The six
distinctive physiographic provinces in the Tennessee Valley Region are the Coastal Plain,
Highland Rim, Central Basin, Cumberland Plateau, Valley and Ridge (within which the
ORNL site is located), and Blue Ridge. The natural quality of groundwater in the
Tennessee Valley Region depends on many factors but mainly on the chemical
composition of the rock in which the water occurs. A summary of the median chemical
quality of the groundwater in the Valley and Ridge Physiographic Province is presented in
Table 2.4-11.

In the Tennessee Valley region, the quality of groundwater from a particular
aquifer at any one place tends to be relatively constant with time. Most of the
groundwater in the region is chemically suitable for public drinking water supplies. As
shown in Table 2.4-11, median values for iron, sulfate, fluoride, chloride, and nitrate
concentrations observed in the Valley and Ridge Physiographic Province are well below
the maximum concentrations for drinking water recommended by the EPA. However,
well-developed openings and highly porous material, less than about 30 m (100 ft) below
land surface, are very susceptible to pollution. Strong protective measures are needed to
ensure that the groundwater quality remaim unimpaired.

In general, the groundwater quality at the CRBR site is comparable with the
regional groundwater quality with the exception of total hardness, conductivity,
bicarbonate, and iron concentrations, which have proven to be somewhat higher at the site
than is typical of the region. Groundwater at the CRBR site is chemically suitable for

human consumption, although the hardness of the water may be troublesome for some /
II.R__,Y,.



2-131

@
Table 2.4-10. Public groundwamrsuppUes within about 32 km (20 miles) of

Oak Ridge National Laboratory
, ,, i i ll,i r _ - ,,ll.i ,i , ,,, ,.,,. ,,

Distance
Probable from ORNL

' People Yield water-bearing [km (miles)] and
Public water user sewed [m3/s(fr_/s)] Source formation direction

Oliver Springs 4,000 1.3 x 10.2 Spring Knox 16.9 (10,5) NNE
(4.5 x l0 "t)

Dutch Valley 140 1.2 × 104 Well Rome 22.5 (13.9) NNE
Elementary School (4.2 × 10"3)

First Utility District 3,600 1.2 × 10.2 Spring Conasauga 21,4 (13.3) NE
of Anderson County (4.2 × l0 "l)

West Knox Utility 15,000 5,7 × 10.2 Well'_ Knox 22.5 (13.9) E
District (2.0)

Dixie-Lee Utility 6,70(Y' 1.8 × 10.2 Spring Knox 10.9 (6.7) SE
District (6.3 x 10"!)

Piney Utility District 2,000 3.3 x 10.3 Spring Knox 23.2 (14,4) S
(1.1 x 10"1)

Loudon 5,200 2.5 x 10.2 Spring_ Knox 23,5 (14.6) SSW
(8.8 × 10"1)

Philadelphia 300 2.6 × 10_ Well Knox 28.2 (17.5) SSW
(9.1 × l0 "s)

Edgewood SE 100 1.7 x 10"4 Well Knox 12.2 (7.5) SW
Center (6.0 × 10"3)

Paint Rock 250 2.2 x 10"4 Well Rome 26.9 (16.7) SW
Elementary (7.8 × 10"3)
School

Midway High School 500 5.7 x 10"4 Spring Chickamauga 27.0 (16.7) SW
(2.0 x 10"2)

Kingston 5,000 1.4 x 10":' Sprinff Conasauga 18.8 (11.6) WSW
(4.9 x 10"1)

Rockwood 10, 000 6,2 × 10.2 Springa Knox 34.6 (21.5) WSW

Cumberland Utility 4,300 7.8 × 10.3 Spring_ Knox 12.9 (8.0) W
District of Roane & (2.7 x 10"1)
Morgan Cos.

Midtown 2,500 4.7 × 10.3 Well Rome 26.4 (16,4) W

(1.6 10"1)×
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z4- o. (mntinuea) U
iii

Distance
Probable from ORNL

People Yield water.bearing [km (miles)]
Public water user served m3/s (fP/s) Source formation and direction

iii i ..........

Brushy Mountain 200 8.8 × 10"6 Well Unknown 27.7 (17.2) NW
State (3.3 × 10"_)
Honor Farm

Plateau Utility 2300 9.0 × 10.3 Well Unknown 28.2 (17.5) NW
District (3.1 × 10"1)

i ,i

*Secondary source.
blneludes Martel Utility District.
q-lalf supply,
dPrimary source,
Source: Exxon Nuclear Co., Inc, 1976. Nuclear Fuel Recovery and Recycling Center, Preliminary Safety

Analysis Report, Report XN_FR.32, Docket No. 50-564,

Table 2.4-11. Groundwater quality in the Valley and
Ridge Physiographic Pmvinoe in the Tennessee

Valley Region

Concentration

Constituent (rag/L)
-- ._

Silica 10.0

Iron 0.09

Calcium 38.0

Magnesium 12.0

Sodium 4.5

Potassium 4.5

Bicarbonate 178.0

Sulfate 5.0

Chloride 3.5

Fluoride 0.0

Nitrate 3.9

Source: Zurawskt, A. 1978. Summary Appraisals of the Nation's

Ground Water Resources. Tennessee Region, U.S. Geological Survey
Professional Paper 813.1.

-

-

=
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O 2.5 GEOIADGY

This section describes geologic conditions in the region surrounding ORR and the
proposed ANS site, The information providesa regional physiogeologic and geologic
framework for the site. The discussion of regional geology is based on review of available
data, published reports, and maps, and relies heavily on existing safety analysis reports
performed for the CRBR (Project Management Corporation 1975), the High Flux Isotope
Reactor (HFIR) (ORNL 1991) and the Watts Bar Nuclear Plant (TVA 1976, Chapter 3).
In most cases, the re.gion includes the area within 322 km (200 miles) of ORR, with major
emphasis on the Valley and Ridge Physiographic Province, in which the ANS site is
located,

2.5.1 Regional Setting

This section describes reg,ional geologic conditions within the area previously
defined including physiography, historical geology, regional structural geology and
t_tonies, and seismicity.

2.5.1.1 Physiography

Physiographic characteristics have a strong influence on local and regional climate
and drainage patterns. Physiographic provinces are defined by geographic areas of similar
geomorphic history, lithology, stratigraphy,and geologic structure. While defined on the

O basis of topographic expression, physiographic provinces are a reflection of underlying
bedrock lithology and structure. Brief descriptions of geologic conditions that contribute
to geomorphic and physiographic charaeteristica are included for the Valley and Ridge and
surrounding physiographic provinces. The physiographic provinces within an approximate
322-km (200.mile) radius of ORR include the Interior Low Plateaus of the Interior Plains
Division, Appalachian Plateaus (Cumberland and Allegheny Plateau), Valley and Ridge,
Blue Ridge, and Piedmont of the Appalachian Highlands Division, as shown in Fig. 2.5-1.

7._e Interior Low Plateaus Physiographic Province includes areas in Tennessee's
Cen'_ral T_asinand the Bluegrass Region of Kentucky. This province is about 483 km
(300 wale_) long and 483 km (300 miles) wide with land surface elevations ranging
beween 100 and 300 m (328 and 984 ft) msl. It is the province farthest northwest of
those described in the region surrounding ORR. The topography of the province is
defined by tt.,e structure and lithology of Paleozoic rocks and is characterized generally as
mature and well.rounded with areas of kant (Seaber, Brahama, and Holiyday 1988,
p. 193). Weath_ring of the gently dipping bedrock that underlies the area results in
generally flat topography. The presence of resistant sandstones creates rough topography
or elevated terrain locally, and depressions mark areas underlain by less resistant limestone
and shale (Baxter, Desborough, and Shaw 1967, p, 2). The eastern and southern
boundaries of the Interior Low Plateaus are formed by the Highland Rim, the western
boundary by the emtern boundary of the Coastal Plain Province, and the northern
boundary by the southern limit of significant Pleistocene glaciation. 'l'he bedrock of the
Interior Low Plateaus is mostly limestone of Ordovician and Mississippian age with lesser
amounts of sandstone and shale of Pennsylvanian age. The strata are gently inclined over
the Cincinnati Arch, which includes the Nashville and Jessamine Domes. Surface drainage
is dendritic with major 'ra'o mages exhibiting little preferred directional trend.
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O The AppalachianPlateausPhysiographicProvinceborderstheValleyandRidgcto
thenorthwestandisabout32to322km (20to200mile.s)wldcand 1610km (I000miles)
long,extendingfrotnAlabamatoNew York,Two physiographicsubdivisionsofthe
ApplachianPlateausllewithin322km (200miles)ofORR, The AlleghenyPlateauof
Virginia,WestVirginia,andnorthernKentuckyandtheCumberlandPlateauofsouthern
KentuckyandTennesseearesynonymouswiththecentralandsouthernscgnaentsofthe
AppalachianPlateau,rcspcctlvely,The AppalachianPlateausProvinceisanarea
characterizedbyruggedtcrralnthatvariesfromrollinghillstomountains,its
southeasternborderwiththeValleyandRidgeisanabrupttopographicriseknown asthe
AlleghenyFrontinVirginiaandtheCumberlandF.,scarpnaentinTennessee.The
CumberlandEscarpmentllesabout8 km (5miles)northwestofORR. Surfaceelevations
rangefromabout305to914m (1000to3000ft)nasl.The topographyisgentlyslopingto
undulating,withlocalizedmountainousareas,MostoftheAppalachianPlateausProvince
isunderlainbyalternatingPennsylvanian-agesandstoneandshale.The strataaregently
foldedinttbroadsyncline,Surfacedrainageisdendritic',majorsurfacedrainagesexhibit
no preferreddirectionaltrend,

' The proposed ANS site is located on ORR, which is in the southwestern portion
of the Valley and Ridge Province that extends more than 8(_0km (500 miles) from
Alabama northeastward into Virginia, The southwestern portion of the Valley and Ridge
Province ranges from about 40 to 80 km (25 to 50 miles) wide. The province is
characterized by a series of narrow, elongate ridges and slightly broader intervening
valleys. The trend oi' these features is northeast-southwest, reflecting the regional
orientation oi' the underlying, deformed bedrock that was intensely tblded and faulted by

O cornpressional from the southeast during the late Paleozoic Appalachian Orogenyforces

(Beavers ct al. 1982, p. 5; Spencer 1977, pp. 449-466). In the vicinity of ORR, ridges are
fairly evenly crested and are developed on underlying sandstone (comparatively resistant
to weathering), and siliceous limestone and dolostone tbrm thick residual soils with chert
armored soil (comparatively resistant to erosion). Valleys are typically broader than ridges
and are underlain by more readily eroded siltstones and shales. Topographic relief varies
from about 245 na (8(10ft) msl in valleys to more than 335 na (1100 ft) msl on ridge crests,
Surface drainage is modified trellis; major surface drainages generally follow the northeast-
southwest trend of the province.

The Blue Ridge and Piedmont Physiographic Provinces border the Valley and
Ridge to the southeast including portions of Georgia, South Carolina, Tennessee, North
Carolina, and Virginia. Southeast of ORR, the Blue Ridge is about 120 km (75 miles)
wide. The province is about 965 km (600 miles) long, extending from Pennsylvania to
Georgia, and encompasses the most rugged terrain and highest elevations in the eastern
United States, reflecting the erosion resistant character of the underlying metamorphic
bedrock. Surface elevations vary from 457 to 1524 na (1500 to 5000 ft) msl with the
highest elevation being 2037 m (6684 ft) msl. Generally, closely spaced ridges in the
province trend in a northeasterly direction (Project Management Corporation 1975, as
referenced in the HFIR SAR 1991, p. 2-329). Rock units in the Blue Ridge Province
predominantly consist of slate, phylltte, schist, gneiss, granite, pegmatite, and quartzite.
These are Precambrian and Lower Paleozoic metamorphic rocks ranging from chlorite to
anaphibolite grade morphism. The schist and gneiss are considered the oldest rocks of the
region. The Blue Ridge is highly deformed, and its northwestern boundary generally

O coincides with major thrust faults (border faults) along which metamorphic rocks havebeen thrust to the northwest over the younger unnaetamorphosed sedimentary rocks of the
Valley and Ridge. In Tennessee this boundary is marked by the location of the Great
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Smokies Fault, which passes through Monroe, Blount, Sevler, and Cocke C.ountles about
50 km (30 miles) east and southeast of ORR,

The Piedmont Province is about 65 to 200 km (40 to 125 miles) wide and about
1610 km (1000 miles) long, Ii extends from Alabama to New York, Surface elevations in
the Piedmont are about 305 m (1000 ft) tml near the Blue Rtdge and decrease to about
152 m (500 ft) rml near the _utheastem border of the province (the Fall Line).
Elevations generally decrease to the northeast and are about 30 to 152 m (100 to
500 ft) msl near the northeastern terminus of the province, The development and
subsequent erosion of saproUtic softs give the province a smooth, rolling landscape, Rocks
of the Piedmont are mostly metamorphies, such as gne_ and schist, with some marble and
quartzite. The Carolina Slate Belt, which occurs along the eastern part of the province
and extends from southern Virginia to Georgia, contaim less intemtvely metamorphosed
slate. The Slate Belt makes up about 20% of the province, Another 20% of the province
is granite or granite gneiss,

2.5.1.2 Regional Geology

This section describes the geologic conditions for the region defined within a
322-1,'an(200.mile) radius of ORR. Information presented in the following subsections
includes discussion of geologic history as it affected the region, stratigraphy, areal geology,
geologic structure and tectonics, and seismicity.

Regional geologic history

ORR is located near the western edge of the Valley and Ridge Physiographic
Province, part of the Appalachian Highland Physiographic Division of the eastern United
States. To the east of the Valley and Ridge lies the Blue Ridge Province, which consists
of Precambrian age rocks that were intensely folded and subjected to metamorphism
during late Precambrian time, These Precambrian structures were subsequently greatly
modified by middle and late Paleozoic tectonic pressures resulting in the crystalline rocks
currently developed in the province. The Cumberland Plateau, part of the Appalachian
Plateaus Physiographic Province, lies west of the Valley and Ridge Province, The
Cumberland Plateau is an area of nearly flat-lying Paleozoic sedtmenta ,ryrocks that have
been deeply dissected by erosion (Beavers, Manrod, and Stoddart 1982, pp, 5-7).

Early in the Paleozoic era (600 million years ago), the location of the present
Appalachian Highlands Physiographic Division was a depoc.enter for terrigenous elastic
and carbonate sediments deposited within an epeiric sea. Up to 12,190 m (40,000 ft) of
sediments accumulated on top of a subsiding sea floor, a tectonic feature known as the
Appalachian Basin. At the same time, highlands adjacent to the depocenter continued to
rise. The present Blue Ridge Physiographic Province coincides with the previous
boundary between the deeper southern seas and the shallower, northwestern part of the
depocenter. In earliest Paleozoic time, the Piedmont Province was part of the depocenter
but eventually became a source area for sediments deposited in the basin.

During middle and late Paleozoic time, several episodes of teetonism occurred in
the region. The sediments southeast of the present Blue Ridge Province were altered in
composition, subjected to intrusive igneous processes, and severely deformed,
Deformation of sediments north of the Blue Ridge was restricted to folding and major

thrust faulting with no extensive metamorphism occurring, These tectonic episodes
resulted in the present distribution of regional faults (Sect. 2..5.4) and the present bedrock v

= configuration. Toward the end of the Paleozoic, the whole region underwent uplift and
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O since that time has remained an emergent area, exceptfor the formationof localiz_
basins la the Piedmont province that devolopedduring the TriassicPeriod (180 million
years ago), During the Mesozoic (230 to 63 millionyears ago) and the Cenozoic eras
(63 millionyears ago to present), erosion of the present Appalachian Highlandssupplied
the sediments of which the Coastal Plain Formations are comprised.

Regional stratigraphy

Because of th_ numerous bedrock units that occur in the ORR region, more
detatled descriptionsof units other than those given previouslyis beyond the scope of this
document. Only those pr/nt_tpalrock units occurring on ORR are provided, More
complete strattgraphtcdescriptionsare providedfor the formations thatoccur on ORR in
Sect. 2.5.2. The majorityof the bedrock in the Valleyand Ridge Province consistsof the
Rome Formation and the Conasauga,Knox,and ChickamaugaGroups, Figure 2.5-2
depicts a _,tratigraphiccolumn of Paleozoicbedrockformationswhich are recognizedin
the vicinityof ORR in the Valley and Ridge Province, The.se bedrockunits tbrm
repetitious northeast.southwest trendingbands as a result of thr.st faultingduring the
._'dleghenianOx'ogeny(see Sect. 2.5.2.).

The Rome Formationis MiddleCambrianIn age and is 366-457 m (1200..1500ft)
thick, lt is generallydivisibleinto upper and lower parts, The lower Rome is
characterized by maroon to greenish.grayshale with subordinate shaleysiltstone and
sandstone beds. The shales are fissileand generallyvariegated. Because of lithologyand
regional structure, fewexposures of tile typicallower Rome occur in ORR. The upper

O Rome is generallycharacterizedby interbeddedsandstoneand shale. The Rome is
considered the basal sedimentaryformation in the Valleyand Ridge, and at or near its
base lies the sole fault from which the major thrust faultsemerge and surface. Beneath
the Rome is the Precambrianbasement,

The Conasauga Group is as much as 610 m (2000 ft) thick regionallyand about
520 m (1700 ft) thick on ORR. On ORR the ConasaugaGroup is dividedinto the
Pumpkin ValleyShale, Rutledge Limestone, RogersviUeShale, MaryvilleLimestone,
NolichuckyShale, and MaynardvilleLimestone. As the formation names imply,these
formations consistof nearly alternating limestoneand shale-dominated lithologies that
outcrop in an alternating, banded pattern producingthe alternating valleysand ridges of
the Valley and Ridge Province.

The Knox Group is an Upper Cambrian-Lower Ordovician dolomite and
limestone sequence that is divisibleinto five formations:late Cambrian Copper Ridge
Dolomite, early OrdovicianChepultepec Dolomite, LongviewDolomite, Ktngsport
Formation, and MascotDolomite. Total thickness ranges from 700 to 1000m (2000 to
3000 ft) in East Tennessee with the Copper Ridge Dolomite being approximatelyone-
third of the total, The Knox Group is the principalstrong unit that supported the folding
and thrust faulting that occurred throughout the Valleyand Ridge and the Cumberland
Plateau.

The ChickamaugaGroup represents depositionon a regionallyextensive
disconformityon the top of the Kamx.Relief on the disconformityaccounts ibr locally
variable stratigraphic thicknessesin the lower Chickamauga. The ChickamaugaGroup is
among the most variable rock units in the ValleyandRidge. Major thickness and
lithologic differencesoccur across strike belts such that only a generalized regional

O description can be made. The Chickamauga in age rangesis MiddleOrdovician and in
thickness from about 6i0 m (2000 ft) in the northwesternpartof the region to more
2400 m (8000 ft) in the southeasternpart. In general,the ChickamaugaGroup is
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comnosed of alternating layers of gray and maroon limestone, calcareous siltstone, and
shale in varying thicknesses. Other rock units with limited exposure in the Valley and
Ridge include the Rockwood Formation, the Chattanooga Shale, and the Fort Payne
Chert.

Regional __ geology and tectonic features

ORR is located in the complexly folded and faulted Valley and Ridge Province of
the Appalachian Highlands Division. Figure 2.5-3 is a regional surface and subsurface
geologic map modified after the Watts Bar Nuclear Plant Final Safety Analysis Retx_rt
(TVA 1976, Chapter 3). This section describes the major structural features in the region
that possess surface and near-surface expression and deeper structural features that lack
surface expression. The surface and near-surface structures are remnants of Paleozoic
structural deformation in the eastern continental margin and are generally considered to
be tectonically inactive features. Basement structures that lack surface expression are not
as well identified but are considered to be related to historic seismicity. Near-surface
geologic structures are discussed in this section and basement structures are discussed in
the following section.

Figure 2.5-4 is a tectonic map showing the extensive structural deformation in the
region. Faults exposed at the land surface, and major folds, domes, and basins are shown.
During the Paleozoic era, tectonic forces direr:ted toward the northwest deformed the

O rocks of the Appalachian Highlands paleobasin. Deformation was greatest in thesoutheastern part of the basin (Piedmont and Blue Ridge Provinces) where the rocks were
metamorphosed and subjected to intrusive igneous processes. These rocks were thrust to
the northwest along a series of boundaryfaults. Rocks for several miles to the northwest
of the boundary between the Blue Ridge and the Valley and Ridge were broken into a
series of thrust-block fault traces trending generally from northeast to southwest. The
thrusting abruptly diminished toward the northwest, where a broad syncline was developed
(Appalachian Plateaus Province).

The geologic structure of the Valley and Ridge is characterized by elongate folds
and thrust faults that trend northeast-southwest. The strata dip to the southeast to
varying degrees. On ORR, bedding dip generally varies from less than 10° to more than
45° . Detailed descriptions and analyses of the structural setting of the Appalachians can
be found in Hatcher et al. 1989.

Thrust faults in the Valley and Ridge do not extend to the basement, which is at a
depth of about 3962 m (13,000 ft) below ground surface in the region. These structures
overlie a decollement in the Rome Formation at a depth of about 4.0 km (13,000 ft)
beneath the surface in the vicinity of ORR (Stockdale 1951, as referenced in the HFIR
SAR 1991, p. 2-327; Rodgers 1970, p. 271; Hatcher 1972, pp. 2735-2%0). Two such

. thrust faults (the Whiteoak Mountain Fault and the Copper Creek Fault) occur on ORR.
_ The ANS site is locatexl approximately 0.5 km (0.31 mile) southeast of the Cx_pperCreek

Fault outcrop zone.
There were several episodes of tectonism during the Paleozoic Era; however, one

episode caused the major deformation of the rock strata in the xicinity of ORR. This
event is referred to as the Allegheny Orogeny, which occurred during either the

O Pennsylvanian or Permian period, or at least 230 million years ago (Rodgers 1970, p. 271).lqcwthwextnf the Appalachian paleobasin, the strata were gently folded to form the
Cincinnati Arch. Tlm, feature was formed during the Paleozoic era by downwarping along
its margins.
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Deep-seated fault systems developed further west of the Valley and Ridge during
the Paleozoic era (e.g. the Kentucky River and Rough Creek Fault zones). The Kentucky
River Fault zone trends east-west from eastern Kentucky westward across the Cincinnati
Arch and dies out on the western flank of the arch. The fault zone has a total length of
about 241 km (150 miles) and a width of about 40 km (25 miles). The closest fault to
ORR in the Kentucky River Fault zone is more than 145 km (90 miles) to the north.
Faults in the Kentucky River Fault zone are mostly steep, en echelon normal faults. The
maximum displacement along the Kentucky River Fault zone is approximately 183 m
(600 ft) (Eardley 1951, p, 235). Underlying basement rocks within this zone are faulted
with movement that began in early Paleozoic time (Rogers 1970, as referenced in the
HFIR SAR 1991, p. 3-328). Active movement within this fault system ceased after the
Pennsylvanian period, approximately 310 million years before the present (Sutton 1971,
pp. 391-.412). The Rome Trough (located just beyond the 322-km regional boundary
from ORR) is an eastward extension of the Kentucky River Fault zone into West Virginia.
Keller et al. (1983, pp. 69-78) describe the Rome Trough as an Eocambrian failed rift
Zolle.

The Rough Creek Fault zone begins west of the Cincinnati Arch and extends
across western Kentucky into southern Illinois. This fault system has an east-west trend
similar to that of the Kentucky River Fault zone. Near Shawneetown, Illinois, the Rough
Creek Fault zone curves southwestward around Hicks Dome and merges with the New
Madrid Fault zone, an ancient Eocambrian failed rift zone (Keller et al. 1983, p. 398).
The Rough Creek Fault zone is approximately 193 km (120 miles) long and about 40 km
(25 miles) wide. At its closest point, the Rough Creek Fault zone is about 193 km
(120 miles) northwest of ORR.

Seismicity

Underlying tectonic struetme_ Basement structural features that lack surface
expression and are generally unrelated to structural features in the overlying Paleozoic
sedimentary rock veneer occur in the eastern midcontinent of the United States. While
data to infer the presence of basement structures are generally limited to gravity,
magnetic, and geophysical, much has been learned about such features within the past
decade. Keller et al. (1983, pp. 391-412) drscribed these basement features in the United
States midcontinent within a plate tectonic framework as follows.

Regional mapping of magnetic and gravity anomalies has been used to infer the
location of Precambrian paleo-rifts (Fig. 2.5-5). One example of such an inferred paleo-
rift is a discontinuous, arcuate structure extending for approximately 2000 km (1240 miles)
from Lake Superior to Kansas. This rift, the Mideontinent Rift System, is overlain by
Paleozoic rocks except where it is exposed in the Lake Superior region. Its location is
primarily known from its limited exposure, interpretations of geophysical data, and
extrapolations from limited basement drill holes. It is interpreted that the feature
originated in a major thermo-tectonic event, involving primarily extensional stresses, that
culminated in the extrusion and intrusion of vast quantities of largely marie rocks during a
short time span from approximately 1200 to 1100 million years ago. In the ORR region,
the presence of a north-trending magnetic and gravity high extending from the
Cumberland Plateau in Tennessee into Kentucky is similarly interpreted to represent a
Prer_mh_n n_len-_ft 8
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Eocambrian (Late Precambrian to Early Cambrian) continental breakup that
occurred during formation of the Proto-Atlantic Ocean formed a series of failed-arm rifts
extending into the continent (Fig. 2.5-6). The successful rift arm that formed parallel to
the continental margin may have been obliterated by Paleozoic orogenic activity. This
complex of basement rifts is similar to the one that formed during the Mesozoic breakup
of Africa and South America, One of the Eocambrian rifts of significance to ORR is the
Reclfoot Rift located about 480 km (300 miles) west of ORR. The Reelfoot Rift
underlies the Missi,_ippi Embayment and is relatively well known from geophysical data.
Little direct evidence exists to date the Rcclfoot Rift.

The final period of continental extension in the early Mesozoic resulted in the
formation of a rifted margin ali along the Atlantic coastal region of North America
(Fig. 2.5-7), The Triassic grabens of this region delineate the inland extent of this rifting
event. These grabens apparently extend to the Gulf Coast although uncertainties remain
regarding the tectonic history of this region.

Evidence to date suggests that Paleozoic structures are not related to historical
seismicity in the Appalachian Basin. Scattered earthquakes in the Appalachian Basin have
focal depths of greater than 10 km, well within the basement (Bollingcr 1973,
pp. 1785-1808; Bollinger and Wheeler 1988, p. 23). The depth of focus has often been
cited as evidence in support of a relationship between historical earthquakes and
basement, rather than Paleozoic, structures. Based on data provided by Boniila 1982
(p. 43) there is no evidence of Pleistocene or Holocene surface rupture related to
earthquakes in the Appalachian Basin, and, according to TVA 1976 (p. 2.5-54-2.5-64),
traces of local thrust faults (the Whi_ieOak Mountain and Copper Creek faults) are
covered with residual soil and colluvium that has not been displaced.

At present, details of the proposed relationship between historical seismicity and
basement structures in the Appalachian Basin are unknown. Several basement structures
beneath the Appalachian Basin have been documented by Keller et al. (1983,
pp. 391.-412). These structures have. many of the same characteristics as well known rift
zones. Like the Reelfoot Rift zone,_Ithey are elongate basins with unusual thicknesses of
Late Precambrian to Cambrian stratt_ and elongate trends of unusually dense and strongly
magnetic basement rocks (based on jvavity and aeromagnetic surveys and a few boreholes
that penetrate into the basement), l)ense and highly magnetic rocks infer the presence of
shallow oceanic crust as would be eX[:e.ctedwhere continental rifting has taken place.
However, the historical earthquake t(:aT.ordis too short and the details of basement
structures are not known well enough to establish a firm cause-and-effect relationship
between them.

Bollinger and Wheeler (1988, p. 1) provide evidence of a relationship between
instrumentally recorded earthquakes and a basement structure underlying the Appalachian
Basin. They propose that recent earthquakes (precisely located by a network of portable
earthquake se_mometers) occurred along an Eocambrian (late Precambrian to early
Paleozoic) rift i_,_nebeneath the Appalachian Basin. Twelve instrumentally recorded
earthquakes occurred along a linear trend within the basement at focal depths ranging
from 5 to 26 km (mean value = 14 l_ra). This linear trend is oriented at an acute angle
with outcropping Paleozoic structures and passes beneath Giles County, Virginia, the site
of the largest historical earthquake in the Appalachian Basin (May 31, 1897). By
inference, Bollinger and Wheeler suggest that the Giles County earthquake of 1897
occurred along the same basement structure. Bollinger and Wheeler also believe that this
basement structure is not unique in (he Appalachian Basin and that similar structures may ab
be present elsewhere in the basin. _"



2-145

Q
ORNL.DWG91M.14088



2-146

O
ORNL.DWG91M,14089

1000 90° 80° 700
............. _ ............ : ,,,,

I

I

55° '!
/ ( \ 45°

50° - i _

,, .-.,, ./ 40°
, "_ .I ,

450 ......... "_ .,... _""I, ._

L ,, _ \ , ,
........ -..._ _ ,, ,, f

' v-" )_ "I " 35°
' ;r"

40° ......... 't'-,""-"" .... "_''\ _"L '¢',. /i",

! \ .._ Iz.

\ \,

}L ' : i , _o°

35° _ _ \. ,_. .._,..-L
I • ° '_,,-,,,,,, q

1
,,. ..J

"'\" "k.,
\. ,, , 25°30° -I

""'_,'J 0 200 MILES

/
_'"i ; '- 0 300 KM

,........"'_/'"'J', , '" 1 i
105° 1000 950 900 850 _

Fig. 2.5-7. Meuymic and Cenomic rifts of the midcontinent. RGR = Rio
Grande rift; RGA = Rio Grande aulacogen; ME = Mississippi Embayment;
SLVS = St. Lawrence Valley system. Source: modified from Keller, R. G. et al.
1983. "The Role of Rifting in the Tectonic Development of the Midcontinent, iii
U.S.A.," Tectonophysics, 94, 391-412. v

_

-
.............



2-147

O Johnston and Kanter (1990, pp, 68-75) hypothesize that most strong.motion
intraplate earthquakes occur along reactivated rift zones within the basement and along
passive continental margins containing rift structures (deep Triassic and Cretaceous basins)
associated with the early opening of the Atlantic Ocean basin, The series of New Madrid
earthquakes in 1811-18i2 is an example of reactivation of an ancient rift zone [the
Reelfoot Rift zone of Ervin and McGinnis 1975 (pp. 1287-1295)]. The Charleston, South
Carolina, earthquake of August 31, 1886, is an example of reactivation of a rift structure
along a passive continental margin. Johnston and Kanter's conclusions are based on a
world-wide study of large intraplatc earthquakes and ancient rift zones.

Eatthqtmke history. Historic earthquakes that have occurred since 1942 and may
have been felt at the ANS site are listed in Table 2.5-1. Although the Maryville-Alcoa
earthquake of November 30, 1973, may have been large enough and close enough to
cause minor damage on ORR, there are no earthquake-related damage reports for the
local DOE facilities.

Five tectonic provinces have experienced significant historical strong-motion
earthquakes relevant to ORR. These provinces are the Appalachian Basin, Piedmont, and
Interior Low Plateaus (discussed previously), the Mississippi Embaymcnt, and the Atlantic
Coastal Plain. Locations of provinces with borders within 320 km (200 miles) of
ORR and strong-motion earthquakes [mb Z 5.5 and/or Modified Mercalli Intensity (MMI)

VIII] within them are shown in Fig. 2.5-8. Tectonic province boundaries are based on
maps provided by Bayer (1983, p. 1) and by Frezon and Finn (1988, p. 1). Earthquake
locations were provided by NOAA's Geophysical Data Center in Boulder, Colorado.
Salient information about the largest earthquakes in each of these province._are presented

O in Table 2.5-2.The three largest historical earthquakes in the southeastern United States occurred
in northeastern Arkansas and southeastern Missouri on December 16, 1811;January 23,
1812; and February 7, 1812. They were ali located in the Miss_ippi Embayment between
Marked Tree, Arkansas, and New Madrid, Missouri, as shown in Fig. 2.5.8. For each of
these earthquakes the MM'Is = XI to XII in their epicentral areas and nearbyvillages
were nearly totally destroyed. By the estimate of Mitchell ct al. (in press), the mb= 7.4
for the largest of these earthquakes (the February 7, 1812, event). Moderate damage was
reported as far away as Cincinnati, Ohio, and these earthquakes were felt on the eastern
seaboard as far north as Boston, Massachusetts. These earthquakes were comparable to
the March 28, 1913 earthquake in Upper East Tennessee producing the largest historical
MMIs in eastern Tennessee (VI-VII in Knoxville).

The sew.ondstrongest earthquake in the southeastern United States occurred near
Charleston, South Carolina, on Aagust 31, 1886. Bollinger (1973, pp. 1785-1808)
estimates that this earthquake's 'ab = 6.8 and its MM'Is= X and IV to VI in the
epicentral region and in easte,'a Tennessee, respectively. The epicenter was located on
the Atlantic C_astal Plain.

The strongest earthquake in the Appalachian Basin (the tectonic province where
ORR is located) was the Giles County, Virginia, earthquake of May 31, 1897. Bollinger
and Wheeler (1988, p. 1) estimate the size of this earthquake as mb = 5.8 and the
strength as MMIs = VIII and IV-VI in the epicentral region and eastern Tennessee,
respectively. As previously stated, the Giles County earthquake is believed to be
associated with an Eocambrian rift zone in the basement beneath Appalachian Basin
structures.

a
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The strongest earthquake in the Interior Low Plateaus (its border with the
Appalachian Basin is nearest to ORR) was the Anna, Ohio, earthquake of March 0, 1937.
This earthquake's MM] was VII to VIII in its epicentral area (Stover et al. 1979, p. 1), but
it was apparently not felt in eastern Tennessee.

The strongest earthquake in the Piedmont (adjacent to the Appalachian Basin and
southeast of ORR) was the Spartanburg, South Carolina, event of January 1, 1913.
According to Bollinger (1973, p. 1790), the MMI of this earthquake was VII to VIII in the
epicentral area, but it was not felt at Knoxville, Tennessee.

The strongest earthquake (m b - 4.6, Bollinger et al. 1976, p. 531) within 100 km
(60 miles) of ORR was the Maryville=Alcoa,Tennessee, event of November 30, 1973.
The epicentral MMI - VI for this earthquake, and the MMI = V in the region that
includes ORR, based on data provided by Bollinger.

Correlation of epicenters with geologic smuma'e_ Historical seismicity in the
southeastern United States has been traditionally correlated with surficial or shallow
geologic features as expressed by physiographicand tectonic provinces. However, some
large earthquakes in the southeastern United States arc apparently associated with
basement structures (ancient rift zones) and others have not been correlated with any
specific geologic structures. Little is known about the precise relationship between
earthquakes and basement structures because the historical record of seismicity is too
short and the location and nature of basement structures is not well known. The
following discussion provides a brief summaryof what is known about the relationship
between basement structures and large (mb :' 5.5 or MMI :_VIII) historical earthquakes in
the southeastern United States. Figure 2.5-9 is a map of known and suspected basement
structures (compiled by Keller et al. 1983, pp. 391--412) as well as large earthquakes ir_the
southeastern United States. One additional basement structure is described by Bollinger
and Wheeler (1988, p. 38).

The New Madrid earthquakes occurred along the New Madrid Fault in the
Reelfoot Rift zone [Mitchell et al. (in press); Johnston and Kahter 1990, pp. 68-75; Ervin
and McGinnis 1975, pp. 1287-1295]. The New Madrid Fault is believed to be a
reactivated basement fault within the ancient rift zone. This fault offsets Holocene
sediments as well as basement rocks (Russ 1979, p. 1). The southeastern boundary of the
Reelfoot Rift zone is about 480 km (300 miles) from ORR.

The epicenter of the Charleston, South Carolina, earthquake was near the rifted
continental margin. Rift structures associated with the early (Triassic) opening of the
Atlantic Ocean basin are buried beneath the Atlantic Coastal Plain in Georgia and South
Carolina, exposed at the surface in the Piedmont of North Carolina and Virginia, and
exposed in the Appalachian Basin from Maryland to Connecticut (based on data provided
by Bayer 1983, p. 1; Keller et al. 1983, pp. 391-412 and Frezon and Finn 1988, p. 1).
Oliver and Issaks (1971, p. 30) suggest that South Carolina earthquakes may be taking
piace along reactivated Triassic basin faults. The northwestern limit of Triassic basin
faults in North and South Carolina is in the southeastern part of the Piedmont
physiographic province near its boundary with the Atlantic Coastal Plain, based on data
provided by Frezon and Finn (1988, p. 1) and Bayer (1983, p. 1). The nearest Triassic
basin is about 320 km (200 miles) from ORR.

The epicenter of the Giles County, Virginia, earthquake was located on an
Eocambrian basement rift zone beneath Paleozoic Appalachian Basin structures as
descn'bed by Bollinger and Wheeler (1988, p. 1). ORR is in the Appalachian Basin.

ID



2-153



2-154

The epicenter of the Anna, Ohio, earthquake was in the Interior Low Plateaus
Province. This earthquake has not been identified with any specific surfieial or basement
faults. However, the Anna earthquake's epicenter is near the junction of two Precambrian
rift zones. The southeastern boundaryof the Interior Low Plateaus Province is a
minimum of 95 km (60 miles) from ORR.

Epicenters of smaller earthquakes are concentrated in the Reelfoot Rift zone, the
Appalachian Basin, and parts of the Piedmont and Atlantic Coastal Plain. There are
fewer small earthquakes scattered throughout the Interior Low Plateaus. Small
earthquakes in the Reelfoot Rift zone often occur along distinct linear trends associated
with the New Madrid Fault zone (Stauder et al. 1976, pp. 1453-1964). No other small
earthquakes within 640 km (400 miles) have been identified with either Paleozoic or
basement faults and no linear trends among these earthquakes are apparent.

Identification of capable faults. The ncarest capable faults are in the New Madrid
Fault zone, approximately 480 km (300 miles) northwest of ORR. An exhaustive
literature search in the preparation of TVA Safety Analysis Reviews (SARs) revealed no
evidence of capable faults in the Appalachian Basin where ORR is located. The Nuclear
Regulatory Commission reached the conclusion (based upon the preponderance of
evidence cited in various TVA SARs) that there are no capable faults in the Appalachian
Basin within 320 km (200 miles) of the proposed CRBR (NRC 1983, p. 2-20). The
CRBR site is immediately adjacent to ORR. The depth of focus is generally greater than
10 km (6.2 miles) for imtrumentally recorded earthquakes in the Appalachian Basin.
Neither earthquake nor outcrop data support the hypothesis that Paleozoic faults exposed
at the surface have been reactivated during Holocene (modem) time.

Maximum earthquake. Maximumexpected earthquakes are the basis for
deterministic seismic analysis used in earthquake design of commercial nuclear power
stations under the regulatory authority of NRC. Previous sections discussed the largest
historical earthquakes in tectonic (physiographic) provinces close enough to ORR to
produce significant ground motions there. Body-wave magnitudes (mb), epieentral and
predicted maximum MMIs on ORR (MMI= and MMIo, respectively), and peak horizontal
ground accelerations (PGAs) at the rock surface on ORR are presented in terms of these
earthquakes. It is assumed that epicenters of similar earthquakes in the future are located
nearest ORR in their tectonic provinces of origin as discussed previously. Table 2.5-2
provides salient facts pertaining to these earthquakes.

An earthquake similar in size to the 1897 event in Giles County, Virginia, but with
its epicenter on-site, was designated as the safe shutdown design earthquake (SSE) for ali
of TVA's nuclear power stations located in the Appalachian Basin. TVA's Final Safety
Analysis Report (FSAR) for Watts Bar Nuclear Plant (1976) recx_mmended a design PGA
of 0.14 gravity, based on the MMI-PGA relationship of Richter 1958 (p. 140) and an
MMI, of VIII. However, TVA and NRC eventually agreed on a PGA of 0.18 gravity for.
the SSE for power plants in the Appalachian Basin (AEC 1974, po3-12). More recently,
NRC increased the SSE design PGA to 0.25 gravity in support of the construction permit
for the CRBR, based on the MMI-PGA relationship of Trifunic and Brady (1975) (NRC
1983, p. 7).

The operating basis earthquake (OBE) for TVA's nuclear power stations is
generally assigned a design PGA --- L_,,.u.,.-.a, that of the SSE. Therefore, the design
PGA = 0.13 g and 0.09 g for the OBE at the CRBR and at other TVA power stations,
respectively, in the Appalachian Basin.

Safe shutdown (design basis) earthquake/evaluation basis earthquake. The safe O
shutdown/design basis earthquake (SSE/DBE) is prescribed by Kennedy et al. (1990.
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O p.A-5).DesignPGAs fortheSSE arebasedonthehazardclassificationofgivenfacilities
andprobabilisticallybasedseismichazardcurves.

Three hazard classes are described by Kennedy et al. (1990, p. 2-4). The least
stringent design standard PGA is prescribed for low hazard/general purpose structures.
Successively more stringent standards are set for moderate and high hazard facilities. Low
hazard/general purtxx_ structures are designed to shut down safely in the event of
earthquakeogenerated PGAs with return periods of < 500 years, corresponding to
probabilities of >2 × 10"°annual events. Moderate and high hazard facilities are designed
to shut down safely in the event of PGAs with return periods of < 1000 and 5000 years,
corresponding to probabilities of _ 1 × 10_ and 2 × 10"_annual events, respectively.

Currently, Kennedy et al. 1990 (p. 4-9) recommends the "best estimate" seismic
hazard curves for selecting SSE design PGAs. The seismic hazard curve for ORR is
represented by the heavy line shown in Fig. 2.5-10. Design PGAs for low, moderate, and
high hazard facilities on ORR are 0.15 g, 0.19 g, and 0.32 g, respectively.

More recent seismic hazard curves for ORR have been provided by Risk
Engineering (1991, pp. 3.16-3-17). Median, 15th, and 85th percentile curves are
presented in Fig. 2.5-10 for comparison with Kennedy's "best estimate" seismic hazard
curve for ORR. These curves are based on seismic hazard methodologies developed by
the Electric Power Research Institute (EPR1 1988, pp. 2-1-2-9) and Lawrence Livermore
National Laboratory (LLNL 1989, p. 9-16). Results express the range of opinions and
analyses provided by five teams of EPRI seismic experts and 16 individual LLNL seismic
experts. Kennedy's "best estimate" curve is about midway between LLNL's median and
85th percentile curves and is above EPRI's 85th percentile curve. Therefore, Kennedy's

O results are more conservative than those of most experts participating in the EPRI and
LLNL analyses. Re_:x_mmendationsby Kennedy et al. (1990, p. 4-9) are currently being
reviewed in response to the EPRI and LLNL analyses.

Design response spectra at the free ground surface is facility specific for those
structures that are not anchored to rock, and they are not necessary for an environmental
analysis. These are factors considered in the safety analysis report. Buildings resting oi_
insitu soil fill will experience a different ground motion earthquake than structures situ
on rock. Site specific soil studies will be required if structures are supported on soil.

2.5.2 Geology of the ANS Site

This section describes the topography, geomorphology, stratigraphy, areal geology,
and structural geology of the ANS site and surrounding areas.

2.5.:2.1Topography and Geomorphology of the ANS Site

ORR encompasses 14,266 (35,252 acres) of typical Valley and Ridge land. Valleys
are underlain by bedrock formations predominated by calcareous siltstones and limestones
(Conasauga Group and Chickamauga Group), and ridges are underlain by bedrock
formations predominated either by weathering resistant sandstones and siliceous shales
and siltstones (Rome Formation and Rockwood Formation) or by the Knox Group, which
comprises a thick sequence of siliceous dolostones that weather to form thick, residual,
silty clay soils rich in chert that are resistant to erosion.

From northwest to southeast the major valleys of ORR include the East Fork
O Valley, Bear Creek Valley, Bethel Valley, and Melton Valley. Major ridges of ORR

include Blackoak Ridge, East Fork Ridge (discontinuous), Pine Ridge, Chestnut Ridge,
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Haw Ridge, and Copper Ridge. With the exception of the East Fork Ridge, these valleys
and ridges extend beyond the limits of ORR because their configurations are determined

: by geologic structures that extend for tens of kilometers in the northwest/southeast pattern
..... of the Valley and Ridge Province. The width of valleys and ridges in this area is

determined by geologic factors, such as the dip angle and formation thickening due to
thrust faulting of underlying geologic formations, that determine the outcrop width. For
example, though East Fork Valley and Bethel Valley are both underlain by the
Chickamauga Group, the East Fork Valley i.swider became of a wider Chickamauga
Group outcrop band. Similarly,although Copper Ridge, Blackoak Ridge, and Chestnut
Ridge are ali underlain by the Knox Group, Copper Ridge is much broader than the other
two because bedrock dip in that area is only about 10° in contrast to the 30° to 45° dips
observed for the other ridges.

Topographic relief between valley floors and ridge crests in ORR is generally
about 100 m (300 to 350 ft). Landforms in the Valley and Ridge Province and at ORR
have formed primarily as a result of bedrock weathering, which forms residual soils and
saprolite, and subsequent erosion and colluvial slope movement of soils. Weathering and
erosion processes coupled with the general dipping attitude of bedrock underlying the area
result in rather steep (commonly steeper than 45°) northwest-facing slopes (scarp slopes),
while southeast facing slopes (dip slopes) are commonly gentler with inclinations of 5 to
25%. Floodplain areas along streams contain small zones of alluvial soils with colluvial
soils along valley walls resulting from downslope soil movement from adjacent hillsides.

Q The surface water drainage system has a trellis to modified trellis pattern common to theregion.

The proposed ANS site is located in Melton Valley about 2 km (1.5 miles) east of
the main ORNL facilities (Fig. 2.5-11). Topography in and around Melton Valley is
typical of that in the northwestern portion of thr, Valley and Ridge Province of East
Tennessee. The valley is about 2 km (1.2 miles) wide and trends northeast/southwest.
Haw Ridge lies about 1 km (0.6 mile) northwest of Melton Valley with crest elevations of
approximately 305 m (1000 ft). Melton Hill, with a high crest of 413 m (1356 ft) on
Copper Ridge, lies about 1 km (0.6 mile) southeast of the axis of Melton Valley and is
about 1 km (0.6 mile) south of the ANS site. A line of low knobs with crest elevations of
about 260 m (850 ft) occurs near the center of Melton Valley. The ANS site lies on the
southwest facing slope of such a knob at the headwaters of Melton Branch. The lowest
topography in the vicinity of the AN$ site is at the mouth of White Oak Creek at its
confluence with the Clinch River arm of Watts Bar Reservoir [normal pool elevation
226 m (742 ft)]. Maximum topographic relief in Melton Valley is 187 m (614 ft), and
relief between the ANS site and the mouth of White Oak Creek is about 50 m (150 ft).

2.5.2_ Bedrock Stratigraphyin the ANS Site Vicinity

As described in the previous paragraph about regional stratigraphy,bedrock at
ORR is of Paleozoic age including strata as old as the Early Cambrian Rome Formation
and as young as the Devonian Chattanooga Shale. Figure 2.5-12 depicts a stratigraphic
column of bedrock formations recognized on ORR with typical thicknesses determined
from core drillingor estimated based on surface geologic mapping. Descriptions of the

Q major stratigraphic units present on ORR with emphasis on characteristics relevant tointerpreting the stratigraphic contributions to geomorphology and hydrogeology follow.
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Rome Formation (the Rome)

The Rome includes more than 450 m (1475 ft) of variegated shales, siltstones,
sandstones, and subordinate carbonates. Sediments of the Rome were deposited in a tidal
flat environment and are predominantly cast materials distributed in an interbedded tidal
channel and tidal flat complex. For mapping purposes the Rome is divided into upper and
lower portions. Where observed, the lower portion is dominated by shales and siltstones,
but because the Rome is the decollement zone ibr regional thrust faults that carry the
upper portion of the formation to the surface, the lower portion of the Rome is rarely,
and incompletely expose_. The upper portion of the Rome contains sequences of clean
orthoquartzJtic sandstone, maroon and green siliceous shale and siltstone, and sporadically
distributed carbonate rocks in thick, reef-like masses. The carbonates develop local karst.
Soils that develop on the Rome are thin. The sandstones are erosion resistant;
consequently, the upper portion of the Rome formation holds up the crests of prominent
ridges such as Pine Ridge and Haw Ridge. Thickness and character of the upper sands
vary, and in places the contact between the Rome sands and the bioturbated sandy lower
Pumpkin Valley Shale is gradation. The Rome forms a dipping sole beneath each regional
thrust sheet on ORR and elsewhere in the northwestern Valley and Ridge Province.

Conasauga Group

The Conasauga Group is a rock sequence characterized by interlayered shale,
limestone, and limestone-rich shales. The group lies conformablyover the Rome, and, O
because of the aforementioned weathering and erosion characteristics of Conasauga
bedrock lithologies, this unit underlies valleys. Detailed descriptions of the lithologic
characteristics of the Conasauga from examination of core are available in Haase, Walls,
and Farmer 1985 (as referenced in the HFIR SAR 1991, p. 2-333) and Lee and Ketelle
1989 (as referenced in the HFIR SAR 1991, p. 2-333). The Conasauga Group is roughly
520 m (1700 ft) thick on ORR and is divisible into six formations recognizable in rock
core, in saprolite exposures, and as mappable soil types. In ascending stratigraphic order
the six formations of the Conasauga Group include the Pumpkin Valley Shale, Rutledge
Limestone, Rogersville Shale, MaryvilleLimestone, Nolichuck_yShale, and Maynardville
Limestone. Characteristics of each of these formations are described below.

Pumpkin Valley Shale,. The Pumpkin Valley Shale is a elastic dominated
formation deposited in a transitional environment from shallow _ater in the lower porti_,_
to somewhat deeper quiescent water in the upper portion. The lower portion of the
Pumpkin Valley is composed of reddish-brownto greenish-gray interbedded fine-grained
sandstone, siltstone, and shale. The lithologic character of the lower Pumpkin Valley
varies locally depending on paleodepositional conditions, and the sand/shale ratio in this
zone is quite variable. The lower portion of the Pumpkin Valley is somewhat more
erosion resistant than the upper portion and frequently holds up a topographic shoulder at
its outcrop location on the southeast crest of the Rome ridges (Pine Ridge and Haw
Ridge). The upper portion of the Pumpkin Valley is a laminated to thin-bedded shale
with variegated colors including reddish-brown, rexldish-gray,greenish, and greenish-gray.
Thin beds and laminations of fine-grained glauconite pellets are ubiquitous in the upper
Pumpkin Valley. The upper Pumpkin Valley has outcrops on the steeply sloping
southeast faces of Pine Ridge and Haw Ridge.



O 2-161

Rutledge Limestone. On ORR, the Rutledge Limestone is quite elastic and
consists of light gray, micritic to coarse-grained, thin- to medium-bedded limestone,
¢c_ntainingshale partings interbedded with dark gray or maroon thin-bedded shale beds.
Glauconite occurs as fine grains incorporated in the limestone beds of the Rutledge in
contrast to the distinct laminae and beds of glauconite observed in the upper Pumpkin
Valley. Weathering and erosion of the Rutledge creates an alignment of topographic
saddlesandvalleyheadsinitsoutcropband.The Rutledgeoutcropbandoccursatthe
s,outheasternbaseofPineRidgeandHaw Ridge.

R_ Shale. The RogersvilleShaleisdominatedbynoncalcareousshaleand
siltstoncwithminoramountsoflimestone(thelocallyrecognizedCraigmember)inthe
upperpartoftheformation.The lowerportionoftheRogersvilleispredominantlydark
graymudstonewhiletheupperportionispredominantlymaroonshalewithvariable
contentofthin-beddedargillaceouslimestone.The RogersvilleShalefrequentlyhas
outcropson thenorthwestslope(scarpslope)ofthelowknobscrestedbytheoverlying
Ma .ryviUeLimestone.InsomeareastheRogersviUehasoutcropsinthediscontinuous
saddleandvalleyzonedescribedintheoutcropbandoftheRutledge.

Limestone.The MaryvilleLimestoneisa elasticdominated(60to70%
elasticsediments)carbonateformation.IntheORR areatheformationi',dominatedby
thin-be.ddedgraycalcareoussiltstoneswiththin-beddedsilty.limestonesandisolated

O medium-bedded clean limestone and intraclastic limestones. The Maryville weathers toform a saprolitic soil zone that is thin to nonexistent along streams and thickens to as
much as 20 m (65 ft) beneath the crest of mid-valley knobs underlainby the formation.
Outcrops of silt.stone and limestone of the MaryviUeare visible in cross-cutting stream
channels. As mentioned previously, the Maryvilleholds up the crest of a discontinuous
line of low knobs that occur in the northwestern half of Bear Creek and Melton Valleys.
The ANS site is located on the southwest facing slope of such a knob.

Nolichucky Shale. The Nolichucky Shale is dominated by gray, olive-gray, and
maroon shales with subordinate amounts of medium-bedded oolitic, glauconitic, and
intraclastic limestone. In some areas the formation is subdivided into three units that are

discriminated by the presence of a middle member known as the Bradley Creek member,
which is a limestone-rich zone. The Nolichucky occupies different topographic settings in
its two outcrop bands on ORR. In Bear Creek Valley the Nolichucky lies northwest of
Bear Creek and forms an area of gentle, hill and swale terrain. In Melton Valley the
Nolichucky underlies the axis of the valley and the lower slopes of Copper Ridge. In both
settings the topographic expression is that of a soft, credible formation.

MaynardvfllcIaimestone. The MaynardvilleLimestone is a fine- to medium-
grained dolomitic limestone with oolitic and algal lamellar zones. Stylolitic bedding planes
are common. The Maynardville has a low elastic content and tends to be karstic. In Bear
Creek Valley the Maynardville underlies the valley axis, and mixing of surface water and
ground water flow occurs in reaches of stream subsidence and resurgence. In Melton
Valley the Maynardville occurs on the midslope of the northwest face of Copper Ridge.

O InthissettingtheMaynardvilleoccursona steepslope,andlimestonepinnaclesandbluffsarecommon.
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Knox Group

The Knox Groupincludesapproximately900m (3000ft)ofdolostoneofvarying
texture and color with minor zones containing limestone and Sandstone. Chert of various
types and textures is common in the Knox Group and is significant both for recognizing
stratigraphic divisions of the group and for its near-surface hydrologic role. The Knox
Group is divisible into five mappable bedrock formations at the surface. In ascending
stratigraphic order these formations include the Copper Ridge Dolomite of late Cambrian
age, and the Chepultepec, Longview, Kingsport, and Mascot Dolomites, ali of early
Ordovician age. In the vicinity of ORR the Knox Group bedrock underlies broad ridges
of complex morphology. The Knox Group underlies Blackoak Ridge, Chestnut Ridge, and
Copper Ridge on ORR. Differentiation of the Knox Group is based primarilyon the
characteristics of the residuum and on occurrence of distinct chert types. Even though the
Knox weathers rather deeply and residual soil thicknesses exceeding 30 m (100 ft) are
common, relationships exist between stratigraphicformation and overlying topography in
th_'Knox Group outcrop belts. The bases for these relationships are not thoroughly
understood; however, differences in insoluble mineralcontent (silt and clay in addition to
chert) and differences in limestone content may contribute to the topographic expression
of the Knox formations.

Copl)cr Ridge Dolomite,. The Copper Ridge contains thin-bedded to massively
bedded dolostones that range from light to dark gray. Massively bedded dolostones tend
to be dark, are usually porous to vuggy, and often emit a petroliferous odor from freshly
broken surfaces. Chert sections in the middle and lower portion of the formation tend to
be replacements of algal mats (cryptozoon) that have a "waffle iron' appearance when
observed in the soil zone. In the upper portion of the Copper Ridge, cherts become
pronouncedly oolitic with ooids that are concentrically banded with alternating light tan
and dark-brown-to-blackrings. Near the contact of the Copper Ridge w_th the overlying
Chepultepec, bezided oolitic cherts become intermingled with thin beds of quartz sand.
The relatively high silica content of the Copper Ridge results in development of a thick
residual soil mass upon weathering of this formation. The high chert content provides
abundant gravel and cobble-sized rocks in the soil mass, which are left on the surface as
an erosional lag. This gravel layer may be several inches thick on steep slopes and
promotes shallow lateral shedding of infiltrating rainfallwhile protecting underlying fine
grained soils from erosion. The topographic prominence of the Copper Ridge outcrop
band as the highest crest of ridges underlain by the Copper Ridge Dolomite is attributed
largely to this "chert armoring"of the residual soil mass. Dolines are observed in some 0

portions of the Copper Ridge. Alignments of dolines along strike indicates that certain
stratigraphic zones are susceptible to preferential weathering and development of cavity
systems beneath the thick residual soils. Such strike-parallel alignments of karst features
are common in the upper Copper Ridge, and closely spaced dolines are observed over
distances of several thousand feet in some localities on Chestnut Ridge.

Chcpultcpcc Dolomite. The Chepultepec Dolomite is less siliceous than the
Copper Ridge, tends to weather more d_ply, and occupies a topographic setting
characterized by :;addles and valley heads. The base of the Chepultepez is recognized by _m,
the pre.,',cnceera zone of sandstone of variable prominence. The sandstone tends to be
medium-grained and i._observed as float blocks in the soil or, where the sandstone is quite
prominent, as a discontinuous sandstone outcrop. The Chepultepe,c/Copper Ridge contact
marks the Cambro.Ordovician boundary in East Tennessee. Dolomite in the Chepultepe_
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O tends to be light gray, fine-grained, and medium bedded. Chert is less abundant in the
Chepultepec than in the Copper Ridge, and it tends to be light gray, cream, tan, and
white. Locally, large boulders of porous chert are observed in the lower portion of the
Chepultepec. Comparatively low insoluble residue content and possibly higher solubility
due to a finer grain size combine to result in deep weathering of the Chepultepec with
accompanying development of karst features, internal drainage, and weak topographic
landforms. In the outcrop band of the Chepultepec on Blackoak and Chestnut Ridges the
dipping bedrock attitude interacts with deep weathering to form strike.parallel valley
heads and topographic saddles between the ridge crest and knobs upheld by the Copper
Ridge and Longview Dolomites.

Longview Dolomite. The Long_vw Dolomite is recognized as a mappable
formation in surface geologic mapping; however, the Longview is not recognized as a
subsurface formation in the East Tennessee zinc mining district. The Longvi_v is a cherty
zone that separates the Chepultcpec from the Kingspon Dolomites. The chert tends to
be bedded and light gray to cream in color, and frequently contains the molds of small [< 1
mm (.04 in.)] weathered dolomite rhombohedra leading to the description MolomoldiC
texture. Became of its high chert content, the Longview is an upland landformcr and
holds up a line of knobs in the outcrop belts on Blackoak and Chestnut ridges. These
knobs are discontinuous because the Longvicw is relatively thin and would only hold up a
narrow hogback ridge, and ephemeral streams that head in the Chepultepec outcrop belt
cross the Longview as they flow southeastward off the upland area, breaching the
Lengvicw terrain. Dolines occasionally form in the Longview and they may find their

O origin in the underlying, deep-weathering Chepultepe,c, only finding surface expression in
the Longview as a result of vertical development of subsidence basins through the residual
soil column.

Kingsport Dolomite. The Kingsport Dolomite contains light to medium gray, fine-
to medium-grained, medium- to thick-bedded dolomite, with nodular chert and medium to
bluish gray, thick,.bedded limestone near its base. Pinkish gray doloraite occurs near the
top of the Kingsport. Limestone is also observed scattered through thu middle portion of
the formation in some areas. The Kingsport apparently has a lower insoluble residue
content than the Copper Ridge and the Long, ew, because upon weathering the
Kingsport forms a discontinuous line of valleys and saddles between the knobs upheld by
the underlying Longview and the overlying Mascot and lower Chickamauga bedrock.
Preferential weathering leads to development of strike-parallel doline alignments. Since
the Kingsport tends to be a valley former, and it lies near the southeast edge of the Knox
outcrop band, seasonal streams are observed in deeply incised valleys where the water
table rises seasonally to the ground surface.

Ma_:ot Dolomite.. The Mascot Dolomite contains light gray and pinkish gray
dolomite similar to that observed in the Kingsport; however, the Mascot is much chertier.
Nodular jasperoid chert and bedded chert are c_mmon in the Mascot. Chert matrix
sandstone occurs locally in the Mascot, and the lowest of such sandstones ooserved is used
to define the contact between the Kingsport and Mascot Dolomites. Where chert matrix
sandstones are not present, the formations are combined and termed the Ncwala
Formation. Soil development is usually thin in the Mascot outcrop belt, and exposed
pinnacles are common. The chert and sand content of the Mascot Dolomite helps it hold
up the ridge line where it outcrops. The top of the Mascot Dolomite is an erosional

/
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unconibrmity. Paleokarst development on this surface has been observed with local relief O
of at least 60 m (200 ft).

Chickanmuga C,xoup. Bedrock of the Chiekamauga Group is of middle Ordovician
age and contains an interfmgering complex of fine-gained clastic sediments and shallow
water carbonate deposited in a coastal margin, shallow basin environment. Rock types
present range from bedded chert andcalcareous sfltstone in the lower part of the group,
through calcareous maroon to gray mudstone, to interbedded thin-bedded light gray
limestone and dark grayshale, to massive clean light gray limestone. Variability in
bedrock lithologies leads to variations in the overlying landforms;however, the general
topographic expression of the Chiekamauga is formation of broad strike-parallel valleys
with rolling, hilly topography within the valleys. Two such broad valleys occur in the
outcrop belt,,_of the Chickamauga Group on ORR (East Fork Valley and Bethel Valley).

Because the Chickamat,ga Group bedrock was deposited in an environment with
abundant facies variability, nomenclature used in stratigraphicunit designations varies
widely depending on locality. Stratigraphic nomenclature adopted for use in the Bethel
Valley outcrop belt of the Chickam_ugaon ORR includes the Five Oaks, Lincolnshire
(divided into Eidsop. and Fleanor members), Rockdell, Benboit, Bowen, Witten, and
Moccasin formations (Hatcher et al. 1991, pp. 3-35-3-38). Bethel Valley stratigraphic
nomenclature is used in this report because the Bethel Valley is the occurrence of the
Chickamauga Group nearest the ANS site.

F'we _ Formation. The Five Oaks Formation consists of a thin

[1-m (3.3-ft) thick] purplish maroon dolomitic limestone overlying a thin bed of pale olive dlh
limestone that in turn is overlain by a thick sequence cf purplish to maroon siltstone.
Total formation thickness is approximately 55 m (180 ft). The bulk of the Five Oaks
Formation is a readily mappable unit in the lowermost Chickamauga Group. It consists of
thick sections of purplish to dark maroon and olive gray calcareous siltstone interbedded
with sL,bordinate amounts of dark and light gray calcarenite. Dark maroon to purple, 5- to
10-cm (2 -to 4-in.) thick, bedded and blocky chert is diagnostic of the Five Oaks in the
field. Upon erosion of the siltstones and limestones in outcrop or as float, the size and
color of these cherts resemble bricks. The Five Oaks occurs on the crest and southeast
slope of knobs that form the boundary between Chestnut Ridge and Bethel Valley. The
presence of abundant chert beds and siltstones in the Five Oaks probably contributes to
its ability to hold up this landform.

IAncolnshire Formation. In Virginia and elsewhere in East Tennessee, the
Lincolnshire Formation is divisible into three members. In ascending order these are the
Eidson, the Fleanor, and the Hogskin members. Presumably because of lateral facies
changes regionally, only the Eidson and Fleanor Members are recognized on ORR. Both
are readily mappable.

Eid:mn Member. The Eidson Member of the Lincolnshire Formation is a

relatively minor limestone unit on ORR. With limited outcrop exposure, it provides a
sharp contrast to the maroon siltstones of the underlying Five Oaks Formation. In core
the Eidson Member is 20 m (65 ft) thick, but its thickness may vary laterally on ORR. It
consists of massive to nodular limestone with bedded and nodular chert occurring near the
top. The Five Oaks and Eidson constitute Unit A in Stockdale's nomenclature. The _i_
Eidson typically occurs on sloping terrain or through saddles between the Five
Oaks/Mascot knobs and a secondary line of low knobs. This secondary line is underlain by
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theRockdellFormationoftheChickamaugaGroup andoccursnearthenorthwesternside
ofBethelValley.

Fieanor Member. The Flcanor Member of the Lincolnshire Formation is a thick
accumulation [53 m (175 ft)] of maroon, calcareous, and shaly siltstone with numerous
light gray limestone beds. Vertical burrowsand general bioturbation are commonly
rcco_. The lowermost and uppermost portions of the Fleanor consist of thick, olive-
gray calcareous siltstone in contrast to the overall maroon siltstone that characterizes the
unit. The occurrence of thicker limestones and subordinate maroon siltstones higher in
the section that would constitute the Hogskin Member of the Lincolnshire Formation is
not recognizable on ORR, and the entire maroon siltstone section is therefore referred to
as the Fleanor. The Fleanor corresponds to Unit B in Stockdale's nomenclature. The
Fleanor, like the Eidson, is not very erosion-resistant and tends to occur in topographic
lows or saddles between the Five Oaks/Mascot knobs and the Rockdell knobs.

Rc_.,kdcllFormation. A thick section of limestone, the Rockdell Formation,
overlies the Fleanor. The Rockdell underlies the discontinuous line of knobs near the
northwest edge of Bethel Valley. The lower portion of the Rockdell contains light gray
calcarenite, dark gray calcareous siltstone, fossiliferous nodular limestone, and birdseye
mieritic limestone. Small chert nodules are common, and evidence of vertical burrowing is
seen occasionally. This lower lithology grades upward to dense calcarenite with
subordinate amounts of birdseye micrite and nodular limestone lithologies. The frequent
occurrence of bedded and nodular chert is distinctive of the upper portion of the

O Rockdell. Th_ lower and lithologies are of nearly equal thickness. The cleanerupper
limestones of the upper Rockdell develop local karst in Bethel Valley. The Rockdell
Limestone can be seen in old Rogers Quarry on ORR. The lower and upper lithologies
of the Rockdell were formerly referred to as Units C and D, respectively, in Stockdale's
nomenclature.

Bcnbolt Formation. The Benbolt Formation is a relatively heterogeneous
formation that underlies much of ORNL The Benbolt consists of thick interbeds of

fossiliferous nodular limestone, unfossiliferous amorphous micrite within a dark gray
siltstone matri_ dark gray siltstone, and unfossiliferous caicarenite. Because of its greater
siltstone content compared with the underlying Rockdell, the Benbolt occupies
topographic lows. A pale buff color is characteristic of weathered Benbolt rock fragments,
which are seen in vegetatively barren areas. While limestone content increases in the
upper 23 m (76 ft) of the Benbolt as shown in rock core and geophysical logs, which is
indicative of the overlying Wardell Formation, the increased limestone content is
insufficient to allow reliable mapping of the Wardell on ORR. Therefore, while the
Wardell may be present on ORR, it is not included in field mapping. The Benbolt
corresponds to Unit E of Stockdale.

Bowen Formation. A minor maroon unit (the Bowen Formation) overlies the
lower thick limestone of the Benbolt and is a reliable marker for field mapping and
subsurface exploration. The Bowen is 5 to 7 m (15 to 20 ft) thick and consists of maroon
calcareous and shaly siltstone, and thin beds of light gray to olive-gray limestone and
argillaceous limestone. Vertical and horizontal burrows are prevalent throughout die unit.

O The Bowen underlies a very minor, discontinuous ridge in the southern portion of Bethel
Valley, and it is mappable in numerous locations along the valley. Stockdale referred to
the Bowen as Unit F.
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WrittenFormation. The uppermost limestone-dominated unit in the Chickamauga
Group in Bethel Valley is the Witten Formation. In many respects, the lower Witten
resembles the upper Benbolt, and without the presence of the maroon Bowen, the Witten
and Benbolt might otherwise not be separated on ORR. The Witten consist, of nodular
limestone; calcarenite; amorphous, thin-bedded limestone and siltstone; and wavy
interbedded limestone. Extensively bioturbated beds and beds with numerous bryozoa are
distinctive of the upper Witten. The Witten has outcrops near the southeast edge of
Bethel Valley and usuallyoccupies the lowest topography in the valley. Much of the
Witten is exposed along the interchange roadcut connecting Bethel Valley Drive with
Edgemoor Road. The Witten constitutes Unit G of Stockdale.

Moccasin Formation. Because it was largely removed by the Copper Creek Fault,
the youngest Chiekamauga unit (the Moccasin Formation) is not fully represented on
ORR. For the same reason, its thickness is also likely to be variable. While Stockdale
reported 104 m (340 ft) of the Moccasin on ORR, subsurface investigations have not
turned up a complete section of the formation. The Moccasin is recognized as olive to
light gray and pale maroon calcareous siltstone interbedded with light gray, free-grained
limestone. Haase, Walls, and Farmer (1985, p. 3-38) describe the upper 24.8 m (80 ft) of
the Moccasin as interbedded maroon-gray calcareous siltstones, gray to maroon-grayshaley
limestones, and maroon mudstones. Weiss (1981, p. 32) described as much as 64 m
(210 ft) of the Moccasin along the roadcut on the southwest corner of Solway Bridge.
The Moccasin represents Unit H of Stockdale.

2.5.2.3 Areal Geology of Melton Valley O

A simplified geologic map of ORR is shown in Fig. 2.5-13, and a geologic cross
section perpendicular to the axis of Melton Valley and Haw Ridge is shown in Fig. 2.5-14.
The principal significant geologic structures on ORR are regional-scale thrust faults that
result in the bedrock orientations and outcrop patterns observed. Superimposed on the
structure imposed by these regional-scale faults is a multitude of local fractures, small
folds, and local-scale faults that affect near-field geology and hydrogeology. Bedrock
fracturing is ubiquitous on ORR with variation in the degree of fracturing based on local
bedrock type and proximity to local- or regional-scale folds and/or faults. Two regionally
important thrust faults cross ORR in a northeast/southwest direction. These faults are the
White Oak Mountain Fault zone, which lies several miles northwest of the ANS site, and
the Copper Creek Fault, which has outcrops on the northwest slope of Haw Ridge about
1 km (0.6 mile) northwest of the ANS site.

The Copper Creek Fault underlies the ANS site at a depth of about 250 m
(800 ft) below the land surface. Motion of bedrock above the Copper Creek Fault during
the Appalachian Orogeny carried the Upper Rome Formation, the Conasauga Group, and
the overlying Knox Group strata to their present orientations. At the end of the
Paleozoic era the rocks that outcrop at the land surface were buried deeply beneath a
mountainous deformation belt. The present regional terrain is the result of weathering
and erosion of bedrock and soils over the millennia since the Appalachian Orogeny.

2_5.2.4 Stmctmal Geology of Melton Valley

This discussion of the structural geology of Melton Valley is excerpted from the
HFIR SAR 1991.
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D Structural features within Melton Valley are related to motion along the Copper
Creek Fault, a regionally significant noncapable thrust fault that strikes N50,E to N60"E
and dips to the southeast at generally a shallow angle (0-.25*). Significant meso_ale
deformational features within the Conasauga Group, particularly the upper part of the
MaryviUe Limestone and the lower part of the Nolichucky Shale, include numerous low-
amplitude folds, thrust faults, bedding-plane faults, and high-angle reverse faulu, and
several sets of pervasive joint sets (Rothschild et al. 1984, p. 26; Rogers et al. 1989, as
referenced in the HFIR SAR 1991, p. 2-349).

Bedding orientation

In Melton Valley, geologic strike averages about N55*E, and the dip of the rock
units is highly variable due to the highly deformed character of the Conasauga Group.
The deformed character of the Conasauga Group, particularlythe upper part of the
Maryville Limestone and the lower part of the Noliehucky Shale, was noted in the 1950s,
when large trenches were being excavated for disposal of ORNL's liquid radioactive waste
in what is known as the "Pitsand Trenches Area' of ORNL Photographs taken of the
excavations show numerous folds that exhibit complex geometries. Some of the folds
appear to have been broken by intraformationalthrust faults but exhibit only minoroffset
along the faults. Within this deformed interval, the most intensely deformed strata were
mapped as a "zone of crumpled beds" that is continuous up and down Melton Valley.

Twenty-two boreholes were drilled and logged and cores of bedrock were taken
during the preconstruetion site investigation for the HFIR facilities. The HFIR facilities

O lie 1.6 km northeast of the "Pits and Trenches Area" in Meltonapproximately (1m;le)
Valley and directly along strike. Boring logs, on file at ORNL Central Engineering, show
that the dip of the upper Maryville and lower Noliehucky at the HFIR site is highly
variable between localities. Dip may vary between 30° and 70' in the same borehole
(e.g., boring C-2) and may change from essentially horizontal beds to 30' in within 1 m
(3 ft) (e.g., boring C-4). Such variability in the dip of strata suggests the presence of
significant geologic structure in the subsurface and supports the idea that the Maryville
and Nolichueky are highly deformed throughout Melton Valley.

Photographs taken during the excavation and construction of the HFIR facilities
confirm the contorted nature of the Maryville and Noliehueky bedrock and overlying
saprolitie materials. These photographs show numerous mesoseale tight to broad synclines
and anticlines that have been faulted (shear dislocations) and in some eases refolded. The
mesoscale folds and faults at the HFIR site were not investigated in detail to determine
orientations before HFIR construction and have not been investigated in detail elsewhere
on ORR. These features are difficult to map because their geometry is complex (they
plunge into the ground where they typically die out or are transacted by other structures)
and they are generally small--tens of meters or feet across in the visible dimensions. The
significance of the geologic structure at the HFIR site is that fractures associated with
such intense deformation have been shown to be the primary pathway of groundwater and
contaminant movement on ORR. The complex geologic character of the site makes
understanding groundwater movement beneath the HFIR facilities extremely difficult. At
present, remedial investigations being cond:!,:ted in SWSA 6, located approximately 2.4 km
(1.5 miles) southwest of the HFIR site, are focusing on the effects of this intensely
deformed zone on groundwater and contaminant movement at the site. The work

O performed in SWSA 6 may provide information that can be used to support a similar
investigation at the HFIR site.
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Jointing 0

Joint and fracture orientations have not been investigated in detail at the ANS
site, although fracturing was observed in core from preliminary boreholes drilled at the
site. Recent studies on ORR have illustrated the presence of ubiquitous joints and
fractures joints in the bedrock. Joint spacing is highly variable. Studies to date have
generaUy agreed that at least one major joint set roughly parallels the geologic strike of
the area and dips at -40 ° to the northwest. A second steeply dipping joint set strikes
about N12°W (Geraghty and Miller 1989, pp. 3-8). These joint sets were formed by
extensional forces. However, an orthogonal joint set resulting from shear forces is also
recognizable.

In Melton Valley, _'acturing and jointing in Conasauga Group rock is extensive
and several pervasive joint set orientations have been identified. Data obtained from the
Conasauga Group at three sites within SWSA 7, an area located about 610 m (2000 ft)
along strike to the northeast of HFIR, show joint set orientations similar to joint sets
measured elsewhere on ORR. At site A, two joint sets predominate, a set that strikes
between N70OWand N90°W and a set that strikes about N20OW. The set striking N20OW
dips at a high angle to the northeast (about 80°); the second set dips about 50° to the
northeast. The approximate strike and dip of bedding at site A are N55°E and 35°SE,
respc.ctively. At site B, two joint sets were recognized, one striking about N30OW and
dipping at a high angle, and the second striking between N70OWand N90OWand dipping
26°SE. The orientation of bedding at site B averages a strike of N40OEwith a dip of
26°SE. At site C, two joint sets were identified, one striking about N20OWto N40OWand
the other N20OEto N30°E, with dips of 66°NE and 740NW, respectively. Data from the
three sites are shown graphicallyon equal area projections of poles to joint planes in
Fig. 2.5-15 (Rothschild et al. 1984a, p. 27).

At each of the three localities within SWSA 7, the joint sets form an approximate
angle of 120° between their strike directions. This angle is approximately bisected by the
orientation of bedding at each respective location. Such a relationship indicates an
orthogonal joint set at each site that formed under sheafing stresses. Data from SWSA 7
are consistent with data obtained elsewhere in Melton Valley (Sledz and Huff 1981, as
referenced in the HFIR SAR 1991, p. 2-352). Data obtained within SWSA 7 do not
indicate a principal joint set parallel te bedding planes. However, field observations in
SWSA 7 indicate that bedding-plane joints are present, but cannot be measured with
certainty because of the difficulty in distinguishing them from bedding plane surfaces
(Rothschild et al. 1984a, p. 29).

M_e folds and disiocatiom

As discussed in the section on bedding orientation, various mesoscale folds and
dislocations or minor faults occur in a band in the Maryville Limestone through the
central portion of Melton Valley. Similar features have been observed in the same
stratigraphic interval throughout Melton Valley. These superposed mesoscale folds and
faults vary in size in two dimensions from a few inches to a few feet, but they are not
traceable very far in the third dimension; thus, they are not mappable.

The orientation of these structures is consistent with the observed trend of

geologic structure in the Valley and Ridge Province, supporting the contention that they
formed at the time of regional deformation late in the Paleozoic era. It has been noted in
other parts of Melton Valley that geologic structure plays a key role in groundwater
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Fig. 2.5-15. Lower hemisphere eqtud area projections of poles to joint planes from
measurements of joints at three separate sites within Solid Waste Storage Area 7, located
appmxima_eb/610 m (2000 ft) along strike to the southwest of the ANS site.
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movement (Dreier and Toran 1989, p. X_, and based on the structural features evident
in early site photographs, the same would be expected at the ANS site. Currently, the
effects of geologic structure on groundwater movement at ANS cannot be adequately
evaluated because a lack of data needed for the analysis.

Weathering

Rock at the ANS site weathers to a clayey residual soil derived from the
underlying calcareous clay shale and interbedded limestone. According to descriptions of
soil samples and rock cores taken elsewhere in Melton Valley, the overburden consists of
a thin [generally 0.3 m (1 ft)] blanket of organic-_h topsoil overlying weathered shale.
The weathered shale varies from a true clay (primarilyCL and CH soils using the Unified
Soil Classification System) at the top to a thick saprolitic zone--the commonly termed
"rotten rock_-.and finally grades into competent rock. Top-of-rock is generally defined as
auger refusal during the site investigations.

2.5.3 Soils

This section discusses and described the various soils found on and around the
proposed ANS site.

2.5.3.1 Soils Mapped at the Proposed ANS Site

Q
This section presents a detailed soils map of the proposed ANS site along with

supporting descriptive information pertaining to soil genesis, occurrence, soil profile
characteristics, and geomorphie aspects of soil occurrence. Figure 2.5-16 is a soils map of
the proposed ANS site. Soils have been classified and mapped on the basis of their
parent materials, taxonomic classification, aspect of occurrence, and erosional condition.
Table 2.5-3 presents the supporting key to nomenclature used on the map, and supporting
detailed descriptions of the soils follows. Table 2.5-4 lists the soil identification codes
applicable to soils at the proposed ANS Site with taxonomic classification and parent
material. Materials presented have been excerpted from the mapping of D.A. Lietzke,
(soil scientist, personal communication with R. H. Ketelle, ORNL, Jan. 28, 1992) and from
descriptive text by D._ Lietzke included in Hatcher ct. al. (1991, pp 4-19-4-94).

2.5.3.2 Conasauga Group

pumpkinV_-y Shale

The No. 100, No. 101, No. 102, and No. 103 soils form a weathering sequence,
from highly weathered to least weathered, respectively, on the lower member of this
formation, which contains a high content of interbedded glauconitic fine-grained sandstone
and siltstone. Of these rock, only the No. 102 soil occurs in the immediate vicinity of the
proposed ANS site. These soils can be identified and easily mapped at a 1:1,200 to
1:2,400 scale_ but only the soil of greatest extent (soil No. 102) was mapped at the
1:12,000 scale. The other soils of this sequence occur as inclusions. The degree of
weathering and amount of soil development depends on whether water tends to flow off IU
or infiltrate. Infiltration on these soils and their associated landforms depends not only on
the slope gradient but also on the width of the side slope and the convexity,, and also on
the joint and fracture network of the underlying rock. While slope classes overlap for
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Table 2.5-3. Oak Ridge Reservation Soil _g SyJteB qP
as applicable to the propoexl Advanced Neutron Source Site"

_ i i i i i i rl [I

EXAMPLE OF SOIL MAP CODE

400434......_ is the geologic code (Knox Group),
_0__ is the geomorphic code (Knox residuum)

0 is the individual soil code (Copper Ridge residuum)
_._4_ is the slope code (12 to 25% slopes)

S'_ 3 is the erosion code (severe)

1st digit codes. _0000 Geologic formations

0 Rome
1 Conasauga-Pumpkin Valley/Rutledge
2 Conasauga-Rogersville/Mary_lle
3 Conasauga-Nolichucky/Maynardville
4 Knox-copper Ridge/ChepultepecR.ongview/Kingsport/Mascot
5 Chickamauga[Lithicwithin100cm (40in.)]
6 Chickamauga (deep and paralithic)
7 Silurian/Devonian/Mississippian
8 Altered Land. (cut, cut and fill, fill, burial trenches)

9 Alluvium O
2hd Digit Codes. 0000 Geomorphic codes.

0 residuum
1 Rome colluvium

2 Conasauga colluvium
3 Knox colluvium

4 Chickamaugacolluvium
5 Silurian/Devonian, Mississippian colluvium
6 Rome alluvium

7 Conasaugaalluvium
8 Knox/Chickamauga alluvium
9 Pleistocene-Tertiaryalluvium

3tdDigitcodes00_00 Individualsoilidentificationnumbers,0 through9.

4th Digit codes. 000_0 Slope classes

1 0 to 2% slopes
2 2 to 5% slopes
3 5 to 12% slopes
4 12 to 25% slopes
5 25 to 45% slopes
6 >45% slopes

®
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O
TableZ5-3. (mntm  t)

al.li [ [ i li i i ii ii i i i i i

5thDigitcodes.0000_ Pasterosionclassesand alteredlands.

1 none to slight accelerated erosion
2 moderate accelerated erosion
3 severe accelerated erosion

4 very severe erosion with common to many gullies
5 cutland

6 fill land
7 cut and fill land
8 waste burial areas

i i ii ii i

"A five digitnumbersystemwas devisedto codeali importantsoil mapinformationforeasy
computersortingand manipulationin the soilsurvc'y.

The firstdigitcodes the important,geologicformations.
The seconddigitcodes forresidents,colluvium,and alluviumby majorgeologicformations,and
Pleistocenealluvium.
The thirddigitcodes foreach individualsoil.
The fourthdigitcodes each slope gradientclass.
The fifthdigitcodes for soll erosionclassor othersoll or landformpropcrtlesconsideredimportant
forplanningor utilizations.

The firstthree digitsdefineeach Individualmemberof the soll s),stemin termsof the geologyand

geomorphologyandareshownbeneath.Theresidualandcolluvtalsoilsareorganizedaccordingto• geologicparentmaterials. The alluvialsoilsare groupedaccordingto age,parent materials,and
wetness. The mappingunit descriptionsthat followare organizedin thesame sequence.

these soils, the landform width and convexity are different. Most areas of the No. 101
soils on E slopes are generally on 20 to 35% slopes, while most of the No. 102 soils that
are on E slopes have slopes of 35 to 45%. The No. 102 soils also occur on lower gradient
landforms where interfluves are narrower and more convex. Most areas of the No. 103

soils are on slopes greater than 45 percent, but if areas are on less steep slopes, the
landform, usually a spur ridge, is narrow and highly convex. The upper Pumpkin Valley
Shale has a higher siltstone and shale content with less sandstone and has a high
glauconite content that gives rise to a saprolite ranging from reds and violets to green.
Because of the high content of less permeable shale, the upper Pumpkin Valley weathers
differentially with more permeable strata more deeply weathered than less permeable
strata. Soil No. 104 is mapped only over the upper part of the formation.

Pumpkin Valley residuum

As shown on the soil map key, there are several distinct soil types that develop as
residuum of the Pumpkin Valley Shale. Only the description of the 102 type soil is
included here. More detailed information is available in Hatcher et al. (1991,

O pp. 4-19--4-94).
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Table 2.5-4. Classification of mils mapped at the pm_ _l_
Advanced Neutron Sour_ site

I I I I I I I I I[ II

CONASA UGA GROUP

Pumpkin Valley residuum

100 Typic Hapludults; clayey, mixed, thermic > 100 cm (40 in.) to the
Cr soil horizon, or vertical stratification. [lower sandstone and
siltstone facies]

101 Typic Hapludults; clayey, mixed, thermic 50-100 cm (20-40 in.) to
the Cr soil horizon. [lower sandstone and silt_tone facies]

102 Ochreptic Hapludults; clayey or fine-loamy, mixed, thermic.
>50 cm (20 in.) to the Cr soil horizon. [lower sandstone and
siltstone facies] Soil of greatest extent.

103 Typic Dystrochrepts; loamy-skeletal, glauconitic, thermic, shallow.
(lower sandstone and siltstone facies)

104 Ruptic-Ultic E_trochrepts; clayey argillic and loamy-skeletal
cambic), mixed, thermic. (violet micacemus and glauconitic facies
of upper Pumpkin Valley)

Rutledge residuum

105 Ruptic-Ultic Dystrochrepts; clayey argillic and loamy-skeletal
cambic, mixed, thermic. (calcareous siltstone and interbeztded

limestone member) O
RogersvUleresiduum

200 Typic Dystrochrepts; loamy-skeletal, mixed, thermic, shallow.
(steep slopes)

201 Ruptic-Ultic Dystrochrepts; clayey argillic and loamy-skeletal
cambic, mixed, thermic. (moderate slopes)

202 Typic or Ochreptic Hapludults; clayey, mixed, thermic (slopes less
than 6%)

Maryville residuum

203 Typic Hapludults; clayey, mixed, thermic. (slopes less than 6%)
204 Typic Hapludults; fine-loamy, mixed, thermic. (siltstone and very

fine.grained sandstone in Melton Valley SWSA-7 area)
205 Ochreptic Hapludults or Ruptic-Ultic Dystrochrepts; clayey or

loamy-skeletal, mixed, thermic. (moderate slopes)
206 Typic Dystrochrepts; loamy-skeletal, mixed, thermic, shallow.

(steep slopes)
207 Typic Dystrochrepts loamy-skeletal, mi;zed,thermic. (deeply

weathered saprolite on steep easterly facing aspects)
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Q
TableZ._. (continued)

lt I II I I I I I I II I I IIIIII I

Nolicha_ residuum

300 Ruptic-Aquultic Dystrochrepts; clayey argillic and loamy-skeletal
cambic, mixed, thermic. (lower sideslopes)

301 Ruptic.Ultic Dystrochrepts; clayey argillic and loamy-skeletal
cambic, mLxed,thermic. (moderate slopes)

302 Typic Hapludults; clayey, mixed, thermic. (slopes less than 6%)
303 Typic and Ultie Hapludults-Eutrochrepts-Rock Ledge Complex.

Pumpkin Valley colluvium

120 Typic Hapludults; clayey or fine-loamy, mixed. [2.5YR hue
(according to the Munsell color system) in the argillic horizon
doubly convex toeslopes from landscape inversion]. (Pumpkin
Valley and some Rome)

121 Typic Hapludults; fine.loamy, mixed, thermic. [7.5YR-SYR hue
(according to the Munsell color system) in the argillic horizon]
doubly concave footslopes. [Rome and Pumpkin Valley]

122 Typic Hapludults; fine-loamy or loamy-skeletal, mixed, thermic.
(10YR hue, gravelly upper argtllicwith abundant Rome gravels.
In drainageways, fans and low tocslopes.) [Rome and Pumpkin
Valley]

O 123 Typic Hapludults; fine-loamy, mixed, thermic. [Pumpkin Valleyalluvium-colluvium over No. 951 alluvium over Pumpkin Valley
saprolite.] Soils of very small extent.

Rogersville/MaryvUle/Nolichucky colluvium

220 Aquic Hapludults; fine-loamy, mixed, thermic. (mostly Maryvflle
colluvium)

221 Typic Hapludults; fine-loamy, mixed, thermic. (Rogersville,
Maryville and some Noliehueky eolluvium)

222 Typic Hapludults; fine-loamy, mixed, thermic (Gum Hollow
alluvial fan with Rome fragments in Rogersville and Maryville
colluvium)

223 Typic Hapludults; fine-loamy, mixed, thermic. (Rogersville-
Maryville-Noliehucky eolluvium over silty old alluvium over
Conasauga residuum)

224 Typic Fragiudults; fine-loamy, mixed, thermic. (Maryville, .
Noliehucky, and old alluvium)

225 Typic Hapludults; clayey, mixed, thermic. (Rogersville and
Maryville eolluvium with topographic inversion)
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Table 2.5-4. (continued)

MODERN ALL UVIUM
, ,_

Conasauga

970 Typic and Aquic Udifluvents; coarse-silty, mixed, thermic
971 Typic and Aedc Huvaquents; coarse/fine-silty, mixed, thermic.
972 Huvaquents and Ochraqualfs; fine-silty and fine, mixed, thermic.

[Bear Creek alluvium over a buried fine Typic Ochraqualf
Maynardville soil at > 50 to 90cre (20 to 36 in.)]

10241, 10251. These soils formed in interbedded glauconitic sandstone-siltstone of
the lower Pumpkin Valley Shale, where they occupy narrower, steeper, or more convex
landforms on the lower slopes of Pine and Haw Ridge. The argillic horizon contains well-
developed structure and 5YR to 10YR hues, according to the Munsell color system.
Depth to the Cr soil horizon is generally less than 50 cm (20 in.), but can range to about
80 cm (32 in.). Areas of these soils on E slopes have generally (1) shallower depth to
paralithic materials which impedes both root penetration and proliferation, and (2) less
downward water movement and more overland and subsurface lateral flow. Vegetation on
these soils consists of mixed hardwoods with very few white oak and dogwood, or ground
cover that requires higher natural fertility, an indication of low calcium carbonate content
in deeper saprolite layers. These soils tend to generate more overland flow because of the
greater convexity of the landform, although there is less clay plugging of the uppermost
saprolite zone below.

Ruticdge L/mestone

Because of their topographic position, most areas of the Rutledge Limestone are
buried by either alluvium or colluvium. Weathering of the high calcium carbonate sections
of the formation results in collapse of the residue which is subsequently buried. The
weathering of the siltstone and shale sections, with lower calcium carbonate content, forms
saprolite which has some surface exposure on low topographic highs. Rutledge soils have
sporadic distribution, and indica:ion of the highly variable nature of this formation in the
area.

10:522, 10523, 10532, 10533, 10543. These soils formed in yellowish, grayish,
reddish, and olive shale-siltstone low glauconite saprolite, weathered from calcareous
rocks. Saprolite from shale under these soils has low permeability. Water perches in the
upper part of the paralithic materials and extends up into the lower subsoil, where
drainage mottling is evidence for fluctuating water, while saprolite from siltstone is more
permeable, and there is lm perching of water. These soils are hydrologically important
because they generate high overland flow rapidly during storms.

Rog_ Shale

The No. 200, No. 201, and the No. 202 soils form a weathering sequence on the
Rogersville Formation, with the No. 200 soils in the least weathered class and the No. 202
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O soils the most weathered. The No. 200 and the No. 201 soils occupy most of the surface
area. The No. 202 soils have very limited extent due to lack of stable surfaces and low-
gradient slopes.

Rogenville residuum

20051, 20061. These soils occur almost exclusively on steep north and northeast
aspects below Dismal Gap ridgetops. The saprolite beneath the soil solum ranges from
gray to pinldsh siltstone and claystone and commonly contains glauconitic strata. These
soils, because of the steep slopes on which they occur, generate overland water flow that
removes surface soil material almost as fast as the underlying rock weathers to form soil.
Thus, these soils are kept in a near steady state of youthfulness.

20121, 20142, 20143, 21051, 20161. These soils comprise the largest areal extent
of the Rogersville Shale. They occur on summits and sideslope landforms. Severely
eroded areas have lost most or ali of their diagnostic features and have the morphology of
shallow Typic Dystrochrepts (No. 200 soils), or very shallow Udorthents (soils without
diagnostic subsurface pedogenic soil horizons). Because of the shallow soil solum, these
soils do not have much water retaining capacity,so overland flow or near surface flow is
common, especially on dip slopes. The rougher rock surface of obsequent or scarp slopes
allows for longer water residence time and therefore more water tends to enter and move
in the direction of dip along planar surfaces or gradually downward throughjoints and
fractures.

20222, 20223. These soils formed in steeply dipping Rogersville Shales and

O siltstones. They have a continuous Bt, soil horizon, or vertical stratificati3n, but ofvariable thickness. The Bt horizon has a yellow-brown to strong brown color in 10YR and
7.SYR hues, in contrast to the 5YR and 2.SYR hues of Maryville Bt hor;zons. Depth to
the Cr horizon is also highly variable, ranging from less than 50 cm (20 sn.) to more than
100 cm (40 in.). These soils, of limited extent, occur only on gently sloping upland
summits that were cultivated in the past.

MatyvilleLimestone

The No.203,No.205,andNo.206soilsforma weatheringsequenceon the
interbcddedshale,siltstones,andlimestonesoftheMaryvillcLimestone.The No.203
soilsoccupygentlyslopingandstablelandforms,aremorehighlyweathered,havea
deepersolumthathasstrongerhorizonation,anda continuousclayeyBthorizonwitha
red2.SYR hue,accordingtotheMunscllcolorsystem.The moderatelyweatheredNo.
205soilsoccuron steeperslopesoron landformswithmoreconvexity.Thesesoilshave
beenperiodicallystrippedoftheiruppersoilhorizonssothatinanacrossthestrikeopen
trenchsidcwaU,theBthorizonisinterruptedbyeithera cambicBw horizonorbyC orCr
horizonsaprolitcmaterials.The leastweatheredNo.206soilsoccuron thesteepestand
mostconvexlandforms.Theyhaveno Bthorizonexceptina fewdeeppockets,andsoil
solumthicknessisusuallylegsthan50cm (20in.)toaslittleas10cm (4in.).

The No.204andNo.207soilsoccur,todate,onlyintheSWSA-7 areaofMelton
Valley.Theseparticularsoilsoccuron saprolitcwitha highersiltstonccontent,andhave
a loamyBthorizonincontrasttotheclayeyBthorizonofthcNo.203soils."lhcNo.207
soilsarcsimilarinmorphologytotheNo.206soilsbutarcdccpcrtoparalithicCr

O horizonsandoccuronlyon northeasttoeastaspects deeper
where there has been

penetration of water resulting in more weathering. The Maryville Limestone contains
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more calcium carbonate than either the Pumpkin VaU_, Rogersville, or Nolichucky O
Shales.

Of the several Maryville Limestone residual soil types observed on ORR, only
those of the 205 and 206 soil types occur in the immediate vicinity of the proposed ANS
site. Soil descriptions included here are restricted to the 205 and 206 soils. Additional
information is available in Hatcher et al. (1991, pp 4-19-4-94).

20521, 20523, 20531, 20533, 2{B41, 2fl543, 20544, 20551. These soils occur on
narrow summits and upper and middle sideslopes with considerable convexity, and are the
most extensive soils underlain by the MaryviUeLimestone. They formed in less weathered
but highly interbedded siltstone and claystone with thin strata of argillaceous limestone
and very fine-grained sandstone saprolite of the Maryville Limestone. These strata have
undergone differential weathering that increases soil variability, especially permeability in
the upper saprolite. These soils have an intermittent clayey Bt horizon which has
2.SYR-SYR hue according to the MunseU color system. Siltstone and claystone fragments
in the solum and upper saprolite have a 10YR-2.SY hue according to the Munsell color
system. Depth to paralithic (Or horizon) materials is highly variable ranging from less
than 10 cm (4 in.) to more than 100 cm (40 in.) over very short distances.

20641, 20643, 20644, 20651, 20661. These soils occur on steep sideslopes of
drainageways that are cutting headwardly through the Maryville Limestone or they are on
highly convex shoulders and sideLlopes of narrowspur ridges. Most areas of these soils
are located on northwest, west, and southerly aspects. These soils have a thin solum,
usually less than 50 cm (20 in.) thick above paralithic materials. The saprolite directly
beneath the solum usually has a 2.5Y to 5Y hue, according to the Munsell color system, or
if more weathered, has a 2.SY-10YR hue. Because of the shallow solum, these soils A
cannot retain much rainfall, resulting in the generation of considerable overland or near
surface lateral flow during storms. Overland flow has removed soil particles from the
surface almost as fast as soil is formed by the weathering of rock beneath. Consequently,
these soils are kept in a near steady state of youthfulness.

Nolichucky Shale

The Nolichucky Shale can be readily identified by the oxidized brownish or pinkish
brown color of the claystone and siltstone saprolite alternating with olive-colored saprolite
from calcareous strata, and reddish-yellow clay seams that weathered from limestone. In
contrast to the adjacent and evidently more permeable Maryville limestone geomorphic
pro_e_es of erosion and denudation do not result in the formation of high hills and steep
slopes in the less permeable Nolichucky Shale. The lower p;rmeability of this unit may
have allowed for high overland runoff and consequently for more equal denudation over
the entire landform; and, perhaps, freeze.thaw cycles during the late Pleistocene were
more effective in reducing hilltop elevations. The combination of landform configuration
and saprolite colors were the primarydistinguishing characteristics used to locate the
surface boundary zone between the Maryville Limestone, and Nolichucky Shale. The
lower Nolichucky is interbedded with the upper Maryvilleand the boundary zone is
identified by interbedded olive-brown and strong-brown strata. The upper Nolichucky is
also interbedded with the lower Maynardvillewhere the number and thickness of
argillaceous limestone strata gradually increase.

@
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Nolichucky nmiduum

. 30021, 30023. These soils are on lower sideslopes where overland and subsurface
lateral waterflow from high areas keeps the lower part of the soil wet during winter and
spring. The upper part of Cr horizon is usually plugged by gray clay. They have a limited
extent because they are usually covered by No. 221 colluvium, except at the base of long
slopes where colluvial materials have been deposited farther up slope.

30122, 30123, 30133, 30143. These soils occupy summits, upper, middle, and lower
sideslopes. Because of favorable topography, they were cultivated n the past. Most areas,
even on gentle slopes, were severely eroded. Because of the past erosion many borings of
these soils have the morphologic characteristics of Typic Dystrochrepts, but the underlying
saprolite contains abundant clay flows that had been translocated from a Bt horizon.
These soils have an intermittent Bt horizon with 10YR and 7.5YR hues, according to the
Munsell color system. Clay flows in the underlying saprolite have similar colors.
Fragments in the less weathered saprolite are thickly coated with black manganese or red
iron compounds. Due to the relatively impermeable nature of the saprolite, the upper soil
layers become, saturated readily, and, became of the high silt and clay content, tend to
move down slope quite readily. The soils in these map units occupy the largest acreage in
the area underlain by the Nolichueky Shale.

30222, 30223. These soils occur on very gentle _;lopesthroughout the extent of the
Nolichucky Shale, but they are most common in the upper portion of the Nolichucky
Shale, which contains a high proportion of saprolite weathered from argillaceous

O limestone. These soils have a reddish-yellow Bt horizon. The saprolite beneath is soft,high weathered, and clay plugged in the upper part. Some of most areas of these soils
were, at one time, covered by No. 995 alluvium and have been exhumed. A thin smear of
alluvium, less than 50 cm (20 in.) thick, remains in some places where the elevation is less
than 257 m (848 ft).

30343, 30363. The soils in these map units formed in interbedded shale-siltstone
and limestone saprolite. They also contain few to many limestone ledges. These soils are
mapped only in the Melton Hill area of the ORR where the upper Nolichucky Shale is
better exposed.

Conasauga coUuvial mils

Rogersvflle-Mmyville-Nolichucky colluvium

Most colluvial soils could be easily separated according to their parent material
origin. Rome and Pumpkin Valley colluvial soils have different rock fragment assemblages
and low silt content. Most colluvium from the Rome and Pumpkin Valley Formations was
intercepted by drainageways in the Rutledge topographic low and did not extend onto and
through the Rogersville, Maryville, and Nolichucky with one exception: the No. 222
deltaic fan or fan terrace in the Bear Creek Low-Level Waste Disposal Development and
Demonstration site that contains fragments and soil from the Rome and Pumpkin Valley.
Soils that formed in Knox colluvium have a high chert content and are easily separated
from the Rome, Rome-Pumpkin Valley, and colluvial soils derived from the Rogersville,

O Maryville and Nolichucky formations.Colluvial soils derived from the Rogersville, Maryville and Nolichucky formations
have similar morphologic characteristics, including shale and siltstone fragments, and high
silt content. Therefore, they were grouped together in mapping. The only colluvial soil
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mapped in the immediate vicinity of the propos_ ANS site are those of the No. 221 soil. Q
Descriptions of Conasauga Group colluvial soil other than the No. 221 soil may be found
in Hatcher et al. (1991, pp. 4-18--4-94).

22121, 22131, 22133, 22141, 22151. These soils are on toeslopes and fan terraces.
They usually have one or more lithologic discontinuities, but there is little evidence of
perched water at lithologic contacts unless the truncated remains of a clayey argiUie
horizon in the buried paleosol are present. Erosion during the Pleistocene epoch
evidently stripped off most of the older soil before deposition of younger colluvium began.
These soils are roughly equivalent to the Rome-Pumpkin Valley colluvial No. 121 soils in
degree of soil development in the upper profile. Below the first lithologic-time
discontinuity there is either an older coUuvium or the truncated remains of a residual soil.
These soils are most common on the Dismal Gap Formation, but they also occur on the
Rogersville and Nolichucky formations. Most areas ofthese soils occur in first-order
drainageways and sideslopes of these drainageways. Many areas have been partially
covered by Modern Age colluvium and local slope-wash alluvium produced by cultivation
of adjacent landforms. Included in mapping are small and scattered areas of a younger
colluvium similar in age to the Pumpkin Valley No. 122 coUuvial soils, but only about
50 cm (20 in.) thick. The Rogersville land upper Conasauga formations did not evidently
generate as much colluvium as the higher and more dissected Pumpkin Valley and Rome
formations during the neo-glacial episode. These soils have properties that permit
infiltration and retention of rainfall, most which percolates downward or flows laterally
and contributes to stream base flow.

Modern alluvium O

Modern orrecentalluviumisdefinedasalluviumoflessthan300yearsold,the
result of anthropogenic accelerated erosion from the clearing and agricultural activities of
european settlers. Recent alluvium is stratified close to or to the surface and lacks any
diagnostic subsurface horizon within a depth or 50 cm below the surface. Several modern
alluvial soils are recognized on the ORR. Only the Conasauga alluvium occurs in the
immediate vicinity of the proposed ANS site. Information on the other soils may be found
in Hatcher ct al. (1991, pp 4-18-4-94).

Conmauga alluvium

97011,97021.These.soilsformedinRecentalluviumandhavea much highersilt
contenttnantheRomc andPumpkinValleyalluvialsoils.Theyarcinnarrow
drainagewaysinareasofRogersvillc,DismalGap,andNolichuckysoils.Thesewelland
modcratelywelldrainedmilsarcundifferentiatedwithrespecttodegreeofwetness.Most
areasofthesesoilshaveawelldefinedandentrenchedchannel.The largestareasof
thcscsoilsoccuron thefloodplainandlowterracesofBearCreek.Nearlyallarcasof
thesesoilshaveaburiedsoilbetweena depthof50cm and 100cm (20and40in.).

97111.Thesesomewhatpoorlyandpoorlydrainedsoilsoccurinnearlylevel
drainagcwayswithinareasofRogersvillc,DismalGap,andNolichuckysoilsthatcontribute
highsilt-contentsedimentstodrainageways.Mostareasofthescsoilshavea buriedsoil
betweena depthof50and 100cm (20and40in.).Mostareasofthescsoilscontain
springsorscepagczonesordonothavcadefinedchannclandrcmainwctmostofthc
year. Present vegetation is hardwoods with a ground cover of water tolerant plants.
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2.6 REGIONAL HISTORIC, ARCIHTECI'URAL SCENIC, CULTURAL AND

NATURAL FEATURF.S

This section discusses the historic, architectural, scenic, cultural, and natural
features of the proposed ANS site.

2.6.1 Recreation Near the Site

The only potentially affected recreational activity on ORR is the annual deer hunt
managed by the Tennessee Wildlife Resources Agency (TWRA). Deer hunting is not
permitted on the proposed development site. The nearest permitted hunting area is the
Park City Road area where archery hunting of deer is permitted once per year for a 2-d
hunt. The area is considered a prime deer hunting area and is restricted to 100 hunters
per year. However, access to this area would be maintained via the Health Physics
Research Reactor Access Road. This road would be relocated, but this should not restrict
access to the Park City Road hunting area. No other recreation takes place in this area.

2.6.2 Cultural Resources

Cultural resources have been assessed in DuVall 1991 (n.p.). A pedestrian
reconnaissance failed to identify any archaeological or historical sites within the
boundaries of the project. Based upon the reconnaissance, a search of the site flies at the
Tennessee Division of Archaeology, and a search of the National Register of Historic
Places, the proposed ANS project should have no impact on any property included in or
eligible for inclusion in the National Register of Historic Places pursuant to 36 CFR Pt.
60.4(d).

The contractors should be made aware of the present Tennessee burial law that
protects both marked and unmarked, historic and prehistoric interments. In the event that
human skeletal material is unearthed during construction activities, construction in the
vicinity should cease and the Tennessee Division of Archaeology should be notified
immediately.

The proposed site has no unique scenic features. Visual effects of the proposed
reactor and supporting facilities would be consistent with existing developed areas on
ORR. There is no public access to the proposed site other than during managed deer
hunts. Therefore, the off-site public would not experience any visual effects during
construction or operation.

2.7 NOISE

Noise emanating from the ANS site is, at present, limited to natural sounds,
primarily from insects and wind effects. Over the course of a year, ambient noise levels
are estimated to be between 35 and 45 dB(A) (day-night level). Since the nearest
potential human receptors are greater than 2.88 km (1.8 miles) away, and, since land
masses are in the line-of-sight to those receptors, any natural noises created at the ANS
site are not noticeable. In any case, similar levels are being experienced by persons on the

O south side of Melton Hill Lake (across from ORR) because of the similarity of naturalnoise sources.
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2.8RADIOL(X_ICAL AND _CAL DOSE TO THE PUBLIC

2.8.1 _und Radiation Sources amd Dines

Naturalsourcesofradiationarealwayspre.sentasaresultofcosmicraysand
radioactive elements occurring in the earth's soil The intensity of the cosmic rays
depends on factors such as altitude and local magnetic features. Naturally occurring
radioisotopes vary in soil concentration depending on the geologic conditions. Within the
environmental monitoring program at ORNL some of these background source,s are
regularly measured. Measurements taken at locations remote to ORNL represent
background radiation, which is unaffected by operation of ORNL or the other ORR
facilities. A small part of the background radiation results from the global distribution of
fmsionproductsreleasedduringatmospherictestingofweapons.

Externalgamma radiationmeasurementshavebeenpublishedbyEPA (1987)for
citiesintheUnitedStates.Typicalvaluesarcbetween0.43and 1.8mSv/year(43and
180torero/year).The medianvalueduring1987was0.81roSy/year(81torero/year)with
75% ofthevaluesbetween0.66and1.3roSy/year(66and 131mrem_car).An averageof
12locationsinTennesseeyields0.56roSy/year(56totem/year)0.064pO/h (6.4pR/h)
(Myrick,Bcrvin,andHaywood1981,p.83).

An assessmentoftheaverageexposureoftheU.S.populationtoionizingradiation
hasrecentlybeenmade bytheNationalCouncilon RadiationProtectionand
Measurements(NCRP 1987).Sixmainradiationsourceswereconsidered:natural
radiationandman-madesourcesincludingradiation,occupationalactivities(radiation
workers),nuclearfuelproduction(power),consumerproducts,miscellaneous
environmentalsources,andmedicaluses.

The collectiveeffectivedoseequivalentforeachsourcecategorywasobtained
fromtheproductoftheaveragepercapitaeffectivedoseequivalentreceivedfromthat
sourceandtheestimatednumberofpeopleexposed.Averageeffectivedoseequivalent
fora member oftheU.S.populationwas thencalculatedbydividingthecollective
effectivedoseequivalentvaluebythenumberoftheU.S.population(230millionin
1980).The doseequivalentistheproductoftheabsorbeddose,D, andthequalityfactor,
Q,whichaccountsfordifferencesintherelativebiologicaleffectivenessofdifferenttypes
ofradiation.The effectivedoseequivalentrelatesthedose-equivalenttorisk.Forthe
caseofpartialbodyirradiation,theeffectivedoseequivalentistherisk-weightedsum of
thedoseequivalentstotheindividuallyirradiatedtissues.

Table2.8-Ishowsthatthreeofthesixradiationsour_radiationfrom

occupationalactivities,nuclearpowerproduction(thefuelcycle),andmiscellaneous
environmentalsources(includingnuclearweaponstestingfallout)-.contributeonly
negligiblytotheaverageeffectivedoseequivalent,thatis,lessthan0.01roSy/year
(Imrem/year).

A totalaverageannualeffectivedoseequivalentof3.6roSy/year(360mrem/year)
tomembersoftheU.S.populationiscontributedbytheotherthreesources:naturally
occurringradiation,medicalusesofradiation,andradiationfromconsumerproducts.By
farthelargestcontribution(82%)ismade bynaturalsource,s,two-thirdsofwhichis
causedbyradonanditsdecayproducts.Environmentalradonhasonlyrecentlybeen
recognizedasthelargestsourceofhuman exposure.Approximatelyequalcontributions
comc fromcosmicradiation,terrestrialradiation,andinternallydepositedradionuclides.

The remaining 18% of the average annual effective dose equivalent consists of
radiation fi'om medical procedures (X-ray diagnosis, 11%; nuclear medicine, 4%) and from
consumer products (3%). The average contribution by medical procedures is smaller than
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Table 2.8-1, Average annual effective dose equhralent of ionizing

radiation to a member of the U.S. population
i i i i i illl i i i i i i i " I II I I II II IIIIII I I

Dose equivalent '_ Effective dose
equivalent

Source mSv mrern mSv %
mrem

i i Illtl_l -- i

Natural
Radonb 24 2400 2.0 200 55
Cosmic 0.27 27 0,27 27 8,0
Terrestrial 0.28 28 0.28 28 8.0
Internal 0.39 39 0.39 39 11
Total natural -- -- 3.0 300 82

Artificial
Medical

X-ray diagnosis 0.39 39 0.39 39 11
Nuclear medicine 0.14 14 0.14 14 4.0
Consumer products 0.10 10 0.10 10 3.0

Other

Occupational 0.009 0.9 <0.01 < 1.0 <0.3

Nuclear fuel cycle <0,01 < 1.0 <0.01 < 1.0 <.0.03Fallout <0.01 < 1.0 <0.01 < 1.0 <0.03
Miscellaneous' <0.01 <1.0 <0.01 <1.0 <0.03
Total artificial -- -- 0.63 63 18

Total natural and artificial -- -- 3.6 360 100

"To soft tissues.

bDose equivalent to bronchi from radon daughter products. The assumed welghtlng factor for the
effective dose equivalent relative to whole-body exposure Is 0.08,

CDepartment of Energy facilities, smelters, transportation, etc.
Source; National Council on Radiation Protection and Measurements 1987. Ionizing Radiation

Exposures of the Population of the United States, Report No, 93, Washtr_gton, D.C.

previously estimated. For consumer products, the chief contributor is radon in domestic
water supplies, although building materials, mining, agricultural products, and coal burning
also contribute. Smokers are additionally exposed to the natural radionuclide 2_°po in
tobacco, resulting in the exposure of a small region of the bronchial epithelium to a
relatively high dose [up to 200 mSv/year (20,000 mrem/year)] of radiation that may
increase risk of lung cancer (NCRP 1984).

Uncertainties exist in the data in Table 2.8-1. Uncertainties for exposures from

some consumer products are greater than those fbr exposures from cosmic and terrestrialradiation sources. Estimates for the most important exposure--lung tissue to radon and its
decay products--have many associated uncertainties. Current knowledge of the average
radon concentration, the distribution of radon indoors in the United States, and alpha-
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radon concentration, the distribution of radon indoors in the United States, and alpha- _1_
particle dosimetry in lung tissue is limited. In addition, knowledge of the actual effective
dose equivalent is poorly quantified. Further uncertainties are caused by difficulties in
combining data for exposure from different information sources.

2.8.2 Historical Radiological Et_uents

The original mission of ORNL was to construct a nuclear fission reactor for the
purpose of producing sufficient amounts of plutonium to support the research and
development of plutonium-uranium separation. Results of experimentation at ORNL
were to be used in the design and construction of the production reactors and separations
facilities at the Hanford, Washington, facility. In addition to this primary mission, ORNL
was given the task of producing various isotopes in support of other research facilities
investigating the physical, chemical, and biological properties of these materials. After the
early 1950s, the mission of ORNL became more diverse, encompassing a wide range of
experimental programs and reactors.

Initial quantification of radioactive releases to the air' and water was crude because
instrumentation and methods for the measurement of radionuclides were new
technologies. Much of the early data consists of gross measurements of, for example, total
beta or total alpha activity. Because water samples could be taken with relative ease,
compared with the difficulty of taking stack samples for airborne discharge, estimates of
historic liquid releases are better recorded than gaseous releases. Table 2.8-2 contains
historical data for liquid releases from ORNL. These occurred at the location of White
Oak dam. Prior to the early 1960s, airborne releases were evaluated by combinations of
calculations and relatively crude sampling methods. Data for historic airborne effluents

V

are presented in Table 2.8-3.

2.8.3 Radiologic.al Effluents for the Mast Recent Year

The gaseous emission point sources for ORNL consist of the following eight stacks
located in Bethel and Melton Valleys:

Description of major sources

Building 2026 High Radiation Level Analytical Laboratory
Building 3020 Radiochemical Processing Plant
Building 3039 3500 and 4500 areas cells ventilation systems

Central off-gas and scrubber system
Isotope Solid State ventilation system
3025 and 3026 area cell ventilation system

Building 7911 Melton Valley complex (HFIR)
Radiochemical Engineering Development Center

Description of minor sources

Building 7025 Tritium Target Fabrication Facility
Building 7830 Melton Valley Storage Tank Facility dh,
Building 7512 Molten Salt Reactor Facility Project IIW
Building 6010 Electron Linear Accelerator Facility
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Table Z8-2. Annual dischargesof radionuclides from
White Oak Creek to the Clinch River, 1944 to 1990

I, i J _ i ,H,I I

Radionuclidedischarge[Bq (Ct)]

Gross
Year beta 137C.s _r 1311 _Co 3F!

1944a 2,2 x 1013(600)
1945'_ 1,9 x 1013(500)
1946'_ 3,3 x 1013(900)
1947a 7,4 x 1012(200)
194Rn 1,8x 1013(494)
1949 2,8 x 1012 (77) 5,6 x 1012(150) 2,8 x "1012(77) b c
1950 7,0 x 1011 (19) 1,4 x 1012(38) 7,0 x 1011 (19) b c
1951 7,4 x 1011 (20) 1,1 x 1012(29) 6,7 x 1011 (18) b c
1952 33 x 1011 (10) 2.7 x 1012 (72) 7,4 x 1011 (20) b c
1953 2.2 x 1011(6) 4,8 x 1012(130) 7,4 x 101° (2) b c
1954 8,1 x 1011 (22) 5,2 x 1012(140) 1,5 _ 1011 (4) b c
1955 2,3 x 1012(63) 3,4 x 1012(93) 2,6 x 1011 (7) 2,6 x 1010 (7) c
1956 6,3 x 1012(170) 3,7 x 1012(100) 1,5 x 1011 (4) 1,7 x 1012 (46) c
1957 3,3 x 1012 (89) 3,1 x 1012(83) 3,7 x 101° (1) 1,9 x 1011 (5) c
1958 2,0 x 1012 (55) 5,6 x 1012(150) 3,0 x 1011 (8) 3,3 x 1011 (9) c
1959 2,8 x 1012(76) 2.2 x 1012(60) 3,7 x 101° (1) 2,8 x 1012 (77) c
1960 1,1 x 1012(31) 1.0 x 10 tz (2.S) 1,9 x 10 I1 (5) 2,7 × 1012 (72) c
1961 5,6 x 1011(15) 8,1 x 1011(22) 1,5 x 1011 (4) 1,1 x 1012 (31) c
1962 2.2 x 1011 (6) 3,3 x 1011(9) 1,5 x 101° (0,4) 5,2 x 1011 (14) c
1963 1.5 x 10n (4) 3,0 x 1011(8) 1.5 x "t01°(0,4) 5,2 x 10n (14) c
1964 2.2 x 10n (6) 2.6 x 10|1 (7) 1,1 x 101° (0,3) 5,6 x 1011 (15) 7.0 x 1013 (1,900)

O 1965 7,4 x 1010(2) 1,1 x 1011 (3) 7,4 x 109 (0,2) 4,4 x 1011 (12) 4,4 x 1013 (1,200)1966 7,4 x 101°(2) 1,1 x 1011 (3) 7,4 x 109 (0,2) 2,6 x 1011 (7) 1,1 x 1014 (3,100)
1967 1,1 x 1011(3) 1,9 x 1011 (5) 3.3 x 101° (0,9) 1,1 x 1011 (3) 4,9 x 1014 (13,.300)
1968 3,7 x 1010(1) 1,1 x 1011 (3) 1,1 x 101° (0,3) 3,7 _ 1010 (1) 3,6 x 1014 (9,700)
1969 3,'7 x 10l° (1) 1,1 x 10lI (3) 1,9 x 101° (0,5) 3,7 x 1010 (1) 4,5 x 1014 (12,200)
1970 7,4x 1010(2) 1,5 x 1011 (4) 1,1 x 1010 (0,3) 3,7 x 1010 (1) 3.5 _c1014 (9,500)
1971 3,7 x 101° (1) 1,1 x 1011 (3) 7,4 _<109(02) 3,7 x 1010 (1) 3.3 x 1014 (8,900)
1972 7,4 x 101°(2) 2,2 x 1011 (6) 1,1 x 10 l° (0,3) 3,7 x 101° (1) 3,9 x 101'1(10,600)
1973 7,4 x 101° (2) 2.6 x 1011 (7) 1,9 x 10 t° (0,5) 3,7 x 101°(1) 5,6 x 1014 (15,000)
1974 3,7 x 101° (1) 2.2 x 1011 (6) 7,4 x 109 (0,2) 2.2 x 101o(0,6) 3,2 x 1014(8,600)
1975 2,2 x 101° (0,6) 2,6 x 1011 (7) 1,1 x 1010 (0,3) 1,9 x 101°(0,5) 4.1 x 1014 (11,000)
1976 7,4 x 109 (0.2) 1,9 x 1011(5) 1,1 x 109 (0,03) 3,3 x 101o(0,9) 2,7 x 1014 (7,400)
1977 7,4 x 109 1,1 x 1011 (3) 1,1 x 109 (0,03) 1,5 x 101° (0,4) 2.3 x 1014 (6,200)

1olO(0.2)1978 1,1 x (0,3) 7,4 X 1010 (2) 1,5 X 109 (0,04) 1,5 x 1010 (0,4) 2,3 X 1014 (6,309)
1979 7,4 x 109 (0,2) 8,9 x 1010 (2.4) 1,5 x 109 (0,04) 1,5 × 1010 (0,4) 2,8 x 1014 (7,700)
1980 2,2 x 1010 (0,6) 5,6 x 1010(1,5) 1,5 x 109 (0,04) 1,5 x 1010 (0,4) 1,7 x 1014 (4,600)
1981 7,4 x 109 (0,2) 5,6 x 1010(1,5) 1,5 _ 109 (0,04) 2,6 x 1010 (0,7) 1,1 x 1014 (2,_..K_O)
1982 5,6 x 101° (1,5) 1,0 x 1011(2.7) 2,2 x 109 (0,06) 3,7 x 1010 (1,0) 2,0 x 101'1(5,400)
1983 4,4 x 10 t° (1,2) 7,8 x 10t° (2,1) 1,5 x 108 (0.004) 1,1 x 101° (0,3) 2,1 × 1014 (5,600)

1985 1,5 × 101° (0,4) 1,1 x 101° (3,0) c 2,2 x 101° (0,6) 1,4 x 10 )4 (3,700)
1986 3,74 x 101° (1,0) 6,7 x 10t° (1,8) c 1,9 x 101° (0,5) 9,6 x 1013 (2,600)

1987 2.2 x 10 l° (0,6) 4,4 x 101°(1,2) c 3,7 x 109 (_0,1) 9,3 x 1013 (2,500)
1988 1,5 x 1010(0.4) 4,1 x 1010(1,1) c <2,6 x 10" 6,3 x 1013 (1,700)
1989 4.4 x 101° (1,2) 1,1 x 1011(2,9) c (<0,07) 1,5 x 101'1(4,100)
1990 4,1 x 10 l0 (1.1) 1,1 x 1011(3,1)d c 4,8 x 109 (0,13) 1,1 x 1014 (3,100)

4,4 x 109 (0,12)

alndlvtdualradionu¢lldedatanot available,
bNo alatly_laperformed.
CNotreported,

_Total radto_ctlveSr (89Sr+ _Sr),Source: Ohne_torge,W, F, 1986, tlblorical Releasesof RadJoocttviqto the EnvironmentfrontORNL, ORNL/M.135,Oak Ridge NaUonall..tbolalory,
Oak Ridge,Tenn,, Kotnegay,F, C,, el al, 1991, Oak RidgeRe._erv_io.E._,ir_..ental Rq._ for JgO0,Vol. 1,ORNL/ES/F.SH-18/VI,Oak Ridge National
Laboratory,Oakl'lddge,Tenu,
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Table 2.8-3. Estimated atmmpheric releau_ of radioactivity

at Oak Ridge National Laboratory
i i i_1111ii ii I[IL. I I I , I IIII I I i I I I I IIII IIIII I I

Radionuclide discharge
:. _ i lira ii iii i illl lllll i i,illlll ii

Unidentified
Year mi SH t*Kr mXe alpha [Bcl (CI)]

iiiii ii iiii iii iiii i ii i i ii i ii I

1990 7,4 x 108 (0,02) 7.4 x 1014 (20,0D0) 5,7 x 1014 (15,300) 2,8 x l0 w (74,700)
1989 1.1 x 10' (0,029) 1.0 x l0 w (28,000) 5.9 x 1014 (16,000) 2.9 x 10 t_ (79,000)
1988 2.1 x i0 _ (0,056) 7.8 x 1014 (21,000) 23 x 1014 (6,300) 1.1 x 10u (31,000)
1987 7,0 x 10e (0.019) 1.6 _<10u (44,000) 1.7 x 1014 (4,700) 8.5 x 1014 (23,000)
1986 <1.3 x 109 (<0.035) 1.1 x l0 is (31,000) 4.1 x 1014(11,000) 1.9 _ 10u (51,000)
1985 3.2 x 109 (0.086) 7,4 x 10 tS (20,000) 2.4 x 1014 (6,600) 1.2 _¢l0 is (32,000) 3,6 _¢103 (9.6 x 10'8)

1984 3,7 x 109 (0.10) 1.2 x 10 t5 (33,40ff') 5.5 x 1014 (14,900) 2.7 x 10ts (72,700) 1,6 x 105 (4.3 _¢10"6)
1983 1.9 x 109 (0.05) 8.2 x 1014 (22,200) 4.4 x 1014 (11,900) 2.1 x 1015 (57,700) 1,0 x 103 (2.7 x 10.6)
1982 4,8 x 109 (0,13) 7,0 x 1014 (19,000) 4.3 x 1014 (11,700) 2,1 x 1015 (57,100) 2.9 x 103 (7,8 x 10'a)

2.5 x 1014 (6,700) 1,2 _<10u (32,400) 1,8 _ 105 (4.9 x 10.6)

1981 1,9 x 101° (0.50) 4,2 x 1014 (11,300) 1014 (8,800) 1.6 _<10 t_ (42,800) 1.8 x 105 (4.8 X 10"*)1980 8.1 X 10o 5.5 X 1014 (14,800) 3.3 x
1010(0.22)1979 1.1 x (0.30) 1.9 x 1014 (5,109) 3,9 x 1014 (10,500) 1.9 x l0 is (51,190) 1.5 x 105 (4.0 _<10.6)

1978 6.3 x 101° (1.70) 9.3 x l0 t3 (2,500) 4,4 x 1014 (12,000) 2.2 x 10u (59,000) 1.5 x 105 (4,0 x 10.6)
1977 5.1 x 101° (1.37) 9.3 x 1013 (2,524) 3.2 x 1014 (8,606) 1.6 x l0 Is (42,030) 1.5 x 105 (4.0, 1(#)

1976 4,6 t_ 101° (1.25) 2.2 x 1014 (6,019) 4.3 x 1014 (11,500) 2.0 x 10u (54,000) 1.5 x 105 (4,0 x 10"6)
1975 7.8 x 101° (2.10) 2.0 x l0 is (534) 6,5 x 1014 (17,700) 3,2 x 10u (87,500) 1.5 x 105 (4.0 x 10.6)
1974 7.3 x 101° (1.97) 2.0 _ 1013 (555) 7.4 x 1014 (20,000) 3.7 x 10 ts (99,200) 1.5 x 103 (4.0 x 10.6)

1973 8.1 x 1010 (2.18) 3.4 x 1014 (9,100) 5.2 x 1014 (14,000) 2.5 x 1015 (68,600) 1.5 x 105 (4.0 x 10*) O1972 6.3 x 101° (1,70) 6.7 _ 1013 (1,800) 5.7 x 1014 (15,400) 2.4 _<1015 (64,900) b
1971 1.3 x 1011 (3.46) b 5.6 _<1014 (15,000) 2.6 x 10u (71,000) b
1970 5.3 x 101° (1.430 b 5.6 x 1014 (15,000) 2.8 x l0 ts (75,000) b
1969 6,1 _ 10u (16.38) b b b b
1968 3,8 x 1011 (10.38) b b b b
1967 8.3 x 10u (22,30) b b b b
1966 5,8 x 10u (I5,79) b b b b
1965 6,8. 10 t_ (18,,t0) b b b b
i964 3,1 x 1012 (84,50) b b b b

1963 2.0 x I012 (54,00), b b b b
1962 4.5 x 10 t2 (121.20") b b b b
1961 1,6 x 10 tz (42,00) b b b

'*Flrti tfltium release estimate developed from monitoring data rather than from a calculation based on radionuclide,
bNo data,

q_trst ettimate reflecting the effects ofan upgraded charuoalfiller system,
dFlrtt estimate bat_ on in.aLacksampling information,
Source: Ohnetorge, W. F, 1986, Hi.m_al Re_ of Radioactitq_yto the Environnm, t from ORNL_ ORNL/M-13_, Oak Ridge

National Laboratory, Oak Ridge, Tenn,, Komegay, F, C., et al. 1990, Oak Ridge Re.wrvattcmEnviromnemal Reportfor 1990, Vol. 1,
ORNLJES/ESH-18N1, Oak Ridge National Laboratory, Oak Ridge, Tenn.
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Discharges from each stack are unique because of the wide variety of research
activities performed at ORNL. Radiological gaseous emissions from ORNL typically
consist of solid particulates, adsorbable gases (e.g., iodine), tritium, and nonabsorbable
gases. Typically, contaminated and potentially contaminated gaseous wastes are treated,
then filtered with high-efficiency particulate air (HEPA) and charcoal filters before
discharge to ensure that any radioactivity released is within acceptable levels.

2.83.1 Airborne Emissions Sampling

Each of the point sources identified in Fig. 2.8-1 has a variety of surveillance
instrumentation, including radiation alarms, near-real-time monitors, and continuous
sample collectors. Only data resulting from analysis of the continuous samples are used in
this report. The other equipment does not provide data accurate enough to support the
quantitation of emission source, terms. The single exception is for noble gases, which must
be evaluated with a monitoring chamber because those radionuclides cannot be
quantitatively captured on a sampling medium.

Data are presented for ali areas except the Electron Linear Accelerator Facility
(Building 6010), where continuous sampling equipment is not currently installed. The
Electron Linear Accelerator Facility exhibits extremely low concentrations of isotopes with
very short half-lives. Consequently, this stack has virtually no impact on the radiation dose
associated with the operation of ORNL.

Sampling systems generally consist of in-stack sampling probes, sample transport
piping, a paniculate fil.,er, an activated charcoal canister, a silica-gel tritium trap, flow
measurement and totalizing instrumenta, a sampling pump, and return piping to the stack.
The sampling system for the Tritium Target Fabrication Facility is configured with a
tritium trap only. The sampling systems at Buildings 2026, 3020, and '7512 do not have
tritium traps.

Data sources for the various isotopes identified in the 1.990airborne emission
source term are shown in Table 2.8-4. Tritium data were generated by inventory for
Building 3039 and by sampling for Buildings 7911 and 7025. Consequently, there is a
double entry for tritium in the table. Other double entries are for isotopes that are
captured by more than one sampling medium. The 1990 radioactive airborne emissions
data included 25 isotopes and 5 gross parameters captured from 5 data sources.
Table 2.8-4 provides a listing of isotopes and gross parameters and the media from which
they were captured. The charcoal filters, particulate filters, and silica-gel traps were
collected weekly. During 1990, the weekly tritium samples were composited biweekly for
analysis. Charcoal filters are a standard method for capturing and quantifying radioactive
iodines in airborne emissions. Gamma spectrometric analysis of the charcoal traps
identified nine additional noniodine isotopes, as shown in Table 2.8-4.

Particulate filters were held for 8 d prior to analysis to minimize the contributic_n
from short-lived isotopes. A study conducted during 1989 and 1990 (Tardiff and Wolf
1991) showed the short-lived gross alpha and gross beta signature of the stacks to be
primarily associated with Z2°Rnand its daughter products. This decay aeries is quantified
through measurements of 212Pbon the activated charcoal filter. If the short-lived gross
alpha and beta were included, the emissions of Z2°Rnand its daughters would be counted
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Table 2.8-4. Oak Ridge National Laboratory radioactive airborne

mniuiom data_un_s, 1990
- Jill I ] I Illl [I IIII IIII IIIIIIII I III II __ I I I Iii I IIIII . II I II l

Weekly Monitoring
Charcoal particulate Particulate or Silica

Isotope filter filter composite inventory gel
i iii i i ii i i i iiiiiiii _ . IIII _ m -- : i1,11 i iii ii II[ i . I

1_Au X"
7Be X
rq3r X
_Co X X
t_Cs X
1_7Cs X X
lS4Eu X
mEu X
Grossalpha X
Grossbeta X
lz9I X
131I X X
132I X
133I X
SaSl X
1_l.,a X
sgsos X X

O 212pb X X
Z_Pu X
_gPu X
_°6Ru X X
7SSe X
Total Sr X
raTe X X
=q'h X

X
Z_2Th X
Total X
Noblegas X
Tritium X X

i i i _ i m

"Xm monitoringmethod.
Source;Komcgay,F.C.,ctal,1991.OakRidgeReservationEnvironmentalReportfor1990, '

ORNL/ES/ESH-18NI,OakRidgeNationalLaboratory,OakRldgc,Tenn.,p.26.

twice.Thesesampleswereanalyzedforgrossalphaandgrossbeta,becauseradioactive
particulatesarctypicallyalphaandbetaemitters.Thesedataarcnotusedindose
calculationsbecauseanassumptionaboutthecontributingisotopewouldbcnecessary.
Instead,theparticulatefiltersarecompositcdquarterlyandanalyzedforalphaandbeta

O emitting isotopes, and these data are used for dose assessment. Compositing provides an
opportunity to evaluate the lower specific activity radionuclides in the emissions.
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Identification and quantification of this group is initially confounded by the presence of
short-lived isotopes.

Noble gas emissiom from the stacks at Buildings 3039 and 7911 were derived from
real-time monitoring data. Noble gases are chemically inert and, consequently, cannot be
trapped on a collecting medium for analysis. Instead, after the monitoring system gas
stream has passed through the particulate filter and charcoal trap, a part of the stream is
pumped through a lead-shielded chamber equipped with a beta-gamma detecting monitor.
The implicit assumption is that the upstream collecting media have removed ali but the
noble gases. Noble gas monitor data are accrued as 10-rain and 1-h averages of counts
per minute in the real-time monitoring system. Each of the chambers has been calibrated
with 8SKr at two concentrations. The calibration results can be used to convert counts per
minute into noble gas activity as S'SKr.The 1990 noble gas emissions are based on the
median counts-per-minute value for January through December 1990. The median counts
per rrfi_.:*ewas then converted to an annual noble gas emission as 8SKr by using the
calibration data.

Data from silica-gel traps were used to calculate tritium emissions from the stacks
at Buildings 7025 and 7911. Tritium emissions from the 3039 stack area were based upon
monthly inventory data of incoming and outgoing shipments and calculated net losses.

2.8.3.2 Radioactive Airborne F_=nissions

The total radioactive airborne emissions for ORNL during the calendar year 1990
are presented in Table 2.8-5. The table lists the total emission for each radionuclide and

and the percent of the total contributed by each stack. The percent Ogrossparameter
values are based on summed emissions from each stack for the year. Sums for individual
radionuclides were tested for statistical significance using laboratory counting uncertainties.
If the 95% lower bound calculated from the variance of the sum is greater than zero, then
the sum is determined to be significantly different from zero. The noble gas source term
was assumed to be 83% t33Xe and 17% s'_'Kr, based on data collected at HFIR. An
assessment of the potential impacts of the emission source term to the public is presented
ha Sect. 2.8.5.

The tritium source term is lower than that of 1989 (Table 2.8-3). The increase of
2.6 x 1014Bq (7000 Ci) in 1989 over the 1988 level was within the error associated with
estimating losses through inventory calculations at Stack 3039. This method of accounting
has been revised to improve the estimates, and emissions at Stack 3039 for 1990 are lower
by a factor of two from the 1989 value. In addition, tritium emissions from Stack 7025
were reduced as production work ended at the Tritium Target Fabrication Facility.

2.8.3.3 Liquid Discharges

Evaluation of health and environmental effects resulting from liquid radioactive
discharges is made on the basis of concentrations of radi,_nuclides measured at the final
point of discharge from ORNL in addition to samples collected for radiological analyses at
off-site locations and at background or reference locations. Treated water samples
downstream of White Oak creek outfall are collected weekly at the Kingstor._and the K-25
Site (Gallaher) potable water treatment plants and are analyzed quarterly. In addition,
flow-proportional samples are collected weekly at Melton t-fill Darn and analyzed monthly.
This sampling location, which is on the Clinch River, is above ORNL's discharge point to qF
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O the Clinch River (with the exception of the cooling tower, roof, and parking let runoff at
the 7600 area) and serves as a local background or reference station. The complement of
analysespelformedon MeltonHillDam (andWhiteOak Creekheadwaters)sampleswas
reducedtoagamma scanandgrossalphaandbetadeterminationsbecauseofthe
historicallylowlevelsobservedthere.Ifcertaingrossalphaandbetathresholdsare
exceeded,specificisotopic analysesareperformed.

Discharges of radioactivityat ORNL's final release point to the Clinch River,
White Oak Dam, are summarizedin Table 2.8-6. These discharges are calculated by
multiplying the concentration for the period (month or week) by the flow volume. At
White Oak Dam, weekly flow-proportional samples are analyzed. A flow-weighted
concentration is calculated for each radionuclide. The discharge is calculated by
multiplying flow-weighted concentration by the total annual flow.

TableZ8-6.Oak RidgeNationalLaboratoryliquid
radioactive discharges measured at Whim Oak

Dam for 1990

Radionuclide Effluent[Bcl(Ci)] .............

eCo 4.4 x 109 0.12)
ZSTCs 4.1 × 101°((I.I)
Gross alpha° 2.9 × 109 (0.079)
Gross betab 2.5 × 1011(6.8)

O 1910 S 5.2 × 10a (0.014)
Total Sr' 1.15 × 10!1 (3.1)
3H 1.15 x 10I((3100)
Total U 460d

Z_u 2.4 × 107 (0.00066)

Z_u 8.1 x 106(0.00022)
Z_u 4.4 × I0_(0.00012)

"-*"If g_cxk_alpha is greater than 1'.'0Bq/L (27 pCi/L), then the
contents are analyzed for Am, Cre, Pu, 'rh, and U.

bir gross mta is greater than 30.0 Bq/L (810 pCIA.), the
contents arc analyzed for total radioactive strontium.

¢rotai radioactive Sr (egSr + _Sr).
_rotal U measured in grams.
Source.. Kornegay, W. F., ct al. 1991. Oak Ridge Reset.

ration Environmental Report for 1990, ORNL/E_/ESH.18N1,
Oak RidgeNational t_boratory,Oak Ridge, Tenn., p. 67.

2.8.4 Environmental Monitoring Program

While air and water are important pathways for human exposure to radiation,
other pathways must also be monitored. Environmental surveillance programs also include
biotic and additional abiotic media that may be affected by these releases or may provide
pathwaysofexposuretopeople.Suchmediasamplesaretakentosupportthe

O environmental surveillance of the entire ORR facilities. Only when specific radionuclides
are uniquely associated with a specific ORR site (e.g., ORNL) can they be attributed to
that site.
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2.8.4.1 Milk

One of the pathways of radioactivity to humans is ingestion. Radionuclides can be
transferred from the environment to humans through food chains such as the grass-cow-
milk pathway. Milk is a potentially significant source to humans of some radionuclides
deposited from airborne emissions because of the relatively large surface area that can be
grazed daily by the cow, the rapid transfer of milk from producer to consumer, and the
importance of milk in the diet. The 1990 milk sampling program consisted of monthly
grab samples collected from five locations in the vicinityof ORR. Figure 2.8-2 shows the
locations of the stations.

KINGSTON

1
O MIDWAY

e s MiLD
' L. ILENOIR , ,

CITY e eKU

Fig. 2.8-2. Map showing milk-_ampling stations. 0



2-197

Q Milk samples are analyzed at ORNL for mi by gamma spectrometry and for total
radioactive strontium (89Srand _Sr) by chemical separation and by low backgroundbeta
counting. These radioisotopes are likely to have their origins at ORNL. Concentrations
of mi and total radioactive strontium in milk are summarized for the 1990 data in
Table 2.8-7. The average values from these samples were convened to effective dose
equivalents and are presented later, in Sect. 2.8.5. Results of these samples are consistent
with data from previous years. Additional location-specific data can be found in Vol. 2,
Tables 5.1 and 5.2 of Kornegay et al. 1991 (p. 178).

Table 2.8-7. Radmnuclide eoncenUatiom in raw milk in 199ff

Concentration

I Bq/L
Number of ...... Standard

Analysis samples Maximum Minimum Averageb error_

131I 56 0.1 (2.7) 0.089 (-2.4) a 0.0048 (-0.13) 0.056 (0.15)
Total Sr" 56 0.63 (17) 0.007 (-0.19) 0.10 (2.7") 0.013 (0.35)

•See Fig. 2.8-2.
bAn asterisk (') indicates that the average is significantlygreater than zero at 95% confidence level.
cStanclarderror of the mean.

'q_muse of the intrinsicuncertainty assorted with making radiation measurements, it is possible to

O subtract a background value from a sample result and get a negative number.
'Total radioactive strontium (a_Sr + g°Sr).

2.8.4.2 lrtsh

Ingestion of fish is a pathway for contaminant uptake in humans. Prior to 1985,
five types of fish (bluegill, catfish, bass, carp, and crappie) were measured for
polychlorinated biphenyls (PCBs), mercury, and radionuclide concentrations. Carp
exhibited the highest mercury and PCB concentrations, followed by bluegill. The highest
concentrations of several radionuclides were found in bluegill. Because of this and
became of the large number of available fish, bluegill (Lepomis macrochirus) were
collected during 1990 for tissue analysis to estimate concentrations for dose assessment
models. Additionally, bluegill are favored by sport fishermen in Tennessee and can be
obtained in the large numbers required for tissue analysis.

Bluegill from three Clinch River locations were collected by ORNL twice during
the year for muscle analyses for radionuclide, mercury, and PCB concentrations (Fig. 2.8-3;
Table 2.8-8). Sampling locations include three Clinch River kilometer locations (CRKs).
The first location is CRK 40.0 (fiver mile 24.8), which is above Melton Hill Dam and
serves as a background location for the DOE facilities. The first sampling location is
above ali the Oak Ridge DOE facilities' outfalls with the exception of those from the
ORNL 7600 area, the radioactive effluents from which are negligible. The second

O sampling location is CRK 33.3 (fiver mile 20.6), which is ORNL's discharge point from
White Oak Creek to the Clinch River, The third location is CRK 8.0 (river mile 5), which
is downstream from both ORNL and the K-25 Site.



Fig, 2.8-3. Fish-munplingloc,aLiom along the Clinch River.

Total radioactive strontium and t3_Csare the primaryradionuclides of concern at
ORNL with regard to Lh consumption. These two elements result in the highest dose to
man from ingestion of fish. Radionuclide concentrations were determined on at least
thr_ composites of six to ten fish per sampling period. Mercury and PCB concentrations
were also measured in six individual fish from each sampling location during each period.
Each Lh was filleted, and only the muscle tissue was used for analysis. Composite
samples were ashed and analyzed by gamma spectrometry and radiochemical techniques
tor the radionuclides that contribute the majority of the potential radionuclide dose to
humans. The ash typically constitutes 1% of the original sample. DOE Order 5400.1

requires that con_0ntrations be reported in picoCuries per gram ash weight.
Concentrations of mercury, PCBs, 6°Co, '37Cs,and total radioactive strontium in

bluegill collected in the Clinch River are given in Table 2.8-8, which provides a summary
of the highest, low,t, and average concentrations of these parameters observed in bluegill
from any of the three Clinch River location. Information regarding potential health
impacts associated with these data is provided in Sect. 2.8.5. ,t_

W

7_
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O Table zg-& Tissue concentratlom of Olnch River bluegill in 1990"
............. • " ' i iiiii i ii jlj iii I i i i iii li illll IIiii " "

Concentrationb

L Number of- _ , , , i ,,,_,, ,, , , , ,,,, . . i St_n_rd

Ana_ls samples Maximum Mlntm_Jm Average_ ©trot_

cpc g)........ i8...... 0,o2c0.5;ii c-0,  y o,oosIoli3'io,0o 4co,o i
ta'O, Bq/g (pO/g) 18 0,96 (26) 0,015 (0,41) 0,24 (6,4') 0,067 (1,8)
Total Sr' Bq/s (pO/g) 18 0.2 (5,4) 0,001 (-0,027) 0,036 (0,97') 0,0115 (0.31)
Hg 36 0,46 <0,025 <0,13 0,014
PC_ Aroelor 1254 36 <0.54 <0,010 <0,15 0,027
PCB Aroclor 1260 36 <0.54 0,010 <0,16 0,026

'  B.3,'........................
bRadtonuclidesare in Bq/| 0f.A/g) uh weight, Merc.up/andpolychlorinatedbiphenyl(PCB)unitsare gg/gwet

weight,
Wor radionuclides,an asterisk(*) indicatesthattheaverageLtsignificantlygreaterthanzero at

the 9_% confidencelimit,
dStandarderroraboutaverage,
q/kcauseof the intrinsicuncertaintyassociatedwithmakingradiationmeasurements,lt ts potslble to subtracta

backgroundnumberfrom a ump_ re,ultand set a negativenumber,
_otal radioactivestrontium("Sr and _Sr),
_C"B - polychlorinatedbiphenyl,
Source: Kornegay,F, C.,,et ii, 1991, Oak R/tiRe_ Envlrowma_Re4_for IPP0, ORNL/F_/ESH-18N1,

Oak RidgeNationalL_boratory,Oak Ridge,Tenn,

O A test for analysis of variance compared contaminant concentrations in fish from
the different sampling locations. Mercury concentrations were significantly higher in fish
from CRK 8.0 (fiver mile 5) than in fish from CRK 33.3 (river mile 20.7) and CRK 40.0
(fiver mile, 25). The highest concentration of mercury was measured at CRK 8.0
(0.46 _tg/gwet weight). This relationship among the locations is consistent with data from
1988 and 1989. PCB concentration data among the three sampling sites were not
statistically different at a confidence level of 95%. No statistically significant differences in
6°Co were detected in fish collected at the three locations. Total radioactive strontium
levels for fish from CRK 33.3 were higher than the other two stations, but the difference
was not statistically different at the 95% confidence limit. Concentrations of lSTCswere
significantly higher in fish collected at CRK 33.0 (river mile 20.7) than in fish from the.
other two locations, Concentrations of 137Csin fish from CRK 8.0 and CRK 40 were not
significantly different.

294.3 ORR Deer Population

The sixth annual DOE.TWRA managed deer hunts were held cluHngthe final
quarter of 1990. Basic conduct of the managed hunts for 1990 was similar to those of
previous years; however, they consisted of one archery hunt (October 20-21) and two
shotgun-muzzle-loader hunts (November 10-11 and December 8_-9), During the archery
hunt 151 deer were taken, and 291 were killed during the two gun hunts. From the total
harvest of 442 animals, 239 (54%) were bucks and 203 (46%) were does. The lt.D0
harvest of 442 is similar to that of 1989, when 440 deer were taken. The heaviest buck

O had 12 antler points and weighed 86.6 kg (191 lb). The greatest number of points (13)were found on two bucks that weighed 68.5 kg and 74.8 kg (151 lb and 165 lh),
respectively. The heaviest doe weighed 53.1 kg (117 lh).
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Soft tissue (liver or muscle) radioactivity concentrations of 137C,,scontinued to be

low and acceptable, Only two deer of the harvest exceeded 0,037 Bq/g (1,01._Ci/g)
[confiscation limit is 0,74 Bq/g (20 pCl/g)], The maximum concentration of ' Cs was
0.137 Bq/g (3.7 pCi/g), Concentrations of _r in bone exceeded 1.11 Bq/g (3OpCi/g)
(con_cation limit) in 6 deer out of the 442 harvested (1.3%). The maximum _Sr
concentration was 8.03 Bq/g (217 pCi/g),

2.8.4.4 Vegetation

Growing plants may be contaminated by absorbing materials from soil or
deposition of materialsfrom the atmosphere. Grass provides an early indication of fallout
because of the relatively large surface area of the grass blades exposed to air. Grass was
not sampled for radioactivity at ORNL in 1990. The grass program was given a low
priority because grass samples from ORR do not represent a direct pathway to man.
Contamination of grass used for agricultural grazing is monitored through the milk
program.

2.8.5 Potential Radiation _ to the Public

This section examines potential radiation doses to the public and includes a
detailed presentation of ali the potential pathways to humans followed by radiation dose
estimates. Results are expressed in terms of maximum exposed individual, average
exposed individual, and population doses.

2.8.5.1 Radiation Dose to Humam

Small quantities of radionuclides were released to the environment from
operations at the ORR facilities during 1990, Those releases are quantified and
characterized in the previous sections. This section presents estimates of the potential
consequences of the releases and describes the methods used to make the estimates.

Terminology

Most consequences to human,,;associated with radionuclide releases to the
environment are caused by the interaction between radiation emitted by the radionuclides
and human tissue. This interaction involves the transfer of energy from radiation to tissue,
a process that may damage the tissue. The radiation may come from radionuclides located
outside the body (in or on environmental media vr objects) or from radionuclides
deposited inside the body (via inhalation, ingestion, and, in a few cases, absorption
through the skin). Exposure to radiation from nuclides located outside the body is called
external exposure; exposure to radiation from nuclides deposited inside the body is called
internal exposure. External exposure occurs only when a person is near or in a
radionuclide-containing medium; internal exposure continues as long as the radionuclides
remain inside the person. External exposure may result in uniform irradiation of the
entire body and ali its components; internal exposure usually results in nonuniform
irradiation of the body. (When ingested, most radionuclides deposit preferentially in
specific organs or tissue and do not irradiate the body uniformly.)

A number of specializ_..dunits have been defined for characterizing exposure to O
ionizing radiation. Because the damage associated with such exposure is caused primarily
by the deposition of radiant energy in tissue, the units are defined in terms, of the amount
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of incident radiant energy absorbed by tissue and the biological consequenc_ of the
absorbe_energy,Some oftheseunitsareasfollows:
s Absorbeddose.A physicalquantitythatdefinestheamountofincidentradiantenergy

absorbedperunitmassofanirradiatedmaterial;itsunitofmeasureIstherad.The
absorbeddosedependson thetypeandenergyoftheIncidentradiationandon the
atomicnumberoftheabsorbingmaterial,

• Doseequivalent.A quantitythatexpressesthebiologicaleffectivenessofanabsorbed
doseina specifiedhuman organortissue;itsunitofmeasureistherem,The do_
equivalenttsnumericallyequaltotheabsorbeddosemultipliedbymodifyingfactors
thatrelatetheabsorbeddosetobiologicaleffects,Inthisreport,asinmany ethers,
theterm"doseequivalent"oftentsshortenedto"dose,)'

® Effective dose equivalent (EDE). A risk_iose that can be used to estimate health.
effects risks to exposed persons; it ts a weighted sum of dose equivalents to specified
organs. The weighting factors and specific organs are described in Publications 26 and
30 of the International Commission on Radiological Protection (ICRP 1977, ICRP
1978),

® Committed (effective) dose equivalent, The total effective dose equivalent that will be
received over a specific time period (50 years in this document) because of exposures
to, and intakes of, radionuclides during the year of interest,

• Collective (committed) effective dose equivalent, 'lhc sum of (committed) effective dose
equivalents to ali individuals in an exposed population,

• Dose conversion factor (DCF). The dose equivalent received from exposure to a unit
quantity of a radionuclide via a specific exposure pathway, Two types of DCFs exist.

O One typegivesthecommitteddoseequivalent(rem)resultingfromintake(via
Inhalationandingestion)ofa unitactivityofa radionuclide.The secondgivesthe
doseequivalentrate[Sv/year(mrem/year)]pcrunitactivity1.1Bclor(_Ci)ofa
radionuclideirla unit(cre3orcm2)ofanenvironmentalcompartment(airorground
surface),Table7,1inVol,2 ofKornegayctal.1991(p,197)containsa listingof
DCFs forinhalationundingestionofselectedradionuclidesreleasedfromORR;
Table7.2inVol,2 ofKornegayctal.1991(p,198)containsa listingofDCFs for
immersionincontaminatedairandforexposuretoa contaminatedgroundsurface
(Bcrcs1990).The radionuclideslistedaccountessentiallyforalloftheradiationdoses
from ORR,

Meflz_ for evaluation of airborne radionudidc_

The radiological consequences of radionuclides released to the atmosphere from i_
ORNL and the ORR operations during 1990 were characterized by calculating EDF..s to
the maximally exlxxsed off-site individual and to the entire population residing within
80.5 km (50 miles) of the plants. The dose calculations were made using the CAP-88
package of computer codes (Beres 1990), which was developed under sponsorship of the
EPA for use in demonstrating compliance with National Emission Standards for
Hazardous Air Pollutants (NESHAP) Radionuclides, 10 CFR Pt. 61. This package
contains the most recent, approved version of the AIRDOS.EPA and DARTAB codes
and the ALLRAD88 radionuclide data file. The AIRDOS-EPA computer code
implements a steady.state, Gaussian plume, atmospheric dispersion model to calculate
concentrations of radionuclides in the air and on the ground and uses Regulatory Guide

O 1.109 food chain models to calculate radionuclide concentrations in foodstuffs (vegetables,
meat, and milk) and subsequent intake by man. The concentrations and human intakes
are used by the EPA's latest version of the DARTAB computer code to calculate EDEs
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to man from radionuclides released to the atmosphe_re, The dose calc,ulations use the
DCFs contained in the ALLRAD99 data file (Tables 7,1 and 7,2 in Vol. 2 of Kornegay
et al. 1991, pp, i97.198),

Radionuclide release data wen collected or estimated for eight release points at
ORNL, Table 2,8.5 lists the source parameters used in the calculations of the nuclides
released, and the quantity (Bq and CI) released from each release point. Other pertinent
release information Is provided in Table 2,8-9. Meteorological data used in tile
calculations consisted of joint frequency (STAR) distributions of wind direction, wind
speed class, and atmospheric, stability category that were prepared froxn data collected
during 1990 at the 100-m (308 ft) station on tower MT2 for ORNL. Rainfall in Oak
Ridge during 1990 was 0,152 m (0,468 ft), 'the average air temperature was 15"C (59°F),
and the average mixing layer height was 1000 m (3080 ft),

Table 2.8-9. Release point parameters and receptor kw.atiom
u.,_d tn the dose calculations

li _ . - S:_-- _llll I II J III I II IIlII II I I I I Iii II . Illllllll _2 S_ _SS "_S? ..........

Distance[m (ft)]
anddirection

Release Inner Gasev.lt to maximally
Source height diameter vc_loelty Gasexit exlxxsed
name Type [m(ft)] (m (ft)] [m/s(ft)] temperature Individual

2026.......Point.....-" 22.9(70.5)'---'_ii(3A) .... 11,4(35.i) Am;lent 5450(16,786)E
3020 Potnt 61,0(188) 1,5(4,6) 11,5(35,4) Amblellt 5450(16,786)E
3039 Point 76,2(235) 2,4(7.4) 16,6(51,1) Ambient 5450(16,786)E
7025 Point 4,0 (12,3) 0.3 (,92) 14,0 (43,1) Ambient 3500 (10,780) E
7512 Point 30.5 (93,9) 0,9 (2,8) 7,3 (22.5) banblent 4550 (14,014) ENE
7911 Point 76,2 (235) 1.5 (4,6) 10,1 (31,1) Ambient 4550 (14,014) ENE
7830 Point 4,6 (14.2) 0,2 (0,62) 7.1 (21.9) Ambient 5810 (17,896) ENE

1._,308)SWMtse, Point 15,0 (46) 0 0 Ambient 4970 ( r.,

Source' Adopted from: Kornt_gai_F,' C,, et al, 1991, Oak Ridge Reservation Environmemal
Report for 1990, ORNL/E.S/F.SH.18N1, Oak Ridge National Laboratory, Oak Ridge, Tenn,, p, 187,

The dose calculations assumed that each person remained, unprotected, at home
(actually outside the house) during the entire year and obtained food according to the
rural pattern defined in the NESHAP background documents (EPA 1989). This pattern
specifies that 70% of the vegetables and produce, 44,2% of the meat, and 39,9% of the
milk consumed by each person are produt_ed in the local area (e.g,, a home garden), The
remaining portion of each food is assumed to be produced within 80.5 km (50 miles) of
ORNL, Use of this pattern ts more conservative (less likely to underestimate real dose)
than the consumption patterns used in previous annual reports. For collective EDE
estimates, production of beef, milk, and crops within 80 km (50 miles) of ORR were
calculated using the state-specific production values provided with CAP-88.

The EDE received by the hypothetical individual maximally exposed to airborne
effluents from ORNL was calculated to be 0.002 mSv (0.2 mrem), This individual
hypothetically is located -5450 m (3.4 miles) east of the 3039 stack and 3500 m (2.2 miles)
east of the 7025 stack. Approximately 91% of this dose is from ingestion and inhalation mlh
of 3H, The 50-year committed collective EDE to the -.933,C_K)persons residing within IIF
80.5 km (50 miles) of ORNl. was calculated to be .-4 person Sv (-0.004 person-rem).
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Wamrborncmdlonuclldm

Waterborne discharges of radlonuclldes from ORNL flow into White Oak Cre.ck
and through White Oak Lake, and discharge into the Clinch River, In Table 3.8 of
Kornegay ct al. (1991, p, 64), concentrations of radionuclides in water are given for
samples taken at the Melton Hill Dam, the K.2S process water intake (Oallahcr), and the
Kingston water plant. Committed dose equivalents to persons drinking these waters were
calculated ruing annual-average concentrations of radionuclides that are significantly
different from zero and the assumption that a person drinks 2 L (2.1 quarts) of water per
day [730 L_ear (193 gal/year)], The EDE estimated for consumption of water from
Melton Hill Dam, 0,00_ mSv (0,1 torero), represents an upstream (background) dose,
Uranium isotopes are the major contributors to this dose, The inlet to the K.2.5Site
(Oallaher process water) is the closest nonpubllc water supply downstream of ORNL
discharge.s. The calculated EDE from drinking this water would be 0,001 rosy (0,1 torero)
from 9°Sr,3H,:SSPu,and eCo, The public water supply c}osest to the ORNL liquid outfall
is located about 26 km (1S,6 miles) downstream, at Kingston. Based on measured
concentrations of _Sr and 3H in river water from ORNL effluents, a person drinking
water from the intake of the Kingston filtration plant could receive an annual EDE of
0.04 roSy (0,0004 torero); this could result in a collective committed effective dose of about
0.003 person Sv (0.3 person-rem)to the estimated 7500 persons who could drink this
water.

Potential doses to individualseating 21 kg (about 46 lh) of fish pcr year were
calculated using measured concentrations of radionuclides in fish harvested at three

locations, 'Ihe highest potential EDE, 0,003 mSv (0.3 mrem), could be received by
persons eating fish from CRK 33.3, which is at the confluence of White Oak Cre.ck and
the Clinch River, ORNL's discharge point. Potential EDEs to persons eating fish caught
upstream at Melton Hill Dam (CRK 40,0) and downstream at Kingston (CRK 8.0) are
0.0001 and 0.0005 mSv (0,01 and 0.05 mrcm), respectively. The 0.0005 rosy (0.05-torero)
EDE to an indi'ddual eating 21 kg (46 lh) of fish caught at Kingston could result in a
population dose of about 4 × 10'_pcrson-Sv (0.4 person-rem) if each of the inhabitants of
Kingston caught and ingested 21 kg (46 lb) of fish, The primary contributors to the EDE
arc 137Csat Kingston; 137Cs,9°Sr, and °uCo at CRK 333; and 9°Srand 1_7Csat Melton Hill
Dam, To put these doses from waterborne radionuclides into perspective, the nearest
population (Kingston) exposed to these radionuclides would receive an annual coUectivc
committed EDE of about 7 × 10'_ person-Sv (0.7 person.rem) from drinking water and
eating fish. This represents about 0.03% of the annual dose fl'om background radiation
22.S person Sv (2250 person.rem) to this population.

Radionuclidesinotherenvironmental mcxlia

One oftheimportantpathwaysformovementofradionuclldcsfromenvironmental
mediatoman canberepresentedasfollows:theatmosphere--,pasture-..,cow .-.,milkfood
chain,Strontlum.90and ml arcradlonuclldcsthatarcespeciallyimportantinthis
terrestrialfoodchain,The CAP.88 modciscaleulatc_lEDEs causedbyconsumptionof
milkcontainingairborneradionuclidesreleasedfromORR, Also,milkcollectedfromarea
['armsissampledforradionucUdcs,PotentialEDF..stoanindividualarcbasedon the
individualdrinking310L (81,8gadofsampledmilkpcryear,Measured,annual-average

concentrationsoftotalradioactivestrontium(assuming100% 9°Sr)and131Iinmilktaken
fromsamplingstationsnearORNL (sccFig,2,8-2)wereusedtocalculatctheEDF,s,
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whichrangefrom0.0007to0,002mSv (0,07to0.2mrem)andaverage0,001mSv O
(0,1mrem).

Dirc_radiation

Externalradiationexlx'_urerateshavebeenmeasuredata numberofIocatiomon
andoffORR; mostofthisexposureiscausedbynaturalradioactivityintheground.
Table2.8-10givespostulatedeffectivedosestoumhieldedindividualsexposedtodirect
radiationateachmonitoringstationfor8760h/year(24h/d,allyear),Dosesfrom
backgrouilddirectradiationoverthestateofTennesseerangefromabout0.3to
1.0roSy/year(30to100mrem/ycnr)andawrage0,56mSv/ycar(56mrem_ear)(Myrick
ctal.1981),The,latterelevatedradiationlevelsarecausedbyalr.scatteredgamma
radiationfromancxlmrimental137C-.sfieldalongtheClinchRiveratstations64through
67,locatedalongthebankoftheClinchRiverbetweenCRK 34and30.ltisextremely
unlikelythatanindividualwouldbeexposedtothisgamma radiationfox'anentireyear
(8760h).However,a hypotheticalmaximallyexposedindividualmightspend5 h/week
fishingalongtheshore.Thisindividualcouldreceiveaneffcctlvcdoseequivalentof
0,06rosy(6torero)froma 250-hexposuretotheaverageofthemeasuredexposurerates
at stations 65 and 66,

2.8.5.2 Doses to Aquatic Biota

DOE Order 5400.5, Chapter II, sets an absorbed dose rate limit of 0.01 Sv/d
(I rad/d) to native aquatic organisms. To demonstrate compliance with this limit,
absorbed dose rates to aquatic invertebrates, fish, and muskrats were calculated by O
multiplying measured radionuclide concentrations in surface,waters on and around ORNL
with internationally recognized, organism-specific dose factors (National Research Council
of Canada 1983). The results of these calculations, which are presented in Table 2.8-11,
indicate that no aquatic biota should receive an absorbed dose at a rate greater than
3.0 x 10.4 (0.03 rad/d). The highest potential dose rates were 3_0 x I0 "4Sv/d (0.03 rad/d)
to muskrats, 1.0 x 10"_Sv/d (0.01 rad/d) to invertebrates, and 1.0 × 10"5Sv/d (0.001 rad/d)
to fish at White Oak Dam.

2.8,.6 Chemical Dose

Varying amounts of chemicals were released to the environment from operations
at ORNL during 1990. In this sectlon, estimates of potential human exposure to these
chemicals are made, and the exposures are compared with acceptable levels of exposure as
definedbyfederalstandardsandregulations.

Chemicalsenterthebodybyseveralroutes,includinginhalationofairanddust,
ingestionoffoodandwater,anddermalabsorption.Analysisofpotentialexposure
throughinhalationisnotpossiblebecauseoflackofenvironmentalmonitoringdata.
Potentialexposurethroughdermalcontactisconsideredtobe unlikelyformembersofthe
generalpublicbecamethesitesarerestrictedareas.

The environmentalmonitoringdataonsurfacewaterallowtheingestionpathway
viadrinkingwatertobeanalyzed.Dataon selectedchemicalsinfishallowexposurevia
inge_,aionoffoodtobc analyzed.Therefore,exposuresofhumanstochemicalsvia

drinking water and to selected chemicals via ingestion of hxxl are provided. 0
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O Table 28-10. Potential radiation dme equivalents from
external _urm at locattom on end near the

Oak Ridge Rmervation

..........................................Effective doseequivalents'........
Station [mSv/year(mrem/year)]

=..... "Oi_L perimeter air monitors

03 o.25(28)

07 0.50 (50)

20 o,68(cs)
Clinch River station_

6o 0.52(52)
61 o,88(es)

64 1.6 (160)

65 _._(Iso)
66 2.1 (210)

67 1.05 (105)

W 68 o.ss(ss)
69 0.46 (46)

BackgrouncY

Average of 12 locations in 0.56 (56)
Tennessee

.... '_surrleS an exp_urc'of8760 tl/ye,arl
bSource: Rogers, J. O., ct al. 1988, Environmental Surveillance of the

U.S. Department of Energy Oak Ridge.Reservation and Surrounding
F.nvirons During 1987, ORNL/F.,S/F..SH-4N1, Oak Ridge National
Laboratory, Oak Ridge, Tenn., April,

"Source: Myrick,T. E. B, A. Bervtn, and F. F, Haywood, 1981, State
Background Radiation Levels, ORNL/TM-7.M3, Oak Ridge National
Laboratory, Tenn,

t

Terminology

Definitions of terms pertinent to the understanding of exposure are as follows:
• Acceptable Daily lntake (ADl). Intake of a chemical, measured in mg/day, that is not

anticipated to result in an adverse health effect over a lifetime of exposure. ADIs are
O calculated from several different federal standards and regulations. ,

• Calculated Daily Intake (CDI). Intake of a chemical, expressed in rag/day. For
drinking water, it is assumed that adults drink 2 L of water per day.
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Table 2.8-11. Potential dose rates to aquatic biota

Absorbed dose rate

Location Invertebrates Fish Muskrats

Sv/d rad/d Sv/d rad/d Sv/d rad/d

Melton Hill Dam 4.0 x 10.6 0.0004 1.0 x 10.6 0.0001 4.0 x 10* 0.0004
upstream

White Oak Creek 8.0 x 10"s 0.008 2.0 x 10.5 0.002 2.0 x 10.4 0.02
White Oak Dam 1.0 × 10"4 0.01 1.0 × 10"s 0.001 3.0 x 10"4 0.03
Gallaher (downstream) 1.0 × 10"s 0.001 1.0 x 10.6 0.0001 1.0 x 10.6 0.0001

Source: Komegay,F. C., et al. 1991.OakRidgeReservationEnvironmentalReportfor 1990,ORNIdF.S/ESH-18/V1,
OakRidgeNationalLaboratory,OakRidge,Tenn.,p. 191.

* Slope Factor (SF). An estimate based on a lifetime probability that a chemical will
cause cancer at a dose of 1 mg.kg"_.d-_.

, Maximum Contaminant Level (MCL). EPA National Interim Primary and National
Primary Drinking Water Regulations that apply to ali community or public water
systems.

s Reference Dose (RfD). An estimate of the daily exposure to the human population,
including sensitive individuals, that is likely to be without an appreciable risk of
deleterious effects during a lifetime.

. Secondary Maximum Contaminant Level (SMCL). EPA National Secondary Drinking
Water Regulations that apply to public water systems.

Airborne chemicals

The release of chemicals into the air at ORR facilities is discussed in an earlier

section. Air permits issued by the Tennessee Department of Conservation allow release
of permitted quantities of chemicals. Sampling or monitoring is required only at the
ORNL steam plant. No air-monitoring data amenable to human exposure analysis were
available.

Waterborne chemicals

EPA has set daily intake standards for chemicals in the form of oral RfDs and SFs.
These values are available from EPA's Integrated Risk Information System (IRIS). For
noncarcinogenic chemicals, daily exposure to the R2D, in mg/kg/d, should result in no
adverse effects over a lifetime. ADIs in m_d were calculated from RfDs by multiplying by
70 kg, the average human body weight.
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For carcinogens, ADIs were calculated from SFs using the formula

ADI- 1 × 10"s ×BW
Si_ " '

where BW 70
kg0 SF = a slope factor of risk pcr unit dose (risk per mg/kg/day). A"asTlifetimerisk of developing cancer was used in calculating the ADI.

od
1-in-100,000 (1 ×

For chemicals for which Rff)s and SFs were not available, national primaryand
secondary drinkingwater regulations, in milligramsper liter, were converted to ADI values
by multiplying by 2 L, the adult average daily water intake.

Acceptable daily intakes for chemicals found in surface water at concentrations
above detection limit._are listed in Table 2.8-12. For Rff_ and SFs, it is assumed that
water ingestion is the only pathway of extx.'sure. Average values of the sampling data
(in rag/L)were multiplied by 2 L to estimate daily intake levels. Much of the sampling
data for individual chemicals were reported as "less than" (<) values indicating that
concentrations were below the limits of detection of the instruments used. These data
were used in the analysis only ff one or more samples had values above the detection limit.
Average sample concentrations were reported as < values, so the CDIs are also reported
as < values. The CDIs were compared with the ADIs to establish whether the ingestion
of 2 L of water would result in an exposure above the ADI. CDI-ADI ratios of < 1
indicate an acceptable level of risk,while CDI-ADI ratios > 1 indicate an unacceptable
risk or the need for further study. Where CDIs are expr_ as < values, CDI-ADI

ratios are also expressed as < values, and the exposure cannot be fully quantified.
For the following reasons, ali CDI-ADI ratios were < I or could not be quantified.

The high concentrations of aluminum are a reflection of the turbidityand high suspended
solids (as much as 340 mg/L) in the samples. The high concentration of phosphorus
probably indicates the use of phosphate fertilizers in the area. Because analyses were for
total phosphorus, a distinction between the potentially toxic element and phosphates could
not be made, and phosphorus was not further considered.

Chemicals in water can be accumulated by aquatic organisms that may bc eaten by
humans. Mercury and PCB concentrations were measured in Clinch River bluegill sunfish
(Table 2.8-8). The highest concentration of mercury in bluegill, <0.19 mg/kg wet weight,
was found at CRK 8.0. The majority of this mercury probablyoriginated at the Y-12
facility. Assuming the average person eats 21 kg (46 lh) of fish per year [0.058 kg/d]
(0.13 lh/d), the average daily intake of mercurywould be 0.011 mg/d, which results in a
CDI-ADI (0.011-0.021) of 0.5. Calculated average intake by ingestion of both fish and
water, at the highest concentrations measured, results in a CDI of 0.0144 mg/d
(0.011 mg/d + 0.0034 mg/d) and a CDI-ADI ratio of 0.68, indicating an acceptable level of
ingestion. Ali PCB concentrations in bluegill from three Clinch River sites were below
the maximum limit of detection, and daily intakes could not be quantified.

In reality, surface-water monitoring stations are generally located within areas of
DOE facilities that are not readily accessible to the general public. Thus, consumption of
water from these points is unlikely. Furthermore, as pollutants move downstream and the
volume of water increases, the concentration of pollutants decreases.

Chemicals in other environmental media

@
An important pathway of concern for human exposure to chemicals is through

atmospheric deposition onto vegetation and subsequent transfer into beef and milk.
-_=



2-208

Table Z8-12. Acceptable da_ intakes for chemicals found atx_ detection limits at Q
Oak Ridge Reservation fatalities

Chemical ADI (mg/d) Reference

Al 0.1 SMCLo
Ammonia 64 Rfl_
Sb 0.028 RID
As 0.07 RiD
Ba 4.9 RfD

bis(2._thylhexyl)phthalate 0.05 SF
B 6.3 RfD
Cd 0.035 RfD
Chloroform 0.1148 SF
Cr 0.35 RfD
Cu 2.6 MCL°

Cyanide 0.02 RfD
Fluoride 4.2 RID
Fc 0.6 SMCL
Pb 0.01 MCL
Mn 7.0 ReD

Hg 0.021 RID ah
Methylene chloride 0.09 SF" lP'
Mo 7.0 RID
Ni 1.4 Rfl_
Nitrate 70 RfD
Phenol 42 RfD
P 0.0014 RfD
Se 0.21 RfD
Ag 0.21 Rfl_
Sulfate 800 MCL
V 0.49 RfD
Zn 14 RfD

"SMCLs ffi Secondary Maximum Containment Levels and apply to ali public water s_tems. MCLs =
Maximum Containment Levels and apply to ali public water systems (copper, sulfate) or to community water
systems (lead). RID = reference dose.. SF = Slope.

Source: Komegay, F. C., ct al. 1991. Oak R/dge Reservation Environmental Report for 1990,
ORNL/F__/ESH-18N1, Oak Ridge National Laboratory, Oak Ridge, Tenn.

' Direct measurements for concentrations of chemicals in vegetation, beef, or milk in the
vicinity of ORR facilities have not been made. .,_

qP
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O Dirc_ ¢_posurc

Direct exposure to chemicals doe,s not represent a likely pathway of exposure at
the ORR facilities. For airborne releases, concentrations off-site are too small to be a
problem through the dermal exposure pathway. For aquatic releases, outfalL_are generally
located within areas of DOE facilities that are not readily acne.asibleto the general public.
Although exposures for consumption of drinking water at the monitoring stations were
calculated, public consumption of water from the outfalls or at the monitoring stations is
highly unlikely.

Current year summ_y

Additional information on routes of exposure other than surface waters is needed
to achieve a more complete chemical exposure analysis. In the present analysis on
exposure to waterborne inorganic chemicals, the majorityof CDI-ADI ratios on-site were
< 1, indicating that, for drinkingwater, most chemicals were below acceptable daily intake
levels. Off-site exposures would be lower because of stream dilution. Most organic
chemicals were below the limit of analytical detection and should pose no risk to the
public.
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3. THE FACILITY

O
The Advanced Neutrt_n Saurce (ANS), a new facility being designed at Oak Ridge

National Laboratot_ (ORNL), would consist ot'a 330.,MW(f), heaw water moderated
reactor and extensive e×perlment and user support t'acllttles, The primary purpose of the
ANS would be to provide facilities for neutron scattering research In the United States,
Studies and discussions have determined that a nuclear reactor would serve as the best
steady.state neutron source fox' the faelllty, The neutron_ l_!"ovtdedby the reactor will be
thermallzed to praduce sources of hat, cold, and very cold neutrons usable at the
e×perlment stations, Beams oi' cold neutrons would be directed tnto a large guide hall
using neutron guide technology, greatly enhancing the number of research stattons
possible tn the project, Fundamental and nuclear physics, materials analysis, and other
research programs wc_uldshare the neutron beam facilities, Laboratory and office space
would be sufficient to create an effective user.oriented environment,

The design and arrangement of ANS facilities were guided by concerns for safety
and function, resulting In a multlfunction building arrangement, Consequently, ANS
buildings Incorporate destgn elements that would provide containment ot' airborne
radioactive contamtnatlon_ shielding from high-energy neutrons; security from wmdallsm,
sabotage, or theft; a control room designed for ease of maintenance and operattonl and
well-equipped, flexible experiment operations, In addition, facility design would allow for
segregation of the operations and experhnent staff for security and health and safety
purposes. Principal ANS structures would be the

• reactor building, which would provide shielding, containment of fission products duringa possible ac_'Ident, experiment support, and mechanical eq,lipment support during
normal operations;

• reactor support building, which would house the majority of the ANS mechanical
equipment and a control room tbr the reactor; and the operations support building,
which would provide office support for operations staff, maintenance facilities, an
alternate control room, and a material receiving, storage, and inspection area;

• guide hall, which would contain additional elcperiments and the neutron guides from
the reactor;

• the research support building, which would house the laboratories and experiment
support activities;

• interface building, which would act as the main entrance and provide security and
visitor control; it would also be the focus for the health anti safety activities;

,, oi'rice building, which would provide office support for visitors and experimenters; and
• other site facilities, such as the detritiation building, electrical substation, diesel

generator building, and compressor building. i

A conceptual site plan for the ANS is shown in Fig. 3,1-1, and principal features of
the ANS reactor building and reactor support building are shown in Figs, 3.1-2 through
3.1-7. The conceptual design of the ANS is ongoing and significant changes can be
expected. This section summarized the design as of January 1992.

3.1 FUNCTIONAL DESCRIPTIONS

This section describes the principal ANS t'acilittes listed _bove.
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Fig. 3.1-6. Principal facilities of the Advance_ Neutron Source buildings; floor
elevation, 169 ft (51.5 m).
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Fig. 3.1-7. Principal facilities of the Advanced Neutron Source buildings; roof
elevation, 186 ft (56.7 m).
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3.1.1 The Reactor Building

The central structure would be the domed, cylindrical reactor building, the
principle function of which is to house the reactor and experiment facilities. Other major
functions of the reactor building structures would be radiation protection and
containment, Radiation protection features would include biological shielding around the
reactor (concrete horizontal shielding and light water vertical shielding), portable shielding
around experiments, tritium control, and the use of limited volume cells for reactor safety.
The reactor building would also be designed as a dual containment structure. The outer
containment would be a load-bearing, 0.6- to 0.9-m-thick (2- to 3-ft-thick) concrete
structure that would also serve as the hardened structure protecting the reactor from the
effects of natural phenomena. A second steel containment would be inside the concrete
containment. The gap between the concrete (secondary) and steel (primary) containments
would serve as a ventilated plenum for leakage control. Other measures incorporated into
the containment features include designs for physical protection and venting containment
outleakage through a stack with state-of-the-art filtration capabilities.

The center of the reactor building would contain the reactor pool, with fuel
storage pools immediately adjacent to the reactor pool. A cross-section of the reactor
building is shown in Fig. 3.1-8. The first floor would be open for beam research activities,
with the exception of the quadrant through which the beam guides traverse into the guide
hall. The remainder of the second floor would also be dedicated to experimental
purposes. The storage pool structures accessed from the third floor would occupy the

O remainder ot the second floor, along with heat exchangers, pumps, pressurizing system,and other reactor support equipment. The third (operating) floor, under the high bay,
would be dedicated to reactor operations activities, and the cold box for providing liquid
helium to the cold source. The reactor building third floor would also serve as a spent
fuel storage location. Stored within contaimaent, there may be up to about 34 fuel
elements stored for 2 years. Longer-term storage (up to 5 years) would be in the reactor
support building.

3.1.1.1 Overall Building Structure

This section gives an overview of the reactor building design criteria, foundations
and major structures, and exterior features.

Reactor building design criteria

The reactor building would be designed to strict criteria for resistance to seismic,
wind and other Ioadings, and to ensure containment integrity in response to a wide variety
of incidents, lt would protect safety-related equipment from both external and internal
"missiles" that may be generated by natural phenomena or equipment failures, lt would be
designed to act as an effective barrier to intrusion.

The detailed design criteria for the reactor building would be developed by the
architect-engineer as the conceptual design developed. Seismic design of the Reactor
building will be in accordance with Department of Energy (DOE) Order 6430.1, and the
design would conform to Nuclear Regulatory Commission (NRC) criteria to ensure that

O public exposure standards would also be met. In general, these criteria are similar to
criteria used in the design ot"the Clinch River Breeder Reactor and in commercial
reactors constructed in the region by the Tennessee Valley Authority (TVA).
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O Foundations and major structures

Because it houses the reactor, the reactor building would be considered a Seismic
Category 1 building capable of surviving a 0.3-g earthquake (the safe.shutdown
earthquake), As a result, the reactor building would be a reinforced concrete structure,
supported on the outside by the cylindricalconcrete containment walls and on the inside
by the massive shield walls for the reactor pool. The reactor building would be capped by
a concrete dome that would provide the secondary containment. The outer cylindrical
walls and dome would serve as the hardened protection barrier from external missiles for
items inside the reactor building, The inner steel containment would be self-supporting
and would be designed to withstand the rated pressure loads. T'he steel containment
above the high bay would be free standing and also designed for design pressure,

Exterior features

The exterior view of the reactor building would be of a simple cylinder, capped by
a hemispherical dome, with no windows, doors or other penetrations. The outer walls
would be formed by the concrete secondary containment structure. Architectural
treatments of ,he interior and exterior walls will be developed as the design progresses.

Containment

A primary function of the reactor dome is the containment of fission products that
O would be released during a potential accident. The ANS reactor is being designed in

accordance with the defense-in-depth concept, in which succeeding layers of safety are
built into the design and operations of the facility and excessive reliance upon any one
element is avoided. The reactor containment system would provide the third level of this
defense-in-depth concept. The containment systems would function to provide personnel
protection for the ANS site population, the population of the Oak Ridge Reservation, and
the general public against the effects of severe accidents. ANS site personnel include the
operating and experimental personnel located within the containment building.

The reactor containment building (Fig. 3.1-9) would be a dual-containment
structure consisting of an inner steel containment vessel, which would limit the leakage of
any fission products that may be released into the internal containment atmosphere, and
an outer concrete structure, which would provide for collection and subsequent treatment
of fission products that leak from the inner barrier. The concrete shell would also provide
protection for the inner steel vessel against the external environment and would act as a
radiation shield for any radioactivity between the inner and outer barriers that may be
present during a severe accident. The barrier would also incorporate isolation valves
installed on ali penetrations through the steel vessel. The reactor containment building
would also be divided into separate operating and experimental areas, The normal
heating, ventilating, and air conditioning systems for these areas would be separated so
that any radioactivity released into one area would not spread into the other, except in the
most severe accident.

The fission product control system would provide a means to limit or delay the
release of fission products in order to permit the safe evacuation of ali on-site and off-site

O personnel. Fission product control inside the containment would be provided by thereactor fluid boundary and further enhanced locating the reactor primary fluid boundary in
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Fig. 3.1-9. Elevation view of the reactor building. O

either water, or atr-filled pools or cells and by isolation valves installed on ali pool or cell
wall penetrations. Fission product control would be provided by a fission product
treatment system that would maintain a negative pressure relative to the outside air
pressure in tile annulus, the space between the inner steel containment vessel and the
outer concrete structure, and would remove the fission products that would leak into the
annulus during severe accidents. The combination of the inner primary containment leak
rate, on the order of 0.5% volume per day, and the annulus fission product treatment
system, having an iodine decontamination ['actor on the order of 400, would satisfy the
U.S. Environmental Protection Agency's (EPA) Protect&eAction Guidelines limits ['or the
ANS boundaries. This would be true even for ground-level releases during severe
accidents, including up to a 100% release of noble gases and iodine into the inner
containment atmosphere.

Heat removal ['or severe accidents would be provided by the inherent containment
building heat sinks and by passive heat transfer through the inner steel containment vessel

and outer concrete wall. Inherent combustible gas control would be provided by the large
containment volume that, with adequate mixing, would ensure that concentrations would
be less than combustible limits.

3.1.1.2 Central Reactor Pool, Shield, and Associated Structures

The dominant interior' feature of the reactor building would be the reactor' pool

and shield structure, along with the spent fuel and equipment pools and the limited i
volume cells for valves and piping. Al present, the function of these structures is being
defined, and thus the dimensions assumed for the cells are likely to change significantly.

__
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O The reactor pool and shield is currently conceived as a cylindrical concrete
structure with an tnstcte radius oi' about 3 m (10 ft)and an outside radius of 5,5 m (18 ft),
Thus, the concrete biological shield is currently assumed to be about 2,5 m (8 ft) thick,
From the standpoint of maximizing the neutron flux at the sample of an experiment, lt is
desirable for the outside radius of the shield to be as small as possible while maintaining
low radiation backgrounds in the experiment areas, The neutronic and gamma transport
calculations on which the deslgn of the shield would be based are continuing, The use of
high-density concrete and other nleasures to improve the effectiveness of a given thickness
of shield is anticipated in key areas, The possible need for a shield cooling system would
also be considered as the design progresses, The interior of the reactor pool would be
lined with stainless steel to facilitate decontamination and prevent leakage,

The auxiliary pools would serve the needs of spent fuel handling, target handling
and shipping, and general reactor maintenance, Pools would be generally 10,6 m (35 ft)
deep, corresponding to the room height of the second floor, Thus, they would eliminate
sections of the second floor but would not it_tert'ere with the main beam room floor,

A potential overall arrangement oi' the auxiliary pools is shown in Fig, 3,1.6, In
addition to the open pools sh_:_wn,there would be a special heavy water pool covered by a
shielded, inerted (or ultra-dry) cell ibr use in transferring spent fuel from reactor to
storage locations, and for loading the reactor fresh fuel, The dimensions and arrangement
of this pool have not yet been determined, The heavy water pool would be accessed via a
refueling handling cell from the third floor of the reactor building,

The limited volume cells are also currently assumed to occupy a segment of the
second floor area, The cells would likely be a sealed, limited volume, water.filled cell to

O help mitigate the consequences of a break in the primary piping; the sealed cells would
limit the volume of heavy water that t:ould leak from primary cooling in the event of a
pipe break, The cells would carry the reactor primary coolant lines from the pool and also
contain pumps and valves, Further specifications for the limited volume cells will be
defined as the design progresses,

3.1.1.3 First Floor Features

The first floor of the reactor building would be kept open to allow maximum use
of space for experiments around the biological shield. The one exception would be the
beam guide passage, a pie-shaped segment around the beam guide penetrations that would
provide shielding around the guides as they pass from the reac,tor shield to the guide hall.
This segment will be surrounded by concrete shield walls and covers, This shield, because
it would not extend to the ceiling, would provide access to the guides in the pool, which
would be obtained by lifting shield covers off the top of the structure,

One or two polar-segment bridge cranes would be provided for handling of heavy
experiment equipment, A review of experiments at other scattering facilities indicates a
minimum hook height of 7 m (25 ft) is required, Local jib cranes and monorails would be
provided as needed. Polished floor surfaces would be provided at some of the experiment
positions, to allow the use of air pads on moving arms of the instruments, A large airlock
into the beam room would be provided to allow equipment to be brought in from the
reactor support building. A personnel airlock would be provided near the central entry of
the complex to allow controlled access from a security control area in the interface area,

O Use of the large airlock may be restricted to periods when the reactor is not operating.(Because of the short operating cycle this may not pose excessive limitations on the
experiment programs.)
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3.1.1,48e._mdFloorFeature_

The secondfloc)rofthereactorbuildingwouldbedividedInto)twoareas,One
area would suppcn't the experiments on the second floor, The second would be the lower
portionofthepoolsandtunnelsthatarc_tccesscdfromthethirdfloor,"['hemainaccess
to the experiment side of the second floor would bc by stairway leading from the first
floor adjacent to the first floor personnel _lirlock, An airlock on the opposite end of the
second floor would be required for means of personnel safety egress to allow rapid
evacuation during an emergency, Access to the operational portion of the second floor
would be through a stairwell leading from the third floor high bay,

The major use of the second floor would be to provide experimental areas by the
scientific staff. Specific experiments are currently being defined for that area,

Because experiment facilities would be located on a portion of the second floor,
ceiling space and erminerequirements would be similar to those on the first floor, Polar.
segment bridge cranes would be: installed in the second floor to serve those experiment
areas. Internal partitions oi' this fit)or, tr_tfficp_ltterns, and handling system requirements
will be further defined as the design progresses,

The second portion of the second floor, housing the lower portion of the pools
and tunnels, would normally be accessible by reactor operations personnel only, most likely
from the third floor via stairway or elewttor, A concrete wall separates the research and
operation sides of the second tloor. Emergency egress using alarmed doors may be
required to allow operating personnel to evacm_te through the experiment stde,

3.1.1.5 Third Floor Feattur_ O

The third floor of the reactor building would be the operating floor under the
reactor building dome. This area would nt_rm_llybe accessible to reactor operations
personnel only, not to visiting scientists, although permanently assigned and authorized
scientists will operate limited number of experiments controlled from the third floor. The
operating floor would be dedicated tt_ those activities required for operating, refueling,
and maintaining the reactor, lt would also be used for installing, removing, and preparing
for shipment ali transuranic materials and isotopes irradiation targets and would have an
operating area and counting roorn for the neutron activation and analysis facility (NAAF).

Generally, the operating floor' would be characterized by the large, open area
under the dome. At present, the major equipment inside the dome would be the refueling
transfer cell and associated target handling cells, ventilation equipment for bott_
containment cooling and hydrogen safety, and two helium cold boxes. An enclosure over
the reactor poc-,Iwould be considered ii' the design of hydrogen safety systems indicates
the usefulness of such a structure. The high bay would be served by a polar crane; the
size would be determined once the weight oi' the heaviest cask or equipment item to be
handled is identified.

Access to the operating floor would be through a personnel airlock on the
northeast side, passing into the high bay oi' the reactor support building. A hatch and
transfer tube on the south side would be the p_th through which spent fuel and target
casks would be hnndled and would _lsc_serve major maintenance activities. Because the
operating floor would be serviced by reactor staff only, the smaller personnel airlock
would be the normal means of access. This _rrangemcnt would enhance communication
between the operating floor oi' the reactor building and the reactor support building,
including the control room. 'The hatch would be used only during reactor outages when
I_raf, _o111 mo, r'_t r,v_lJlr] he-, lr_n,_pnrl_rt Irl _.r r-_lit i-d" t_t_nl,..tlnm_nt

=

_

_
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O Further definition of the operating floor features wtll evolve as the design
progresses,

3.1.1.6 Subplle Room Features

A subplle room In the ANS would be required tc_house and provide access to the
control drive assemblies, The general Iocatk_n of the subplle room ts shown tn Fig, 3,1.8,
This area will be further defined as the systems to be located In it are designed,

Areas located under the reactor pool would offer the possibility of draining the
pool if a major seal failure were to occur, Thus, prtwtslons for flooding the subplle room
would be considered, Options would range from controlling the volume of the subplle
room and sealing the doors so that the total amount of water that can be lost from the
pool would be acceptable, to simply operating the subpile room flooded at ali times. A
decision on thts Issue would be made when more design and safety analysis information ts
available, Figure 3,1-8 depicts a separate enclosure immediately under the reactor pool,
operated dry but with a watertight door designed to withstand the static head of the pool,

3.1.1.7 Major Issues and Optiom

Most of the major options to the current concepts for the reactor building are
associated with experiment facilities and the scrape oi' reactor containment. Other issues
generally deal with the optimal shape and dimensions oi' the building, Ceiling heights for
the experiment floors will be confirmed as the design of experiments progresses,

0
3.1.2 Reactor Support Buikling

The principal characteristics ot' the reactor support building are described in this
section.

3.1.2.1 General Description

The primary purpose of the reactor support building would be reactor operations
support [i,e., mechanical equipment (electrical, waste, and cleanup), control room, fuel
storage, and fuel transfer). The building would incorporate standards for limiting exposure
to as low as reasonably achiew_ble (ALARA) levels, For example, there would be
shielding around contaminated equipment; and equipment cells with the potential to be
contaminated would be ventilated, Backup power, both diesel and battery, would be
available to key components during any power interruptions, The control room would be
designed to be habitable during an accident (e.g,, a separate ventilation system). Sec:urity
at the reactor support building would allow access by operations personnel only.

3.13..2 Faterior Features

Generally, the exterior walls of the reactor support building would be smooth
concrete, with no windows, Doors and loading docks would be located at appropriate
points, with roadways leading to them as required, Runoff from the roofs would be

O collected and monitored for contamination, Architectural treatments of the exterior wallswill be developed as the design progresses,
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03.1.2.3 Building Features

Layouts of equipment in the rettctor support building have not yet been developed.
The areas under and adjacent to a cell bank would be dedicated to equipment directly
supporting the systems in the cell bank, Compressors for the cryogenic refrigerators
would be located in a separate structure along the east edge of the reactor support
building In a separate compressor building, Heavy water' collection tanks for draining the
heavy water system would be located at a low elevation, below the level of the heavy
water drains.

Although specific equipment locations are yet to be determined, a design
philosophy applies when locating equipment, In general, tanks and low point drains would
be in the basement or first floor of the building, Heavy mechanical equipment producing
vibration--such as pumps, compressors, chillers, electrical generators--would either be
located on the lower floors or in a separate building. Electrlcal and instrumentation
facilities are located in the upper floors, A major feature included in the building is the
reactor control room and its associated offices and maintenance facilities that will be
required to operate the reactor. Included in the complex r,re ali necessary emergency
support facilities, habitability features, and hardware support areas required. The control
room will likely be on the tourth or fifth floor's. On the roof, or in a penthouse on the
roof, are the ventilation fans that serve much of the building in areas that cannot become
potentially contaminated, Other areas may be vented through the ANS stack.

Adiacent to the building in a covered structure is a compressor building. Providing
support for the cold box located in the reactor building are a series of helium compressors

gas at high pressure. These components are located in a separate O
that provide helium

building since they produce a great deal of noise and vibration.
Electrical power is provided to the facility from either of two electrical substations,

one served by a TVA high-voltage service line, the other from a low voltage line from
ORNL. The primary electrical service entrance to the building will be located based on
the location of the substation on the site and the location of the major equipment
electrical loads within the building,

3.1.3 Operations Support Building

The operations support building would house the majority of the operations staff
and provide a clean, radiation-free area for many of the general operations functions
necessary to operate the facility. Contained in this building would be the remote
shutdown control room, general operation offices, maintenance shops, training rooms,
reactor simulator, etc. The building features will be defined as the design progresses.

3.1.4 Guide Hall Building and Rest.arch Support Building

This section describes the guide hall building and briefly covers the major issues
and options regarding the building.

3.,1.4.1 General Building Description

The guide hall building would be a single.floor structure of standard industrial ,dh
construction. Ii would serve solely to house the beam guides and experiments along the
guides. Portable shields around the guide tubes would reduce radiation levels from
nonreflected neutrons and c:_therspurious radiation. Cc_!_ta!nmentpe n_etr_!io.n_!so!at.!on
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O valves would be used on the guides so that the guide hall would not be part of
containment.

The potential for expansion of the guide hall has been incorporated into the
building design. An expansion guide hall has been incorporated into the site plan and
facility layout.

The guide hall building would not contain radioactive materials (other than levels
of induced activity in small samples) and would not be part of reactor containment. The
building design criteria would thus be to provide the level of protection appropriate for
the investment in beam tacilities located inside the structure. At present, it is anticipated
that the guide hall building would be designed to the requirements of DOE
Order 6430.1A. Protection of the investment housed in the structure may dictate some
additional criteria tbr resistance against natural phenomena, etc. Design criteria for the
guide hall will be developed more fully in the future.

The guide hall would include a steel superstructure with concrete floor and
foundation. The building would generally be a large, open structure shaped to
accommodate the beam guides fanning out from the reactor; 14 of the 16 guides would be
set in pairs. The guides of each pair would set 2 ° apart, and the near guides of adjacent
pairs would be set 6" apart. A seventh guide on each cold source would be directed out
of the main array by the use of a bender. The lengths of the guides and experiments on
the guides and the appropriate distance from the sides and ends of the guides to the walls
of the guide hall are still somewhat open. 'Thus, the outside dimensions of the structure
ha_,,_::_ot yet been established. A shielded region would enclose the guides as they leave
the reactor building. Unlike the pool and cell structures in the reactor and reactor

O support building, this shield structure would not a load-bearing partbe of the overall
structure.

The major features of the main floor of the guide hall building would be the
guides, set on the angles described previously. The ceiling height inside the guide hall
would be about 13 m (42 ft), and bridge cranes would serve the guides and instruments.
The guide hall would also house industrialized computer workstations with desk space on
the perimeter.

The shield structure would reach out a distance of about 49 m (160 ft) from the
reactor axis and would have concrete walls of adequate thickness and depth to limit the
background radiation in the guide hall to acceptable leve!s for both health physics and
counting accuracy purposes. More specific criteria tor the shield will be developed later.
Walls are currently assumed to be 0.9 m (3 ft) thick. The roof of the shield may be
segmented to allow dismantling for the access to the guides.

A nuclear physics experiment would be located on the bent guide at the east end
of the guide hall. This experiment uses 20 L (5.3 gal) of liquid hydrogen. The station
would be designed into the shield structure so as to provide an explosion-proof wall
between the experiment and the rest of the guide hall. The exterior wall would be
designed to deflect a blast away from any part of the reactor complex.

The nature of the guides, with shielding covering the guide and instruments clutte:
space around the guides, would be to impede movement across the guide hall. A
passageway would be constructed above the guides, at the outer edge of the shield
structure.
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Research Support Building

The research support building would house the laboratories and other related
facilities required to support experiments and prepare samples for irradiation. Cryogenic,
chemistry, and sample preparation laboratories are typical of those that would be found in
the building. The building would also house NAAF-2 and possibly some of the health
physics laboratories. The nature of the structure would be similar to that of the guide
hall.

3.1.4.2 Major Issues and Options

Issues and options generally center around the layout of the beam guides, and on
the number and size of experiments. If thermal guides are developed to the extent that
thermal experiments could effectively be located in a guide hall, either a significantly
larger guide hall or multiple halls may be desirable. If procedures for sealing guide
penetrations in accident scenarios are not accepted, the entire guide hall could become
part of reactor containment. Otherwise, most of the options deal with the dimensions of
the guide hall and the degree of "hardening" appropriate for protection of the investment
in experiments.

3.1.5 Office Building and Inlerface Building

The office building would provide sufficient space for ANS users, lt would be laid
out so that communication between outside users and permanent staff would be
encouraged. The office building would provide ali the necessary facilities, such as
conference areas and an auditorium, for technical communication, lt would also provide
adequate services, including food services, for scientists who must remain at their stations
for extended periods of time.

A survey of space requirements for beam instrument users and support personnel
has recently been completed. This survey was based on staffing at a number of existing
installations, and it indicates that an average of 6 persons per ANS instrument would be
expected, lt is estimated, therefore, that space must be available tbr 6 pel'sons per
instrument, or 246 people tbr the 41 instruments currently planned for an ANS. These
numbers do not include space tbr management, secretarial support, user liaison, users of
irradiation facilities, or"the reactor operations staff. Thus, a total capacity of about 400
persons would likely be required at the ANS site.

The interface building would house security and health physics functions necessary
for segregation of operations personnel from scientific staff, lt would also serve as the
main entrance to ANS.

The interface building would not contain any radioactive materials and wou_d be
isolated from reactor containment and ventilation systems. Design specifications fc t the
building would conform to DOE Order 6430.1A.

Major issues and options center around the size ot' office building appropriate. A
modular concept is anticipated tbr the offices so that the size of the facility could easily be
adjusted as requirements are defined. Utilization of other existing buildings would also be
considered. Design features and architectural requirement:, will be developed as the

design progresses. O
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O 3ol.6 Detfitiation Building

To reduce the tritium concentration that would accumulate over time in the heavy
water and to upgrade the purity of the heavy water (from inleakage of light water), a
detritiation process will be required on-site. The building would be separate from the
main facility and would house the equipment for detritiation and upgrade of the heavy
water. The liquid phase catalytic exchange (LPCE) (or vapor phase catalytic exchange)
process followed by cryogenic distillation has been found the most reasonable process for
detritiation in a plant of reasonable size. However, this process does involve handling a
large inventory of deuterium gas and liquid, as well as a large tritium inventory. Thus,
significant fire hazards and the potential tbr a large tritium release are present.

The detritiation plant at the Institut Laue-Langevin (ILL) Reactor in Grenoble,
built in the early 1970s, is located ill a structure away from the main reactor buildings.
More recent plants being commissioned at Chalk River Nuclear Laboratories and at the
Darlington power' station, both in Ontario, have also been constructed in their own
structures located away from the reactor buildings so that reactor safety would not be
impacted if a fire or explosion were to occur. This separate building approach would be
used for the ANS. The detritiation plant is located in the service area well inside the
security fence.

The nature of the structure to house the detritiation plant would be dependent on
the design of ventilation systems and on the approach towards fire safety and tritium
containment. Canadian facilities stress fire safety first, then tritium containment to the
extent practical. The building at Chalk River is &:signed strictly for fire safety, with large

O sections "":_da continuous :;weep of air through and out the"blowout" wall and Fool'

building. No attempt is made to recover tritium ii"it escapes the process enclosures. The
Darlington plant is compartmentalized, with drier systems installed in the compartments.
High-flow ventilation systems are used to exhaust deuterium (and tritium) if dangerous gas
concentrations are detected. However, if flammable concentrations are not reached, the
recombiner/drier systems are to be used to recover deuterium and tritium and limit
releases from the plant. Fire safety is given priority over confinement of radioactive
tritium--the contai_rnent systems would be useless ii"building integrity is not maintained.

Requirements of DOE Order 6430.1A would be reviewed in establishing firm
design criteria for the detritiation building, int.iuding criteria for tritium facilities and for
fire safety.

This description covers LPCE and Water Distillation (DW). ANS has recently
changed to Combined Electrolysis Catalytic Exchange DW process, lt involves similar
technology, but does not require the large columns. Details will be available in updates to
this document.

Secure facilities would be provided for the storage of tritium product (or waste).
A vault may be necessary for this purpose.

Further descriptions of the detritiation building will evolve with the conceptual
design.

3.1.7 Other StnJctures

Other major structures at the ANS facility are the reactor secondary cooling

O system cooling tower,', the essential cooling water system cooling towers, the nonessentialcooling water cooling towers, and the stack and filter pits. These are located as shown in

z

-.-...._,.
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3.1.7.1 Reactor Secondary Cooling System Cooling Towers

Four multicell, mechanically induced draft cooling towers would be provided for
rejection of reactor heat to the atmosphere for each primary cooling loop.

A water treatment building may also be constructed to house facilities for
pr_treating blowdown before it would be sent to the release point. Blowdown may be
released at a common release point, sharing a National Pollutant Discharge Elimination
System monitoring station in the reactor support building.

The Reactor Secondary Cooling System cooling towers would be sized to remove
the heat removed by the reactor primary cooling system under summer conditions.
Provisions for monitoring basin water for fission products, activation products, and tritium
would be included in the design. "'

3.1.7.2 Essential Cooling Water System Cooling Tower

Two multicell, induced draft, cooling towers would be constructed to serve ali
other critical cooling needs for the ANS complex (aside from the reactor heat removed by
the primary coolant loops) that are essential to operation or shutdown of the plant.
Included would be (1) building loads such as the chillers for the control room and the
ventilation systems for containment systems, (2) heat loads from reactor and spent fuel
pools, and (3) core decay heat loads from the shutdown/isolation loop system and other
systems as required. The exact sizing would be determined later in design after specific
equipment heat loads have been determined but would be located in hardened enclosures
on the roof of the reactor support building.

3.1.7.3 Noaen._::ntiai Cooling Water System Cxx_lingTower

Other building heat loads that are classed as nonessential to operation or
shutdown of the facility (such as air conditioning in the office building or guide hall,
nonessential mechanical ventilation systems, and nonessential mechanical cooling water
systems) would be served by the nonessential cooling tower. The cooling tower will be
sized and located as the design develops.

3.1.7.4 Stack and Filter Pits

Filter pits and a reinforced concrete stack would serve the ANS facilities. The
stack would serve the reactor containment systems (normal flow from occupied areas and
the ventilated pkenum and em,,'rgency flow from the ventilated plenum) as well as
ventilation systems in other parts of the plant that contain radioactive materials. The
stack would be located to optimize the various safety issues that govern its location,
especially the distance from the site population (see Fig. 3.1-1).

Air flow rates, the number of parallel channels, and requirements for the filters
would be developed as the design of the ventilation systems progresses. Space would be
provided for roughing filters, successive high-efficiency particulate air (HEPA) filters, and
ch_rcoal filters used for iodine removal. Fans would be located downstream of the filters
at the base of the stack. The design may include redundant fans and other fez.tures to
provide reliability and availability to support top level plant goals. A tunnel would carry
duct work from the reactor and reactor support buildings to the flitter pit and remote

_
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O 32 REACTOR SYSTEMS

This section addresses reactor hardware and systems, Principal components of the
reactor systems are the reactor assembly and refueling systems,

3.2.1 Overview

The ANS would be based on a compact core, with a thermal output to the primary
coolant of about 330 MW(f). The reference core would be based on an involute fuel
plate geometry, with two core segments split along the horizontal plane; the fuel would be
uranium silicide (U3Si2). The upper fuel element would have a larger diameter than the
lower element, allowing separate parallel flow paths through each element (Fig. 3.2-1).
The core would be cooled with heavy water (D.20), flowing up at high pressure and
velocity through a core pressure boundary tube (CPBT) located immediately outside the
fuel (Fig. 3.2-2). A small gap between the outer fuel surface and the inner wall of the
CPBT would allow for cooling of the inner wall of the CPBT. The CPBT would be
surrounded by a low-pressure heavy water reflector vessel that would surround the core
with heavy water for at least 1.5 m (5 ft) in any direction. The reflector vessel would also
serve as the major structural member of the reactor assembly (Fig. 3.2-3), and the
reflector water system would remove most of the reactor thermal power not removed by
the primary coolant. The reflector assembly would be submerged in a pool of light water.

The reactor would be controlled and shut down by three hafnium control rods
located in the central hole of the core. Each of the control rods would be provided with

O an independent scram mechanism. A servo mechanism would be used to continually
adjust the position of the control rods, maintaining a reactor constant power output.
Much of the excess reactivity of a fresh core would be suppressed by the use of boron as a
burnable poison.

A large additional shutdown margin would be provided by eight shutdown rods
located in the reflector vessel, just outside the CPBT. These rods would have the greatest
impact on the flux at the beam tubes and thus would not be used during reactor
operation. The outer rods would also be provided with individual scram mechanisms.
Core monitoring detectors would be positioned in the light water pool just outside the
reflector. The electronics packages for the plant protection system and for the normal
reactor control system would complete the reactor control package.

Reactor refueling would use a stack-and-tunnel concept, which would employ a
stack filled with heavy water that would extend from the interface with the reactor system
to a horizontal tunnel that would provide a passage to a transfer cell. For the stack-and-
tunnel concept, design estimates have shown that the required downtime tbr the refueling
operation would be within the desired 4 days. The refueling system also provides facilities
for handling the instrumented in-core irradiation sample assemblies. If a set of samples is
to be irradiated for more than one fuel cycle, the instrument leads, which include gas
cooling lines as well as electrical wires, could remain connected during the refueling
operation.

Though a multipurpose reactor, the ANS would generally be optimized for beam
research. As such, the fuel, geometry, coolant, and reflector have been chosen to produce
as large a flux in the reflector as possible (in both magnitude and in usable volume).

O Unlike power reactors, "efficiency" in the ANS would be defined as the number ofneutrons entering the high-flux region of the reflector divided by the number of neutrons
_r_rc_t_itr,_¢_ 'r_en;to t_, l:'e-..,,,..t,.. ,,',_rn I,'_,_,.t,.v'_ r_e_._r,.k _'t'or.t_ .... 1".... t .,.,'4 .'-,.,..,._tk .... l :.._.JI_.:_--
i-Dtuut,,av,t.lu. .L,._.....,,_,_i_.'_,_ tilt.., tues..Imo ,,,.til t.s_,t*lill |,_,O_,..,,ttl'_,ll, I t,,,altl_.,,_,.,,t, lV_., tOOt ttllit,.,I t._|Jlftllt,,_illlrll AIlOUltOkiUIA

positions would exist in the ANS core. Without significantly detracting from the
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O efficiency, these positions have been expanded to support the requirements of materials
irradiation and transplutonium production. General isotopes irradiation and activation
analysis activities would require high thermal flux irradiation positions', thus, these
activities could be performed readily in a reactor tailored for beam research.

3.2.2 Reactor Assembly

The reactor assembly would consist of tl_e reactor enclosure, reflector vessel, beam
tube and through tube thimbles, in-core irradiation and isotope production facilities, and
internal support structures. Primary functions of the reactor assembly would be to provide

• a controlled, stable fission reaction, producing a source of neutrons;
• a coolant, moderator, and reflector that would maintain the fission chain reaction for

generation of the thermal neutron source and for transmission of neutrons to special
source facilities;

,, a fuel form that would be mechanically and dimensionally stable, noncorrosive in the
coolant environment, and effective in the retetation of fission products and fuel
material over ali relevant normal and faulted operating conditions;

• the required flow, pressure, and temperature of coolant flowing past the reactor fuel
assembly and other components inside the primary coolant boundary for ali relevant
normal and faulted operating conditions;

• the flow, pressure, and temperature of coolant surrounding ali components of the
reactor assembly located outside the primary coolant boundary for ali relevant normal

O and faulted andoperating conditions;
• the mechanical integrity of the reactor.

3.2.2.1 Reactor Core Assembly

The core assembly would be composed of the fuel elements, the fuel element
support components, flow straightening wines, and strainers at the inlet to the fuel
element. The core assembly would (1) serve as the primary source of neutrons feeding ali
neutron sources, (2) provide the primary barrier to the release of fission products
generated within the fuel element, (3) transfer heat from fissions and fission product decay
from the fuel and other materials to the primary coolant, (4) provide space for movable
neutron absorbers, (5) contain burnable absorbers, and (6) provide mechanical coupling of
the core to the rest of the reactor assembly.

The ANS reference core would be a two-element offset core (Figs. 3.2-1 and
3.2-4) with upper and lower fuel elements separated both axially and radially. Heavy
water coolant would flow up through the elements, with parallel flow paths providing
separate coolant streams for each element. The upper fuel element would contain
432 curved plates and lhe lower element 252 plates, extending between inner and outer
cylindrical side plates.

The fuel plates would be curved to provide equal cooling gaps and thickness. For
a compact core such as the ANS, the highest fuel density in the overall core region would
be achieved with the cylindrical shapes (as opposed to an array of rectangular elements).
The two geornetrics that can provide a constant plate thickness and water gap in such

O elements are concentric cylinders and involutes. The involute shape has been chosen forthe ANS core.
Structural integrity and support for the reference core would be provided by the

side plates of the fuel elements and the concentric fuel support cylinder. The core would
=
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Fig. 3.2-4. The two-element offset core.

be a symnaetrica', structure, with loads balanced in any horizontal plane. The side plates
would be attached to each other by the fuel plates alone; but because of the large number
of plates, th,: load on any individual plate would be small. Both elements would be fixed
only at the central support post. Radial stresses would thus be relieved by minor rotation
of the outer side plate of the upper element and the inner side plate of the lower element
with respect to the central support post. Fuel plates would be welded into the side plates
during the manufacture of the elements. Some axial stresses would develop because of
differences in thermal expansion between the fuel plates and side plates. The high
thermal conductivity of aluminum and effective thermal bonding at the welds would

minimize these stresses. The coolant flow path through the reference core would be O
straightforward, with the fuel support cylinders channeling coolant directly into and out of
_.I.,,_tWO _1 .... ,_I'll I_' t*.,'li _ 1 i 1IW,_J. l L_*
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O The fuel selected for the ANS would be bllsed on U_SI_in an aluminum matrix
clad with Type 6061 aluminum, This fuel was developed for the Reduced Enrichment
Research and Test Reactor program and allows high uranium densities in the fuel meat, if
necessary, along with high thermal conductivity, high temperature capability, and resistance
to swelling, A section of a fuel plate is shown in Fig, 3.2.5, The fuel meat, graded in
thickness in both the radial and axial directions, would be placed in the center of the clad,
Aluminum filler would be placed on top of the fuel to obtain a meat/filler zone of
constant thickness. Burnable poison in the form of B4C would be mixed in with the
aluminum filler at a constant concentration in bands at ends of the fuel plate. As noted
earlier, the involute shape would provide fuel plates that initially extend radially from the
core and then bend in a curve that would provide a constant coolant gap width and
constant plate thickness.

3.2.2.2 Reactor Coolant Pressure Boundary System

The reactor coolant pressure boundary system would include the removable arid
semipermanent portions of the primary coolant path into, through, and out of the reactor
core. lt would also include inlet and outlet piping to a point far enough away from the
core to allow a transition to permanent facility piping. The function of the pressure
containment would be to provide a (1) coolant path for core and other reactor
components within the primary pressure containment boundary, (2) moderator for
sustaining the fission chain rea_'tion and transport of neutrons to targets and sources
within the geometric boundaries of the primary containment boundary, (3) pressure

O boundary for primary coolant within the reactor assembly, and (4) secondary containment
for fuel and fission proofs, ,:_i.

The design pressure for the pressurt_'boundary hardware would be determined
initially by the thermal-hydraulic design of the core and would then be adjusted to account
for a series of uncertainties, transients, and safety margins. The thermal and neutronic
evaluations of the core would be based on a core inlet pressure of 3.2 MPa (470 psi). At

. this pressure, incipient boiling was estimated to begin at the hot spot at a power of
330 MW(f). More detailed analyses oi' the system performance, including establishing the
operating power, the lowest practical core inlet temperature, and realistic hot streak and
hot spot factors t0r a graded and controlled core are being performed to fix the overall
design pressure. The time required to detect and respond to pressure transients, either
rapid transients or gradual drifts resulting from poor instrument calibration or other
factors, must also be considered. Ultimately, detailed analysis of operating parameters
would be considered in showing that the reactor would not have an unacceptable risk of
exceeding the design pressure under ali operating conditions.

A system operating pressure of 4.0 MPa (580 psi) would allow a peak pressure
roughly 10% above the core inlet pressure. The design pressure for most of the pressure
containment system, including primary system components and piping, would be about
10% above the peak operating pressure, or about 4.4 MPa (640 psi). Because the
thickness of the CPBT would have a substantial effect on the peak neutron flux, as well as
the internal temperature of the pressure tube walls, considerable care would be exercised
to ensure that the CPBT wall is not oversized.

With the CPBT concept, the pressure boundary walls near the reactor core would

O be subjected to high fluences of both fast and thermal neutrons and of gamma radiation.The resulting damage to the metal structure would require regular replacement of the
CPBT. Initial evaluations of the anticipated material damage rates indicate that

-" replacement every 6 months would be likely. The concept described here is designed for

z
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Fig. 3.2-5. Section of a fuel plate. (Width exaggerated to show details.)

removal of the CPBT up through the refueling port, using the refueling equipment, As a
result, the lower connection of the CPBT must be able to pass through ali obstructions
around the core, such as outer control assemblies, beam tubes, and irradiation facilities.

Testing of the pressure boundary connections, in accordance with American
Society of Mechanical Engineers (ASME) guidelines, would be a major consideration in
the design of pressure boundary hardware. Inspection and testing of the connections
would be required each time the CPBT is replaced.

The design of the pressure boundary hardware would be in accordance with the
ASME Boiler and Pressure Vessel Code under Sect. III, Division 1, Subsection NB (Class
1 nuclear power plant components). Formal certification by the ASME is anticipated.
Because the use of aluminum and the removable CPBT concept are unique for code-
stamped reactor pressure boundary systems, special "codes cases" would be required for
formal approval of the concept. Initial work on preparing a code case for the use of
aluminum (which is currently listed as an acceptable material for Class 3 components but
not Class 1 components) is under way. Code cases for either the design or the test and
inspection procedures for the connections oi' the CPBT may also be required.

Removable CPBT materials

The selection of materials for the CPBT was determined by balancing
requirements for strength, low neutron absorption, and effective dissipation of heat. The
current reference concept is based on Type 6061 aluminum, which h,_,;been a common
material in other research reactors; a considerable data base on its pl uperties after
irradiation is available.

@
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Core supports

The loads t'rom the fuel element side plates would be transferred directly to a
support cylinder, This support cylinder would be supported at the bottom and contains
radial vanes; the vanes would serve to eliminate flow swirls, At the top, the support
cylinder would be pressed down by the flow diverter assembly, The core support
structures would be constructed of Type 6(161aluminum.

3.2.2.3 Reflector Vessel Assembly

The reactor vessel assembly woul0 include the 3.5.m-dlam, 4.5-m-tall (11,5.ft.diam,
15-ft-tall) tank that would contain the reflector heavy water, the piping and flow
channeling systems for circulation of the reflector water Inside the vessel, and ali
penetration structures that enter the vessel and become an integral part of the reflee,tor
water boundary, The reflector vessel system would (1) provide and contain the
moderator/reflector to serve as the thermal neutron source, (2) provide and contain the
moderator/reflector outside the primary pressure containment assemblies necessary to
maintain criticality, (3) house the special neutron source moderator facilities, (4) serve as
the main mechanical integrator of reactor and experiment facilities, (5) provide the
mechanical support for the entire reactor assembly, and (6) provide the coolant path for
ali components located in the reflector vessel.

The reflector vessel is currently assumed to be constructed of Type 6061
aluminum. Ali the beam tubes, irradiation tubes, and other penetrations into the vessel

O would also be aluminum. Constructing the entire vessel of aluminum would minimize
problems with the interface of dissimilar metals. The lid on the reflector vessel would be
removable to allow access to the vessel internals for maintenance. Ali facilities
penetrating the top lid would be flanged for remowtl. A water pressure of about 0.5 MPa
(60 psi) is anticipated.

A flow rate of 0.120 Mg/s (1600 gal/min) would be required to transfer the heat
deposited in the reflector vessel water and components to the reflector water system heat
exchangers. With a flow of this magnitude, the interior of the reflector vessel could be
swept out, and natural circulation need not be relied upon for bulk cooling of the vessel
internals. Diversions of this flow may also be led along the beam tubes and to any other
components requiring higher coolant velocities than would be provided by the bulk flow
through the reflector.

An additional function of the reflector vessel would be to collect radiolytic
hydrogen and oxygen gases generated by irradiation of the water and to contain tritium
produced by irradiation until it is removed in the detritiation plant. At present, it has not
been determined whether a helium gas blanket would be provided at the top oi' the :vessel
for removal of radiolytic gases or if the outlet of the reflector water flt,w would be
designed to sweep the gases to a degasifier. Any gases released from heavy water should
go to the let-down tank through a high point vent.

The many penetrations into the reflector vessel would contribute many interfaces
between the reflector vessel and other systems and would add numerous components to
the overall reflector vessel assembly. A large penetration at the top center of the lid
would be closed by the tapper pressure containment assembly. A similar penetration

O would be provided for the lower pressure containment assembly. Penetrations would alsobe provided for the reflector water inlet and outlet.
The next series of penetrations would be the beam tubes. Although subject to

change as the design of beam tubes progresses, the portion of the beam tube reaching
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inside the reflector vessel ts currently considered part of the reflector vessel assembly,
The external portion of the beam tube would be bolted onto a flange at the vessel surface,

Many irradiation facilities would enter the reflector vessel, including both static
facilities and hydraulic and pneumatic tubes. These have yet to be designed, Interface
philosophies would likely be similar to those for the beam tubes,

The reflector vessel assembly would serve as the main support structure for the
various components of the reactor assembly, Not only would a structure be provided to
support the reflector vessel from the pool floor but internaJ bracing may also be required
to support beam tubes, irradiation facilities, control drives, coolant shrouds and baffles,
etc, These structures would be seismically qualified and would also be designed to
accommodate thermal expansion, The design of the supports must be compatible with
disassembly and maintenance procedures,

A key interface would occur between the support systems for the reflector vessel
and other reactor components and the large-diameter primary coolant piping and the
permanent pressure boundary segments,

3.2.2.4 In-Core Irradiation Facilities

The in-core irradiation facilities would provide (1) a means of supporting five
nonlnstrumented and five instrumented irradiation material samples in a region near the
core, (2) closure of the primary pressure boundary, (3) guides for the reactor control rods,
and (4) a location tbr transuranium production facilities.

3.2.2.5 Beam Tube Thimbles O

The beam tube thimbles are the portions of the beam tubes that would interface
with the reflector vessel. The beam tube thimbles would (1) provide a nonmoderating,
nonabsorbing path for neutrons leaving the optimal source location and being transmitted
to experiment stations away from the reactor assembly and (2) complete the integrity of
the reflector coolant boundary.

3.2.3 Refueling System

The refueling system would provide the necessary equipment and operating
systems to safely remove spent fuel elements from the reactor and to replace them with
new fuel elements within a time frame that allows the reactor to meet availability
requirements. The refueling system facilities would also be used to remove and replace
components other than the fuel elements from the reactor assembly. These components
would be located inside the heavy water boundary of the reflector vessel and inside the
primary pressure boundary of the reactor assembly. Characteristics of the refueling system
would be as follows:

• The refueling system facilities must provide the ability to remove and replace key
components within the reactor core area. These components would include the fuel
element, the CPBT, the in-core irradiation facilities assembly, the transplutonium
production rod assembly, control md assemblies, and shutdown rot', assemblies.

• Both the refueling system and the maintenance system must be designed to operate in _lh
a fail-safe manner so that any equipment failure would not increase the reactor or fuel tlp
element reactivity or increase the risk of injury to operating; or maintenance personnel.
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O • Refueling system facilities mtast have the capacity to transfer the fuel elements from
entry point in the reactor containment building to the installed position in the reactor
assembly. This activity would include the necessary transition from atmospheric to
heavy water environments.

• Refueling must allow removal end replacement of fuel elements within a 4-d period.
• Refueling system facilities must provide cooling of the fuel elements during removal

and transport to the handling cell.
• A boundary between heavy water and light water interfaces must be maintained.
• Loose parts must not get into the reactor fuel element environment.
• Refueling and maintenance equipment must be designed to be maintained or replaced

without impact on reactor operations.
= The fuel elements must be kept in a subcritical state during any movement or storage

operations.
_, The refueling system facilities must be able to handle removal and reinstallation of the

primary pressure boundary closure, to disconnect control rod joints, and to disconnect
and reconnect the CPBT interface.

• Lifting capabilities within the refueling system must include the capacity to lift primary
pressure boundary closure elbows, in-core irradiation assembly, fuel assembly,
transuranium production rod assembly, CPBT, and/or control rod elements.

• Alignment and positioning provisions for vertical and radial direction must be
provided.

Several key factors would affect refueling, component replacement, and general
O maintenance of the ANS reactor systems. Activation and contamination equipmentof

would result in the need for radiation protection measures tbr the operators. With a pool
reactor concept, the pool could be used for shielding and control of airborne
contamination. A further complication would result, however, from the fact that the pool
would filled with light water and the reflector and coolant are both heavy water. Because
small amounts of light water contamination in the heavy water systems would cause
significant degradation of the neutronic properties of heavy water and because of the cost
of lost heavy water, the separation of coolant and reflector water from pool water must be
very carefully maintained. In addition, tritium in the heavy water must be prevented from
contaminating the light water pool.

The ANS is expected to operate for 17 d and to be refueled and restarted within a
4-d shutdown. This schedule would allow an availability target of 80% excluding
scheduled annual and unscheduled shutdowns. The cost of a heavy water fuel storage
pool would be prohibitive; thus, the fuel must be stored in a light water pool. In heavy
water reactors operating at lower power densities, the fuel is lifted out of the heavy water
coolant, flushed with light water, and quickly discharged into the light water storage pool.
With the decay heat densities of the ANS core, this operation could not be conducted
without fuel damage. Fuel transfer equipment would be required to remove the spent
fuel (and irradiation targets) from the reactor in a heavy water environment and transfer
the assembly to a small heavy water handling pool. This pool would be enclosed by a
manipulator cell, allowing dismantling of the fuel assembly and repackaging of irradiation
targets for shipment to processing or analytical facilities. The spent fuel elements would
be transferred from the pool into the long-term light water storage pool. The fuel would

O then be stored in the light water pool until it had decayed sufficiently for shipment toSavannah River. A storage time of at least 24 months is planned. The details of the
refueling concept will be further defined as the design progresses.
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Transuranium targets would be located around the outside of the lower fuel
element. These would usually be left in the core for many cycles [typical irradiation times
approach 1 year in ORNL's High Flux Isotope Reactor (HFIR)]. Current concepts for
these targets call tbr a target support ring to be locked to the lower core supports. In this
case, the transplutonium target ring could be either left in the core for the next cycle or
removed at the time of refueling.

3.2.4 Reactor Control System

The reactor control system would include the entire set of control rod assemblies.
Core monitoring instruments would also be part of the reactor assembly hardware. Unlike
the other elements of the reactor systems package, however, the scope of the reactor
control system would extend beyond the reactor pool. Ali the data collection,
transmission, analysis, and display systems that directly pertain to control of the nuclear
reaction would be included in this scope up through the operator interface. This would
include both the plant protection system (the safety system that initiates an automatic
reactor scram if certain setpoints are exceeded) and the reactor control systems (used for
normal control of the reactor by the operators), lt would also include both the direct
monitoring of the neutron and gamma flux generated by the reactor and the monitoring of
key process variables used to ensure reactor safety and for normal control of the reactor.

In the current ANS concept, three control absorber positions would be located in
the central hole. The absorbers would be constructed of hafnium. Each of the three
control absorbers would have an independent scram mechanism with a separate magnet
release, latch, and accelerating springs. The three inner absorbers would also be O
connected to a servo drive for continuous fine adjustment of reactivity. A set of eight
outer rods, located in the reflector vessel, would serve only as a shutdown system for
excess reactivity control. Again, independent scram springs would be provided to obtain
fast action. The outer rods would not be used as shim rods, however, but would be in the
fully withdrawn position during operation. These outer rods would be held withdrawn by
the flow of heavy water; an interruption in flow would cause the rods to descend. They
would be withdrawn out of the high-flux region, possibly behind some type of flux shield,
to prevent burnout. The use of either hafnium or boron is currently being considered for
the outer absorber. Boron would also be used as a burnable poison in the fuel plates,
handling a large fraction of the total excess reactivity control. Fission chambers and
boron-lined ion chambers would be used to monitor the neutron flux over various ranges
of operation.

3.2.5 Cold Source Assembly

The ANS facility will have two liquid deuterium cold neutron sources located in
separate reentrant reflector vessel thimbles. Each cold source will be an approximately
spherical vessel with a nominal radius of 205 mm (8.1 in.), filled with liquid deuterium at
about 25 K (-248°C). Mechanical pumps located behind the reactor pool wall will
continuously circulate the deuterium through the cold source vessels to heat exchangers,
as well as behind the shielding wall, where the energy absorbed in the deuterium from
neutron and gamma heating will be transferred to cold helium gas at 5 to 8 K (-268 to
-265°C). The deuterium systems will be surrounded by a vacuum or a helium
envelope--or both--to mitigate the possibility of air coming into contact with deuterium.
The cold helium gas will be supplied by two independent refrigerators whose compressors
will be located in a dedicated building next to the reactor support building.
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O 3.2.6 Hot Source Assembly

The hot source would essentially be a block of graphite, heated by radiation to a
tetrlperature of about 2000 K (1730°C). In the current ANS concept, the hot source
would be located in an indentation in the side of the reflector vessel. Light water would
be _;xcluded from the gaps between the hot source and the reflector, as well as between
the beam tubes and the hot source, to minimize loss of neutrons. Because the hot source
would be located outside the reflector vessel, the consequences of accidentally flooding
the white-hot graphite block with water would be minimized in terms of effects on the
core and control systems. Safety would be further enhanced by successive barriers around
the hot graphite block. The block itself would be kept in a helium environment to
maintain a nonoxidizing atmosphere and to provide some measure of temperature control.
A vacuum may further enclose the hot source, providing two layers of protection against
inadvertent flooding.

3.3 PLANT WATER SYSTEMS

The plant water systems would include the various light water cooling and process
water systems, sanitary waste, and potable water but exclude fire protection systems. For
the engineering and design work on A.NS, the reactor secondary cooling system is being
considered a part of plant water systems; however, in this environmental report, the
secondary cooling system iscovered under heat dissipation systems (Sect. 3.4). "r'his

O gives an overview of the plant water systems; many specific parameters for thesection

system, such as flow rates and pressures, are being designed and are not yet available. Ali
makeup water for the ANS facility would be supplied by the water treatment plant at the
Y-12 Plant, either by a new line that would be installed for ANS or by connecting to the
existing ORNL distribution system. Radiological and nonradiological liquid discharges
from the plant water systems are described in Sects. 3.5, 3.6, and 3.7. The environmental
effects of these discharges are discussed in Sects. 5.3, 5.4, and 5.11.

3.3.1 Essential Cooling Water System

The essential cooling water system would provide cooling for spent fuel and for
selected other components. The system would consist of two independent loops, each of
which would use a separate circulating pump, forced draft cooling tower, and seismically
qualified basin. Heat loads served by the system would include ali spent-fuel-related
cooling requirements and chillers for the control room and electrical equipment rooms.
The system would normally function with forced circulation but would provide heat
removal capability from the spent fuel pools and heat loads by means of natural circulation
to the maximum extent feasible. The system would also provide containment isolation
capability for portions of the system that penetrate containment.

3.3.2 Demineralized Water System

The demineralized water system would provide demineralized water to the various

O users in the ANS facility, including the light water pools and spent fuel pool.Demineralized water would also be furnished to experiment and production stations as
required and to labt.,ratories and analysis stations. The system would obtain process water
from the process water system and condition it with cation and anion, or mixed-bed
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demineralizers that would remove essentially ali impurities. Regenerant effluent would be t_l
sent to the ORNL liquid industrial waste collection system for treatment or for contract
treatment and disposal.

3.3..3 Cooling Tower Blowdown and Makeup System

The cooling tower makeup and blowdown system would function to manage water
quality and maintain water inventory in the reactor secondary system, the essential cooling
water system, and the nonessential cooling water systems by providing continuous
blowdown and makeup of tower water. The system would also direct blowdown water to
the appropriate waste system for treatment before disposal. Long-term water makeup
after 30 d following an emergency (if normal makeup is lost) would be provided by
alternate methods, which may include trucking, tie-in to remaining functional systems, fire
protection water, or on-site wells. The cooling tower makeup and blowdown system would
be designed to prevent inadvertent drainage of the essential and reactor secondary cooling
tower basins and the reactor secondary cooling system reservoirs during or following an
emergency.

3.3.4 Nonessential Cooling Water System

The nonessential cooling water system would provide adequate coolant flow and
pressure to remove heat from ali nonsafety-related, water-cooled equipment located
throughout the ANS facility. The system coolant would be circulated through the
nonessential cooling tower to reject heat to the atmosphere. Water-cooled, nonsafety-
related equipment served by the system would include air-conditioning unit condenser
coils, water chillers, helium refrigerations systems, air compressors, vacuum equipment,
experiment stations, and other equipment.

33.5 Light Water Sampling System

The light water sampling system would collect and analyze samples from various
light water systems within the ANS facility, including cooling systems, chilled water
systems, pools, storage tanks, and other water systems whose chemistry requires
monitoring for pH and chemical content control. There would also be radiation detectors
to identify leaks or system contamination.

3.3.6 Chilled Water System

The chilled water system would maintain adequate chilled water flow, temperature,
and pressure to remove heat from air-handling units and other users of chilled water
throughout the faciility. The portion of the system serving the main control room, the
control room electrical equipment rooms, and the control room air-conditioning
mechanical equipment room would be safety related. A nonsafety-related, chilled water
system would provide the same function for general plant areas of the reactor complex,
experiment areas, offices, and other buildings.

3.3.7 Building Heating System

The building heating system would supply adequate water flow, temperature, and
pressure to hot-water heating coils in air-handling units and in-unit heaters. The hot
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O water may be provided by a dedicated hot water generator heated by steam from the
ORNL Steam Plant or by other means. Containment penetrations for the heating water
system would be safety-related.

3.3.8 Biofouling Control System

The biofouling control system would provide ozonated water to control biological
growth in heat exchangers and cooling towers; it would consist of ozone generators,
distribution piping, and controls,

33.9 Process Water System

The process water system would be a general-purpose, potable, water system with
back_flowpreventers, that would provide water to various systems requiring a clean source
of makeup or process water. The system would be supplied by the ORNL distribution
mains serving the ANS facility and would consist of a storage tank and distribution piping.
Systems served would include the open cooling systems, experiment and production
stations, irrigation systems, washdown stations, and cooling tower makeup system_

3.3.10 Light Water Pools and Spent Fuel Pool Cooling and Cleanup System

The light water pools and spent fuel pool cooling and cleanup system would
provide heat removal from the various heat exchanger cavities, reactor pool, guide tube

O pool, and spent fuel pools to the essential cooling water system. The system would
include filtration and blowdown of water from the various pools to maintain optical clarity
and cleanliness, and it would provide makeup from the demineralized water system to
maintain design water levels. Radiation alarms would be provided in each pool blowdown
to process waste.

3.3.11 Sanitary Waste System

The sanitary waste system would collect sanitary waste from fixtures served by the
potable water system and floor drains in rest rooms and change rooms. The system would
pump waste to the ORNL Sewage Treatment Plant for treatment and disposal (see Sect.
3.7.1).

3.3.12 Potable Water System

The potable water system would provide hot and cold potable water to ali water'
fixtures in lunch rooms, change room showers, safety showers, drinking fountains, rest
rooms, and other' areas at the ANS site. The system would serve the reactor complex as
well as support buildings.

Two new potable water mains would supply potable, process, and fire protection
system water for the A.NS facility. One main, the primary main, would also provide one of
two sources of fire water for t_ae.ANS facility. The source of both water mains would be
the ORNL water distribution system. The exact tie-in to the water system is to be

O determined.
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3.4 REACTOR HEAT DISSIPATION SYSTEM

The ANS reactor cooling system reference design (Fig. 3.4-1) would provide
cooling heavy water flow up through the core using four separate and independent
primary and secondary loops employing active and passive means to maintain coolant flow
(natural circulation for decay heat removal), pressure (accumulators), and inventory (pools
and flooded equipment cells) during emergency conditions. Three of the four loops would
be required for full-power operation (one out for maintenance). A maximum of only one
would be required for ali emergency design-basis events.

Each primary loop would include, in series, a main heat exchanger, an emergency
heat exchanger, a two-speed pump, and loop maintenance valves. The higher speed of the
pumps would be used for normal operation and the lower speed (10% of high speed) for
shutdown conditions. Each pump would have an uninterruptible power supply for low-
speed operation, with a minimum mission time of at least 30 min. The heat exchangers
would have the heavy water coolant on the shell side to facilitate tube inspection and
maintenance activities. To enhance natural circulation, the heat exchangers would be
elevated with ,espect to the core; and the loops would be simple in shape, with only one
high point and one low point. To obtain passive inventory control, ali primary piping and
equipment would be located in either flooded or limited-volume cells (cells with a volume
less than the capacity of the accumulators). Ali primary coolant system equipment would
be located within the primary containment structure.

Each secondary system lhr the main heat exchangers would include a forced-draft
cooling tower, cooling pools, pump, containment isolation valves, and tower bypass valve.

The cooling pools, and the piping between the main heat exchangers and cooling pools O
that is required for natural circulation cooling would be designed for ali design-basis
events. Flow under normal conditiohs would be by forced circulation; however, the
cooling pools would be elevated with respect to the main heat exchangers to enhance
natural circulation for emergency conditions. Each cooling pool would have sufficient
heat capacity to provide adequate shutdown cooling for 30 d. Makeup water would then
be required to replace evaporation iosses_

The emergency heat exchangers would be located in flooded cells having sufficient
heat capacity to provide adequate shutdown cooling for at least 72 h. The secondary
system would include the flooded cell water, piping, and maintenance valves, with flow
provided by natural circulation.

The pressure control system would use a feed-and-bleed system coupled with
passive accumulators (Fig. 3.4-1). The control parameter would be the reactor coolant
outlet pressure. The letdown points would be through the high-point tanks on each loop
to the letdown tank, while the makeup would be supplied by pumps to the hot leg from
the letdown tank. An accumulator would be located in each primary pump suction leg to
protect the core and the primary coolant pumps by maintaining higher core outlet and
pump suction pressures during transient depressurization scenarios. The accumulators
would also provide a sufficient amount of primary coolant inventory to flood any single
limited-volume cell, in the event of a pipe break within that cell, and would provide
diverse protection against core melt for total loss of power scenarios.

The ANS concept would provide two extra passive safety features: the first of
these would be an independent shutdown cooling system; the second would be the
integration of the piping and valving of the primary cooling systems with the boundary of
the reactor pool. Failures of piping or equipment inside the pool boundary would not
lead to a loss of coolant but rather to a mixing of primary heavy water with pool light
water. As long as depressurization occurred safely, coolant flow to the core would be



O 3-37
ORNL-DWG92.5892

"__ (1) Further onatysls required to

need for check valves

' o common "]
From I_tdown tankpressurizer From miscelloneou_

system vent points ;tdo_ ] ]-
valveI ltI 1 r I Accumulator Elevated

[ Third loop j I Second loop j Collection cooling tower
I (on line) I I (on line) I water vessel
'----' T"-- level Primaryheat

r

I F'ourth Ioo'p
I (off line)I

A
Primary Containmentisolation valves

Limited coolant pump
volume cell Loop isolation

valves

Emergency Primary
heat exchanger - containment

Fig. 3.4-1. Howsheet of the reactor cooling system.

maintained. Ali nonredundant components and the first isolation valve to redundant
circuits would be kept within the pool boundary.

3.4.1 Heavy water managemenl

The use of heavy water for reactor coolant, moderator, and reflector would require
a heavy water management plan for ANS. The plan must address how heavy water would
be obtained, its storage, upgrade (to reverse the effects of gradual inleakage of light
water), and removal of tritium produced by absorption of neutrons in coolant and reflector
water.

An integrated approach would be used for handling heavy water at ANS. A single
inventory of reactor-grade heavy water would serve ali systems. Currently, "reactor grade"
is assumed to be a hydrogen isotopic content of >99.8% deuterium, with a maximum
tritium content of <185,000 MBq/L (5 Ci/L). Although the detritiation process would be
designed to maintain a 2 Ci/L tritium content, the analysis is based on a 5 Ci/L content.

Heavy water would initially be obtained from an existing production plant, with suppliesprovided periodically to replace losses. This inventory would be kept at reactor-grade
standards by use of an upgrade and detritiation plant on the ANS site, rather than by
periodic replacement of the inventory with fresh heavy water from the production site.
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OHeavy water would flow from areas of low degrading potential and low tritium production
rates to systems with high production rates or potential for degradation.

Detritiated heavy water will flow from storage to the pressure and inventory
control aistem, which will bleed heavy water to and from the reactor coolant system.
There will also be a feed and bleed to the reflector system from the _pressure and
inventory control system to maintain a constant inventory and to provide for purification,
since there is a designed leak between the primary and secondary systems through the
core pressure boundary tube. Heavy water will be processed through the reflector/coolant
purification system for removal of soluble radioactive ions. Heavy water will flow from the
pressure and inventory control system to storage. Heavy water will flow between storage
and the upgrade and detritiation facility.

Detritiated heavy water will also be supplied as makeup to the refueling heavy
water purification system, which supplies ion exchange purification to the refueling
transfer cell (or tunnel), Downgraded heavy water will flow from the transfer cell (or
tunnel) to heavy water storage, then between storage and the upgrading and detritiation
facility.

3.4.2 PrimaryHeavy Water Cooling System

This section describes the high-pressure portion of the main primary cooling
circuits, including letdown valves and pressurizer pumps. The primary circuit would begin
and end at the removable CPBT. A single line would leave the top of the reactor
assembly and slope upward through the flooded pipe tunnel until it entered the heat i

exchanger cell area in the reactor support building. Here the line would branch into four _1_
independent lines leading to the four sets of primary pumps and heat exchangers. Block
valves would be provided at the point where the four lines would leave the pool; these
block valves, although not capable of rapid action, may be remotely operated for
operational flexibility or may be restricted to local use for blocking out individual
exchangers (including the one of tour not in service). Thus, the primary piping would be
divided into a short nonredundant line that would be completely immersed in the pool and
a set of redundant circuits that could be isolated if a leak is detected. Each of the four
circuits would also include a flow regulating valve on the core outlet side arid a check
valve on the core inlet side. Flow would proceed from the core to a horizontaJ U-tube
heat exchanger and then to a centrifugal circulation pump. From the pump, flew would
return to the core. The current concept tbr ANS calls for upflow through the core to
enhance the transition to natural circulation for removal of decay heat, reducit_g the time
pumped systems would be required.

Basic parameters for the primary, coolant circuit are given in Table 3.4,.1,
Calculations for the core indicate that the core inlet and outlet pressvt'es would fall to the
range of 3.2 to 1.7 MPa (464 to 245 psi) at conditions resulting in initiation of incipiet_t
boiling at 350 MW. A design pressure of 3.8 MPa (550 psi) is being used for most of the
primary system components. (For the CPBT, a thicker wall would lead to higher wall
temperatures; thus designing to a higher pressure would not necessarily increase the
margin of safety. The CPBT wall would be sized for a pressure of 3.2 MPa (465 psi), with
a 2-mm (0.08-in.) corrosion allowance. Flow rate data in Table 3.4.1 are based on a
25-m/s (90-ft/s) flow velocity past the fuel plates and a 6-m/s (20-ft/s) velocity in the
central hole and in the gap between the fuel and the CPBT. Temperatui¢, data are based
on transfer of 300 MW to the coolant. Both values are likely to overesti_r_ate realistic
operating conditions for the system described here, but they provide conservative dr,signs
of the reactor hardware to allow lhr further advances in core cooling.
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®
Table 3.4-1. Primary and secondary coolant parameters

Parameter SI units Alternate units

Core inlet temperature 45 °C 113OF
Active core outlet temperature 86.4°C 187.5°F
Hot leg return temperature 81.5°C 178.70F
Primary coolant flow rate:

Total (through pump) 2.14 Mg/s 30,80 gal/min
Through active core (fuel) 1.8 Mg/s 25,700 gal/min
Vessel gap and island (16%) 0.35 Mg/s 5,100 gal/min

Pump discharge pressure 3.3 MPa 462 psia
Cold leg outlet pressure 3.4 MPa 476 psia
Core inlet pressure (at inlet

plenum upstream of fuel) 3.2 MPa 448 psia
Core outlet pressure (at outlet

plenum downstream of fuel) 1.9 MPa 266 psia
Pump suction pressure 1.7 MPa 238 psia
Core pressure drops:

Total 1.3 MPa 182 psia
Due to friction 1.2 MPa 168 psia

Core power:
Fission 330 MW 1.12 × 109Btu/h

O Thermal in active 308 MW 1.05 × 109 Btu/hpower core

Flow rate 25 m/s 82 ft/s
Primary loop design 100°C 212°F

temperature
Primary loop design pressure 4.0 MPa 580 psi
Primary pH 4.5-5 4.5-5
Primary resistivity TBD TBD
Primary maximum particle size TBD TBD

(filtration)
Maximum primary tritium 185,000 MBq/L 5 Ci/L

concentration

Maximum primary protium 0.2 at. % 0.2 at. %
concentration

Secondary supply temperature 29°C 85°F
Secondary return temperature 46°C 115°F
Secondary coolant flow rate 4.921 m_/s 78,600 gai/min
Secondary design pressure, 5.353 MPa 600 psi

maximum
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The tectal flow handled by the primary circuit would be about 2.1 Mg/s O
(30,81)1)gal/min). As with HFIR, three of the four heat exchanger circuits would carry
flow under normal operation, with the fourth in reserve. Thus, the large-diameter lines
connecting to the CPBT would accommodate the full flow rate of 2.1 Mg/s
(30,800 gal/miin), while the heat exchanger loops would accommodate about 0.7 Mg/s
(10,30!0 gal/miln). Ali primary piping will be economically sized considering costs of
pumping power, piping, and heavy water inventory and of the possibilities of flow
vibratilons and erosion. A flow diagram of the primary piping and major equipment is
show_,i in Fig. 3.4-1 and Fig. 3+4-2.

i No sizing of the primary pumps has been made to date. lt is currently assumed
that the same type of centrifugal pumps used in the HFIR would be used for ANS, with
the design flow rate and pressure head revised to ANS conditions. Currently, each pump
would be provided with an ac motor tbr normal operation and a battery-powered dc pony
motor to maintain flow for decay heat removal in the event of an ac power failure.

Block valves would be located at the boundary of the submerged pipe tunnel and
the pump cells. Remotely operated actuators may be provided to allow closure of a set of
valves if a leak is detected. Operation of ali leak-prone items in a dry environment could
allow rapid detection of any leakage by detection of escaping tritium and 16N. The leaking
leg could then be isolated before a significant quantity of inventory would be lost. This
practice wound also prevent the generation of large volumes of water slightly contaminated
with tritium in the event of a valve or pump seal leak, which could go unnoticed for some
time in a completely flooded system. The pump and valve stations could also be
constructed so that only a limited amount of' inventory would be lost before the piping and
valves were submerged. Probabilistic techniques would be used to evaluate whether O
allowing the operator immediate access to the block valves would improve the likelihood
of successful response to a loss-of-coolant accident or would create more possibilities for
failure. In any case, the shutdown/emergency coolant loop would be totally submerged,
without block valves, lt would be impossible for the operator to close off ali heat sinks by
the action of a single primary system block valve.

Letdown valves located in each heat exchanger loop would establish the flow of
primary coolant to the letdown tank. Flows have not yet been established but a value on
the order of 26 L/s (400 gal/min) from the three active exchangers would appear likely
based on HFIR experience. An equal flow would be returned to the primary system by
either of the two 100% redundant pressurizer pumps.

3.5 ANS RADIOACTIVE WASTE SYSTEMS AND SOURCE TERMS

This section describes the management of liquid, solid, and gaseous radioactive
wastes at ORNL and provides a baseline for predicting how laboratory-wide radioactive
waste management systems would be affected by the operation of ANS. lt also describes
ANS radioactive waste management systems and their interface with ORNL waste systems.
Four principal radioactive waste types are generated during the operation of nuclear
reactors. As defined by DOE and EPA, _,heseare high-level radioactive waste (including
spent fuel), transuranic (TRU) waste, low-level radioactive waste (LLW), and mixed
(radioactive/hazardous) waste. For AN'S, additional subcategories of concern include

liquid low-level wastes (LLLW), liquid radiological process waste (PW), and tritium. O
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3.5.1 Introduction 0

This section examines ANS radioactive waste treatment systems and their
capability to control, collect, process, handle, store, and dispose of liquid, solid, and
gaseous radioactive wastes, lt also describes the wastes to be produced by ANS, lt is the
goal of ANS designers to ensure that ali waste management issues be identified at an early
stage of design planning to minimize their impacts. This is consistent with DOE goals
applied to research and production reactors, lt is also consistent with NRC environmental
permitting standards applied to the licensing of commercial nuclear power plants (DOE
1989a, p. 177; NRC 1976) (Fed. Regist. 46, 51100, 1976).

ANS radioactive wastes would be managed by the DOE waste management system
(System Design Description 1991). Liquid and solid wastes would be segregated at the
source and directed toward pretreatment steps at ANS. Following pretreatment, these
wastes would be processed, stored, and disposed of at other DOE facilities, including
those located at ORNL and the nearby K-25 Site.

The future status ot"DOE waste facilities is uncertain. Some ORNL facilities
currently available to waste generators may have become filled to capacity by the time
ANS is scheduled to come on-line. In addition, access to disposal facilities would be
controlled partly through waste acceptance criteria developed through consultation
between ORNL and its waste generators--including ANS. These criteria would require
pretreatment, volume reduction, and proper labeling before disposal (Waste Acceptance
Criteria 1991, p. 2).

In the future, it is also likely that waste management practices applied to the
commercial nuclear industry would be applied to ANS (and to other DOE facilities).
DOE has directed its generators to make every effort to ensure adequate storage space
for radioactive wastes at DOE facilities--and to employ waste minimization practices
whenever possible. These minimization practices include reducing the quantity of ali solid
waste generated, reducing the volume of solid LLW shipped for disposal, and dewatering
and compacting liquid LLW (DOE 1989a, p. 177; Mezga 1988, pp. 17-.21; Myrick,
Scanlan, and Kendrick 1988, pp. 22-30; NRC 1976; Kornegay et al. 1991, p. 209) (Fed.
Regist. 46, 5100 1976).

The analysis of ANS waste impacts will focus on the effects of waste on planned,
as well as current, waste management facilities at the ORNL host site. Moreover, these
impacts will be treated separately. Depiction of current waste management facilities will
show that these systems are close to capacity and probably would not be able to handle
ANS wastes (plans for current waste management facilities at ORNl., did not anticipate
ANS). Depiction of planned facilities will include assessment of future DOE capacity to
manage ANS wastes.

The analysis will also examine current radioactive wastes transported from ORNL
to off-site facilities as a baseline for comparison with ANS radioactive wastes expected to
be transported off-site. Currently, spent nuclear fuel from the HFIR is shipped to the
Savannah River Plant in South Carolina, as would be spent nuclear fuel from ANS.
Under the requirements of DOE Order 5820.2A, TRU wastes from DOE operations
(including the reprocessing of some ANS wastes) are to be disposed of at the Waste
Isolation Pilot Plant (WIPP) near Carisbad, New Mexico.
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O 3.5.2Methodology

Foreachprincipalcategoryof"radioactivewastedescribedinthissection,the
currentORNL wastemanagementsystemdesignedtohandle,process,anddisposeofthat
wastewillbedescribed.Withrespecttothosesystemsalreadyinplace,thoseassociated
withresearchreactorswillbethefocusofanalysis.We willdiscriminatebetweenreactor
wastesandnonreactorwastestoshowhow theformerarecurrentlymanagedandthe
difficultiesthatwouldbe posedbyincreasesinresearchreactorwastestreams.ANS
wouldbea largerwastegeneratorthanHFIR-thereactorANS wouldreplace.

ANS wastemanagementsystemsforeachcategoryofradioactivewaste--andtheir
projectedinterfacewithORNL wastesystems-aredescribed.ANS plansforcontrolling,
collecting,processing,andstoringroutineandnonroutinewastestreams,andprovisions
forpackagingand/ortransportingwastearethendepicted.Finally,plannedORNL waste
management systems are described to predict likely impacts of ANS wastes. Because ANS
would be a unique research facility, three additional methodologies have been employed to
analyze the environmental impacts of its waste stream. These are described in the
following sections,

3.5.2.1 Comparison with HFIR Experience

Experience gained from the HFIR has been employed to predict source terms
from ANS as well as specific waste management impacts. Comparisons between ANS and
HFIRserve to point up significant waste stream differences that make management of

O ANS wastes unique. They will also reveal existing demands placed on the ORNL waste
management system and why current disposal space is likely to become exhausted.

Some types of ANS radioactive wastes are projected to be similar to those
historically associated with HFIR (e.g., liquid and solid LLW). However, because ANS
would be a larger reactor, the volumes of wastes it would produce may also be larger,
putting a greater burden upon DOE waste management facilities (e.g, ANS would require
higher water flow rates for coolant than does HFIR, which would generate greater pool
water clean-up waste). The use of HFIR experience to predict source terms has guided
much of the analysis in Sects. 3.5.3, 3.5.4, 3.5.5 and ali of the analysis in Sect. 5.11.

3.5.2.2 Tritium Management at DOE and non-DOE Reactors

The use of heavy water for ANS means that, unlike HFIR, ANS would produce
considerable quantities of tritium in liquid and gaseous form (System Design Description
1991). There is currently no laboratory-wide tritium management system at ORNL. The
small amounts of tritium generated at ORNL are vented to the atmosphere. Tritiated
solids have been packaged and sold at ORNL for a variety of applications.

To predict impacts from tritium management at ANS, therefore, the experience of
other tritium-producing DOE and non-DOE reactors has been employed in the analysis.
The former include the Savannah River Plant Production Reactors while the latter include
the deuterium-moderated Canadian Deuterium Uranium (CANDU) reactors operated by
Atomic Energy of Canada, Ltd. (eug., the Darlington and Pickering Power Stations and the
Chalk River Plant), and the Tritium Extraction Facility at ILL in Grenoble, France.

O These facilities' experience with tritium separation, packaging, and st _rage has beenincorporated in the analyses in Sects. 3.5.7 and 5.11.4.1.
Ontario Hydro has had extensive experience with the treatment, handling, removal

and transport of tritiated liquid and solid wastes (Krochmalnek, Krasznai, and Carney
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1987, p. 1-12; Reed 1991, pp. 40-50). The utility has constructed a Tritium Removal I_t
Facility at Darlington, designed to reduce tritium concentrations in moderator and heat
exchanger systems to levels that ensure releases to the environment as well as
occupational exposure are kept within ALARA guidelines (Spratt et al. 1985, p. 16; also,
see Sect. 5.10). Moreover, tritiated liquid and solid waste generated by this facility is
specially conditioned prior to storage and disposal (Krochmalnek, Krasznai, and Carney
1987, p. 1-12).

ILL has had considerable design experience addressing tritium control problems
(Reed 1991, pp. 40-50). ANS staff are incorporating lessons from tritium management at
these facilities in the areas of packaging and storing of tritiated wastes to reduce
potentially adverse environmental impacts.

3.5.2.3 Waste-Management Scenarios at the ORNL Host Site

Institutional uncertainty surrounds the future of radioactive waste management at
ORNL (Baldwin et al. 1989a, p. xix). This uncertainty has delayed construction and
operation of new waste handling and disposal facilities, leading to an accumulation of
waste inventories (Rivera et al. 1989, p. 9). Consequently, the analysis weighs impacts
from radioactive wastes generated at ANS under two scenarios: (1) a preferred
management scenario (in which new or updated waste management facilities become
available at the ORNL host-site, ORR, or other DOE facilities); and (2) an interim
storage scenario (in which older, existing facilities continue to be used until new ORNL
facilities are available). Under the latter scenario, it is unlikely there will be sufficient
capacity for managing ANS wastes. Under both scenarios, it is assumed that waste
facilities are designed and operated in accordance with Waste Acceptance Criteria
established by ORNL for the management of waste by its generators. These criteria
require pretreatment, volume reduction, and waste minimization, as well as proper waste
conditioning and labeling before disposal. The scenarios are depicted in Sect. 5.11.1.

3.5.3 LLLW Management

LLLW is any radioactive waste solution that is not classifiable as high-level waste
(including spent nuclear fuel), TRU waste, or by-product material (e.g., uranium or
thorium mine tailings) as defined in Sect. I le (2) of the Atomic Energy Act of 1954. lt
must be specially processed before release to surface waters.

3.5.3.1 Current ORNL Liquid Low-Level Radioactive Waste Management

The principal sources of LLLW at ORNL are radioactive laboratory drains;
radiochemical pilot plants, including the Radiochemical Engineering Development Center
(REDC); and research reactors including HFIR. Laboratory-wide management of LLLW
is depicted in Fig. 3.5-1. Because they comprise a special category of concern, liquid
tritiated wastes are discussed separately in Sect. 3,5.7.

At ORNL, LLLW is directed to a series of area collection/surge tanks known as
Monitoring and Control Stations (MCSs). These stations provide monitoring, pH
adjustment, flow control, and emergency spill/leak diversion to the ORNL LLLW Piping
Network--part of the laboratory-wide Collection and Transfer (CAT) System (System ,aL
Design Description 1991, p. 2-17; Baldwin et al. 1989a). Following MCS holdup, LLLW is
shipped via pipeline to the LLLW Evaporator Facility (Building 2531) through a Central
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Waste Collection Header (see Fig. 3.5..1). The LLLW Evaporator Facility can process
streams with radioactivity levels as high as 2 x |0 I1 Bq/L (5.3 Ci/L).

After LLLW processing, the ORNL LLLW Treatment Plant discharges two
principal wastes. Evaporator concentrate, produced at a ratio of 1:6 (concentrate vs
dilute), is sent via a buried, double-walled stainless steel line to tank farms located behind

the evaporator and in Melton Valley near an old hydrofracture site (previously used for
transforming LLLW concentrate into cementious grout--a practice discontinued in
August 1984). Condensate and cooling water from the evaporator facility, which contain
minor amounts of radioactivity, are sent to the ORNl. Process Waste Treatment Plant
(PWTP) for further cleanup before discharge to the White Oak Creek system. A third
waste type--sludges--is stored in the Melton Valley Storage Tanks.

In Fiscal Year (FY) 1991, the ORNL LLLW system processed approximately
108 m3 (28,000 gal) of dilute LLW per month or 1,300 m3 (340,000 gai) annually. The
total capacity of the ORNL LLLW storage system is 300 m3 (80,000 gal), while the total
available capacity of the concentrate storage system, minus one reserve tank for
emergencies, is 410 m3 (104,100 gal). In FY 1991, this system produced 44 m'_ (11,500 gal)
of concentrate per month (Baldwin et al. 1989a, p. 3-7).

Historically, isotope production and the HFIR have accounted for the largest
shares of LLLW generation at ORNL. The tbrmer accounted for 16% of the total
laboratory-wide LLLW in 1988, while the latter accounted for 12%. However_ by 1990,
with the HFIR restart, isotope production accounted for only 12% while HFIR accounted
for 23% of total LLLW at ORNL (Baldwin et ai. 1989a, p. 79', Robinson, DePaoli, and

Walker 1991, p. 1-27).

3.5.3.2 ANS LLLW and Its Management

Principal sources of LLLW from ANS would be flushing fluids used to dewater
spent resin and to flush out plugged filters. These fluids would result from the light water

clean-up system, the Heavy Water Upgrading and Detrifiation (HWUD) System (in
particular, water from spent resin), and the decontamination systems installed for LLLW
decontamination (System Design Description 1991, p. 1_14). Sources include backwashing
of primary and pool demineralization systems, are fuel leakage, normal replacements of

ANS components, corrosion and erosion that would result in "bursts" of radioactively
contaminated solutions during start-up or unusual incidents, and LLLW from accident or
decommissioning and decontamination activities (System Design Description 1991,
p. 1..15).

After LLLW is detained for monitoring of deuterium oxide and tritium and for

separation of tritium (from the ANS primary coolant system, reflector/moderator, and
heavy water fuel transfer pool), it will be directed by an elaborate network of piping and'
transfer' lines from ANS to a series of area collection/surge tanks (the ANS MCS). Each

tank would have a capacity of at least 3.8 m_ (1000 gal) of LLLW. As with other ORNL
facilities, ANS's MCS would provide monitoring, pH adjustment, flow control, and
emergency spill/leak diversion to the ORNL LLLW Piping Network (System Design

Description 1991, p. 2-17; Baldwin et al. 1989a, p. 3-6).
ANS would be equipped with a doubly contained LLLW transfer line, as well as

the capability to transport liquid LLW by tank truck (see Sect. 3.5.3.3) (System Design
Description 1991, p. xiv).
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O 3.5.33 Planned ORNL LLLW Management

Plans for management of LLLW at ORNL include developing strategies for
reducing laboratory-wide LLLW production, providing long-term treatment of LLLW to
convert much of it to solid waste, upgrading the LLLW CAT and storage systems, and
replacing both LLLW evaporators in Building 2531 (Baldwin et al. 1989a, p. 3-7).

At HFIR, plans are underway to dispose of loaded ion-exchange resins (similar to
those to be produced at ANS) as solid LLW. If ANS enters operation, Waste Acceptance
Criteria at ORNL would be expected to require similar conversion of ion exchange
material to solid waste.

In addition, much of the current CAT system will be taken out of service when the
Federal Facilities Agreement for the ORR goes into effect (Parrott et al. 1991, p. 2); thus,
ANS may be required to dispose of much of its LLLW via bottling or tanker truck to an
LLLW evaporator. If ANS enters operation, waste acceptance criteria expected to be in
effect at the time would require liquid waste container contents to be of low specific
activity because the liquid waste would be transported over ORNL roads (Parrott et al.
1991, p. 2).

Also, while both evaporators within the LLLW Evaporator Facility (Building 2531)
are currently functioning, ORNL Waste Management Operations is drawing up plans for
their replacement (Office of Waste Management and Remedial Actions 1.991). lt is

' expected that this replacement process will be completed in time for ANS operation.
However, if ali other generators continue to produce LLLW at current rates when ANS
enters operation (with the exception of HFIR, assumed to be closed), the capacity of the

O LLLW evaporator could be exceeded. Finally, evaporator concentrate tank farms behind
the LLLW evaporator and in Melton Valley are also nearing capacity. DOE has
prohibited the building of additional tanks. In order to retain the equivalent of one free
tank for emergencies, ORNL Waste Management Operations has solidified some of this
concentrate into solid LLW through grouting. Operation of ANS without adequate
provision for converting ANS LLLW concentrate into solid waste could overload the
capacity of these LLLW concentrate tanks.

3.5.4 Liquid Radioactive PW Management

Radioactive PW is liquid waste produced by laboratory or other "process" activities
that use radioactive sources, lt is classified as being in the waste water category of lowest
radioactivity level that is treated at ORNL.

3.5.4.1 Current ORNL Liquid Radioactive PW Management

The principal sources of radioactive PW at ORNL are remedial action program
drywells, once-through cooling water systems, condensates from LLLW evaporators, spent
resins that gradually accumulate in cleanup systems for contaminated water, and laboratory
drain wastes from operations in Bethel and Melton Valley facilities, including research
reactors such as HFIR (Parrott et al. 1991, p. 6). PW generally contains small quantities
of radionuclides, anions, metals, and organic compounds. Laboratory-wide management of
PW is depicted in Fig. 3.5-2.

O At ORNL, following central collection of PW in holding tanks or basins, PW isdiverted to a series of storage tanks in Bethel and Melton Valleys, pumped to an
equalization basin (Pond 3524) and then routed to the ORNL PWTP for radionuclide
removal (Fig. 3.5-2).
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O Each month, about 20,000 ms (5,200,000 gal) of PW containing 1.22 x 103 Bq/L
(33 nCi/L) or more of gross beta activity is collected for treatment at ORNL. Regenerant
solutions, removed from the process waste stream by ion exchange, produce sludges that.
are passed through a filter press to reduce their liquid content for storage and to remove
process wastewater (see Fig. 3.5-2). Sludges are stored in the LLLW evaporator building
or packed in drums for solid LLW storage at the K-25 Site (Baldwin et al. 1989a, p. 3-7).
Process wastewater are routed to the ORNL Nonradioiogical Waste Treatment Plant
(NRWTP) for removal of suspended solids, heavy metals, and organic compounds and is
then discharged to White Oak Creek. About 21,000 ms (5,500,000 gal) of treated
wastewater are discharged to White Oak Creek monthly (Baldwin et al. 1989a). A portion
of regenerant solution is sent to the ORNL LLLW Evaporator Facility for treatment.

3.5.4.2 ANS Radioactive PWs and Their Management

ANS would produce PW from water cleanup activities such as sampling the light
water from reactor pool and filled cells, replacing plugged filters, and dewatering spent
resin that gradually accumulates in both the light water (pool) and heavy water cleanup
systems in the Reactor Support Building (System Design Description 1991, p. 1-13). In
addition, the process of decontaminating LLLW in the ANS Plant Waste System
(Sect. 3.5.3) would produce PW when resins and filters are replaced. Rinsing of used
equipment and laboratory waste would produce small quantities of PW. Make-up for the
ANS heavy water supply also may require a special cleanup process, depending on the
heavy water source. This cleanup process would produce PW through the dewatering

O stripped heavy water (System Design Description p. 1-14).resin that is of 1991,
PW would be collected by several systems at ANS, with contaminated secondary

cooling tower blowdown diverted to a special hold-up tank. Piping networks from the
reactor building, detritiation facility, reactor and operations support facility, guide hall, and
maintenance facilities would collect light water residues, laboratory waste, maintenance
cleanup, and other PW sources (System Design Description 1991, pp. 2-14, 2-15).

Monitoring and sampling would be performed to determine the presence of tritium
or other volatiles in PW streams (see Sect. 3.5.6.1). If these streams contained high levels
of tritium, they would be solidified as a special case waste rather than being discharged to
the PWTP--as required under laboratory-wide waste acceptance criteria (Parrott et al.
1991, p. 6). The Heavy Water Upgrade and Detritiation Building (HWUDB) would also
process its own tritiated liquids for storage and disposal as a special case waste (System
Design Description 1991, p. 1-14).

After collection at ANS, PW would be diverted to a diked waste collection tank
on-site that is equipped with leak/spill diversion equipment and a means to adjust pH. A
transfer line from ANS would be connected to an existing HFIR process waste transfer
line, which would enable ANS PW to be discharged to the Bethel Valley Storage Tank
Area (Tank F-1018). From this area, PW would be combined with that from other Bethel
Valley generators and pumped to ORNL PW treatment facilities.

3.5.4.3 Planned ORNL Radioactive PW Management

Conceptual planning has begun for a Sludge Volume Reduction Facility designed

O for the Process Waste Treatment Plant (PWTP). In addition, a project is also in place toincrease the capacity of the PWTP evaporator facility to reduce the amount of LLLW
concentrate requiring disposal (Baldwin et al. 1989a, p. 87). Finally, new waste acceptance
criteria will impose maximum allowable concentrations of wastewater contaminants ['or
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discharge to the PWTP in the future (Table 3.5-1) (Parrott et al. 1991, p. 7).
Contaminated wastewater in excess of these concentrations must be discharged to the
LLLW facility (Building 2531). For ANS, the net result of these improvements would be
to ensure adequate waste management capacity for PW.

3.5.5 Solid Radioactive Waste Management at ANS

This section describes the management of solid radioactive wastes at ORNL and
the proposed management of the principal solid LLW that would be generated by ANS.
Under each waste category, current ORNL waste management systems are described,
followed by a description of ANS waste sources and a discussion of planned waste
management activities/facilities. Because they comprise a special category of concern,
solid tritiated wastes are discussed separately in Sect. 3.5.7. Table 3.5-2 depicts major
categories of solid radiological waste generated at ORNL in 1989.

3.5.5.1 Overview of Current ORNL TRU Waste Management

TRU waste is material that is contaminated with alpha-emitting radionuclides with
atomic numbers greater than 92, that has a half-life greater than 20 years, and that has a
total assay concentration (sum of the concentration of ali such radionuclides) greater than
3.7 x 103 Bq/L (100 nCi/g).

Three principal TRU wastes are found at ORNL--solid contact-handled (CH)
TRU, with a surface dose rate of less than 2 mSv (200 torero/h); solid remote-handled

(RH) TRU, having a surface dose rate greater than 2 mSv (200 mrem/h), and TRU @
sludges. At ORNL, the latter are associated with residual heels from a
gunite-hydrofracture disposal project completed in 1984_ These wastes are stored in the
Melton Valley Storage Tank complex, leaky gunite tanks and other active and inactive
tanks, and are awaiting processing in the Waste Handling and Processing Plant for
solidification, certification, and, ultimately, disposal as solid RH-TRU waste (Baldwin et al.
1989b, p. 31).

The management of newly generated TRU waste at ORNL (ali TRU waste
generated since July 1986), as well as contemplated management of ANS TRU waste, is
depicted in Fig. 3.5-3. Current interim storage for CH and RH-TRU wastes are depicted
in Table 3.5-3.

Current ORNL CH-TRU management

Most CH-TRU at ORNL originates from laboratory work associated with research
reactors and consists of miscellaneous radioactive waste from glove box operations and
from discarded HEPA filters and other equipment. Its dose rate is usually around 0.1 mSv
(10 mrem/h) (Baldwin et al. 1989c, p. 4,12); thus, it can be handled with relatively minimal
protection.. More than half of the CH.TRU at ORNL is typically plastic; metals comprise
22% of annual generation, glass 20%, cloth 5%, rubber 2%, and wood 1%. Actinide
separation at ORNL's REDC also produces CH-TRU waste.

Newly generated CH-TRU wastes undergo neutron assay gamma scan at the
Waste Examination Assay Facility (WEAF) located in the north area of Solid Waste
Storage Area (SWSA) 5. WEAF determines which wastes contain CH-TRU and which
are composed of solid LLW (SLLW). The latter are separated out and taken to SWSA 6,
while the former are taken to a staging area (Building 7823 in the north area of $WSA 5)
that has a storage area of 390 m- (4200 ft2) and capacity ot' 850 m3 (30,000 ft3). This



O 3-51
Table 3.5-I. Maximum allowable concentrations of specific wastcwater

contaminants for discharge to the process
waste treatment plant

Contaminant Concentration

Radionuclides

Gross alpha 175 Bq/L (4,73 x 10 .9 Ci/I..,)

Gross beta 10,000 Bq/L (2,703 x 10.7 Ci/L)
9°Sr 10,000 Bq/L (2,703 x 10.7 Ci/L)
t'_TCs 400 Bq/L (1.09 x 10.9 CI/L)
°°Co 185 Bq/L`" (5 x 10.9 CI/L)
mEu 740 Bq/L° (2 × lif t Ci/L)
lSSEu 3,700 Bq/L`"(1 X 10"_Ci/L)
I°°Ru 222 Bq/L`"(6 x 10'9Ci/L)
9SZrNb 1,480 Bq/L`"(4 x 10"aCi/L)

Metals

Ag 0.4 mg/L
As 40.0 mg/L
B 40,0 mg/L
Ba 120.0 mg/l..,
Be 0.2 mg/L
Cd 0_3mg/1..

W Cr 7.5 rag/l_,
Cu 2.5 mg/L
Fe 509.0 mg/L
Hg 0,004 mg/L
Ni 65.0 mg/L
Pb 30.0mg/L
Sb 65.0 mg/L
Se 15.0 mg/L
Zn 60,0 mg/L

Others"

Chlorine 20,0 ppm
Cyanide 0,2 ppm
Nitrate 10,0 ppm
Oil and grease 100,0 ppm
pH > 6.0 ppm
Phosphate 5,0 ppm
Sulfate 3,000,0 ppm
Total organic carbon 50.0 ppm
Total suspended solids 1,000,0 ppm
Total toxic organics 100,0 ppm

"DOE Order 5400,5 DCG wflues,

So.rce: Parrot, J, R, Jr,, el ul, 1991, Oak RidgeNational LaboratoryLiquid Waz're
TreatmentSystemsWasteAcceptanceCriteria,WM.WMCO,201 4, Oak Ridge Nattonal

O Laboratory,Oak Ridge, Tenn,,July,
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Table 3.5-2. Solid radioactive waste generated at Oak
Ridge National Laboratory in 1989:.ali _urces

'L.,,,.,,Ui........ _ maw,

Radioactive Quantity
waste type [m'_(ft3)]

TransuCanicwaste 50 (1,750)

Low-level waste 2,000 (71,000) i

Source: Oak Ridge National Laboratory Waste Management Plan
for Department of Energy Order 5820.2A, December 1989,
ORNL/TM-11433, Oak Ridge National l.,aboratory, Oak Rifge, Tenn.,
p. l-V.

facility is principally used tor drummed waste and temporary storage of boxed waste (e.g.,
TRU glove box wastes and 55-gal drums of LLW). From here, CH-TRU will be stored in
Buildings 7826 and 7834, which have a capacity of 1536 drums and 1920 drums,
resp_:ctively(Baldwin et al. 1989a, p. 38).

Approximately 15 m3 (530 ft3) of CH-TRU is generated annually at ORNL with an
additional 2 m3 (600 ft3) resulting from decontamination and decommissioning activities
(Baldwin et ai. 1989b, p. 17-29; Baldwin et al. 1989c, p. 4-4). A total of 280 m3 (10,000
ft3) of CH-TRU is currently in storage at ORNL (Baldwin et al. 1989c, p. 4-4). Under
DOE order 5820.2A, ali ORNL CH-TRU waste in retrievable storage is to be disposed of
at the WIPP in Carlsbad, New Mexico (Baldwin et al. 1989a, p. x_6i).

ANS contact-handled TRU waste souree_ and their management

CH-TRU from ANS experimental activities would be packed into polyethylene
bags and placed into 55-gal stainless steel drums. From ANS, CH-TRU would undergo
neutron assay gamma scan at the WEAF located in the north area of SWSA 5. CH.TRU
would be stored on an interim, retrievable basis until WIPP becomes available, lt is
expected that the volume of CH-TRU wastes from ANS, processed by the REDC facility,
would be comparable to that from HFIR.

Planned ORNL contact-handled TRU waste management

Building 7823 is expected to be phased out as a TRU waste staging facilily in 1993
(Baldwin et al. 1989a, p. 38). A replacement facility (Building 7879) designed to store
CH-TRU wante on an interim basis, has recently opened at SWSA 5. This facility is a
butler-style building with a capacity for 700 drums and 20 boxes, or 960 drums of
CH-TRU waste (Baldwin et al. 1989a, p. 38). In addition, a new CH-TRU storage
facility--also a butler-type structure--with a capacity for storing 3000 208-L (55-gal)
drums, is planned for SWS.A 7 (Baldwin et al. 1989a, p. 38). Nevertheless, it is unlikely
that these facilities alone will have sufficient storage space for ANS CH-TRU waste.

Both of these facilities are designed as interim storage facilities until WIPP

becomes available some time after 1995 (Baldwin et al. 1989c, p. 4-5). Before CH-TRU qP
wastes can be shipped to WIPP, they must be packaged for transport in a planned
transuranic package transporter (TRUPACT) facility at ORNL. The expected disposal
capacity for ali DOE CH-TRU waste at WIPP is 176,000 m'_(6,195,200 rtS).
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Current ORNL RH-TRU waste management

Most RH-TRU sources at ORNL consist primarily of miscellaneous cell waste,
HEPA filters, discarded equipment, and leached target hulls from research reactors.
Actinide separation at ORNL's REDC also produces RH-TRU waste.

RH-TRU cell waste (paper, glass, plastic tubing, show covers, and wipers), as well
as HEPA filters and discarded contaminated equipment, are put into waste packages prior
to placement in special concrete-filled casks (Baldwin et al, 1989b, p. 7). These casks are
then stored in either Building 7855, which has a capacity of 108 casks divided among
four bays, or in special trenches at SWSA 5. RH-TRU sources at ORNl., emit between
1 x 10.3 and 100 Sv/h (between 0.1 and 10,000 rem/h) when unshielded. In recent years,
RH-TRU generation at ORNL has averaged between 4 and 5 m_ (140 and 153 ft3)
annually (Baldwin et al. 1989e, p, 4-5),

Approximately 130 m3 (4700 ft3) of RH-TRU is currently stored at ORNL. Most
of this RH-TRU is stored in trenches at SWSA 5. However, some is buried in concrete
casks in the north area of SWSA 5 (see following section) and is retrievable (Baldwin
et al. 1989b).

ANS RH-TRU and its management

Targets from ANS, including TRU targets and associated equipment, will be
transferred to the REDC, dissolved in a caustic solution, and put into waste packages
prior to placement in special concrete-filled casks. Although targets are irradiated at

not physically generated separations take place at At ANS,ANS, waste is until REDC.
TRU target material will be stored for varying periods of time before shipment to REDC
because ANS is farther from REDC than is HFIR. After reprocessing, RH-TRU will
probably be stored in new RH-TRU storage bunkers (Bunkers I and II), to be located at
SWSA 5, until the WIPP in Carlsbad, New Mexico, is made available for permanent TRU
waste disposal (Baldwin et al. 1989b, p. 7; 1989a, p. xxii). The volume of RH.TRU waste
as a result of processing ANS targets varie.s. ANS will irradiate only those targets
requested by the programs supporting REDC and TRU because of the greater number of
targets planned for use in reactor experiment systems (estimated at more than the 30
currently used in HFIR).

Planned ORNL RH-TRU management

Long-term management of RH-TRU at ORNL hinges on the availability of a
Waste Handling and Packaging Plant, an FY 1993 project (since indefinitely delayed)
designed to (1) process stored, preexisting TRU sludges and (2) certify and package newly
generated RH-TRU tbr disposal at WIPP (Baldwin et al. 1989b, p. xxiii). After
certification and packaging, RH.TRU will probably be shipped to WIPP.

The new RH-TRU storage bunkers (Bunkers I and II), located at SWSA 5, are
being built to provide additional interim storage for RH-TRU until the Waste Isolation
Pilot Plant (WIPP) in Carlsbad, New Mexico is made available for permanent TRU waste
disposal (Baldwin et al. 1989a, p, 30). These bunkers have storage capacities of 108 and
162 casks, respectively. The eventual RH-TRU waste disposal capacity for WIPP will be

7,100 m3 (250,000 ft'_),
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3.5.5.2 Overview of High-Le_el Incidental Waste

HLW is highly radioactive solid waste that must be handled and transported in
shielded containers,

Current ORNL HLW management

HLW is generated at ORNL by alterations or major repairs on research reactors.
lt includes irradiated reactor parts removed for examination or replacement, plugged filter
elements contaminated with radioactive cobalt, and discharged reactor fuel samples and
irradiation test samples. Such wastes require special packaging, handling, and transport.
A small quantity of this waste, termed Special Case, High-level Incidental, is currently
stored in wells at SWSA 5.

ANS I-ILW and its management

ANS will not produce HLW from normal operations. HLW will only be produced
as a result of major alterations and decommissioning and decontamination of the facility.
At ANS, after case-by case analysis to ensure adequate shielding and packaging design,
irradiated reactor parts and other HLW will be remotely-loaded underwater (or in special
cells) into shielded containers for disposal when future facilities outside the Oak Ridge
Reservation become available (System Design Description 1991).

Planned ORNL HLW management O

Under the current ORNL radioactive waste management plan, high-level wastes
are not suitable tbr disposal on the ORR. Discarded isotope sources and activated parts
of reactors may eventually be disposed of in a planned Dry Cask Storage Facility, probably
to be located at the Savannah River Plant in South Carolina. Configuration and planning
for this facility have yet to be completed (Baldwin et al. 1989a, p. 69).

3.5.53 Overview of Spent Fuel Management

Spent fuel is produced when nuclear fuel is irradiated in a reactor. After removal,
it is stored in racks placed in pools to isolate it from the environment and to allow cooling
of fuel plates.

Current ORNL spent fuel management

After removal and temporary storage in pools, spent fuel from ORNL research
reactors is shipped to the Receiving Basin for Offsite Fuels (RBOF) at the Savannah
River Site (SRS) in South Carolina (DOE 1989b, p. 4; SAIC 1990, p. 19). There is
currently no permanent system tbr disposal of spent fuel from DOE or commercial
reactors.

HFIR annually transports an average of 12 spent fuel shipments from its spent fuel
pool to RBOF. Historical shipments of DOE and university research reactor spent
fuel--including shipments from ORNL-are depicted in Table 3.5-4.
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Table 3.5-4. Summary of Department of Energy and

university research reactor spent fuel
shipments, 1983-1989

Number of Weight
Year shipments (metric tons of uranium)

1983 24 0.444
1984 43 2.2490
1985 52 1.1607
1986 53 13.5501
1987 32 2._,837
1988 5 0.1102
1989 27 0.2956

Total 236 20.293

Source: Science Applic_ltions lntern_tiomtl C:orporation,1990,
Historical Overview of Domestic Spent Fuel Shipments.Update, prepared for
Oak Ridge Natiomd Laboratory and the Office of Civilian Radioactive
Waste Management Transporu_tion Oper_tions Office under subcontract no.
88-17B.997962N 1, Oak Ridge, Tenn.

O
ANS spent fuel management

Discharge of spent fuel (and replacement with fresh fuel) at ANS would occur
17 times annually (West 1989, pp. 96-101). After removal, the inventory of spent,
enriched _SU, weighing approximately 15 kg (40 Ib), would be stored in a pool on-site.
Two scenarios for spent fuel storage are envisioned. In the first, following one year's
accumulation, ,'MNSspent fuel would be shipped to the RBOF (DOE 1989b, p. 4; SAIC
1990, p. 19). At Savannah River, ANS spent fuel may be either reprocessed or stored
until a permanent repository becomes available, sometime after 2010.

The second scenario is identical to the first, except that up to 5 years of resident
storage space would be provided at ANS in case off-site ztorage space at RBOF (or
elsewhere) were unavailable. However, only a 2-year supply of spent fuel would actually
be stored at ,z_S prior to shipment to Savannah River.

Planned ORNL spent fuel management

After removal and temporary storage on-site, spent fuel from ORNL research
reactors, including ANS, would continue to be shipped to the RBOF at the Savannah
Rivet Plant for storage (DOE 1989b, p. 17; SAIC 1990, p. 17). Interim storage will
continue until a high-level waste repository becomes available after 2010.
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3.5.5.40verv/ew of Greater-than-Class-C Waste Management

Three categories of low-level radioactive waste (classes A, B, and C) distinguished
by concentration of radionuclides are defined in 10 CFR Pt. 61. GTCC is defined as low-
level waste in which radionuclide concentrations exceed those for regular low-level waste,
and which therefore requires special packaging, handling, and transport (10 CFR Pt. 61).
Because GTCC is often defined by reference to the class C wastes whose radionuclide
concentrations it exceeds, Table 3.5-5 depicts the most common examples of GTCC.

Current ORNL management of greater..than.-elass-C waste

Currently, ORNL classifies discarded isotope sources and activated parts of
reactors as GTCC or, more precisely, as special case (SC) GTCC. At ORNL, SC-GTCC
is treated as a subset of class L-IV low-level waste. Such wastes must be stored at SWSA
6 on an interim basis since no disposal of class IV waste is permitted on the Oak Ridge
Reservation. Moreover, waste acceptance criteria explicitly forbid disposal of GTCC
waste in waste containers also containing class C or lower wastes. ORNL currently
generates less than 140 m3 (5000 ft3) of class IV wastes annually, some of which is
SC-GTCC waste (Baldwin et al. 1989a, p. 105).

ANS greater-than-class-C waste management

The principal source of GTCC is expected to be a4C,caused by radiation damage
to spent primary cleanup resins. In addition, routine replacement of neutron damaged
parts, major alteration and decontamination and decommissioning of ANS could produce
some GTCC waste. GTCC from ANS that emits a surface rate dose of less than

0.5 mSv/h (50 mrem/h) will be placed in interim storage at SWSA-6 or at the Y-12 Site
until a licensed disposal facility is sited (see following section) (Baldwin ct al. 1989a,
p. 105).

Planned ORNL management of GTCC waste

Interim storage of GTCC is expected to continue until a licensed facility for
GTCC waste is sited that provides maximum protection for the public as well as protection
against accidental intrusion (Pub. L. 99-240) (Hutchison and Magleby 1990, pp. 617-619).
Class L-III/IV Below Grade Storage facilities are planned for construction for GTCC
waste by the mid-1990s (Office of Waste Management 1991, p. 180).

3.5.5.5 Overview of Solid 1.xrw-Level Radioactive Waste Management at ORNL

Solid Low-Level Radioactive Waste (SLLW) may be either CH [surface dose rate
less than 2 mSv/h (200 mrcm/h)l or RH [surface dose rate greater than 2 mSv/h
(200 mrem/h)]. The ORNL SLLW management system is depicted in Fig. 3.5-4.

The primary strategy for LLW management and disposal at ORNL is
establishment of dose-based performance objectives that protect the public, minimize
environmental releases, and reduce the need to undertake future remedial actions. An
evolving classification system for LLW has come from this strategy, based on the specific dh,
isotopic composition and concentration in LLW (Kornegay et al. 1991, p. 206). As of
September 1991, the classes were as follows:

__

_, 11_l'l'_l '1 ""I1' ,',,qllr lllpl,' "Ilrl'l'll ,_'lIIIlll_l" ti, I_,ll,l_, "II '11 'll"ltl' 'li' II' ' _, 'til ', lt '1_1'_' " 'n' ' ,' In '/llll"ll' nmll ,lll,_ts 'III'''
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Table 3.5-5. Greater-tha_, _:iass-C radionuclides commonly found

in solid radioactive waste

Radionuclides exceeding class C liquid low- Concentration limits
level waste limits [Bq/m 3 (Ci/m3)]

Long-lived radionuclides

14C 2.96 x 10tl (8)

14C in activated metal 2.96 × 10t2 (80)
sgNi in activated metal 8.14 × 1012 (220)
94Nb in activated metal 7.4 x 109 (0.2)
99Tc 1.11 × 1011(3)
1_I 2.96 × 109 (0.08)

Short-lived radionuclides

63Ni 2.59 × 10t3 (700)
63Ni in activated metal 2.59 × 10t4 (7000)
_Sr 2.59 × 1014 (7000)

137CS 1.7 × 1014 (4600)

Source: Hutchison, D., and M. Magleby,Greater-Than-Cht,'s.CLow.Level WasteCharacterization
TechnicalReviewProcess,NuclearMaterials'Management,31stAnnual MeetingProceedings,Volume

O XIX, Los Angeles,July 15-18.

• below-regulatory-concern waste--LLW that is suitable for disposal in a

sanitary/industrial landfill and that will not expose any member of the public to an
effective dose equivalent of more than 0..04 mSv/year (4 mrem/year) at the time of
disposal,

• class L-I waste --LLW that is suitable for disposal using sanitary/industrial landfill
disposal technology and that will not expose any member of the public to an effective
dose equivalent of more than 0.1 mSv/year (10 mrem/year) at the time of disposal,

• class L_II waste--LLW consisting of fission product radionuclides with half-lives of
30 year._;or less that is suitable for disposal in engineered facilities designed to isolate
the LLW from the environment and the public Lhr a period sufficient to allow the
decay of radionuclides to such a level that any member of the public will not be

exposed to an effective dose equivalent of more than 0.1 mSv/year (10 mrem/year),
• class L-III waste--LLW consisting of radionuclides that have long half-lives and will be

disposed of in facilities having permanent intruder protection, and
• cAass L-IV waste--LLW that is not ,_uitable for disposal on ORR and therefore

requires either treatment to reduce the level ot' contamination to a level consistent

with other classifications or shipment to an offsite disposal facility.

In addition, an environmental imPact statement is being prepared to evaluate proposed
sites for future solid waste disposal facilities.

0
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O Current ORNL CH-LLW management

Principal sources of CH-LLW at ORNL include ion exchange resins and filters
from research reactors, discarded clothing and maintenance items, and scrap wastes from
irradiated experiments, as well as discarded reactor parts.

Currently, CH-LLW at ORNL is transported via a lead. lined pan to a below-grade
concrete silo disposal unit at SWSA-6. Compaetible wastes, such as paper, plastic, rubber,
glass, light-gauge metals, and filters with a surface dose rate of less than 0.5 mSv/h
(50 mrem/h), are first taken to a box compactor located in Building 7531 in SWSA 5.
After compaction into 4 x 4 x 6 ft metal boxes, the wastes are stored either at SWSA 6
or at the K-25 Site. Compactible wastes that cannot be processed in Building 7531 but
can be packaged into 55-gal drums also are disposed of in below-grade concrete silos at
SWSA 6.

Since 1986, ORNL has disposed of CH-LLW through greater confinement disposal
(GCD) techniques. Two of these techniques--below-ground disposal in concrete silos and
above-ground tumuli in SWSA 6--have been developed for compactible and
noncompactible CH-LLW disposal (Baldwin et al. 1989a, p. 4-9).

A tumulus demonstration facility built at SWSA 6 in 1987 and designed for class II
waste has a disposal capacity of 800 ma (28,000 ft3) (Baldwin ct al. 1989a, p. 4-12). This
facility will be filled nearly to capacity by the time ANS enters operation and will not be
available to dispose of ANS CH-LLW.

Approximately 1,400-2,300 ma (50,000-80,000 fta) of solid CH-LLW is routinely
handled at ORNL annually (Baldwin et al. 1989a, p. 49). Most has a surface dose rate of

O less than 0.5 mSv/h (50 mrem/h).

ANS CH-LLW wastes and their management

Principal sources of CH-LLW at ANS include (1) dewatered ion exchange resins
and plugged filter cartridges from the cleanup cells of the light water system, heavy water
system, and LLLW decontamination system drying operations; (2) discarded clothing,
decontaminated materials, and maintenance and giovebox items; (3) tritium-contaminated
waste,water and spent electrolyzer fluids solidified and prepared for disposal; (4) tritiated
oils solidified for disposal; and (5) wastes from HEPA filters and maintenance craft
activities (System Design Description 1991, p. 2-22).

Solid wastes resulting from nonreusable clothing and from the residue of
demineralization and filtration activities in the cleanup of tritium will be collected, labeled,
and delivered to a centralized monitoring and sorting area. Some of this waste will be
dewatered with the liquids going to the ORNL Process Waste Treatment System (see
Sect. 3.5.4). Glove box area wastes will be received in packages and sorted by ANS,
according to CH/RH criteria, for disposal.

Planned ORNL CH-LLW management

New LLW disposal facilities, as depicted in Fig 3.5-4, are expected to replace the
GCD below-grade operations at SWSA 6, scheduled for phaseout by the end of 1993
(Baldwin et al. 1989a, p. 48; Butterworth 1988, pp. 36-38). These include an Interim

O Waste Management Facility (IWMF3 located at the current SWSA 6 site, which is nearlyready to accept waste, and a series of tumuli at SWSA 7 for the permanent disposal of
Class H wastes, if approved by DOE and if the DOE Environmental Impact Statement for
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waste management recommends their use. The IWMF is expected to be filled to capacity
by 1996; thus, it will not be available for ANS waste unless expanded.

Projected plans for expanding on-site disposal capacity of SLLW at ORNL include
construction at one of several Oak Ridge Reservation sites. Likely sites include SWSA-6
(tor an expanded IWMF) and SWSA-7--a possible site for a new Class II solid waste
tumulus facility. Other sites under consideration include West Chestnut Ridge and East
Chestnut Ridge for Class I wastes, with the former being the preferred site. However,
these latter two sites would likely not be available if Complex 21 is built on the Oak Ridge
Reservation. Siting and scheduling new waste facilities is complicated by the needs of new
waste programs. Capacities and status of these sites are depicted in Table 3.5-6. A site in
West Bear Creek Valley that had been under consideration tor Class II wastes has been
taken out of consideration (Baldwin et al. 1989a, p. 66; Rivera et al. 1989, p. 9).

A new Class I disposal facility is not expected to be on line until 2000. A new
Class II disposal site was expected to be available by the end of 1996 but will likely be
delayed.

Current ORNL RH-LLW managemeet

Current RH-LLW at ORNL includes reactor and hot cell debris, such as various
equipment components contaminated with radioactive materials or activation products and
sludges. RH-LLW must be transported in special shielded containers (Baldwin et al.
1989a, p. 51). RH-LLW is composed of wastes that have an especially high radionuclide
concentration and thus high activity (e.g., activated _54Euand t'SSEu,Z_TTh,Np, 241AII1,

radioactive Bk and C, and '_I'c). O
Since 1986, RH-LLW at ORNL has been transported via 0.5-m-diam.

(20-in.-diam.) lead-shielded casks to either a below-grade silo or below-grade auger holes
at SWSA 6. The waste is handled by remote means throughout the operation (Baldwin et
al. 1989a, p. 51). The preferred method lhr RH-LLW disposal is through auger holes and
silos located at $WSA 6.

ANS RH-LLW wastes and their management

RH-LLW from ANS will be composed of (1) scraps from irradiated experiments
and from discarded control and safety rods, (2) analytical chemistry wastes, and (3) heat
exchanger replacement wastes. When removed from ANS, these wastes will be packaged
in special shielded containers tbr disposal. Much of these wastes will be generated during
fuel changeouts that will occur 17 times annually or intermittently in the case of heat
exchanger changeouts.

Planned ORNL RH-LLW management

Solid RH-LLW from ORNL with high radionuclide concentrations and a very long
half-life (Class III/IV waste) is expected to be disposed of at an off-site facility, possibly at
SRS in South Carolina. In the interim, a retrievable Class III/IV storage facility has been
proposed at ORNL to provide interim storage capacity for approximately 10 years until
off-site disposal becomes practicable (Baldwin et ai. 1989a, p. 4-12; Office of Waste
Management 1991, p. 61). This facility would be located in SWSA 7 and would initially
consist of 32 wells. Design ot"this facility is on hold pending NEPA documentation.
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Table 3.5-6. Preliminary on-site disposal capacity scenarios for

Oak Ridge National Laboratory (ORNL)wastes

Projected disposal Disposal Waste
Site Status capacity [m"_(ft'_)] technology stream/category

SWSA-6 Current 51,200 (551,005) Below-grade silo --
(ORNL) 630 (6,742) Below-grade weil' --

Above-grade --
tumulus

SWSA.7 Planned 6,400 (68,749) Below-grade silo Class I
(ORNL) 400 (4,312) Below-grade well

230,000 (2,435,479) Below-grade
tumulus

West Planned 483,00t) (5,195,175) Below-grade trench Class I
Chestnut (Area A)
Ridge_' 200,000 (2,149,362) Below.grade trench

(Area B)
175,000 (1,880,334) Below-grade trench

(Area C)

East Planned 1,650,000 (17,767,296) Below-grade hill-cut Below regulatory
Chestnut trench concern/sanitary/

Ridgec industrialClass I

"Probablynot viableunder Department of EnergyOrder 5820.2A.
_l"hissite has subsequentlybeen downsized.
'This site may be taken out of consideration.
Source: LockwoodGreene Engineers,lnc. 1987. Oak RidgeReservationLow.Level WasteStorageand

DisposalCapacityEvaluation,Oak Ridge,Tenn., reproduced in Rivera,A. L., ct al, March 1989. LLWDDD
ProgramWasteManagementDataSystemStatusReportfor the Period October.December1988,
ORNL/CF-89/14,Oak RidgeNationalLaboratory,Oak Ridge, Tenn.

3.5.6 Overview of Radioactive Gaseous Waste Management

Gaseous radioactive wastes are composed of vapors from radioactive liquids and
other emissions from radioactive environments at ORNL.

3.5.6.1 Current ORNL Radioactive Gaseous Waste Management

The principal radioactive gaseous wastes at ORNL are (1) process off-ga_, streams,
characterized as low-volume, high activity gas streams from pressure vessels or other

systems where release of radioactivity is routine and of relatively high concentration;
(2) cell ventilation (CV) streams, which are high-volume, low-activity gas streams from
enclosed areas such as hot cells; and (3) laboratory hoods and individual vents. The

O management of radioactive and nonradioactive gaseous emissions at ORNL is depicted in
Fig. 3.5-5.
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O At ORNL, gaseous radiological wastes are currently discharged through seven
stacks located at various points around the laboratory, These stacks serve isotope areas,
HFIR and REDC, and other R&D facilities (Baldwin et al, 1989b, p, 2.3-2-4), Each ts
equipped with a variety oi' caustic scrubbers and HEPA and charcoal filters and several
are equipped with compliance monitors for tritium, ORNL also has an extensive
atmospheric emissions program which includes an Off.Gas and Cell Ventilation System
providing negative pressure tn laboratory structures and processes,

3.5.6.2 ANS G-as_musRadloaetive Wastes and 'l'ht_h"Management

ANS would have a gas collection system, The principal sources of gaseous
radiological wastes from ANS would include deaerator or let-down tank discharge through
the stack, hydrogen discharges from the region over the reactor pool, and cryogenic liquid
rele_asesor gas leaks in the HWUDB (which are expected to be vented to the
environment) (see Sect, 3,5.5,1), Other sources include laboratory hoods and hot cells;
the latter will be equipped with their own cleanup systems, The principal gaseous
radioactive waste management systems for ANS are depicted In Table 3,5-7,

Ali gaseous radiological wastes from ANS will be collected in one of three systems
and cross-connected to an emergency clean.up system (System Design Description 1991,
pp, 2-6-2-8), Atmospheric release,,; will be emltted from an ANS stack on the reactor
building, adjacent experimental and service buildings, and from the HWUDB.

Radiological gaseous wastes will be stored in primary containment systems for
short periods, treated and processed in secondary containment systems with molecular

O sieve beds and gel absorbers, and filtered thrc_ughcharcoal and/or HEPA filters before

discharge to the environment, Secondary containment will also serve to collect leaks from
primary containment. It'specific situation warrant, process ventilation systems with
hold-up delays (activated charcoal beds) will permit short-lived isotopes to decay (System
Design Description 1991, p, 1-2), Stack disch_lrges will he monitored,

3.5.6.3 Planned ORNL Radioaethte Gaseous Waste Management

While incremental upgrades to the laboratory-wide gaseous radiological waste
management system will occur, these would not directly affect ANS, ANS would be
equipped with its own gaseous radiological waste system (see Sect. 3.5.6,2), ANS gaseous
waste emissions would eventually be affected by plans that call for further ALARA studies
to find ways to reduce gaseous emissions and by more stringent laboratory-wide evaluation
of regulatory compliance (B_ldwin et al. 198%, p, 110),

3.5.7 Tritium

Tritium is the heaviest isotope of the element hydrogen and a beta emitter (Spratt
et al, 1985, p, 43). Because heavy water and liquid deuterium are used in the primai.'y
coolant and reflector and the cold sources in the ANS system, considerable quantities of
tritium will be produced in liquid and gaseous form in these components, (System Design
Description 1991, p. 1-10),

O 3.5.7.1 Current Tritium Man_lgement at ORNL

Because there i_;no m_ljt:_rsingle tritium source at ORNL, there is currently no
laboratory-wide tritium man_gement system. In the past, ORNL. isotope facilities
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Q
Table 3.5-7. Principal gaseous waste management systems for the

proposed Advance_ Neutron Source and their features
, , , ,, , ,,,,, , , ,, ,, i, i,,,,,, i, ii,if ,,, li ,

System Equipment

Reactor building and reactor support building

Primarycontainment Neutralizing or dilution
system equipment, hold-up

vessels, and recombiners
(LLLW, tritium)

Secondary containment Molecular sieve beds,
system regeneration systems for

beds (gaseous
radiological wastes)

Emergency gas treatment Dilution and valving
system equipment (flammability

detection of hydrogen
gas, tritium detection and
isolation)

Heavy water upgrading and detritiation building

Primary containment system Dilution equipment to i
prevent explosions
(hydrogen gas)

Secondary containment system Dilution and vaiving
equipment for
flammability detection,
tritium detection and

isolation (hydrogen gas
and tritium)

Emergency gas treatment Dilution and valving
system equipment for

flammability detection,
tritium detection and

isolation (hydrogen gas
and tritium)

Source.,SystemDesignDescription,System67,WasteManagementA),stetm'1991,
ORNI./ANS/INT.26/S67,draftreport,OakRidgeNationall.a_boratory,OakRidge,
Tenn,,February27.
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O processed tritium for various commercial uses, and a Tritium Target Fabrication Facility,
no longer in oper_ltton, continues to hold tritium for decay and directly vent,it to the
atmosphere by way of stack 7025 (Office of Waste Management 1991: 68, 97), Also,
between 2500 and 2900 CI (92,5 × 10t_ and 107,3 × 101"_Bq) of tritium are annually
disct_arged into Melton Hill Lake from SWSA-5 remediation activities (Personal
Communication with John Trabalka, Environmental Science Division, ORNL, to D, L,

Feldman, January 17, 1991), Emissions comply with current standards fc)r tritium dose
commitments, The small amounts of tritium generated at research facilities at ORNL are
held for decay and vented to the atmosphere. Emission levels comply with current
ambient standards tbr tritium concentrations,

3.5.7.2 ANS Tritium Source_ and Their Management

The principal source of tritium release to the environment at ANS would be the
Heavy Water upgrading and Detritiation Facility (HWUDF oi' detritiatlon building)
(System Design Description 1991, p. 1-10). To lessen tritium concentrations and therefore
reduce worker exposure, this l'actlity functions to remove the tritium produced in the
heavy water in the, ANS reactt_r. The HWUDF includes a receiving, storage and transfer
system to aid in heavy water accountability. The HWUDF will collect and concentrate
tritium in two specific subsystems: 1) a feed preparation, upgrade and detrlttatlon, and
recovery system and 2) a tritium removal and packaging system. Operation of' the
detritiation facility would result in the generation of routine solid wastes including spent
filters, ion exchange resin, activated charcoal, gloves, shoe covers, and PVC airline suits

O contaminated with tritium. In addition, some tritlut_n-contaminated waste that could
potentially be released within the reactor facility would be contained within the primary
coolant cleanup system.

The feed preparation, upgrade and detritiation, and recovery systems function to
remove tritium and protium from reactor-grade heavy water and downgraded heavy water,
and to remove tritium from limited quantities oi' light water wastes. The tritium removal
and packaging systt:m would tk tritium or uranium met_ll encapsulated in stainless steel.
This provides a container for on-site storage and ii' required, off-site shipment, Routine
solid wastes from the operation of this facility-including paper, plastic, neoprene rubber,
and cotton fiber-would be tritium contaminated and would require special packaging
prior to their removal.

Detritiation and upgrade would be performed by the combined electrolysis and
catalytic exchange process, followed by cryogenic distillation. Tritium would be in many
forms in the HWUDF, including the elemental, oxide and organic chemical forms, and
physical fc)rmssuch as solidified aquec)us wastes, solidified oily wastes that may be
absorbed by vermiculite, and bound water in spent resins, t)r gaseous wastes vented io the
environment. The detritiation facility would be designed to monitor fc)r tritium and to
separate it where possible. Hold-ups rnay be provided in sumps, in heavy water cleanup
cells where headers and tankers may be used tr) cc)llect LLLW, and in high integrity
containers. Sumps and waste headers would then direct the LLLW to an ANS location
for ion exchange decontamination followed by transfer to an appropriate waste treatment
facility-the PWTP or Nonradiological Waste Treatment Plant (NRWTP). Oily tritiated
wastes from ANS may be sent to the K-25 Toxic Substances Control Act (TSCA)

O incinerator for disposal, ANS designers have anticipated the contingency.Small amounts of tritiated w_ter may gather on extern_l surfaces and parking lots
and may be washed into surt'_lf:ewaters, Consequently, ANS wc)uld be equipped with a
rainwater collectic)n system that would be segregated t'rc)mother rainwater basins at
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ORNL and specially monitored (System Design Description 1991, p, 1-6), Contaminated
water from this basin would require dilution to reduce the concentration below acceptable
llmlts,

3.5,7.3 Planned Tritium Management at ORNL

Plans for tritium management at ORNL will be based on ANS plans as discussed
in previous sections, To predict Impacts t'rom tritium management at future ANS
operations, information gained from the experience of other DOE and non-DOE
high-volume, trlttum.producing reactors ts being incorporated into the ANS desig_,

3.5.8 Mixed Waste

Mixed waste contains both radioactive and chemically hazardous components as
defined under the Resource Conservation _md Recovery Act (RCRA) and the Atomic
Energy Act, as amended,

3.5.8.1 Current Liquid Mixed Waste Management at ORNL

Current liquld mixed wastes generated at ORNL include cleaning fluids and oils
ft'ore systems in radioactive environments, and some scintillation wastes containing
radioactive contaminants, In the past, the latter have been treated commercially through
off-slte incineration (Baldwin et al, 1989, p, 4-20), but off-site treatment of mixed wastes
has been terminated, No other off-site treatment oi' mixed wastes is currently performed.
The management of liquid mixed waste at ORNL is depicted in Fig, 3.5-6,

ORNL's liquid mixed wastes are stored on.site, Bulk storage of mixed waste oils is
provided by two tanks in Buildings 7075 and 7830A, which have a total capacity of 35 m3
(9,200 gol) (Baldwin et al, 1989b, p, 147), Near.term use of storage space at the K-25 Site
is being explored until these wastes are disposed oi' by the Oak Ridge Mixed Waste
Incinerator (ORMWI) at the K-25 site.

3.5.8.2 Current Solid Mixed Waste Management at ORNL

Although most mixed wastes are in liquid form, the Environmental Protection
Agency, which is partly responsible for regulating mixed waste, defines "containerized"
liquid mixed waste as a solid (Baldwin et al. 1989a, p. 147). The primary sources of mixed
solid waste at ORNL are liquid wastes placed into drums or other containers, including
R&D wastes such as polychlorinated biphenyls (PCBs), corrosives, poisons, and other
flammables that are containerized before removal from a facility. After dewatering, ion
exchange resins from nuclear reactors are also considered solid mixed wastes,
Approximately 10% of ali CH.TRU waste drums at ORNL contain mixed waste (Baldwin
et al. 1989b, p, 11). The management of solid mixed waste at ORNL is depleted in
Fig, 3.5-6,

ORNL generates about 100 55-gol drums of solid mixed waste annually
(Baldwin et al, 1989a, p. 151), In FY 1991, this volume equaled approximately
16,790 kg (45,000 lh,) This waste is currently stored in Building 7654, Building 7507W,
and Building 7823. Building 7654 is filled to capacity, Building 7507W, which has a dh,
capacity of 400 55-gol drums or approximately 84 m'_(22,C_10gol), is nearing capacity, IF
Buildi',lg 7823, in SWSA.5, has a capacity for 11_) 55-gol drums or approximately 230 m3
(60,500 gol), However, this facility also stores nonmixed process wastes and oils,
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3.5.83 ANS Liquid and Solid Mixed Wastes

The primarysource of liquid mixed wastes at ANS would be contaminated oils
from the reactor area and detrltiation facility, These are expected to be drummed (after
immobilization with vermiculite) and thus treated as solid mixed wastes, They will
eventually be incinerated,

3.5.8.4 Planned Liquid and Solid Mixed Waste Management at ORNL

Because bulk storage space for mixed waste oils is nearing exhaustion (Baldwin
et al, 1989a, p, 151), two new mixed waste storage facilities of unknown storage capacity,
are in the planning stage awaiting approval of NEPA documentation (Baldwin et al,
1989a, p, 152). Storage space at the K-25 Site may have to be used in the interim until
these facilities are completed. The Central Waste Management Division is also evaluating
the need for a mixed waste disposal facility on the Oak Ridge Reservation, In addition,
laboratory-wide mixed waste management plans emphasize growing reliance on treatment
technologies for mixed waste management as opposed to storage (Baldwin et al. 1989d,
p, 4,20), lt is expected that ali mixed waste oils will be disposed of in the ORMWI at the
K.25 Site.

DOE is currently working with EPA to develop appropriate regulatory
requirements for liquid mixed waste treatment at ali of its facilities, including ORNL
(DOE 1989a, p. 177). Disposal of waste which is not separable into its radioactive and
hazardous constituents shall comply with both hazardous and radioactive waste

(DOE 1989a, p, 177), Orequirements

3.6 CHEMICAl. AND BIOCIDE WAffI'F_._

Most ANS liquid discharges would be treated at existing facilities before release.
For example, nonradiological process wastewaters will be treated by the ORNL PWTP
before discharge to White Oak Creek (Sect, 3,7.5). ANS laundry and sanitary wastewaters
will be treated by the ORNl. Sanitary Waste Treatment Facility (Sect, 3.7.2). The only
nonradiological liquid effluents that are expected to be discharged to surface waters
without extensive treatment are stormwater runoff t'mm the ANS site and cooling tower
blowdown,

Stormwater runoff from the ANS site could contain suspended sediments, small
quantities of oils and greases from parking tots, and contaminants washed from building
roofs and other structures. Present plans call for the collection of stormwater runoff in
two detention basins: one on the north side of the site with a discharge to Friendship
Creek (a tributary oi Bearden Creek and the Clinch River) and another to collect runoff
from the south side of the plant belbre discharge to upper Melton Branch. Collection of
runoff in these basins would allow suspended sediments to settle out and would allow
monitoring for radiological and other contaminants, Collected runoff would be monitored
before release into the creeks and would be contained and treated if necessary,
Treatment may require that runoff be transferred to the PWTP,

Cooling tower blowdown would contain the same water quality constituents as the
influent potable water, except that these constituents would be concentrated
approximately 3.5 times by the recycling of cooling water. Blowdown would also contain
some particulate matter as a result oi' capturing airborne dust. The potable/process water
that would be used for cooling tower makeup contains chlorine at a typical concentration
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O of about 1.7 mg/L. The ORNL National Pollutant Discharge Elimination System
(NPDES) permit allows concentrations of up to 0.2 mg/L of total residual chlorine in the
discharge of cooling tower blowdown. However, because chlorine is a major toxicant in
discharges to ORNL streams, the ORNL Environmental and Compliance Section has
called for the abatement of existing discharges of highly chlorinated waters to surface
streams (Rohwer 1989, p. 1-2). Because the installation of additional new chlorinated-
water discharge sources is not consistent with this plan (Rohwer 1989, p. 1-2), it is
expected that the ANS would be required to dechlorinate its cooling tower blowdown
before discharge.

Cooling tower blowdown also contains chemicals that have been added to control
bacterial slimes and scaling. Two chemical additives are used at existing cooling towers at
ORNL: a 15% sodium hypochlorite solution as a biocide and Endcor 4529 to control
scaling (G. Irb_, ORNL Plant and Equipment Division, personal communication to
G. Cada, October 9, 1991). Endcor 4529 is a corrosive liquid composed of approximately
50% sulfuric acid and 3% phosphoric acid. Both additives are used as needed; amount
and frequency of use depend on such factors as time of the year and the number of times
cooling water is cycled through the tower before blowdown. Both total residual chlorine
concentrations and pH are monitored to ensure that releases of these chemicals are within
NPDES permit limits.

J

3.7 ANS SANITARY AND OTHER WASTE SYSTEMS

O This section describes the wf and hazardousmanagement sanitary, conventional,
wastes at ORNL and provides a baseline for predicting how laboratory-wide sanitary and
other waste management systems would be affected by the operation of the ANS. lt also
describes ANS sanitary, conventional, and hazardous waste management systems and their
interface with ORNL waste systems.

Principal wastes of concern include routine solid, liquid, and gaseous
wastes--disposed of as trash, refuse, sewage, or atmospheric emissions at ANS--as well as
hazardous wastes, including solvents, oils, and acids.

3.7ol Current ORNL Sanitary Waste Management

At ORNL, nonradioiogically contaminated wastewater is collected at each facility
and directed to the ORNL Sanitary Waste Treatment Plant (SWTP) (Building 2521),
where it is treated and discharged to the White Oak Creek syste_a. The sanitary waste
treatment system accepts biodegradable sanitary wastes, laundry wastewater, ethylene
glycol solutions, and nonhazardous biodegradable waste. The SWTP has a treatment
capacity of 1142 mO/d(300,000 gal/d) or 417,000 m 3 (109,000,000 gal) annually.
Figure 3.7-1 depicts the management of sanitary wastes at ORNL.

3.7.2 ANS Sanitary Wastes

At A.NS, sanitary sewage wastes would be collected and treated separately from ali
other wastes. Prior to discharge, they would be held up for radiological monitoring.

O Under new waste acceptance criteria at ORNL, waste containing trace radiologicalcontamination [less than five times the Derived Concentration Guide (DCG) value for
radionuclides] can be treated in the ORNL SWTP, Building 2521. Waste containing five
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times or greater of the DCG value would be directed to the PWTP (Building 3544) for

O treatment before discharge to the White Oak Creek watershed.

3.7.3 Future ORNL Sanitary Waste Management

It is expected that the ORNL SWTP would continue to receive sanitary and
laundry waste streams. Some of these streams are expected to be recycled. It would be
the responsibility of future generators, including ANS, to ensure that laundry and sanitary
wastewater radionuclide concentrations, averaged monthly, are less than five times the
DCG value before directing these wastes to the SWTP (Parrott 1.991, p, 15).

3.7.4 Current ORNL Conventional Liquid Waste (Effluents) Management

At ORNL, conventional liquid wastes, such as stormwater runoff, as well as minor
liquid waste streams, such as air conditioner condensate, are discharged to White Oak
Creek via a storm sewer system. Effluents that may be accepted by the ORNL storm
sewer system include rainwater runoff from parking lots, grassy areas, and roof drains.
Figure 3.7-1 depicts the management of conventional liquid wastes from ANS at ORNL.

3.7.5 ANS Conventional Liquid Waste Management

At ANS, stormwater runoff from a 312,000-m2 (77-aere) area, including the reactor
building, support facility, guide hall, and laboratory buildings, as well as sprinkler
discharges and heating, ventilating, and air conditioning cooling condensate, are likely to
display trace quantities of radioactive contamination above background-.including tritium.

O Effluents will be held and monitored for deuterium oxide and tritium, with separationup
of tritium whenever possible.

Treatment of the remaining decontaminated effluents will take place at the ORNL
PWTP before discharge to the White Oak Creek watershed under a NPDES permit.

3.7.6 Planned ORNL Conventional Liquid Waste (Effluents) Management

Conventional liquid wastes with small amounts of radioactive contamination would
continue to be accepted by the storm sewer discharge system. Ali outfalls, including those
from AN'S, would have to be separately accounted for under the ORNL NPDES permit.

3.7.7 Current ORNL Conventional Solid Waste Mznagement

ORNL solid conventional wastes are regulated by the state of Tennessee via the
Tennessee Solid Waste Disposal Act. The ORNL conventional solid waste management
system is depicted in Fig. 3.7ol.

Solid conventional waste generated at ORNL amounts to nearly 46 m3 (1600 ft3)
per regular workday, or 12,200 m3 (430,000 ft3) annually. The majority of this waste is
directed to the Centralized Sanitary Landfill II (CSLF II) located on Chestnut Ridge,
6 miles east of ORNL. The daily general refuse volume at ORNL is about 28 m3/d
(985 ft3/d), while bulky material (e.g., cardboard boxes) adds approximately 18 m3/d
(630 ft3/d) (Baldwin et al. 1989b, p. 4-27). The current CSLF II is nearing capacity and
would not be available for disposal of AN$ general refuse.

"
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3,7.8 ANS Conventional Solid Wastes

ANS would produce sewage sludge, nonhazardous construction debris, water
treatment wastes (sludges and high saline streams whose residues are disposed of as
solids), and general refuse collected in trash cans and dumpsters. Sewage sludge residues

would be packaged for disposal while _generalrefuse would be loaded into two dumpsters
with a capacity of approximately 70 me (250 ft3) each.

3.7.9 Planned ORNL Conventional Solid Waste Management

The CSLF II located on Chestnut Ridge is expected to reach capacity in FY 1992.
After this date, the current facility will be expanded or replaced by a new facility,
Landfill 5, which would be located at the Y-12 Plant (Fig. 3.5-7). No final decision on
either option has been made.

3.7.10 Current Conventional Gaseous Waste Management at ORNL

Sources of gaseous conventional wastes at ORNL include paint spray booths, fuel
storage tanks, oil burners, ovens, and some shop operations. Control of these
nonradioactive pollutants at ORNL is conducted in accordance with federal and
Tennessee regulations. Over 100 separate permits have been issued for point source
gaseous emissions at ORNL.

3.7.11 ANS Conventional Craseous Wastes

A.NS gaseous emissions that would require air quality permits could include acidic
vapors from laboratory, work, airborne particulates, and volatile organic compounds.

V

These gaseous wastes would be comparable to those from HFIR. There may also be
airborne emissions that normally do not require special treatment, nor a special permit,
before atmospheric discharge. Ali gaseous emissions with potential radiological
contamination would be filtered through charcoal and HEPA filters before discharge, as
depicted in Fig. 3.5-5. They would be filtered through the ANS stack system (see Sect.
3.5.6.2.). ANS would secure a discharge permit from the state of Tennessee for regulated
conventional gaseous waste discharges.

3.7.12 Planned Conventional Gaseous Waste Management at ORNL

While incremental upgrades to the laboratory-wide conventional gaseous waste
management system will occur, these would not affect ANS. ANS would be equipped with
its own conventional gaseous waste management system (see Sect. 3.5.6.2).

3.7.13 Current Hazardous Liquid Waste Management at ORNL

Hazardous liquid wastes encompass a wide range of substances that are toxic,
ignitable, corrosive, reactive, or explosive. There are over 400 substances that are
classified by the EPA, under RCRA, as hazardous (40 CFR 261.24, pt. D).

At ORNL, hazardous liquid waste associated with construction would include
waste adhesives, solvents, oils, cleaning fluids, solvents, and coatings. In facility operation,
hazardous liquids of concern include solvents, oils, and acids from laboratory operations.
Such materials are managed in two ways. Those which can be packaged are disposed of in IIF
special RCRA-approved facilities, as depicted in Fig. 3.7-2. Those hazardous liquid wastes
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emanating from nonradiological process wastewaters are diverted to a special

O Nonradiological Wastewater Treatment Plant (NRWTP). NRWTP sources includedrainage from laboratory.operations, once-through cooling water, and other aqueous
contaminated streams from laboratory and reactor operations containing heavy metals
(measured in parts per million or less) and various organics (at parts per billion or less)
(Parrott et al. 1991).

3.7.14 ANS Hazardous Liquid Wastes

The principal hazardous liquid wastes from ANS would include (1) lubricant oil
from fan gearboxes, diesel generators, pumps, compressors, and cranes; as well as
insulating fluids from transformers (non-PCB based), and hydraulic fluids from elevators;
(2) neutron scattering laboratory oils; and (3) chemical laboratory solvent wastes including
acetone, benzene, trichloroethylene, and various cleaning acids (J. Devore, personal
communication to R. Saylor, Energy Division, Oak Ridge National Laboratory, Oak Ridge,
Tenn., July 1991). These would be packaged and disposed of in RCRA-approved
facilities.

In addition, ANS cooling water blowdown would remove hazardous impurities
from the cooling tower water system. Blowdown would contain trace quantities of iron,
copper, and aluminum in both free and oxide form, as well as dirt and grime, chlorine, and
corrosion control chemicals including molyboate and polyacrylate (J. West, ANS Project,
personal correspondence to R. Saylor, Energy Division, ORNL, Oak Ridge, Tenn.,
July 1991). ANS would pretrcat blowdown and makeup water in a special treatment plant
integrated with the ANS pump house building prior to their release to the White Oak
watershed. Finally, organic and heavy metal-contaminated liquid wastes meeting the

O criteria in Table 3.5-1 above would be discharged to the NRWTP.

3.7.15 Planned Hazardous Liquid Waste Management at ORNl.,

The principal RCP_-permitted hazardous waste storage facility at ORNL,
Building 7652, is scheduled for closure in 1992 and would not be available for ANS
hazardous waste. Building 7651, a waste oil storage pad, will be used as an interim storage
facility prior to off-site disposal of waste oils.

ORNL's Hazardous Waste Management Program (Baldwin et al. 1989b, p. 4-22)
outlines a long-term strategy for storing, treating, and disposing of major liquid hazardous
waste streams. Plans emphasize off-site commercial incineration of nonradioactive oils,
poisons, and solvents; neutralization of bulk acids; and commercial treatment and disposal
of miscellaneous bulk chemicals and water-reactive chemicals.

3.7.16 Current Hazardous Solid Waste Management at ORNL

Hazardous solid wastes encompass a .,M'de-rangingset of substances that are toxic,
ignitable, corrosive, reactive, or explosive (40 CFR 261.24, pt. D). At ORNL, disposal of
nonradioactive hazardous solid wastes must comply with guidelines established under the
RCRA. RCRA requires EPA and states to establish a permit system for disposal of these
wastes in licensed landfills.

Hazardous solid waste generation has been declining at ORNL. In 1988, ORNL
generators produced a total of 161,420 kg (433,000 lb) of hazardous waste. While over

56% was routine generated waste, the remainder (44%) was nonroutine cleanout,
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construction, and spill residue waste (Baldwin et al, 1989a, p, XXV), In 1990, this figure

O had fallen to 71,000 kg (190,000 Ib) (Kornegay et al. 1991, p, 213).

3.7.17 ANS Hazardous Solid Wastes

Hazardous solid wastes generated by ANS would fall into two principal categories:
construction wastes and routine operation wastes, The former include soils and other
construction debris contaminated with the hazardous materials listed above.
Operations-related hazardous solid wastes encompass trace quantities of biological waste
from ANS experiment systems,

Construction-related solid wastes from ANS would be routed to holding ponds
until chemical runoff becarne suitable for discharge to nearby surface waters, After
dewatering, construction-related hazardous solid wastes from ANS would be taken off.site
and commercially disposed of, as would operations-related hazardous solids, as deploted in
Fig. 3.7.2.

3.7.18 Planned Hazardous Solid Waste Management at ORNL

ORNL's Hazardous Waste Management Program (Baldwin et al, 1989b, p, 4-21)
recommends a long-term strategy for storing, treating, and disposing of major solid
hazardous waste streams, lt is expected that ali hazardous solid wastes will be disposed of
in the ORMWI at the K-25 site,

3.7.19 Current Management of Hazardous Gases at ORNL

O At ORNL, hazardous emissions are managed separately from radioactivegaseous
gaseous emissions. Included in the category oi' potentially hazardous gases are CO, SO2,
Pb, O._,and fluorides. These gases are managed in accordance with Clean Air Act
guidelines and/or the requirements of the Tennessee Department of Health and
Environment Air Pollution Control Division. In addition, research reactors such as HFIR
routinely store compressed gaseous wastes t_n-site (Sect. 5.10.4).

3.7.20 ANS Hazardous Gases

ANS would be expected to generate some emissions that are toxic, ignitable,
corrosive, reactive, or explosive. In the reactor coolant system, elemental deuterium (2H2)
will be generated by radiolysis. This deuterium, which appears in the gases in the
accumulators and in the letdown tank, will be recombined and returned to the coolant. In
addition, hydrogen (tri2) will be discharged as an effluent from the detritiation facility
since we have adopted the CECE process, ANS is also expected to store some
compressed gasses on-site ibr experimental purposes, particularly oxygen.

3.7.21 Planned Management of Hazardous Gast_ at ORNL

Long-term plans for hazardous gas m_nagement at ORNL, include treatment of
nonradiological gas cylinders, minimization or'hazardous waste emissions at their source,
and venting wastes to the environment, as appropriate.
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3.8 REPORTING OF RADIOA_ MATF.A_IAL MOVEMENT

' O3.8.1 Current Relmrting of Radtoactive Material Mc)venmnt

The major source of spent nuclear fuel at ORNL is HHR, After removal from
the reactor core, spent nuclear fuel is stored on site in a fuel storage pool before shipment
to the RBOF at the Savannah River Plant in South Carolina, Between 1983 and 1989,
HFIR shipped 84 specially designed spent fuel storage casks from Oak R_dge, Tennessee,
to the Savannah River Plant in South Carolina (an average of 12 shipments per year),
Each cask weighed (),03 I (0,03 tons) (SAIC 1990, p, 21),

Between 1983 and 1989, there were 93 spent fuel shipments from HFIR, 84 of
which were in special "HFIR casks," which are no longer In use, and 9 of which were In
the GE.700 cask during the years 1988 and 1989 (SAIC 1990, p, 19). The total weight of
the 84 HFIR casks was 2,67 MTU (2.4 tons of uranium) 1983.1989 while the total weight
of the 9 GE-700 casks was 0.0558 MTU (0.051 tons of uranium) (SAIC 1990, p. 19),

3.8.2 ANS Radioactive Material Movement Reporting

After a 1- to 2-year' supply of spent fuel had accumulated at ANS, lt would be
shipped by truck tt_ the RBOF at the Savannah Rivet' Plant in South Carolina, Similarly,
TRU wastes from ANS are expected to be packaged and shipped to the WIPP in New
Mexico. Expected annual waste volumes generated by ANS are given in "Fable 3.8-1,

Measures will be undertaken by DOE to minimize occupational and population
exposure to ali forms of radiological waste. The_;e measures will include use of strong,
tight packaging able to withstand normal and severe accident conditionsl placarding and
package labeling; rigorous training; and prior notification of transport corridor states
before shipments of spent fuel and TRU wastes (DOE 1990, pp. 17..18),

v

3.8.3 Planned Radioactive Material Movement Reporting

The measures delineated in the previous paragraph will continue to be undertaken
by the DOE research reactor community, lt is likely that, with the opening of WIPP for
shipments of TRU wastes from ANS and other facilities, route selection and inspection
procedures will be subject to negotiation between communities and DOE (Channell,
Rodgers, and Neill 1986; Gallegos and Channell 1989), Dissemination of radioactive
material movements to the media, public, and interested local officials during shipments of
waste is likely to continue to be important for purposes of emergency planning and
response (Ball et al. 1990; SAIC 1990).

3.8.4 Transportation Risk Assessment for the ANS Reactor

This section describes the analysis of transportation risk associated with the
transport of radioactive materials to and from ANS. The methodology of the risk
assessment will be presented along with an analysis of the transportation routes,
characterization of the radioactive materials, a description of the RADTRAN iV
computer code used to pertbrm the risk assessment, and a summary of the transportation
risks.

Fresh fuel would be shipped from the Babcock and Wilcox (B&W) fuel fabrication
plant near Lynchburg, Virginia, to the Y-12 Site near Oak Ridge, Tennessee, for
temporary storage and inspection and then to the ANS site for refueling. Spent fuel
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O Table 3,,8-1. Annual ANS waste volume_

Waste category Annual generation

I, LiquId radioactive wastes

a, Liquid low.level radioactive waste (LLLW) 480 ms (126,100 gal)
b, Radiological process wastes 27,550 m3 (7,248,500 gal)

II, Solid radioactive waste

a, Transuranic waste (TRU)

1, Contact.handled (CH) TRU Comparable to High Flux Isotope Reactor
2, Remote.handled (RH) TRU Comparable to High Flux Isotope Reactor

b, High-level incidental waste To be determined

c, Spent fuel 17 fuel bundles/95 mz (1,024 ftz)

d. Greater.than.class.C waste < 1 m3 (35,2 ft3)

O e, Solid I.,LW
1, CH-LLW 115 m3(3,900 ft3)
2, RH.LLW ° 10 m3 (352 ft3)

III, Radioactive gaseous wastes (by radionuclide)

_CO 2,15 x 10"_Ci (8.0 × 10z Bq)
SSKx 1,75 × 103Ci (6.5 × 1013 Bq)
_Sr 2,24 × 10'6CI (8.3 × 104Bq)
raTe 1,04 × 10.5Ci (3.8 x l0 s Bq)
1_ 3,65 X 10"_C¿ (1,4 X lOs Bq)
131I 1,13 X 10"1Cl (4.2 X 109Bq)
132I 5,44 X 10.3CI (2,0 X l0 BBq)
133I 1,31 × 10'1Ci (4.8 × 10 9 Bq)
13sI 1,08 X 10"1Ci (4,0 X 101°Bq)
mXe 8,52 x 103 Ci (3.2 x 1014Bq)
13'/C.s 4.40 X 10.4 Ci (1,6 X 10s Bq)
_7"Ba 4,40 x 10_ Cl (1.6 X lOs Bq)
_4°La 2.95 x 10.4 Cl (1.1 x l0 s Bq)
1_Au 5.40 x 10.7 Ci (2,0 × 104 Bq)
zt2pb 5.68 × 10'_Ci (2,1 × 109 Bq)
ZZSTh 8,76 ><10.9Ci (3.2 X 103 Bq)
z3°'Fh 1,06 x 10"aCt (3,9 x 102Bq)
ZJ_h 7,76 x 10.9Ct (2.9 x 102Bq)
_U 1.56 x 10"aCi (5.8 x 102Bq)

O z39pu 4.28 x 10"1°Cl (1,6 x 10 Bq)
3H 7,19 x 103Ci (2.7 X 1014Bq)
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Table 3.8-1. (continued)

Wastecategory Annualgeneration
tl

IV,Liquid/solidtritium 1,12 × 106 OI(4,1 × 1016Bq)

V, Mixedwaste

a, Liquid mixedwaste not applicable
b, Solid mixedwaste 1.2 m_ (330 gal)

VI, Nonradiologtcalwastes

a. Sanitary waste 16,900m3 (4,440,000gal)
b, Conventional laundrywaste 1,040m3 (273,000gal)
c, Conventional liquid wastes (effluents) 57,000m3(15,000,000gal)
d, Conventional solid wastes 1,354m3 (47,680ft3)
e. Conventionalgaseous waste To be determined
f, Hazardouswastes

1. Liquids 23 m3(5,736 gal)
2. Solids < 1 ms

3, Gases 25-30compressedgas cylinders O

"Isotopic composition of RH.LLW: _tSt,:mMg,_Cu, _Cu, _Ni, _NI, aNl, e°Co, _lCo, _aMn,J3Mn,S'Mn,
_Mn, 22Na,UNa, 4_'I't,"So, _3c, (TSe,'_Sc, _C.a, 47Ca,24A1,S_Fe,_*Fo,_lCr, uV, _v', _Zn, _Z.n, 7JZn,

from the ANS would be shipped to SRS near Aiken, South Carolina. Ali fuel shipments
will be performed using NRC-approved Type B packages.

Fresh and irradiated targets would also be shipped in Type B packages such as the
General Electric (GE) model 1500 shiel&_d container or other approved package to and
from the A.NS to REDC at HFIR located just west of the ANS site.

Depending upon what options are chosen for LLLW handling, the LLLW may be
shipped by tanker truck to treatment facilities at HFIR, Treatment of primary cleanup
water and ion exchange resins would generate solid CH-LLW that would also require on-
site shipment. Limits on the actual radioactive inventory of the Type B waste packages
will meet ali applicable Department of Transportation regulations, NRC package
certificate requirements, and the waste acceptance criteria limits for each facility.

3.8.4.1 Transportation Routes

Three transportation scenarios will be considered: (1) fresh fuel shipments from
the B&W fuel fabrication plant to the ANS, (2) spent fuel shipments from the ANS to
SRS, and (3) on-site shipments of fresh and irradiated targets, LLLW, and solid CH-LLW W
from the ANS to HFIR.

i
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The route for the first scenario, lnw_lvlng shipments of fresh fuel to ANS, leaves
the B&W fuel fabrication plant near Lynchburg, Vh'glnla and proceeds on State Route
(SR) 726 to ,SR 460 which Is followed west thrcmgh Bedford to Interstate 581 In Roanoke,
Interstate 581 is taken to Interstate 81, The longest leg of the trip then proceeds
,,_outhweston Interstate 81 for 351 km (21[,Imiles) through Vtrgtnla to Interstate 40 at
Dandridge, Tennessee, interstate 40 Is followed west, making use of Interstate 640 to
bypass Knoxville, to State Route 95 which proceeds to Lagoon Road where local roads
are used to gain access to the Y-12 Site tbr inspection and storage before movement to
the ANS site, This travel route is 549 km (341 miles) long,

The route for the second scenario, Involving shipments of ANS spent fuel to SRS,
leaves the ANS site near Oak Ridge, Tennessee, and proceeds on local roads to State
Rotate 95, then south on State Route 95 to Interstate 40 neat' Lenoir City, A brief run
east on Interstate 40 is followed by the longest segment of the trip on south Interstate 75
to Atlanta, Georgia, Interstate 285 is used to bypass Atlanta and then the route continues
east on Interstate 20 through Georgia and 1 mile (1,61 km) into South Carolina to State
Route 230, SR 230 proceeds to SR 125 which Is taken to Interstate 278, Interstate 278 is
followed until it rejoins SR 125 near Beech island, South Carolina, SR 125 continues to
the SRS boundary where local roads are then taken to the spent fuel receiving area, This
travel route is 613 km (381 miles)long,

The route for the third scenario would involve on-site shipments of ANS targets,
LLLW, and solid CH-LLW between the ANS and various processing facilities at the
HFIR located about a mile west of the ANS site, The route, which is 2,1 km (1,3 miles)

O long, proceeds alonglocal roads,The HIGHWAY computer code model (Joy and Johnson 1983) was used to select
and analyze each transportation scenark_, The selection of preferred routes assumes that
each shipment consists of highway route controlled quantities of radioactive materials,
Travel time is optimized based on maximum utilization of the interstate highway system
with preference given to bypasses around major cities except where alternate routes have
been designated by state or local officials,

The total travel distance and the fracttt_n of travel in each population density zone
are needed inputs to the RADTRAN IV program and are given in Table 3,8-2, The
routing data from the HIGHWAY model, which makes use of 12 population density
zones, has been collapsed into 3 zones for use in RADTRAN, The 3 zones (i,e,, rural,
suburban,-and urban) are further divided into freeway (interstate) or non.freeway road
types, Non.freeway designates a U.S,, state, or local road, Factors such as population
density, accident rates, and vehicle velocity can vary for different zones, Each population
zone, along with an associated road type, make up a RADTRAN IV "LINKS" category,
The mileage for each link in the route is shown in Table 3,8-2,

3.8.4.2 Characterization of Radioactive Materials

The fresh fuel tbr the ANS is composed of U:,Si:_dispersed in ata aluminum matrix,
Each core load consists oi' approximately 15 kg (33,3 lh) of heavy metal (93% enriched
z_'SU).The level of radioactivity in the fresh fuel is quite small in comparison to the spent
fuel activity and thus the calculated tt'anspurtation risks for fresh fuel are also quite low,
After a fuel cycle of about 17 d, the spent fuel will be removed from the core and allowed

O to cool on site for 16 to 24 months, The spent fuel will then be shipped to SRS forreprocessing. The ORIGEN2 (Croft' 1980) computer code was used to determine the
radiological characteristics and isotopic inventory of ANS spent fuel after discharge from
the reactor and after the 2-year coaling time before fuel shipment.
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0
Table 3.8-2. Tramportatlon route analysis from HIGHWAY modeP

Babcock & ANS to
Wilcox (B&W) ANS to High-Flux

to Advanced Savannah Isotope
Population Populatinn Neutron Source h River Site Reactor

density density range (ANS) (SRS) (HFIR)
zone (people/mile a) (mile) (mile) (mile)

Rural 0' 139 196 229 1.3

Suburban 139.-3,326 143 149 0

Urban 3,326-10,000 + 2.1 2,7 0

Total'. 341.1 380,7 1.3

B&W tc) ANS ANS to ANS to
RADTRAN IV "LINKS" category (km) SRS HFIR

(km) (km)
'-"..... _......v : ...... :: _ :_ ..i

Rural freeway 222 308 0

non-freeway 93 61 2,1 ORural

Suburban freeway 230 240 0

Urban freeway 3,4 4,3 0

Tntal: 548,4 613.3 2,1 -'-

*HIGHWAY Is shown tn ).,nits oI' miles and the RADTRAN IV Input must be given in kilometers,
_'Fuel from B&W stops lit the Y.12 Site for ternponiry stonige and inspection before going to ANS,

For this analysis, lt will be assumed that ANS targets will be similar in compnsttion
to targets used at }]FIR, Since specific intbrmation nn ANS target design was not
available, information ota typical HFIR targets was used to model the transportation risks,

'4_- 244Cm'A typical HFIR fresh target contains up to 10 g of- "ru, 243Am,or or any
combination of the above, including equilibrium amounts oi' heavier isotopes, for a total of
about 10 g of heavy metal (Bigelow et al, 1981, p, 5), An irradiated target may c,ontain
several transplutonium isotopes as well as a number of fission products, depending on the
composition of the fresh target, The average composition of multiple irradiated HFIR
targets was used to model the ANS targets, (Bigelc)wet al, 1981, p, 14,, King, Bigelow, and
Collins 1981, p, 137),

The quantities and isotopic compositions or the LLLW and CH-LLW generated at
ANS were estimated based on scaled-up models from the HFIR waste prnductlon history i
(Reed 1991, p, 4-8), lt is estimated that 4,773 x 10s L (126,1(X)gal) of LLLW wtll be

,tw.

generated each year at the ANS, If necessary, this waste may be shipped by truck to on.
site treatment facilities and, therefore, a RADTRAN analysis was performed, LLI.,W may
very well be piped from the ANS site to the HFIR site, in which case no LLLW truck
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O shipments would be required, Approximately 57 m,_(2,fX_)ft"_)of CH.LLW, consisting
primarily of ion-exchange resins and other solids generated from the ANS primary water
cleanup system, will be generated eat:h year. The isotopic composition of this solid CH.
LLW is similar to the LLLW composition (Reed 19_1, p, 8),

3.8.4.3 Transportation Risk Assessment

During the ANS transportation risk assessment, the tbllowtng three scenarios were
analyzed: (1) fresh fuel shipments from the B&W fuel fabrication plant to the ANS via
Y-12, (2) spent fuel shipments from the ANS to SRS, and (3) on-site shipments of fresh
and irradiated targets, LLLW, and solid CH.LLW t'rom the ANS to HFIR, The third
scenario consists of three RADTRAN runs to model the on-site shipments of fresh and
irradiated targets, LLLW, and solid CH.LLW,

RADTRAN IV models both the incident.free radiological exposure and the
consequences of radiological relel,ses due to severe accidents, The incident-free risks are
dependent on the radiation dose rate from the shipment, number of shipments, package
dimensions, route distance, vehicle velocity, and population densities along the travel
routes. The accident risks ,aredependent on the radiological inventory, accident severity,
probability of occurrence for each accident category, and the amount of inventory
released, aerosollzed, and inhaled, as well as the dispersibility of the waste form, 'l'he
primary RADTRAN assumptions used for the A_I_ transportation risk assessment are
shown in Table 3,8-3,

Incident-free radiological exposure was determined by calculating a total body dose
O transport crew and the general population t'rom the radiation dose rate at 1 meterfor the

from the package surface, Both point.source and line-source approximations were used
based upon the distance between the exposed individuals and the radiation source. Each
shtptnent was modeled as a single "effective" package with a homogeneous distribution of
the radiological inventory throughout the package, The characteristic dimension, known
in RAD"I_AN us the wlriable PKGSIZ, is the largest linear dimension of the
configuration and is used in the line-source approximation to calculate total dose. The
source term was conservatively _ssumed to consist entirely of gamma radiation.

The dispersibility categot'y is used to characterize the reh_ttve dispersibility of the
radiological inventory based upon the chemical and physical properties of the material.
RADTRAN uses the dispersibility category to determine the fractions of the total
inventory that are aerosolized and respirable, RADTRAN contains default values for
aerosolized and respirable fractions of the total inventory based on the assignment of
dispersibility category, The user assigns a dispersibility category to each material and
chooses release fractions based on the type of package as _l function of ..ccldent severity.

3.8.4.4 Summary of Transportation Risks from Incident-Free Transport

An analysis of the three transportation scenarios was performed using the
RADTRAN IV risk assessment code (Neuhauser and Reardon 1989) to determine the
radiological impact_ associated with the transport of radioactive materials to and from
ANS, The radiological impacts considered were hei_lth effects associated with both normal
transport (incident-free) _nd with low-probability _tt'cidentssevere enough to release some

O or ali of the radioactive material, Incident-free risk results from exposure of thesurrounding population to radiation emitted by the waste packages during normal
transport,
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O Table 3.8-4 lists the risk of latent cancer fatalities (LCFs) expected to result from
radiation exposure during incident-free transportation. Table 3.8-5 lists the LCF risks that
might be expected to result from accidents during transporation. Radiation doses to the
general population and the truck crew were converted to estimates of LCFs usin_ the
upper limit risk coefficient (2.0 x 10"_LCFs per person-rem) suggested by the National
Academy of Sciences (Wilmot 1983, p. 35).

The analysis indicates that the radiological risks of transporting radioactive
materials to and from the ANS hsquite low. The number of latent cancer fatalities
(LCFs) statistically expected to occur from the calculated exposures did not exceed
4.32 x 10"sLCFs for the truck crew (2 crew members) or 2.81 x 10"4LCFs for members
of the general public (excluding crew) exposed during incident-free transportation. The
maximally exposed individual would receive 5.86 x 10"sSv (5.86 × 10.6rem) which is less
than 0.0029% of the 2-mSv (200-torero) average annual effective dose received from
natural background radiation sources.

=

!
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4. ENVIRONMENTAL EFFECI"S OF SITE PREPARATION AND

O FACILrIT CONSTRUCTION

4.1 SITE PREPARATION AND FACHXIT CONSTRUCTION

This section discusses the effects of site preparation and facility construction on
terrestrial and aquatic biota, and water and air quality.

4.1.1 Effects on Terrestrial Biota

This section discusses the effects of site preparation and facility construction on
vegetation, wildlife (including threatened and endangered species), and wetlands.
Mitigative measures to minimize effects on terrestrial biota are also discussed.

4A.1.1 Vegetation

Construction of the Advanced Neutron Source (ANS) facility, support facilities,
and construction laydown facilities would result in the loss of 25-35 ha (60-90 acres) of
second-growth hardwood forest. In addition, the construction of power lines would
require the cleating of 6-10 ha (15-25 acres) of predominantly hardwood forest, as
discussed in Sect. 4.2. These losses represent about 0.8% of the roughly 5,800 ha
(14,300 acres) of hardwood forest on the Oak Ridge Reservatton (ORR). However, the
locations of offsite construction laydown areas, which might require about 8 ha (20 acres)
of the acreage previously mentioned, have not been finalized. No rare or unique plant
communities are known to be present in the areas that would be affected by proposed
facilities, including laydown areas that might be located near the ANS site. Second-growth
hardwood forests, such as those that would be affected by the proposed action, are

O extensive on ORR.

4o1.1.2 Wildlife

The hardwood forests on ORR are inhabited by many wildlife species, as discussed
in Sect. 2.2.1. The loss of forest would result in a corresponding reduction of forest
wildlife populations. Although some relatively mobile wildlife may move to unaffected
areas, such areas are already inhabited and would generally not support greater population
levels. Therefore, it must be assumed that the reduction in wildlife populations would, at
a minimum, be directly proportional (1:1) to the amount of habitat lost (Kroodsma 1985,
p. 85). For some species, forest fragmentation effects could cause population reductions
to be greater than directly proportional. The wildlife species that would be affected are
ali relatively common species; thus, their populations on ORR would be reduced by only a
small fraction.

4.1.1.3 Wetlands

Low-lying, often wet-forested habitats along ephemeral streams occur in several
places on the ANS site. These habitats may be jurisdictional wetlands subject to
permitting by the Corps of Engineers (COE) in accordance with Sect. 404 of the Clean
Water Act (CWA) (33 U.S.C. 1344). Approximately 5.7 ha (14 acres) of these habitats
would be directly affected by construction of ANS, its support facilities, and construction
laydown areas. A site inspection is being scheduled for COE staff to determine which of
these wet areas, if any, are jurisdictional wetlands, whether a Sect. 404 permit is required,
and whether or not any additional surveys are required (e.g., surveys of hydrology, soils,
and vegetation).

O Construction of facilities would result in the loss of about 5.7 ha (14 acres) ofyoung to mature hardwood forest on these wet areas and decreases in the populations of
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wetland wildlife, The only wetland wildlife that have been identified on the ANS site are
the burrowing crayfish and raccoon, Wildlife species more characteristic of marshes or
swamps (e,g, herons, ducks, beaver) do not use the ANS site and would not be affected.

Construction of facilities would have negative Impact on certain wetland functions,
including groundwater recharge and maintenance of water quality,

4.1.1.4 Threatened and Endangered Species

No rare, threatened, or endangered plant species is known to occur on the site.
Ginseng, listed as threatened by the state of Tennessee, occurs along a stream northeast
of the site and near the top of a stream &vide at the east boundary of the site (Fig. ,.2.2),
Neither of the two locations is expected to be impacted by construction of ANS facilities;
however, additional assessment ct the potential for impact will be provided as the site
layout continues to evolve.

No threatened or endangered animal species is known to inhabit the site, and
none would be expected to occur regularly on the site except for the state-listed Cooper's
hawk. Cooper's hawks are not believed to nest on the site but probably visit the site

t

occasionally _hen searching for prey. Because the Cooper's hawk forages primarily within
forests, the clearing of forest for the proposed project would represent a habitat loss for
this species. If the proposed project were to cause the loss of a nest site, a permit would
be required from the Tennessee Wildlife Resources Agency. Cooper's hawk populations
in the United States have apparently recovered significantly since diehlorodiphenyl.
trichloromethane (DDT) was banned.

The black vulture, which is listed by the state as "in need of management," is fairly
common on ORR and probably flies over the site often. However, the site is likely riot
important to the vulture because nesting habitat (large trees with cavities, rock ledges,
caves, abandoned buildings) is absent and because the vulture finds carrion in open areas g
as well as in forests. Therefore, the proposed project should have no impact on the black
vulture.

4.1.1.5 Mitigation

Mitigative measures to minimize impacts on terrestrial biota would be
accomplished primarily by the use of standard erosion control methods. Also,
consideration ts being given to minimizing the area in which clearing of hardwood forest
would be necessary. Clearing could be minimized, for example, by using already disturbed
areas or designated expansion areas for construction laydown, using one corridor for the
two power lines rather than two corridors, and using a compact or tight siting of facilities
rather than a loose or dispersed siting.

4.1.2 Effects on Water Quality and Aquatic Biota

The proposed ANS facility is located within the watersheds of Melton Branch and
Friendship Creek, both of which are tributaries to the Clinch River. Additional areas that
would be, disturbed during construction (e.g., materials laydown areas and parking lots) are
also expected to be within these watersheds.

Site cleating and construction of access roads, buildings, materials laydown and
storage areas, fences, and parking lots would result in soil erosion. Because ANS would
be constructed in an area of steep slopes, the potential for erosion is high. If
uncontrolled, eroded soil would subsequently increase turbidity and sedimentation in
Friendship Creek and the Melton Branch-White Oak Creek-White Oak Lake system.
Mitigative measures to control erosion and sedimentation would be based on Best
Management Practices (BMPs) developed for construction activities at Oak Ridge
National Laboratory (ORNL); such measures could include construction of berms, III
maintenance of vegetated filter strips along the creek banks, silt curtains, and settling
basins to collect sediment-laden runoff.

_
_
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O Spills of chemicals used in construction could also contaminate surface water
bodies if not properly contained, The types of mitigative measures previously listed should
also be effective in controlling spills. Soils excavated in the area of the ANS site and
materials storage and laydown areas woUld need to be monitored for contamination; if
existing contamination were found, special measures might need to be taken to prevent
leaching of contaminants into surface waters. Only uncontaminated fill materials would be
brought in from other areas.

Site disturbance associated with construction of ANS will be subject to CWA
regulations and various permits, for example the Sect, 404 dredge and fill permit and
aquatic alteration permit (Sect, 12.3). ,lt is expected that the employment of mitigative
measures would adequately control sod erosion and sptlls during construction of ANS, so
that impacts to water quality and aquatic biota would be negligible,

4.1.3 Effects on Air Quality

,Temporary and localized increases,in atmospheric concentrations of carbon
monoxade, nitrogen dtoxide, volatile orgamc compounds, and particulate matter would
result from exhaust emissions of heavy,,construction vehicles, di_el generators, and other
construction equipment. These emissions would not add appreciably to those already in
the area and would have negligible impacts on ambient air quality,

Fugittve dust would result from excavation and earthwork. The potential impacts
of this dust were modeled under the assumption that excavation and earthwork activities
would occur simultaneously throughout the construction area, which was assumed to be
20 ha (50 acres 1. lt was further assumed that no dust suppression measures
(e.g., sprinkling) would be used, even under the dustiest conditions. An average emission
factor for total suspended particulate matter of 2.2 metric tons/ha (1.2 tons/aere) per

O month (EPA 1988, p. 22) was used, and 30% of that amount was conservatively assumed
to be inhalable matter (particles less than 10 microns in diameter, abbreviated PMl0).

The air dispersion model recommended by the U.S. Environmental Protection
Agency, Industrial Source Complex, Short Term Model (EPA 1987, pp. 1-293), was used
to predict fugitive dust concentrations resulting from construction activities. One year
(1989) of hourly meteorological data from Tower 4 was used as input. Flat terrain was
assumed for this analysis of ground-level dust emissions.

Assuming that excavation and earthwork at the scale described above continued
fbr 6 months, the predicted increase in average annual PM10concentrations would be
12/_g/m3 at the near,est site boundary and less than 5 _g/m _ at the nearest residence in the
direction of a prevaihng wind. Such increases would not lead to any of the standards
being exceeded (Table 2.3-12), even though the annual average at the nearest site
boundary would be close in this highly conservative simulation. The highest 24-h average
concentration at the nearest site boundary was simulated to increase by 140 _g/m3, which
would exceed regulatory standards if the assumed construction practices actually occurred
under fiat terrain and no dust suppression measures were used. However, with dust
suppression measures such as sprinkling, the maximum 24-h concentration increase would
probably be less than 70 _g/m3 so that the simulated increases--when added to the
background concentrations given in Table 2.3-13--would probably not exceed any ambient
air quality standard. At the nearest residence in the direction of a prevailing wind (most
affected nearby residence) the greatest simulated 24-h average increase in PMl0
concentration was 80 _g/m3, which could exceed the standard by a small percentage,
depending on the background value at the time. Note that it is unhkely that 20 ha
(50 acres) would be excavated simultaneously for 6 months, and dust suppression measures
would considerably reduce PM10concentration. Because the excavation and earthwork
activities would be temporary, no long-term deterioration of air quality would result from

O these activities.Currently, the total area that is expected to be disturbed will be approximately
40 ha (100 acres). The hypothetical modeling was done for 20 ha (50 acres). At the
scales and distances involved, a doubling of the surface area to be disturbed would
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@increase the particulate matter concentration in the air at the nearest site boundary by a
factor of 1.6. (The doubled emission amount is inltlally spread out over a doubled area,
which increases dispersion and thus leads to an merease in the dust concentration of less
than a factor of 2). l"hus, if 40 ha (100 acres) is ali disturbed at once and no dust-
suppression measures are used, the highest 24-h average PM10coneentratton at the
nearest site boundary could increase from 140/zg/m 3 as previously calculated to about
225 #/m3. If this were to happen, dust suppression measures would have to be sufficient
to reduce fugitive dust by a factor of 3 m order to remain within the ambient air quality
standards at the nearest site boundary. Opttons for dust suppression include ensuring that
appropriate s,prinkhng (watering) is used when needed, disturbing less than about
10 to 15 ha (25 to 47 acres) at any stage of construction, or a combination disturbing no
more than 15 to 30 ha (37 to 74 acre,s) at any one time and sprinkling as needed.

4.2 UTILITY CORRIDOR CONSTRUCTION

The construction of 161-kV power lines would require the clearing of 6 to 10 ha
(15 to 25 acres) of predominantly second-growth hardwood forest. After clearing the
forest, the corridor would be allowed to revegetate naturally or grass would be planted.
Then, the corridor would be cut periodically (e.g., every 3 or 4 years) to prevent
vegetation from growing tall enough to interfere with operation of the lines. Some
species of forest _ldlife would be reduced by the clearing, others might be relatively
unaffected (e.g., w_de-ranging herbivores andpredators), while relatively few species
(e.g., small, brush-inhabiting bird species) might benefit from the clearing. Literature on
the impacts of power-line corridors on wildlife is extensively reviewed by the Nuclear
Regulatory Commission (NRC) (1991,.p. 4-60) and indicates that impacts have been
neither significantly positive nor negatwe. The operation of power lines, even lines of @much higher voltage than those planned for ANS, has not been shown to have significant
electromagnetic impact on biota (NRC 1991, p. 4..60).

4.3 ___SO_C"ES CO_Vff]'TED

Materials of construction, except those that can be salvaged or recycled, are
irreversibly committed. Radioactively contaminated components from ANS wou!d become
waste requiring permanent disposal. Construction would also result in a loss ¢,f land for
the life of the project. The extent to which this land might become irretrievably or
irreversibly lost would depend on proposed uses. As part of a national laboratory,, it is
likely that land occupied by ANS could be used for other comparable research fatalities or
tbr waste disposal. Because alternate sites exist for both purposes, irretrievable loss of
land occupied by ANS would not pose long-term adverse impacts.

Construction of the ANS and associated facilities would eliminate small amounts of
intermittent stream habitat in the headwaters of Melton Branch and Friendship Creek.
These habitats may support amphibians and communities of aquatic invertebrates that are
adapted to highly variable flows and desiccation. No fish are known to occupy the stream
reaches that would be eliminated by ANS construction. If loss of downstream aquatic
habitat were avoided by careful attention to controlling soil erosion, sedimentation, and
spills of construction materials, no other irretrievable and irreversible commitments of
aquatic resources would be expected.

4.4 RADIOACr/VITY

ANS would occup_ land that was previously undisturbed with respect to operations
of ORNL facilities; thus, there is little likelihood of hazardous materials being on the
surface or below the surface at the ANS site as a result of prior activity. "l_e potential
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O exists for transport, of materials through the from a facility, such as a burial
envtronmeni

ground, to the site, however, this possibilitYis precluded because of 'the locations of the
burialgrounds and waste disposal areas with respect to the ANS site, Descriptions o['
groundwater,flow presented in Sect, 2 demonstrate that seepa_,ge from,any,of the burial
grounds within the X-10 Site will be toward White Oak Creek, away from the ANS site,
Consequently, no adverse impacts to workers would be expected as a result of exposure to
radioactive or hazardous chemicals r_ulting from other previous or ongoing activities at
ORNL. Some areas which may be used for laydown may require monitoring because they
were previously disturbed or they are in the groundwater pathway of areas which may
ha;,e been contaminated.

4..5 CONSTRUCTION IMPACT ¢..X)NTROLPROGRAM

Construction-related impacts to water quality and aquatic biota will stem primarily
from soil erosion, sedimentation, and chemical spills, These Impacts are regulate_i under
the CWA (Sect, 12.3.2), especially, through Sect. 404 dredge and fill permlts (issued by the
COE), Aquatic Resources Alteration Permits, and NPDES permits for storm water runoff
(both issued by the Tennessee Department of Environmental Control). Measures to
control erosion and sedimentation will be based on BMPs already used for construction
activities at ORNL. Details of the ANS BMPs will be developed and finalized as the

design proceeds, but,will likely include the construction of berms, maintenance ofvegetated filter strips along creek banks, spraying to control dust, and the construction of
silt curtains and settling basins to collect sedlment.laden _torm water runoff from cleared
areas. Spills of oils and other construction chemicals will be controlled by the employment
of the ORNL Spill Prevention Control and Countermeasures Plan (Sect, 12,7.5.2),

@
4.5.1 Dust Suppression Measures

Specifications of praet!ces for reducing fugitive dust are often a part o[' the
planning of construction actlvlties to prevent construction-related violations of the ambient
air quality standards for particulate matter. Reductions of fugitive dust can often be
accomplished by scheduling construction activitie.s so that excavation and earth-moving
activities are minimized on da_ when the wind Is unfavorable [e.g., <2 m/s (3 mph) or
>7 m/s (16 mph)] and no precipitation has o_urred for more than a specified period
(e.g., 2 or 3 d). If such a procedure is unacceptable from a scheduling viewpoint, then the
ground can be sprinkled with water, which greatly reduces fugitive dust. Finally,
construction activities can be staged so that no more than about 10 ha (25 acres) would be
disturbed by earth moving and excavation on any single day. Examples of tactics for
reducing fugitive dust are as follows:

• Excavation or earth-moving operations shall be restricted to periods when surface
wind speed is > 1.3 m/s (3 mph) and from, a direction which will not carry smoke or
fugitive dust over any city; town; residential, recreational, commercial, or industrial
area; navigable water; public road; or landing strip within 5 km (3.1 miles) of the
site unless the soil has been wetted by natural preclpitation or sprinkling
machinery to the point where no fugitive dust is visible at the construction site.

• Excavation or earth-moving operations will not be conducted during periods of
reduced visibility (<1 mi!e) caused by blowing dust,

" • Excavation or earth-moving operations shall not be initiated until at least 0.5 h
after sunrise and will be concluded by at least 0.5 h before sunset.

• Excavation or earth-moving operations will not be conducted during any low-

O altitude inversion condition.® Earth-moving or excavation operations will not be conducted during periods of
local air quality advisories/alerts.
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5. ENVIRONMENTAL EFFEC'I_ OF FACILITY OPERATION

0
5.1 EFFEC-'I_ OF _ HEAT DI.%SIPATIONSYST_.M

5.1.1 E,fflucnt Limitations and Water Quality Standards

Liquid effluents from Oak Ridge National Laboratory (ORNL) are regulated
under the Clean Water Aet (Sect, 12,3,1), The Tennessee Department of Environmental
Control (TDEC) is authorized to implement the Tennessee W,atcr Quality Control Act of
1977, which establishes a state policy to maintain reasonable standards of water quality
(Sect, 12.3,2), General Tennessee water quality criteria call for a maximum water
temperature of 30,5'C (86.9°F) and a maximum temperature change of 3"C (37.4°F) or
less relative to an upstream control point. Specifte effluent limitations, monitoring
requirements, and other conditiom are,determined by TDEC for ORNL and are described
in the ORNL National Pollutant Discharge Elimination System (NPDES) permit. This
permit authorizes ORNL facilities to discharge liquid effluents to receiving waters of
White Oak Creek, Melton Branch, and other tributaries in the White Oak Creek
watershed.

The ORNL NPDES permit (TN0002941) expired on March 31, 1991, but because
a permit renewal application has been filed, ORNL is qualified to operate under the
guidelines of the old pcm_it until the regulatory agency acts on the new application
(Borders et al. 1991, p. 31). December 1991, Tenne_ce Water Quality Standards state
that receiving streams (i,e. White Oak Creek and Melton Branch) temperatures should
not exceed 3°C (37,4°F) relative to an upstream control point, Te_peratt!_e of the

O stream shall not exceed 30.50C (86.9°F),
The NPDES permit under which ORNL presently operatgs allows cooling tower

blowdown to be discharged at a daily maximum temperature of 38°C (100°F) and a daily
average temperature of 350C (950F), Residual chlorine is allowed at a daily maximum
concentration of 0.2 mg/L. However, discharge temperature limitations for cooling tower
discharges are expected to be lower in the new ORNL NPDES permit, perhaps with
maximum temperatures as low as 30.5°C (86,9°F) (C, K. Valentine, Environmental
Compliance Section, ORNL, Oak Ridge, Tennessee, personal communication to
G. F. Cada, ORNL, Oak Ridge, Tennessee, Oct. 9, 1991), Also, it is the position of the
ORNL Environmental and Compliance Section that ali new sources of aqueous discharges
be de.chlorinated before discharge to levels that are not toxic to aquatic organisms.

" Therefore, it is assumed ibr the purpose of this analysis that Advanced Neutron Source
(ANS) cooling tower blowdown would be deehlorinated and discharged at a maximum
temperature of 30.5°C (86.9°F).

Concentrations of water quality constituents in upper Melton Branch, ORNL
potable water, and in the ANS cooling tower blowdown are given in Table 5.1-1.
Biological effects of these discharges are discussed in Sect. 5.1.3.

5.1.2 Ph_ieal Effects on Surface Water

This section discusses increased temperatures in the east fork of Melton Branch
that would be caused by the discharge of cooling tower blowdown from ANS. Cumulative
temperature increases in Melton Branch caused by blowdown from both ANS and the
High Flux Isotope Reactor (HFIR) are also summarized. The headwaters of Melton5
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Table 5.1-I. Concentrations of water quality constituents of upper Melton Branch,
Oak Ridge National Laboratory (ORNL) potable water, and projected

Advanced Neutron Source (ANS) cooling tower blowdownIII.... .I II II II II ill'Jill...... IrlllllII IIII L _. --LIt [ IIIIII ......... II ii ii ....

AN '_........Upper
Melton cooling
Branch Potable tower

(Site MEK 1,8)a wateP blowdowtF

Conventional parameters (ragL)

Ammonia nitrogen <0,2 (ali <0.2) - .
Biochemical oxygen demand, 5-day <5 (ali <5)
Chlorine, total residual 0 1.51 0
Conductivity (#S/eta) 231 (118-262) 310 1085
DLssolved solids 158 (118-.266) 154 539
Fluoride 0,1 (0,0-0,2) - -
Nitrate 0,04 (<0,005-1,1) 0,365 1.278
O11and grease <2 (ali <2) - -
pH 7.9 (7,5-8,1) 7,2 6-9
Phosphorus 0,012 (0,003-0,152) 0.291 1,019
Sulfate 12.1 (6,8-16.4) 18,0 63.0
Suspended solids 8 (<5-159) <2 <7
Turbidity 6,4 (2.5-32) - -

Metals and organics (p.g/L)

Al 39 <100 <350

C_t 0,05 (0.01-0.59) <2 <7
Ct' 0,41 (0.17-1.5) <20 <70
Cu 0,82 (0.30-2.1) 20 70
Fe 97 (47-578) 120 420
Pb 0,70 (0.2-5.7) <2 <7 L
Mn 12 <10 <35

Hg 0.003 (<0,001-1,19) <1 <4
Ni 3,1 (0,1-16) -
Zn 0.52 (0.19-56) 144 504

Polychlorinated biphenyls <0.5 (ali <0.5) - -

"Source: Loar, J, M. (e.d.) 1991, Fifth Annual Report on the ORNL Biological Monitoring and
Abatement Program, Oak Ridge National Laboratory, Oak Ridge, Tenn.

_Source: Health and Environmental Analysis Report for ORNL potable water, sample dale 4/2/90.
Personal communication from C. K. Valentine, ORNL, Oak Ridge, Tenn., to G. F. Cada, ORNL, Oak Ridge,
Tenn., October 11, 1991.

"Values tn this column represent potable water concentrations multiplied by 3,5 to reflect
concentration of these constituents by evaporation in the ANS cooling towers.
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O Branch are displayed in Fig. 5.1-1 (also see Fig. 2.2-3). Four tributaries coalesce to form
the main channel of Melton Branch. These tributaries are denoted in Fig. 5.1-1 as the
east, central, and west forks. The U.S. Geological Survey (USGS) has installed a gaging
station on the fourth tributary that is denoted as the USGS fork in Fig. 5.1-1. A.NS is
located on the east fork of Melton Branch. HFIR is located further downstream on

Melton Branch proper. Both facilities would discharge heated blowdown into the Melton
Branch watershed, which would cause increased water temperatures.

Cooling tower blowdown would be discharged from ANS into the east fork of
Melton Branch at a rate of approximately 33 L/s (525 gal/min) (Sect. 5.1.3), having a
maximum effluent temperature of 30.5°C (86.9"F) [future expected NPDES permit
limitation (Sect. 5.1.1)]. Measured discharge rates and temperatures can be used to
estimate the thermal effects of ANS blowdown on the Melton Branch watershed.

Table 5.1-2 summarizes the mean monthly discharges and daily temperatures that have
been measured in the headwaters of Melton Branch. The period of record for the
discharge data is approximately 3 years. Ali four sets of recorded temperatures are
displayed in Table 5.1-2. The average mean monthly discharge in the east fork of Melton
Branch was 12.7 L/s (202 gal/min). The mean monthly discharge ranged from a minimum
of 0.28 L/s (4.5 gal/min) to a maximum of 55.6 L/s (882 gal/min). The water temperature
varied from 8.6 to 20.4°C (47.5 to 68.70F). Similar measurements reported for the
remaining three Melton Branch tributaries appear in Table 5.1-2.

Table 5.1-3 contains water temperatures that would be realized in the east fork of
Melton Branch caused by the increased heat load imposed by ANS cooling tower
blowdown. During the winter and spring, the natural flow in the east fork of Melton

O Branch would reduce the temperature of the ANS cooling tower blowdown by 2.8 to
13.7°C (5.0 to 24.70F). However, during the summer and fall, when the flow is sustained
by groundwater discharge (e.g., base flow), the blowdown temperature would not be
reduced. The maximum water temperature that would then occur in the east fork of
Melton Branch would be the NPDES permit limit for ANS cooling tower blowdown,
which is 30.5°C (86.90F).

"l'he water temperatures calculated in Table 5.1-2 and the remainder of this section
were calculated using a steady flow energy balance that assumes complete mixing.
Evaporation and evaporative cooling, which are secondary effects, have been neglected.
The predicted temperatures are slightly higher than would actually occur. Alterations to
the natural steam-flow hydrograph (discharge versus time history) caused by urbanization
(installation of parking lots, storm sewers, gutters, drainage ditches, etc.) have not been
considered. These alterations to the hydrograph would manifest themselves as increased
peak flows during precipitation events. These peak flows would be reduced by the
installation of a storm water retention basin which would control the rate at which
rainwater entered the Melton Branch watershed from ANS.

.. Additional cooling takes piace downstream from ANS as Melton Branch forms
from its tributaries (see Fig. 5.1-1). Water temperatures that would occur below the
confluence of the four tributaries and ANS, but above HFIR, are contained in
Table 5.1-4. During minimum flow conditions, additional water temperature reductions
(the difference between the temperatures in Tables 5.1-3 and 5.1-4) would be less than
1°C (1.8°F). Increased temperature reductions ranging from 3 to 8°C (5 to 14°F) occur
on the average, slightly smaller temperature reductions occur during storms because of the

: ab relatively large cooling of ANS blowdown that has already occurred in the east fork of
IYI_ILUItl .ll._llttllll_,,Ij U_i,eLqk.,Pl_k,,, II,._ _.q,..JlA&lD,_v_.,.&a_,_.,, _it.&J_ I_i,l,_., a._--'aAJtq.4._,AAA_ b w.8._.,..._ w... .........

Water temperatures in Melton Branch below HFIR are listed in Table 5.1-5 which
account for the blowdown from both ANS and HFIR. Blowdown from HFIR is
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O
Table 5.1-3. Calculatedwater temperatures in the east fork of

Melton Branch downstream from the Advanced Neutron
Source (ANS) that consider effects from the cooling

tower blowdown heat load and flow_
li ,,, ,Jl,,i, i i i ii

East fork of Water temperature as a function of the East
Melton fork of Melton Branch dischargeb
Branch [°C (°F)]

temperature
[°C (°F)] Minimum Mean Maximum

discharge c discharge d discharge'

8.6 (47.5) 30.31 (86.56) 24.42 (75.96) 16.77 (62.19)
10.2 (50.4) 30.33 (86.59) 24.87 (76.77) 17.77 (63.99)
17.6 (63.7) 30.39 (86.70) 26.92 (80.46) 22.41 (72.34)
20.4 (68.7) 30.41 (86.74) 27.70 (81.86) 24.17 (75.51)J ,,,, , i

*Cooling tower blcr,vdown tlow rate and temperature are 33.117 L/s (525
gal/min) and 30.5"C (86.9"F) (maximum allowable), respectively.
Vl"otalflow = East fork of Melton Branch discharge + ANS blowdown.
Water temperature calculated using a steady flow energy balance.
'Minimum disclaarge = 0.283 L/._(4,49 goi/min).
qVlean discharge - 13.286 I./s (201.62 gal/min).
"Maximum discharge = 55.659 L/s (882.36 gal/min).

0

Table 5.1-4. Calculated water temperatures in the main channel of
Melton Branch, upstream from the High 'FluxIsotope Reactor

Water temperature as a function of Melton
Branch discharge°

[°C (oF)]

Future date Minimum Mean Maximum
dischargeb dischargec discharge a

Nov. 28 or 29 29.59 (85.26) 15.97 (60.75) 10.32 (50.58)
March 6 29.70 (85.46) 17.67 (63.81) 12.64 (54.75)
May 23 29.97 (85.95) 21.96 (71.53) 18.64 (65.55) '
Aug. 28 30.10 (86.18) 24.23 (75.61) 21.78 (71.20)

"Includes blowdown flow and heat load from the Advanced Neutron Source. Water

temperature calculated using a steady flow energy balance.
bMinimum discharge = 34.448 L/s (546.10 gal/mtn).
'Mean discharge = 85.938 I.,/s (1362.36 gal/min).
"Maximum discharge = 231.207 L/s (3665.30 gal/min).



5-7



5-8
A

discharged at a rate of 7.9 L/s (125 gal/min) having a maximum allowable temperature of
46.1"C (115"10. Maximum recorded HFIR blowdown temperatures are generally less,
being approximately 400C (104*F), because of evaporative cooling that occurs between
the discharge outfall and the actual location where the blowdown enters Melton Branch.
During normal and stormy conditions, the increased heat load on Melton Branch from
HFIR would not cause the 30.5°C (86.90F) future expected NPDES permit limitation to
be exceeded. However, the permit limitation would be exceeded by as much as 2.5°C
(36.5°F) during low-flow conditions, based on the maximum allowable blowdown
temperature.

5.1.3 Biological Effects

An estimated 150 L/s (2500 gal/min) of potable water would be used by the ANS
cooling towers. This figure represents a 22% increase in the rate of water withdrawal
from the Clinch River by the U.S. Department of Energy (DOE) Water Treatment Plant,
which supplies ali ORNL potable water (Kasten 1986, p. 2). The additional water use
would be well within the capability of the treatment plant, which operates at about 55%
capacity. Although fish entrainment and impingement have not been studied at this
facility, significant entrainment effects on fish populations from the increased water
withdrawals are not anticipated. Even with the additional ANS cooling tower needs, total
withdrawals at the DOE Water Treatment Plant would be approximately 830 L/s
(13,200 gal/min). This water withdrawal rate is larger than those of other public water
supply systems in the vicinity (Kasten 1986, p. 11), but much smaller than those of nearby

(TVA) steam-electric power plants (Kasten 1986, p. 12). For @
Tennessee Valley Authority
example, TVA's Bull Run Steam Plant is located on the Clinch River 10.4 km (6.5 miles)
upstream of the DOE Water Treatment Plant and withdraws an average of 25,000 L/s
(396,300 gal/min). Similarly, the Kingston Steam Plant, 62.9 km (39.1 miles) downstream,
withdraws an average of 61,300 L/s (971,700 gal/min). It is not likely that entrainment
rates of aquatic organisms at intakes with water withdrawal rates as small as the DOE
Water Treatment Plant are low, and incremental entrainment from the additional
withdrawal of water to supply ANS cooling towers is not expected to be significant. Also,
because of the low overall water withdrawal rate, impingement of fish from the Clinch
River is not expected to be a significant problem. Additional water withdrawals for ANS
should not affect aquatic biota or habitat in the Clinch River.

Discharge of blowdown from the ANS heat dissipation system could affect aquatic
communities. Owing to evaporation and drift, the discharge rate of blowdown would be
smaller than the withdrawal rate; blowdown is expected to be discharged at a rate of
approximately 33 L/s (525 gal/min). The temperature of the blowdown would be elevated
above ambient stream temperatures, and dissolved water quality constituents would be
concentrated as a result of cycling within the cooling towers (Sect. 5.1.1). Further,
chemicals would be added to control biofouling and corrosion that would be discharged in
the blowdown (Sect. 3.6).

A maximum blowdown discharge temperature of 30.50C (86.9°F) would not
exceed the upper lethal temperature limit of the most common fish that inhabits the
upper reaches of Melton Branch, the creek chub (Semotilus atromaculatus). The upper
lethal temperature for this species is around 31.50C (88.70F) (NAS 1972, pp. 4-10-19).
Creek chub would be able to tolerate water temperatures in upper Melton Branch, even
under low-natural stream flows when ANS discharges dominate (Sect. 5.1.2). Cada (1986)
recorded the highest density and standing crop of creek chubs in Melton Branch at a site

__ influenced by the heated HFIR discharge; temperature at that site was 30.5°C (86.9°F).
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O On the other hand, a maximum blowdown discharge temperature of 30.5°C (86.9°F)
would be greater than the upper lethal temperature limit of blacknose dace (Rhinichthys
atratulus), estimated to be 29.3°C (84.7°F) (NAS 1972, pp. 4-10-19). As a r_ult,
populations of this minnow species might be limited in the immediate vicinity of the ANS
cooling tower discharge. Sublethal elevated temperatures could inhibit the growth or
reproduction of these species (NAS 1972). Warmer temperatures might eliminate or
reduce the numbers of cool-water benthic invertebrates such as stoneflies in currently
unimpacted areas of Melton Branch. Other taxa (e.g., some dipteran genera) might be
similarly affected. Reduction in taxonomic richness among the benthic invertebrate
communities could reduce the food base for the two minnow spectes in Melton Branch.

The combined heated discharges from ANS and HFIR could elevate temperatures
to 32°C (90°F) or more in the middle reach of Melton Branch under conditions of low
natural flow (Sect. 5.1.2), which would exceed the Tennessee Water Quality Standard for
temperature. These temperatures would be greater than those tolerated by both creek
chub and blacknose dace, as well as by many benthic invertebrates. Populations of these
organisms would be reduced downstream from the confluence of these two heated
discharges until cooling and dilution lowered water temperatures to tolerable levels.

Concentrations of most chemicals in the ANS blowdown (Table 5.1-1) should not
exceed the tolerances of fish and many benthic invertebrates in Melton Branch. Chlorine
has often been the most common chemical toxicant in ORNL discharges. As noted in
Sect. 2.2.2.2, chlorine is a major cause of toxicity in White Oak Creek, which receives
cooling tower blowdown from the main ORNL site. Toxic effects of chlorine on aquatic
biota in Melton Branch could be avoided if ANS discharges were to be dechlorinated in

O to comply with ORNL Environmental and Compliance Section's position onorder the

discharge of chlorinated water to ORNL surface streams (Rohwer 1989, p. 1-2). Although
the conductivity and total dissolved solids levels (Table 5.1-1) in the ANS cooling tower
blowndown are not expected to adversely affect aquatic biota, concentrations of particular
consitutents (e.g., copper and nickel) may exceed toxicity values for freshwater organisms
or federal water quality criteria (EPA 1986).

As noted in Sect. 2.2.2.1, populations of the two species of minnows in upper
Melton Branch are probably limited by low flows. A continuous discharge of ANS
blowdown would provide more reliable flows in Melton Branch and, as a result, could
provide more habitat and enhance fish populations, assuming water temperatures and
water quality are not limiting. Composition of the benthic invertebrate community might
be altered to favor those species whose life cycles require relatively constant flows.
However, if blowdown were to be discharged on an intermittent basis or cease for
extended periods (e.g., during temporary facility shutdowns), stream flow in Melton
Branch would return to pre-ANS levels. Fish and benthic invertebrate habitat would also
return to pre-ANS levels. The additional fish normally supported by ANS discharges
could be displaced downstream to areas of Melton Branch with constant stream flows, but
benthic invertebrates in areas of upper Meltc:a Branch subje,_t to periodic drying would be
lost.

Discharge of ANS blowdown to Friendship Creek would have similar impacts to
those in upper Melton Branch. No fish were found in the survey of this small tributary to
the Clinch River, but salamander larvae and a relatively diverse benthic invertebrate
community were observed (Sect. 2.2.2.1). Assuming that discharge temperatures do not

exceed upper lethal limits, and that the discharge has been dechlorinated to reducetoxicity, continuous discharges into Friendship Creek could provide more habitat for
aquatic organisms whose life cycles require more constant stream flows. ANS blowdown
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would be quickly diluted in the Clinch River; thus, no effects on water quality and aquatic
habitat in this fiver are expected.

5.1.4 Potential Influeaee of the Prop(red ANS Facility on _ Meteorology

The influence of the proposed ANS facility on local meteorology would be small.
Clearing of land and replacing trees with buildings and other structures can alter the local
albedo (reflectivity of solar radiation), surface roughness, and evaporation in various ways,
depending on exact locations. Because of the small size of the proposed facility, the usual
"urbanization" effects (reduced evaporation, increased temperature, and decreased relative
humidity) are expected to be minor.

The proposed cooling towers would be a local source of atmospheric water vapor
and heat from convection over the warm water and from recondensation of water vapor as
warm, moist air exiting the tower mixed with cooler, ambient air. Recondensation occurs
quickly, forming a plume of small liquid water droplets that eventually re-evaporate and
continue in the hydrologic cycle. The plume of water droplets can be thought of as a
cloud and may have any of several effects, including shading to reduce locally the amount
of solar radiation. The plume could extend to ground level and impair visibility or, in
subfreezing temperatures, cause icing on exposed surfaces. Because no roads (except
access roads) or highways are located near the proposed ANS site, effects of the cooling
tower would not pose a safety hazard to the public.

5.1.5 Impacts on Terrestrial Biota lib

Salts in drift emissions from cooling towers have the potential to damage
vegetation, including native plants and agricultural crops; hence, the impacts of cooling
tower operation on vegetation have been extensively reviewed by the Nuclear Regulatory
Commission (NRC) (1991, pp. 4-22-4-42). The review addresses the impacts of
natural-draft and mechanical-draft cooling towers at nuclear plants. Such large cooling
tower facilities have greater potential tbr significant impact than the small cooling towers
that would be used at ANS. The review includes the scientific literature as well as annual
environmental monitoring reports prepared by power companies for nuclear plant
operation.

Cooling tower operation has not had significant impact on native vegetation or
agricultural crops at nuclear plants. In one rare case, however, trees near
mechanical-draft towers experienced severe damage, apparently during a period of unique
meteorological conditions when the cooling towers were not operating properly. After
corrective actions, such impacts no longer occurred. At several other nuclear plant sites,
minor damage to nearby vegetation was noted. Apparently, there are no known instances
of significant chronic impact on terrestrial biota caused by the operation of any type of
cooling tower. Therefore, normal operation of the small ANS cooling towers would not
be expected to have any significant impact on terrestrial biota, although vegetation in the
immediate vicinity of the towers could be slightly damaged.

5.2 RADIATION DOSE TO THE PUBLIC FROM ROUTINE OPERATIONS

Operation of ANS would result in controlled releases of measured amounts of'
radioactive materials to the environment. Small fractions of this material would eventually
IK:;ilal,,;ll IIUlII_,II,_ LIAIUI..I_il l..,,IlYllOl,l.lll_lll._l tlClItA,._|.SUItI,. JtAUlA_UI_, l.JAuvv_.._o eu_...,,eat._uu. _.,L..,,, _,tA_..,.._,,..,

_
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O described in Sect. 2.8 which focuses on current radioactive releases and consequent doses
from operations of the entire ORNL facility.

5.2.1 Exlm_ure Pathways

Potential exposure pathways for effluents from the ANS facility are the same as
from the presently operating ORNL site. However, under normal operating conditions
the ANS facility would not actively discharge radioactive materials to surface waters. Ali
liquids would be processed through the central liquid waste processing facility;
consequently, the direct liquid pathway to the environment under normal operating
conditions would be precluded. For this analysis, potential pathways are those that can
follow atmospheric release plus direct radiation. Pathways, starting with release to the
atmosphere, include: transport of radioactive materials through the atmosphere; deposition
into water and on soil; direct uptake through drinking water; exposure to dust; uptake by
animal and plant life forms and subsequent exposure of humans through dermal
absorption and ingestion; and finally direct exposure from materials deposited on the
ground, radioactive gases in the air, or from "skyshine." Skyshine could occur, for
example, if neutrons or gamma rays were to penetrate the reactor structure vertically, and
these radiations were subsequently scattered by air particles to people on the ground.
Because of the remote location of ANS, any skyshine would likely be limited to on.site
personnel.

Exposure pathways for normal operation of ANS are modeled exactly the same as
for other sources at ORNL, which were described in Sect. 2.8. However, for clarity,

O selected caiculational parameters and assumptions are described in the following
paragraphs.

5.2.2 Caleulational Parameters and Assumptions

Radiation doses were calculated using the CAP-88 computer code required by the
U.S. Environmental Protection Agency (EPA) for demonstration of compliance with
federal law (10 CFR Pt. 61). Doses were calculated for a hypothetical maximally exposed
person off-site and for persons living within 80 km (50 miles) of the ANS facility. A
number of factors and assumptions were required and some of the major ones are as
follows:

• Exposure time was ,assumed to be 1 year.
• For the maximally exposed off-site individual, the annual exposure time to the

plume and to soil contamination was 0.7 years based on Regulatory Guide 1.109
(NRC 1977).

• For both the maximally exposed individual and for population exposures, an
infinite Gaussian plume model was used for air immersion doses. Other pathways
evaluated were direct exposure from deposition onto the ground, inhalation,
ingestion of food crops, and ingestion of animal productn. Some specific
assumptions are that each person remains unprotected at home (outside the
house) during the entire year and obtains food according to the rural pattern as
defined in the National Emission Standards for Hazardous Air Pollutants

O (NESHAPS) (EPA 1989). The rural pattern specifies that 70% of the meat, and39.9% of the milk consumed by each person are produced locally
(e.g., home garden). The remaining portion of each food is assumed to be
•-,,.,-,h .... ,-I ,,,;,h;,_ _gl_brn t'_;fl_m;I,_ mt" A.NS. Prrad_le.tlmn mf heel, milk and ernp,_
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within the 80-km (50.mile) radius of ANS were calculated using the state.specific
production values provided with CAP.88,

• A stack height of 15 m (50 ft) was used with an assumed exit velocity of 5 m/s (16
ft/s). Meteorology was based on 1989 data from the A-30 tower (see Sect. 2.3).

• Doses were calculated on the basis of 50-year dose commitments per 1 year of
intake.

• Resuspension of particulates was not considered because this pathway is negligible
compared with other pathways,

5.23 Health Effeas Calculations

Doses calculated by CAP-88 were used to estimate health effects according to risk
models recommended by the Biological Effects of Ionizing Radiation V committee (NAS
1990). 'Ilm upper limit incremental cancer fatalities in a population due to radiation
exposure were estimated by multiplying the collective effective dose equivalent by 5 x 10"4
fatal cancers per person-rem. The lower limit of this range is zero because there may be
biological mechanisms that can repair damage caused by radiation at low doses or dose
rates (NAS 1990). Excess hereditary effects have an upper limit of 0,01 person-Sv
(1 x 10"4person-rem) (lower limit of zero) using the collective dose equivalent to the
gonads. Radiation-induced effects of this type have not been observed in any human
populations, in contrast to excess malignancies that have been identified among
populations receiving instantaneous and near-uniform exposures above 0.1 Sv (10 rem).

Health risk coefficients are applied only to collective doses because they were
derived from populations of individuals and because the National Academy of Sciences
(NAS) risk coefficients are for linear dose-response models.

5.2.4 Source Terms

Estimated source terms for atmospheric releases during normal operations of the
ANS facility are presented in Tables 3.8-1, 5.11-4, and 5.11-5. Along with the amounts
released, Table 5.11-4 presents solubility classes.

5.2.5 Results of Dose Calculations

The CAP-88 computer code was used to estimate exposures to both the highest
exposed individual and to the population. [Stack meteorological parameters used are:
temperature 15°C (59°F), rainfall 152 cm/year (59.8 in./year), mixing height 1(_30m
(3281 ft), stack height 15 m (50 ft), stack diameter 2 m (6.6 ft), and exit velocity 5 m/s
(16 ft/s). It is anticipated that stack height may change as ANS undergoes design
maturation. A higher stack will reduce the dose to the maximum exposed individual.]
Became of meteorological conditions, the closest individual, assumed to be at Shoreline
Estates, 2.8 km (1.7 miles) southeast of the site, is estimated to receive 0.0017 mSv/year
(0.17 mrem/year) whereas an individual at Gallaher Bend, 2.9 km (1.8 miles) east-
northeast of the site, could receive the greatest radiation dose of 0.0128 mSv/year
(1.28 mrem/year). Of this 0.0128 roSy/year (1.28 mrem/year), ingestion provides 76% and
tritium contributes 98% of the ingestion dose. Over ali pathways, tritium contributes
93.7% of the dose and 133Xecontributes 4.6%. The maximum individual doses calculated
are below applicable federal law specified in 10 CFR Pt. 61 as 0.1 mSv/year
(10 mrem/year). Currently, the Oak Ridge Reservation (ORR) releases of radioactive

=

_
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0
materials to the atmosphere that annually result In 50-year committed effective dose
equivalent (EDE) of 0.02 rosy (2 mrem) to maximally exposed individuals. Thts
hypothetical individual is near the Y-12 Plant. Airborne releases from operation of the
ANS facility would result tn a radiation dose less than the present EDE of 0.02 roSy/year
(2 torero/year) to any individual as now occurs from overall operation of ORR, As a
comequence, the ANS facility should have negligible impact on compliance with respect to
the NESHAPS for Radionuclides (10 CFR Pt. 61).

Estimates of population dose were also obtatned using the CAP.88 code. For
persons residing within 80 km (50 miles) of the ANS site, the annual International
C_mmission on Radiological Protection (ICRP) collective effective dose equivalent is
431 person.Sv (4.31 person-rem). In addition, the collective dose equivalent to the gonads
is 429 person-Sv (4.29 person-rem). Among the pathways, ingestion contributes 54% of
the estimated dose, Inhalation contributes 29%, and atr immersion 1"/%. Tfltlum accounts
for 88% of dose from all pathways and 133Xeaccounts for 12%. Health effects resulting
from the collective dose are estimated to be 2.2 x 10.3excess fatal cancers and 4.3 x 104

excess heritable effects. These effect levels are extremely small and may be compared
with spontaneous effects. In the year 2020, approximately 3000 people will dte annually
from a fatal cancer and approximately 160 dominant genetic disorders" may be observed
annually in the at-risk population of 1.1 million persons projected to be located within
80 km (50 miles) of ANS (NAS 1990, pp, 70 and 176).

From the previous analysis, operation of the ANS facility should have insignificant
and nondetectable impacts on the off-site population. Releases of tritium over White Oak
Dam into the Clinch River are currently uncertain, but the maximum anticipated level

O would be about 1.1 x 1014Bq (3000 Ci). This level of tritium is currently being
discharged over White Oak Dam. On the basis of measurements of radioactive materials
in the nearest source of drinking water, Kornegay et al. (1991, pp, 188-189) concluded
that the maximally exposed individual from tritium discharge would receive about
0.001 mSv/year (0.1 torero/year).

5.3 EFFECIS OF CI- MICAL AND BIOCIDE DL'_CHARGES

ANS could routinely discharge biocides and other nonradiological chemical
contaminants to surface waters through four routes: (1) laundry and sanitary wastewaters,
which would be treated by the ORNL Sewage Treatment Plant (STP) and discharged to
White Oak Creek; (2) process wastewater, which would be treated by the ORNL
Nonradiological Wastewater Treatment Facility (NRWTF) and discharged to White Oak
Creek; (3) storm water runoff, which would be collected by storm water detention basins
and discharged to Melton Hill Reservoir and upper Melton Branch; and (4) cooling tower
blowdown, which would be discharged to either upper Melton Branch or Bearden Creek
(Sect. 5.1.1).

Effects of sanitary waste discharges on aquatic communities in White Oak Creek
are considered in Sect. 5.4.

Nonradiological process wastewaters would be piped to NRW'IT for treatment
before discharge to White Oak Creek. The estimated flow rate of process wastewater
from ANS will be 1.8 L/s (28.5 gal/min), which would increase the present estimated

O
"These include 40 cllnleally severe and 120 clinically mild autosomal dominant disorders (NAS 1990), using a birth rate

af 15 tmr !000 r_apulatton.

=
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discharge of NRWTF of 22 L/s (349 gal/min) (Loar 1991, pp, 2-1'1) by 8.2_, Recent
toxicity tests showed that the effluent from NRWTF was nontoxic to both fathead minnow
(Pimephales promelas) larvae and the zooplankter Ceriodaphnla (Ixmr 1991, pp, 3-4),
The chemtcal composition of process wastewaters from ANS has not been determined,
However, assuming that these wastes could be treated adequately, the NRWTF effluent
would continue to be nontoxic, and any Impacts would be the result of Increased flows In
White Oak Creek. The combined discharge of treated NRWTF effluents of 23.8 L/s
[(377 gal/min) Including the projected ANS contributions] represents 13% of the 1990
mean flow rate in Whtte Oak Creek below the NRWTF outfall (site WCK 3.9 in Loar
1991, pp, 2-7). This Increase in flow is small compared to seasonal and annual variations,
and would not be expected to significantly alter aquatic communities in White Oak Creek.

Storm water runoff from the ANS site could contain suspended sediments, small
quantities of oils and greases from parking lots, and contaminants washed from butldtng
roofs and other structures, Plans presently call for the collection of storm water runoff in
two detention basins: one on the north stde of the slte with a discharge to Friendship
Creek (a tributary to the Clinch River) and another to collect runoff from the south side
of the plant before discharge to upper Meltoo Branch, Collection of runoff tn these
basins would allow suspended sediments to settle out and would allow for monitoring for
radiological and other contaminants, Collected runoff would be monitored before release
tnto the creeks and contained and treated tf necessary. Treatment might require that
runoff be transfetTed to the Process Waste Treatment Plant (PWTP) (Sect. 5.11).
Discharge of collected, runoff from the detention basins would need to be controlled In
order to minimtze alteration of thermal regimes and hydrographs of the receiving streams.

Effects of cooling tower blowdown on aquatic communities in Melton Branch are
considered tn Sect, 5,1.3.

There are no domestic water supplies within the Melton Branch and White Oak
Creek watersheds. As a result, no effects on domestic water supplies are expected ft'ore
the routine discharge of biocides and other chemicals from ANS. Collection of storm
water runoff by detention ponds before discharge into Melton Hill Reservoir and Melton
Branch would minimize the chance of any contamination reaching domestic water supplies
from this source,

5.4 EFFECTS OF SANITARY WASTE DISCHARGES

Laundry and sanitary wastewaters are expected to be generated during
construction and operation at a rate of 0.03 L/s (0.5 gal/min) and 3.1 L/s (50 gal/min),
respectively, Both types of wastewaters would be piped to the Sewage Treatment Plant
(STP) for treatment b'_fore discharge to White Oak Creek. The combined wastewater
flow of 3.1 L/s (50 gal/min) from these ANS sources would increase the STP discharge
[present average discharge rate of 10,1 L/s (160 gal/min); Loar 1991, p, 2-11] by 31%.
Recent toxicity tests (I.oar 1991, p, 3-4) indicated that the treated STP effluent was
usually nontoxic to fathead minnow larvae but sometimes moderately toxic to the
zooplankter Ceriodaphnia. Conductivity, hardness, and alkalinity of the STP effluent were
quite stable and well within the tolerance ranges for both minnows and Ceriodaphnia.
Because laundry and sanitary wastewaters from ANS are not expected to be different in
composition from those already treated by STP, additlonal impacts to aquatic biota in
White Oak Creek would result only from the increased flows of treated effluents. A total lP
discharge from STP of 13.2 L/s (210 gal/min) (including ANS contributions) represents 4%
of the ltY)0 mean flow rate in White Oak Creek below the STP outfall (site WCK 3.54 in
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O , Loar 1991, p. 2-7). This increase is small compared to seasonal and annua_ variations in
stream flows, and would not be expected to alter aquatic communities,

There are no domestic water supplies within the White Oak Creek watershed. As
a result, no effects on domestic water supplies are expected from the increased discharge
of treated STP effluent that would result from operation of ANS.

5.5 Eb'TECTS OF OPERA'HON AND MAINTENANC"F_OF _ CX_RRIDORS

The effects of power line malntenanee, corridor maintenance, and electromagnetic
fields produced by power lines have been extensively reviewed by NRC
(1991, pp. 4-50-72). Resources that might be impacted include air quality, land use,
human health, surface water quality, aquatic ecology, terrestrial ecology, floodplains,
wetlands, and cultural or historic resources.

Power line operation would cause the production of ozone and nitrogen oxides in
small amounts that would have no significant impact on air quality. No existing land uses
are present in the proposed corridor, so none would be affected. Electromagnetic fields
from the 161-kV power lines would not be strong enough to have any adverse effects on
human health, vegetation, or wildlife. There is some controversy, however, as to whether
electromagnetic fields affect human health.

No aquatic habitats would be directly affected by power line and corridor
maintenance, although surface runoff and erosion from a dirt maintenance road on the
corridor could increase turbidity and sedimentation in nearby streams. Vegetation and

O by periodic cutting vegetation on the The
wildlife would be affected of corrfdor, wildlife

community is not significantly impacted by such cutting, however, because the early
successional vegetation on the corridor provides useful habitat. Wildlife impacts are
minimized if cutting is not done during the bird nesting season. No wetlands, floodplains,
or historic or cultural resources should be significantly affected by power line or corridor
maintenance.

5.60THE, R EFFECTS

5.6.1 Noise

The principal source of noise from operation of the ANS facility is cooling tower
operation. Other occasional noise sources not expected during normal operation (such as
loudspeakers used during construction) may be present, but will be less intense than
cooling tower's. Both natural-draft and mechanical-draft cooling towers emit noise of a
broadband nature. Because of the broadband character of the cooling tower noise, it is
inherently less obtrusive than, for example, loudspeaker noise. ANS would be a 330-
MW(f) facility, thus requiring more than four times the cooling capacity of HFIR. The
associated power output of noise would also be greater.

As mentioned in Sect. 2.8 and presented in map form in Sect. 2.1, the nearest
human receptors to noise intrusion are approximately 2.8 km (1.7 miles) SE away from the
main ANS site. Further, most potential locations of the cooling towers will be such that

O intervening land masses would be between receptors and sources. Consequently, effects ofnoise generated at the ANS site during operation would be negligible.
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5.6.2 Dispersion Estimates for Routine Operations qP

Because the stack parameters and emissions are not yet specified, a generic
calculation was made for 1 g/s of emissions ft'ore a 15.m (50 ft) stack located on top of the
hill behind the proposed facility [stack base at 286 m (940 ft) above sea level]. The exit
temperature was conservatively assumed to be 293 K, the stack exit velocity was assumed
to be 5 m/s, and the inside top diameter of the stack was assumed to be 2 m (7 ft).
Meteorological data tbr 1989 from Tower 4 at 30 m (98 ft) were used in the calculatiom.
Stability was calculated using the standard deviation of wind direction (sigma theta).
Three different types of terrain were assumed. In the first ease, complex terrain was
modeled using the EPA-approved model VALLEY (EPA 1977, pp. 1-90). In the second
case, terrain was Input to another EPA-approved model, Industrial Source Complex, Short
Term (ISCST), which models all terrain at elevations less than stack height and sets ali
higher terrain equal to stack height (i,e., a "chopped-terrain" model). In the third case, a
fiat-terrain version of ISCST was used, In ali cases, a radial grid was used with rings at
500.m (1641-ft) intervals. For the simulations including terrain, the receptor rings
extended to 3,500 m (11,484 ft), In the ISCST flat-terrain simulation, rings of receptors
extended to 10,000 m (32,810 ft).

At 3,500 m (11,484 ft), the ISCST fiat.terrain model provided the most
conservative results in general. For the annual average concentrations, ISCST with flat
terrain provided tile highest concentrations at 3,500 m (11,484 ft) in 12 of the 16
directions, and ISCST with chopped terrain provided the highest estimated average annual
concentrations at 3,500 m (11,484 ft) the remaining 4 directions (i.e., VALLEY never

provided the highest average annual coneentratiom at distances that far from the source). O
For the highest 24-h average, VALLEY provided the highest concentrations at
3,500 m (11,484 ft) in nine directions, and ISCST with flat terrain provided the highest
concentrations in the remaining seven directions. The highest 24.h concentrations,
regardless of direction, were provided by ISCST with flat terrain.

The nearest site boundary is 2.1 km (1.3 miles) northeast of the proposed ANS
site. The ISCST flat terrain model provided the highest annual and 24-h averaged
concentrations at the receptor located closest to the nearest site boundaD,, 2 km
(1,2 miles) to the northeast. These annual and 24-h average concentrations are
summarized in Table 5.6-1.

The nearest significantly populated areas are 5.2 km (3.25 miles) to the north-
northwest, in the direction of Oak Ridge, and 4.6 km (2.86 miles) to the east.southeast,
near the intersection of Diggs Road and Lovelace Drive in west Knox County. The
eJevatiom of both locations are approximately the height of the stack base [286 m
(940 ft)]. The ISCST model with fiat terrain provided the highest annual average results
at 3,500 m (11,484 ft) in the directions of the nearest populated areas. The VALLEY
results at 3,500 m (11,484 ft) in both of these directions were about 0.02 #g/m 3,ox'about
half the amounts obtained at 5000 m (16,405 ft) (approximate distance to the nearest
populated areas) in the same directions with the ISCST fiat-terrain model. The ISCST
fiat-terrain model results for those directions at 5000 m (16,405 ft) are presented in
Table 5.6-1 as the modeled annual average concentrations for the nearest populated areas.

The VALLEY model provided the highest 24-h concentrations at 3,500 m
(11,484 ft) in the directiom of the nearest populated areas. Another VALLEY simulation
was therefore run with recep_.ors at 700-m (2297-ft) intervals, to 4900 m (16,077 ft)
(approximate distance to the populated areas) in these directions. The simulated qlF
concentrations at 4900 m (16,077 ft) in these directions were still higher than ISCST flat-
terrain results at about the same distance [5000 m (16,405)], so the VALLEY results for
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@
Table 5.6-1. Simulated concentrations of a neutrally buoyant pollutant a at

seleet_ receptors on a radial grid centered at the
protmsed Advanced Neutron Source site

Concentration Distance

Averaging time (_g/m3) Directionb [m (ft)] Model c

Receptor closest to the nearest site boundary

Annual 1.33 NE 2000 (6,562) ISCST FT

24 h 9.64 NE 2000 (6,562) ISCST FT

Receptors closest to nearest significantly populated areas

Annual 0.05 ESE 5000 (16,405) ISCST FT

Annual 0.04 _ NNW 5000 (16,405) ISCST FT

24 h 2.73 ESE 4900 (16,077) VALLEY

24 h 2.94 NNW 4900 (16,077) VALLEY

24 h 1.05 ESE 5000 (16,405) ISCST FT

24 h 1.51 NNW 5000 (16,405) ISCST FT

*Emittedat a rate of 1 g/sfroma 15.m(50 ft) stackwithinsidetop diameter= 2 m (7 ft),exit
velocity= 5 m/s,andexittemperature-- 293 K.

bNE-- northeast,ESE -.-east-southeast,NNW---north-northwest.
'FT indi_tes the flat.terrainversionofInaustrialSourceComplex,ShortTerm(ISCST).

24-h concentrations are presented for the nearest populated areas. The ISCST flat-terrain
results at 5,000 m (16,405 ft) in the same directions are also shown for comparison.

5.7 R.F.SOURCE_ COMMITI__,D

Operation of ANS would result in generation of large quantities of solid
radioactive and nonradioactive waste that would require permanent disposal. Land
devoted to this purpose would probably be irreversibly and irretrievably committed. Low-
level radioactive waste (LLW) facilities might remain contaminated for up to 500 years.
The highly-enriched depleted uranium fuel used by ANS would be irretrievable. If DOE
were to decide to reprocess this depleted fuel, plutonium and other transuranic elements
might be retrievable for other purposes.

Operation of the ANS cooling towers would result in an evaporative loss of
approximately 117 L/s (1875 gal/min) of potable water (Sect. 5.1.3). Potable water is
withdrawn from the Clinch River at the DOE Water Treatment Plant. The consumptive

_,_,. water use of 117 L/s (1875 gal/min) represents 17% of the present water withdrawals by

- _ the DOE Water Treatment Plant, and 0.1% of the mean annual flow of the Clinch River
at Melton Hill Dam near ORNL (Sect. 2.4.1.1). Consumptive water use by ANS would
not significantly decrease the amount of aquatic habitat in the Clinch River, but discharge
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of treated wastewater (primarily cooling tower blowdown) might provide additional aquatic
habitat in presently intermittent reaches of Melton Branch and Friendship Creek. ,

Properly treated wastewater discharges are not expected to significantly degrade water
quality or to have toxic effects on aquatic organisms in Friendship Creek, Melton Branch,
and White Oak Creek.

Operation of ANS would result in the use of about 7,000 kg (16,000 lb) of highly
enriched uranium fuel over the 25-year life of the facility. About 17 kg (37 lb) of 95%
enriched uranium fuel is used each time the reactor is refueled. Spent fuel contains only
about 10.3 kg (22.7 lb) of 23Su. Spent fuel is expected to be reprocessed, so the amount
of 23Su consumed over tile life of the ANS would be about 2200 kg (4800 lb).
Reprocessing the spent fuel would produce substantial quantities of high- and low-level
radioactive wastes that would need permanent disposal. The amounts of these wastes
produced in reprocessing are not known at this time, but they would be generated at the
Savanah River Site, where the reprocessing would take place.

ANS would also consume substantial quantities of electricity, natural gas, and
steam from the ORNL steam plant. Over the life of the facility, ANS would consume
about 6 x 1016 J (6 × 10t3 Btu) of primary energy in various forms.

5.8 DECOMMISSIONING AND DISMANTLING

ANS facilities will be designed for eventual decommissioning as required by DOE
Order 5820.2A (Radioactive Waste Management) and DOE Order 6430.1A (General
Design Criteria). No facility similar to ANS has been decommissioned so the impacts of
decommissioning cannot be extrapolated from other experiences. Phase 2 of this ER will
address the expected impactr, of decommissioning based on the details of the design and
de.sign features intended to facilitate decommissioning.

5.9 THE URANIUId FUEL CYCLE

The uranium fuel cycle is the cycle of production, use, and disposal of uranium
fuel. The cycle begins with mining uranium ore, proceeds through various refining steps
followed by enrichment and fabrication of fuel elements. After use in a reactor, it
includes disposal or reprocessing. The U.S. Nuclear Regulatory Commission has
documented the effects of the uranium fuel cycle for nuclear power plants in 10 CFR
Pt. 51. Because of the highly enriched fuel to be used, the fuel cycle for ANS would be
somewhat different and may need to be assessed. If judged appropriate by DOE, the
uranium fuel cycle for ANS could be assessed in the Phase 2 ER.

5.10 WORKER HEALTH AND SAFE_'Y

Because the design of ANS is currently only conceptual, the occupational radiation
doses cannot be predicted with certainty. However, experience fre:n other reactors with
similar features can be used to provide a perspective on what might be expected. In
addition, ORNL has a well developed program designed to minimize oca:upational Am,
radiatior "xposures. This program has proved effective in past operations and is expected
to continue to do so in the future. No reactor in operation is exactly like ANS; however,
certain reactors have similarities. These are reviewed in Sect. 5.10.1.

_...=
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O 5.10.1 Experien_ at Other Facilities

5.10.1.1 High Flux Isotope Reactor at Oak Ridge National Laboratory

HFIR is a research reactor at ORNL that will be used as an analog for ANS in
many areas. However, the fact that HFIR is a light-water reactor makes comparisons of
Occupational doses to permanent staff and visiting researchers more difficult. The majority
of dose from heavy water reactors is generally due to tritium, which is not the case for
HFIR; therefore, the two facilities should be compared carefully,

There are nine research instrument facilities set up on four beam lines at HFIR
for use by the permanent ORNL staff and outside users. The neutron scattering facilities
available at HFIR are described ir H. A. Mook and R. M. Nicklow 1990. A permanent
staff of 10 people conduct neutron scattering experiments of which approximately one-
third are strictly in-house, one-third are close collaborations between ORNL staff and
visitors, and one-third are conducted by the outside users. The experiments mostly involve
small angle neutron scattering on four horizontal beams with two instruments per line.
Over the course of a year, the number of outside users will average about 150 so that the
research instruments are generally iri full use. The dose received by experimenters from
this type of work is due to scattering of the beam. Personnel are monitored for dose and
are limited to a daily maxSmumof 0.2 mSv (20 mrem). It has been rare for a researcher
to receive more than 0.02-0.03 mSv/d (2-3 mrem/d). Full-time staff average 3-4 mSv/year
(300-400 mrem/year) above background.

According to DOE regulations, :.,yone receiving twer 1 mSv/year (100 mrem/year)
O must be classified as a radiation worker and receive special training. At ORNL the

number of radiation workers varies in the range of 500 to 600. Because HFIR was in the
shutdown mode in 1989, the total number of people classified as radiation workers during
that year at that facility was greatly reduced. In fact, for Solid State Division (SSD), there
were no people classified as radiation workers in 1989. In calendar year (CY) 1.o,91the
Research Reactor Divisic_n(RRD) had 53 radiation workers, 19 of whom have not

'Ireceived any measurable f_cse, even though still classified. Through the third quarter of
CY 1991, RRD at HFIR had o_ly 11 people with greater than 1 mSv (100 mrem).
Extrapolating this rate for ali of CY 1991 yields 15 people with 1 mSv (100 mrem) for the
year. In contrast, out of SSD's 19 people, only 9 have had any exposure through the third
quarter of CY 1991 and only 1 person has exceeded 1 mSv (100 mrem). Ali the other
exposures are less than 0.58 mSv (58 mrem) (J. A. Setaro, Environmental and Health
Protection, ORNL, Oak Ridge, Tenn., personal communication to D. R. James, Health
and Safety Research Division, ORNL, Oak Ridge, Tennessee, Nov. 20, 1991).

Further cumulative data on occupational exposures are available on HFIR for the
last 3 calendar years and is given in Table 5.10-1. Because HFIR was in a shutdown mode
in CY 1989, the doses were much lower than for the next 2 years when the facility was
returning to normal operations. The data for CY 1991 should be the most representative
of typical exposures.

ANS would have up to 50 instruments, which is an increase by a factor of 3 or 4
over HFIR. This level of research would require an anticipated 100 permanent staff for
as many as 1000 outside users oer year (R. M. Moon, Solid State Division, ORNL,
personal communication to D. R. James, ORNL, Oak Ridge, Tennessee, Nov. 20, 1991).

i
_

_

_

_

-

-



5-20

0
Table 5.10-1. Cumulative dc_es at the High Flux Isotope Reactor

1991

1989 1990 (first 3 quarters)
Division [mSv (mrem)] [mSv (mrem)] [mSv (mrem)]

Research Reactor 13.8 (1380) 26.9 (2691) 27.1 (2707)
Solid State 0 8.46 (846)a 3.91 (391)

"Half of this was received by a single individual,
Source: J. A. Setaro, Environmental and Health Protection, ORNL, Oak Ridge, Term,, personal

communteatlon to D, R., James, Health and Safety Research Division, ORNL, Oak Ridge, Tcnn,, Nov. 20,
1991.

5.10.1.2 Experience from the Savannah River Plant

The Savannah River K reactor is a heavy water production reactor [2700 MW(t)]
that has been shut down for the last 3 years, lt is currently in the last stages of being
restarted. Being a heavy water reactor, its dose experience has relevance to the proposed
ANS even though ANS is much smaUer [approximately 330 MW(f)] and has a much
different design. A major occupational dose problem for heavy water reactors is the
formation of tritium. When tritium is formed from neutron bombardment of heavy water,
tritium remains dissolved in the wate_TM' A leak or break in the water lines can then allow

tritiated water to escape. Because this tritiated water behaves the same chemically as
regular water, it can be readily assimilated by the body upon dermal contact with liquid or lP'

vapor or upon respiration of vapor.
After 3 years of shutdown, the level of tritium dissolved in the cooling water at

Savannah River is approximately 3.3 x 1011Bq/L (9 Ci/L). Under normal operating
conditions this level from previous experience was 4.4-4.8 x 1011Bq/L (12-13 Ci/L).
This amount would be substantially reduced for ANS, which would operate at much lower
tritium concentrations, about 7.4 x 101°Bq/L (2 Ci/L)" (D. McClain, Savannah River
Plant, personal communication to D. R. James, ORNL, Oak Ridge, Tennessee, Nov. 18,
1991).

5.10.1.3 Institut Laue "Langevin,Grenoble, France

The high flux reactor of the Institut Laue Langevin (ILL) is a heavy water
research reactor located in Grenobie, France; this reactor also has a detritiation plant.
ILL may be a good analog for ANS. The annual dose for experimenters who work on
beam lines at ILL is less than 0.01 mSv (1 mrem). For permanent staff working on the
reactor itself the dose is summarized in Table 5.10-2. The amount of tritium in the

cooling heavy water irsreported to be 7.4-11.1 x 101°Bq/L (2-3 Ci/L).

5.10.1.4 National Institute of Standards and Technology Reactor

The collective dose equivalents for the years 1985-1989 range from a high of
about 0.39 person-Sv (39 person-rem) in 1985 to a low of 0.13 person-Sv (13 person-rem)
in 1986. Generally, a small proportion of people receive greater than 5 mSv (500 mrem), i_

z

--- "This is a probable operating level of tritium; design level is 5 Ci/L.

-
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Table 5.10-2. Occupational doses at the Institut I,aue-l.angevin

Research Reactor, Grenoble, France
I I I I ..... _llllll [ I

Annual dose range Number of
[mSv(mrem)] workers

..... , , , J

0 55

0.01-0.5 (1-50) 12

0.51-2.0 (51-200) 12

2.01-5.0 (201-500) 6

5.01-10 (501-1000) 4

above 10 (above 1000) 0

Source; Veyrat, J. F., Institut Laue Langevin, Grenoble, France, personal
communication to D. P,. James, Oak Ridge National Laboratory, Oak Ridge,
Tenn., Nov. 21, 1991.

and the average dose for the NIST reactor workers is less than half of the current average
of about 3 mSv (300 mrem) for nuclear power plant workers. Detailed exposures are
given in Tables 5.10-3 and 5.10-4.

5.10.1.5 Canadian Heavy Water Reactors

The Canadian nuclear power program uses the Canadian Deuterium Uranium
Reactor (CANDU) design. This design is a pressurized heavy water reactor using natural
uranium oxide as fuel. The reactor consists of pressure tubes containing the fuel
constructed. Their operation has provided a considerable data base for tritium surrounded
by a tank containing the heavy water moderator. Experience has been accrued in tritium
management at CANDU facilities since operation of the Nuclear Power Demonstration
Rolphton Gas Sulfide facility began in 1962. Since that time, many larger facilities have
been managed. Generally, the tritium in the coolants has been approximately
7.4 × 101°Bq/L (2 Ci/L) and tritium levels in the moderators have been approximately
9.3 x 101_Bq/L (25 Ci/L).

Occupational doses due to tritium have been between 15 and 45% of total
occupational radiation doses. And, as a rule, personnel at the newer reactors experience
both lower tritium dose and lower total dose. Annual tritium doses to workers at selected
CANDU facilities are presented in Table 5.10-5.

5.10.1.60c_,'upational Doses Anticipated at ANS

Having reviewed experiences at reactors with some similarities to ANS, a few
conclusions are apparent: occupational radiation doses at reactor facilities of ali types

=
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Table 5.10-4. National Institute of Standardsand Teehnolegy person-codes and Eceme work areas

for radiation workers, assigned dose equivalents
_: 0.005 Sv (> 0.5 rem) for 1985-1989

lT L i i,,1, i_11 IJ_,l i -- ,,1 i iii - ii i i1,1 ii ii1,1 i,,, i_

Year of d_ equivalent assignment
Sv (rem)

iii _ llll

Reactor license Person
work code 1985 1986 1987 1988 1989

_

Operations A2 0,01408(1,408) 0.01682(1,682) 0,00509(0.509)

Bz 0,0o927(0.927)
C'2 0,01815(1,815) 0,OO886(0,886) 0.00709(0,709)

D2 0,00596 (0.596) 0.00704 (0.704) 0,00543 (0.543)

EP. 0,02403(2.403)0,00500(0.500) 0,01262(1,262) 0,00592(0,592) 0.00513(0.513)

F2 0.0126O(1.260) 0.OO99_(0.991)

02 0.01169 (1.169) 0,00599 (0.599)

I-I2 0.01067 (1,067)

z2 0.00915(0.915) 0.o0935(0.935)
J2 0,00615 (0,615) 0.00703 (0.703)

K2 0,01524 (1.524) 0.00638 (0,638) 0,00657 (0,657) 0,00691(0.691)

L2 0.OO875(0.875)
M2 0.02028 (2.028) 0.00890 (0.890) 0.00714 (0,714) 0.00522(0.572)

N2 0.00996 (0,996)02 0.01506(1.506) 0.0079o(0.790) o.oosso(0.88o)
P2 0.00820 (0.820)

Q2 0.00609 (0.609) 0.00531 (0.531) 0.00598(0.598)

R2 0.00793 (0,793) 0.00529 (0.529) 0.00509(0.509)

ESnugineenng A3 0.007?6(0.726)
pport

B3 0.00719 (0,719)

c3 o.oos_ (o.548)

Experimenters A4 0.00715 (0,715)

B,t 0.0O605(0.605)
C4 0.00573 (0.573)

D4 o.ooa34(o.a34) o.oov88(0,788)
FA 0.01003 (1,003) 0.00570 (0.570)

F4 0.00754 (0.754)

04 0.OO558(0.558) 0.00_1 (0._1)
H4 0.00542 (0.542)

14 0.00745(0.745)

J4 0.01024 (1.024)

K4 0.00504 (0.504)

E4 0.00925(o.925)

HealthPlr/sics A5 0.00899(0.899)

................n5 .................... _ o.oo_,8(o.568_
. Soutr.e: _Adapu_f:f_)m.$tmrp,D_R,L19_., Sununa_ Repcm He.a/rhP/ge/c,x,Ctlend,zrYem-1989,U.S.Depannumt of Commet_

Nationalhmtitutcoi _U._aara.tana lecnnoiogy,

-
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O have steadily declined over the past several decades; few people receive greater than
0.01 Sv (1 reml in any year; and, at most reactor locations, the average occupational
radiation dose tends to be less than 5 Sv/year (500 mrem/year). These same observations
are present at commercial power production facilities (Munson, et al. 1988). Expectations
are that typical ANS occupational doses would be less than 5 mSv/year (500 torero/year),
average doses would probably be less than 2.5 roSy/year (250 mrem/year), but a few
individuals, reactor operators as well as experimentalist., might experience near
10 mSv/year (1 rem/year). Not evaluated as a possible source of occupational exposure is
skyshine. While this source is not expected to be significant, it remains currently
unevaluated.

5.10.2 The Biological Effectiveness ofNeutrons

Because of the unique nature of ANS and the fact that some occupational and
experimental dose might result from neutrons, a review of the pertinent radiological issues
related to neutrons is presented. This review is intended to provide a perspective on
whether significant changes are expected in the scientific understanding of the
radiobiological effectiveness of neutrons between the present and the mid-life of the ANS
facility. The concept of relative biological effectiveness (RBE) is used to compare and
quantify the effectiveness of different kinds of radiation in producing a given level of
biological damage. The reference radiation for making comparisons is usually X-rays. The
RBE of a particular type of radiation, such as neutrons, in producing a given biological
end point is then defined as the inverse ratio of the X-ray dose Dx and neutron dose D n

O needed to produce the end point:
I

RBE ---Dx
D,,

In an experiment that measures RBE for the two radiations, ali physical and biological
parameters, such as dose rate and the particular biological effect and level of damage, are
to be kept as nearly the same as possible. Neutron RBE values vary greatly, depending on
ali of these factors.

An extensive, authoritative review and compilation of RBE data, particularly as
they pertain to personnel radiation protection, has been published recently by the National
Council on Radiation Protection and Measurements (NCRP) in their Report No. 104
(NCRP 1990). The term RBE M is defined in ICRP-ICRU63 to indicate the RBE value
obtained from the initial, low-dose portions of dose-response curves, regarded as linear
(the ratio of the t_ terms). RBE Mis assumed to represent the maximum RBE value. A
summary of RBE Mvalues for f'ussionneutrons relative to gamma rays (NCRP 1990, p.
169) is given in Table 5.10-6.

Another quantitative index of the biological effectiveness of neutrons is provided
by values of the neutron quality factors, Q, recommended by NCRP (NCRP 1987, p. 11).
Quality factors are used for radiation protection to weight the contributions of different
kinds of radiation for administrative control purposes. For X and .,i,rays, Q = 1, the
smallest value that a quality factor is assigned. For neutrons, the recommended values of

O Q range up to 20, depending on the neutron energy. In radiation protection, the qualityfactor plays a role akin to RBE, though in the entirely different context of administrative
surveillance of long-term, low-level, chronic exposures to radiation.

=

=



5-26

Table 5.10-6. Estimated values of relative biological effectiveness (RBE_"
for fission neutrons relative to gamma rays

for several biological end points
j_ li ii i _ -_ ii I _ i IN I In_'m ---- nn _ , ...... II .... - iii I m - , .......... , _ . _ _ i

Biological end point End point range of RBE M

Cytogenetie studies, human lymphocytes in 34-53
culture

Transformation 3-80

Genetic end points in mammalian systems 5-70

Genetic end points in plant systems 2-100

Life shortening, mouse 10-46

Tumor induction 16-59
,. _. -- _.---.._ - ....... _ . ! ._ -- _ ,.-t--- , ..... __ , ............ --- --

*International Commission on Radiological Protectton.lnternatlonal Commission on Radiation Units and
Measurements 63, 1963. "Report of the RBE Committee of the International Commission on Radiological
Protection and The International Commission on Radiation Units and Measurements," Health Physics 9,
357.

Source: NCRP (National Counetl on Radiation Protection) 1990. The Relative Biological Effectiveness
of Radiation of Different Quality, NCRP Report no. 104, NCRP, Betlaesda, Ma.

O
Quality factors have long been defined in terms of an empirical relationship

between Q and the linear energy transfer (LET) of radiation or the secondary charged
particles that radiation produces in water. Values are defined so that Q is in the range
1 :g Q ._ 20 for any kind for radiation. In its latest recommendations, NCRP'

(1987, p. 11) also recommends the use of effective quality factors, Q, which do not
underestimate actual values of Q. For neutrons, NCRP simply recommends the values

-- 5 for thermal neutrons and Q = 20 for ali other neutrons (NCRP 1987, p. 13). In
its latest recommendations, ICRP (ICRP 1990) has somewhat modified the explicit
relationship between Q and LET and has also introduced tile concept of radiation
weighting factor, wR, to be used in place of Q. ICRP recommends the values for neutrolis
shown in Table 5.10-7 and states, "The value of the radiation weighting factor for a
specified type and energy of radiation has been selected by the Commission to be
representative of values of RBE of that radiation in inducing stochastic effects at low
doses" (ICRP 1990, p. 5) Current publications of the NCRP and ICRP thus recommend
values of neutron quality factors or radiation weighting factors of up to 20.

A joint task group of ICRP and the International Commission on Radiation Units
and Measurements (ICRU) conducted an extensive review of RBE data, especially at low
doses, up to the end of 1984 (ICRP-ICRU 1986). Their attention was focused mainly on
neutrons as high-LET radiation and on biological end points having a bearing on
carcinogenesis or mutagenesis. (The revision in the Hiroshima neutron dosimetry was
documented by this time.) Their analysis also includes discussions of quality factor defined
in terms of the microdosimetric lineal energy as an alternative to its definition in terms of O
LET. When the energy is not well known, they suggest an approximate average quality

factor _ = 25 for neutrons.
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Table 5.10-7. Radiation weighting factors, WK,
recommended by the International Commission

on Radiologie_dProtection
1__ -_- illlll i ii i li ,_ _,.__ [ , ,1 []1.LU" ] I i i -,

Neutron energy E WR
(MEV)i ii lill i -: IIII I ImlliI iii Iii IIIIIII I I _

< 0.010 5
0.010 < E < 0,100 10
0.100 < E _ 2.0 20
2,0 < E _; 20,0 10

> 20.0 5

Source; InternationalCommissionotaRadiologicalProtection1990.
Recotmnendationsof theInternationalCommissiononRadiological
Protection,InternationalCommissionon RadlatlonUnitsandMeasurements
ReportNumber60,InternationalCommissionon RadiationUnitsand
Measurements,Bethe.sda,Md,

The neutron quality factors specified for use at ORNL in DOE Order 5480.11 are
indicated in Table 5.10-8. The values of Q as a function of neutron energy increase from

2 for thermal neutrons to a maximum of 11 fo_ neutrom in the energy range from0.5 MeV to 1.0 MeV (Table 5.10-9). At higher energies, O generally decreases I_ a value
of 3.5 at 400 MeV. When ti,. spectral data are insufficient to determine neutron
energies, an average quality factor Q=3 is used for neutrons with energies _, 10 keV and
Q = 10 is used for energies > 10 keV. These values, specified in DOE 5480.11, are
generally consistent with the recommendations of NCRP, ICRP, and ICRU. As a
consequence, there is no indication at this time that radical changes in the understanding
of the radiobiological effectiveness of neutrons are taking place to influence future
operation of ANS.

5.103 ORNL As Low As Rea.umably Achievable Program

Experience at HFIR, other radiological hazards at ORNL, and that gained by the
health physics community around the world, points to the likelihood that radiation doses
that would occur at the ANS facility can be maintained at acceptably low levels. ORNL
maintains an active program to ensure the safe operation of every facility. The ORNL As
Low as Reasonably Achievable (,M._) Program functions to maintain occupational
doses as low as reasonably achievable and while doses at ANS cannot be predicted at this
point, established procedures would ensure their minimization. The smallest
organizational unit consists of the _ Program manager and staff, who are divided
into Radiological AI_ and ttazardous Materials ALARA subgroups. The AL_
Program manager reports to the head of the Office of Radiation Protection, who in turn
reports to the Director of the Environmental, Safety, and Health Compliance Directorate.

The ORNL ALARA Program is formally chartered.In addition to the formal ALARA Program staff, there are several other personnel
at ORNL who have formal responsibility for implementing DOE ALARA requirements.
Th_eRad!_ationProtection Suwe!!!ance Sect!on_whose head reports to the head of the
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Table5.10-8. Neutronqualityfactors
. ,,.,..... ,_ : : _ --- :

Radiation type Quality factor
(0)°

...... j___l ii .li jl i _ .... ___ l_ -_ __ -- . ...... ____ _ II __ I II llll III HIIL I I _

X rays,gamma rays,positrons,electrons(includingtritium 1
betaparticles)

Neutrons, _ 10 keV 3

Neutrom, > 10 keV 10

Protons and single-charges particles of unknown energy 10
with rest mass greater than one atomic mass unit

Alpha particles and multiple-charged particles (and 20
particles of unknown charge) of unknown ener_

..... [ :] UIJJll[ II,lll _- i I ---- j _ _ 'iu _ " . j_

"Ifspectraldamare sufficientto identify theenergyof theneutrons,theO valuesin
Table5,10,,9maybe used,

Source:Departmentof EnergyOrderDOE 5480,11(12-21-88),

Table 5.10-9. Quality factor as a function of neutron energy.
- i , ,, , ,,,, ,i ___ "_- " -- : -- 'F--_-- '"" - '"" ' - ' "" ' ' ' ' ' ' -- i

gNeutron energy Neutron flux density"
(MEV') Q (cm'2/s"l)

2.5 x 10"8(thermal) 2 680
1 x 10"7 2 680
1 X 10"6 2 560
1 × 10"5 2 560
1 x 104 2 580
1 ×10 .3 2 680
1 × 10 .2 2.5 700
1 X 10q 7.5 115
5 ><10q 11 27
1 11 19
2.5 9 20
5 8 16
7 7 17
10 6.5 17
14 7.5 12
20 8 11
40 7 10
60 5.5 11
1 × 102 4 14
2 X 102 3.5 13
3 × 102 3.5 11
4 × 10_ 3.5 10

"Meanqualityfactors,Q (maximumvalueof O 1_,a 30-credosimetryphantom),andvaluesof
:--- neutronfluxdensitythat, in40 la,re.suitina maximumdoseequivalentoti mSv(i00 mrem),
- Source; Departmentof EnergyOrderDOE5480.11(12-214t8).

-
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O Office of Radiation Protection, tnclvdes ali of' the health physics staff, Irl th_ course of
providing radiation protection coverage, they tnelude ALARA considerations in their
operations. The ALARA Working Committee is chaired by the ALARA Program
manager and consists of a representative from each division that does radiation work,
including RRD, and the Radiation Protection SurvetUance Section. lt is a working group
that meets monthly and discusses problems in radiation protection, hears presentations on
radiation topics, and makes recommendations (including ALARA goals) to the ALARA
Steering Committee. The ALARA Steering Committee is chah'ed by the assistant to the
Dtrector of the Environmental, Safety, and Health Compliance Directorate and consists of
the ALARA Program manager and the heads of ali divisions that do radiation work. lt is
a policy committee that meets quarterly and hears presentations on radiation topics,
approves ORNL ALARA goals and proposed actions, and makes recommendations to
upper management.

Major DOE Orders stating requirements for ALARA implementation in dose
control, particularly in design, are as follows: DOE Order 5400.5, Radtatlon Protection of
the Public and the Environment; DOE Order 5480.11, Radiation Protection for
Occupational Workers; and 6430.1A, General Design Criteria. Note that, although DOE
Order 6430.1A states that lt applies to nonnuclear facilities, DOE Order 5480.6, Safety of
Department-of.Energy.Owned Nuclear Reactors, states that the specific guidance of
6430.1A is to be followed in the design of new reactor facilities and in the modification of
existing facilities where applicable.

DOE Order 5480.11 refers to PNL-6577, "Health Physics Manual of Good
Practices for Reducing Radiation Exposure to Levels that are As Low As Reasonably

O Achievable (ALARA)" (Munson et al., June 1988), for more detailed guidance on what
constitutes an acceptable ALARA program. Also, "DOE Implementation Guide (for an)
Acceptable Program and Philosophy for Maintaining Oceupatioaal Radiation Doses As
Low As Reasonably Achievable (ALARA)," Draft Implementation Guide
("Draft ALARA IG"), August 1991, gives similar guidance, The specifications of
PNL-6577 have served as a guide since 1989, when the formal ORNL ALARA Program
first began, and the Draft ALARA IG is being studied by the ALARA Program group for
comment and implementation.

1. Policy and Management Commitment

The charters of the ALARA Program (group), the ALARA Working Committee,
and the ALARA Steering Committee were signed by the Laboratory Director in 1990. A
draft _policy statement was sent to ORNL upper management in 1990, but has not yet
been approved. ALARA review requirements for Radiation Work Permits have been
approved when proposed.

2. Organization and Responsibilities

The organization of the ALARA Program at ORNL has been previously
described. Responsibilities of the ALARA Program Manager and the two ALARA
committees are given in their respective charters. In addition, the responsibilities of
various other functional groups (e.g., operations, health physics) are delineated in

procedures in the Health Physics Manual,
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3, Administrative Control Levels

Administrative control levels well below regulatory limits are set tn the Health
Physics Manual, Ad hoe or operation-specific levels may be recommended and
implemented by the ALARA Program or the Health Physics (HP) groups. Reporting and
investigation levels have been established in conjunction with the administrative levels.
Radiation workers are trained regarding tile control levels.

4. Radiological Goals

The members of the ALARA Working Committee bring to their fall meetings
information regarding work that is expected to be done in the following calendar year.
From discussions at these meetings the ORNL ALARA goals are formulated by the
ALARA Program manager, recommended by the ALARA Working Committee to the
ALARA Steering Committee, and formally approved by the ALARA Steering Committee.
Each division also produces divisional ALARA goals where appropriate.

In addition, for operations in which doses may be high or for which uncertainties
exist, dose and other radiological goals may be proposed by the ALARA Program
Manager, the Health Physics staff, the division itself, or a contractor who is to perform tile
operation.

5. ALARA Training

Ali occupational workers at ORNL, receive a general orientation to ORNL that O
includes a discussion of radiological hazards that they may encounter. When appropriate
for their jobs and locatt_as, the), may receive more specific training regarding such hazards
(e.g., for researchers and technicians).

Radiation workers include thgse satisfying the definition in DOE Order 5480.11
and perhaps others. They receive training in accordance with DOE Order 5480.11,
including retraining. Radiation protection technicians also receive training in accordance
with the applicable provisiom of DOE Order 5480.11. Design and operations engineers
are being trained (as time permits) in the appropriate principles of ALARA, ALARA
reviews, and optimization.

ALARA training for managers and supervisors and, as needed, for other distinct
groups is planned for the future.

ANS design staff, except fot_some contractors who do not go into any radiological
area,; uneseorted, ali receive the general training and some have received the training for
engineers. As radiation sources begin to be present on site (e.g., for testing and
calibration of radiation monitors and experimental instruments), other appropriate training
as previously described is expected to be added.

6. Plans and Procedures

An ALARA Program Plan hsbeing prepared and will be submitted for fc,rmal
approval. It will delineate the organization, responsibilities, and methods of operation of
the ORNL ALARA Program. In addition, it is expected that in the year before ANS
goes into operation, a facility-specific ALARA Plan will be prepared for it
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7. Internal Audits

The ALARA Program is to be audited as part of the triennial audit of radiation
protection programs. In addition, the ALARA Steering Committee is, according to its
charter, supposed to exercise an audit function within the program. Efforts are being
made to have an external audit of the ALARA Program in order to identify and correct
any weaknesses not identified by internal audits.

8. Optimization and Cost-Benefit Methodology

Procedures for performing optimization analyses are eun'ently in preparation. A
presentation of monetary values for radiation detriment ("dollars per person-rem") is to be
made to the ALARA Steering Committee by the beginning of 1992, with the expectation
of having a recommendation of such value(s) approved in 1992.

9. Radiological Design Review

While the Draft ALARA IG states, "DOE has an approved system of radiological
design criteria," it is evident that DOE recognizes that there is not a single comprehensive
document embodying such a system, ("These approved practices are specified in several
rules, orders, and standards,u) At ORNL, participation in the design process by a
radiological engineer or health physicist,while not completely formalized, has increased.
Several projects have had project-specification design criteriawritten for them (based on

O DOE and other authoritative guidance). ANS has had substantial input from the ALARA
and HP groups, and drawings and other design documents are circulated to them for
review and comment as appropriate. Formal ALARA design reviews are expected to be
held at appropriate times duringthe design and construction phases.

10. Radiological Work and Experiment Planning

The Health Physics Manual gives requirements for job and experiment reviews,
including those for Radiation Work Permits. Review of jobs and operations is expected to
be further proceduralized to provide better documentation. ANS will most likely have
facility-specific experiment review procedures, although the job and operations reviews
would be the same as the general ORNL reviews.

11. Records

Records of ALARA Program work and associated HP activities are kept for ali
categories mentioned in the Draft ALARA IG, including dose authorization forms,
incident investigations, goals, trainingrecords, and ALARA Steering and Working
Committee minutes.

Because it is desired to design and operate ANS according to the applicable
licensing standards of NRC, compliance must be demonstrated not only with state, federal,
and DOE regulations, but also, so far as is practicable, with NRC regulations and with
recommendations of the Institute of Nuclear Power Operations and the Electric Power

O Research Institute. DOE's radiation protection standards are to be consistent with EPAguidance to federal agencies [i.e., "Radiation Protection Guidance to the Federal Agencies
for Oczupational Exposure," Fed. Regist. 52 (Pt. 17) (1987), according to DOE Order
5480.11] and the recommendations of authoritative professional and scientific
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organizations, specifically NCRP and ICRP. Note that the ORNL Health Physics Manual
has the status of an ORNL Standard Operating Procedure.

The major nonquantitative goals for the ORNL ALARA Program are as follows
(these follow ICRP and other guidance):

• Individual radiation doses (both external and internal) to workers or the public
skould not only be kept below regulatory and operational limits, but should also be
minimized.

• Collective radiation dose (both external and internal) to a work group or
population should be minimized.

• Action taken to reduce radiation risks to workers or the public should not result in
a significantly higher risk from other nonradioactive hazards.

• Action taken to reduce occupational doses should not result in significantly higher
doses or risk to the public and vice versa.

• Contamination of personnel, areas, equipment, and the environment should be
minimized.

• The generation of radioactive waste, both during operation and at the end of plant
life, should be minimized.

5.10.4 Hazardous Chemicals at ANS

Another aspect of occupational health and safety relates to exposure to chemicals
in the workplace. Identification of such materials for ANS must audit considerably more
design work. Control of worker exposure to chemicals is assisted by industrial hygiene
personnel who monitor the workplace to minimize exposure to hazardous chemicals. In
addition, ongoing programs attempt to minimize the presence of unneeded chemicals. A
picture of what the chemical environment at ANS might be like can be obtained by
examining the chemical stores at HFIR. A compilation of hazardous chemicals stored at
the HFIR site (7900 Complex) that are the responsibility of RRD has been made and is
given in Table 5.10-10 (A. Lewis, RRD, ORNL, Oak Ridge, Tennessee, personal
communication to D. R. James, Health and Safety Research Division, ORNL, Oak Ridge,
Tennessee, November 1991). This list has been compiled in order to comply with EPA
regulations and is contained in the ORNL Hazardous Chemicals data base maintained by
Environmental Safety and Health Division (Y. Horton, Environmental Safety and Health
Division, ORNL, personal communication to D. R. James, ORNL, Oak Ridge, Tennessee,
November 1991). A significant amount of the chemicals is used for cleaning and
maintaining the quality of the cooling water. For example, the Calgon listed is a corrosion
inhibitor and water softener composed of 72% sodium nitrite and 20% borax
pentahydrate. A number of compressed gas cylinders are listed, including 25 tanks of
oxygen.

Because HFIR is a research reactor, there are several other divisions at ORNL
that routinely use the facility. These divisions also have their own stockpile of chemicals
and a list is kept by Allen Lewis. Instrumentation and Controls Division has only small
amounts of chemicals [less than 3.8 L (1 gai) each] for general laboratory use and will not
be listed here. These include mostly solvents and greases. Analytical Chemistry Division
has on the order of 185 different chemicals also in small quantities. Two liters (0.5 gal)
each of hydrochloric acid and hydrofluoric acid are stored, which is typical of laboratory
scale usage. Plant and Equipment Division has approximately 950 L (250 gal) of paint
and enamel stored at HFIR along with about 190 L (50 gal) of paint thinner, other
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Q
Table 5.10-10. Hazardous chemicals inventory for the High Flux Isotope Reactor

Chemical/trade Average daily Physical Maximum daily
name amount stored state amount stored °

Sulfuric acid 5,223.3 L (1,380 gal) Liquid 18,925 L (5,000 gal)
Calgon 15,897 L (4,200 gdl) Liquid 15,972.7 L (4,220 gdl)
Endcore 283.9 L (75 gdl) Liquid 416.4 L (110 gal)
Sodium hypochlorite 624.5 L (165 gal) Liquid Not available
Nitric acid 4,568.5 L (1,207 gal) Liquid 10,215.7 L (2,699 gal)
Sodium hydroxide 4,394.4 L (1,161 gal) Liquid 12,324 L (3,256 gal)
Diesel fuel 13,035.5 L (3,444 gal) Liquid 14,882.6 L (3,932 gal)
Cadmium nitrate 416.4 L (110 gaO Liquid 567.8 L (150 gal)
Hydrochloric acid 0.2M 2.84 L (0.75 gal) Liquid 2.84 L (0.75 gaO
Sodium thiosulfate N/10 180 mL Liquid 180 mL
Beryllium sulfate 120 mL Liquid 120 mL
Sulfuric acid 710 mL (24 oz.) Liquid 710 mL (24 oz.)

Code 542

Sulfuric acid 3.79 L (1 gal) Liquid 3.79 L (1 gal)
Code 541

Methyl purple indicator 1.89 L (0.5 gal) Liquid 1.89 L (0.5 gal)
Glycerine 473 mL (16 oz.) Liquid 473 mL (16 oz.)
Calcium indicator 551 cm3 (16 oz.) Solid 551 cna3 (16 oz.)
Organic phosphorus reagent C 180 mL Liquid 180 mL

O Organic phosphorus reagent A 240 ml, Liquid 240 mLOrganic phosphorus reagent D 660 mL Liquid 660 mL
Beryllium sulfate solutions 240 mL Liquid 240 mL
Organic phosphorus reagent B 100 g Solid 100 g
Cadmium nitrate, 4-hydrate 6 kg (13.2 lh) Solid 6 kg (13.2 lh)
EDTA standard titrating 4 L (1.06 gal) Liquid 4 L (1.06 gal)

solution

Xylenol orange indicator 340 g (12 oz.) Solid 340 g (12 oz.)
Citric acid 9O.7 kg (200 lh) Liquid 90.7 kg (200 lh)
Diesel oil 0.95 L (0.25 gal) Liquid Not applicable
Araldite 502 56.8 L (15 gal) Liquid 56.8 L (15 gal)
Cimstar 52 75.7 L (20 gai) Liquid 75.7 L (20 gal)

-_ Sikadur 42 118.4 kg (261 lh) Solid 118.4 kg (261 lh)
Sikadur 42 9,000 cma (2 gal) Solid 9,000 cma (2 gao
Activated carbon 0.48 ma (110 gal) Solid 0.48 ma (110 gaO
Amberlite IRA 400 2.9 ma (660 gal) Solid 2.9 ma (660 gal)
3M fire barrier CP 25 N/S 18.9 L (5 gal) Liquid 18.9 L (5 gal)
Wedjrok concrete 18.9 L (5 gdl) Liquid 18.9 L (5 gal)
Beryllium 771.1 kg (1,700 lb) Solid 771.1 kg (1,700 lh)
Cadmium 9.1 kg (20 lh) Solid 9.1 kg (20 lh)

"Thisamountis the maximumquantityordered foruse at the facilityand is thereforethe largest
quantity of chemicalthat would be present at any one time.

Source: A. Lewis,Reactor Research Division,ORNL, Oak Ridge, Tenn., personal communicationto
D. R. James, Health and SafetyResearch Division,ORNL, Oak Ridge, Tenn., November 1991.
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solvents, lubricants, and sealers. SSD has small quantities of about 80 different chemicals
for use in their research on the beam lines.

5.11 WASTE MANAGEMENT IMPACTS OF ADVANC'ED NEIYl'RON SOURCE

This section describes the principal impacts of ANS wastes to the ORNL waste
management system. Impacts will be identified and evaluated to ascertain their
significance. The impacts of radioactive, mixed, hazardous, and conventional wastes to
existing and planned waste management facilities at ORNL are discussed. Impacts of
wastes to worker health and safety and ecological resources are discussed elsewhere.

5.11.1 Scenario-Driven Impact Analysis

This section discusses the methodology for impact analysis of ANS waste
management under two scenarios: (1) a preferred management scenario (in which new or
updated facilities become available at the ORNL host-site, ORR, or other DOE facilities);
and (2) an interim storage scenario (in which older, existing facilities at the ORNL host
site continue to be used). Under both scenarios, waste facilities would be operated in
accordance with Waste Acceptance Criteria established by ORNL for the management of
waste by its generators. These criteria require pretreatment, volume reduction, waste
minimization, and proper waste conditioning and labelling before disposal.

Scenario 1: ANS Radioactive Waste Management Preferred Alternative O

• Liquid low-level waste (I2_V 0 and radiological proce_ wastes would be disposed
of through improved waste management systems. Efforts to reduce LLLW would
bex_me more widely adopted through increased me of local ion-exchange
treatment of wastewater and waste solidification.

o Transuranic (TRU) wastes would be disposed in the Waste Isolation Pilot
Plant (WIPP), near Carlsbad, New Mexico, after interim storage at ORNL.

• High-level waste and spent fuel would be removed from ANS and
temporary storage at the reactor and would then be shipped to the
Receiving Basin for Offsite Fuels (RBOF) at the Savannah River Plant,
South Carolina, for interim away-from reactor storage. Permanent disposal
might be at the Yucca Mountain High-Level Waste (HLW) repository.
Other high-level wastes from decontamination and decommissioning
(D&D) aetivitie_ would be disposed of in special facilities.

• Greater-than-elams-C (G'I'C-'_ disposal plans are still unknown; however,
DOE is developing an inventory of ali GTCC sources and is considering
possible disposal sites and alternative disposal technologies (OTA 1989,
p. 85; Hutchison and Magleby 1990, pp. 617-19). Future waste acceptance
criteria will emphasize reduced GTCC generation.

• Contact-handled and remotely handled low-level waste (CH- and RH-LLW): New
ORR facilities are being planned to replace existing solid LLW (SLLW) facilities
nearing capacity. New LLW disposal facilities will replace the Greater
Confinement Disposal below-grade operations at Solid Waste Storage Area
(SWSA) 6, which are scheduled for eventual phase-out (Butterworth 1988;
pp. 36-38, Baldwin et al. 1989b).
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O s Gaseous radiological wastes would be processed and disposed through
existing methods, although greater use of molecular-sieve type

•dehumidifiers is expected. ALARA guidelines governing these wastes are
likely to become more stringent than those used today.

• Mixed waste would be disposed either on ORR or off-site.
• Tritium would be collected in the ANS Heavy Water Upgrading and

Detritiation Facility. After processing in a Tritium Removal Unit, tritides
would be stored on-site until sold or othelwise disposed. Tritiated solid
waste may also be incinerated.

Scenario 2: ANS Radioactive Waste Management Interim Management Plans

• LLLW and radiological process wastes would be disposed through existing
waste management systems that should undergo only limited upgrade.

• TRU waste interim storage at SWSA 5 and SWSA 7 (for CH-TRU), and
SWSA 5 bunkers (for RH-TRU) would continue indefinitely due to
unavailability of WIPP.

• High-level waste and spent fuel would be removed from ANS and
temporary storage at-reactor and would then be shipped to RBOF for
interim storage. Because eventual disposal at Yucca Mountain or a similar
repository is uncertain, prolonged interim storage at RBOF is likely.
HLWs from D&D activities would be stored on an interim basis at ORNL.

• GTCC: In lieu of long-term disposal plans, interim storage at ORNL host
O site, or at ANS, might be necessary.

• CII and RH-LLW: Until new ORR facilities being planned to replace
existing SLLW sites are completed, interim storage at various ORR sites
would continue.

• Gaseous radiological wastes would be processed and disposed through
existing methods.

• Mixed waste would continue to be stored in interim storage facilities at
ORNL.

• Tritium would be collected in the ANS Heavy Water Upgrading and
Detritiation Facility. After processing in a Tritium Removal Unit, tritides
would be stored on site.

5.11.2 Impactsof Liquid Low-Level Radioactive Wastes

ANS would generate approximately480 m3 (126,109 gal) of LLLW annually. The
principal sources of LLLW at ANS would be: (1) the reactor facility and adjacent
buildings, and (2) the detritiation facility designed to separate tritium from deuterium
coolant. Because it comprises a special category of concern, the impacts of liquid tritiated
wastes will be discussed in Sect. 5.11.5. Applying the LLLW system's current concentrate

- to liquid waste ratio of 1:6 means that ANS liquid wastes would annually produce 80 m3
(21,000 gal) of concentrate. Impacts of LLLW are depicted in Table 5.11-1.

Within the reactor facility, contaminated floor drains would comprise the largest
single source of LLLW, comprising 286 m3 (75,000 gal) or nearly 60% of projected annual

O totals. Projected volumes of LLLW from the ANS detritiation facility, comprising 145 m3(38,000 gal) or 30% of annual volume, assume decontamination to a liquid radiological
process waste through ion exchange. Such pretreatment could eventually eliminate LLLW

: generation at ANS. Table 5.11-1 depicts the sources of LLLW at the proposed ANS.
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0
Table 5.11-1. Predicted generation of liquid low-level waste from

the Advanced Neutron Source

Volume

Source [m3/year (gal/year)]
I II

Reactor facility and adjacent buildings

Primary liquid waste (cleanup resin using ion exchange) 38.0 (10,000)

Pool liquid waste (spent resin and water removal from 8.0 (2,000)
pool cleanup using ion exchange)

Primary filters liquid waste 3.8 (1,000)

Pool filter liquid waste 0.38 (100)

Contaminated floor drains--reactor area 280.0 (75,000)

Subtotal 330.0 (88,100)

Detritian'on facility

Liquid waste from detritiation and upgrade wastewater 150.0 (38,000)

Totalmall systems 480.0 (126,100) °

•Assumesthat there willbe no pretreatment through ion exchangeof liquidlow.levelwaste (LLLW)
from the detritation facilityand that a line from AdvancedNeutron Source (ANS) to the LLW treatment W
systemwill be required.

Source: Reed, W. R. 1991. "Summaryof Informationabout ANS Wastes,"September 26, 1991,version
update. This table is based upon the assumptionthat an LLW linewillbe dischargedfrom ANS, and that
LLLW is not pretreated through dewateringby a smallIon exchangesystema ANS. For accompanying
tritium contamination,see Table 5.11-4.

ImpactsUnder Scenario1

If the future ORNL LLLW system is upgraded and given a comparable capacity
for storing, neutralizing, concentrating, and processing LLLW as that in operation today,
the 480 m3 (126,100 gal) of projected ANS LLLW would utilize almost 40% of the ORNL
LLLW system's annual capacity, compared with HFIR's utilization rate of between 12 and
23% of the LLLW system's capacity in recent years (Robinson, DePaoli, and Walker
1991, p. 15; Office of Waste Management 1991, p. 69). Moreover, this additional loading
would occupy 20% of the LLLW concentrate tank storage component unless additional
tank storage were provided and/or conversion to SLLW undertaken. Assuming efforts to
decontaminate LLLW through ion exchange are undertaken in the detritiation facility,
LLLW from this source could be eliminated.

Because much of the current LLLW Collection and Transfer (CAT) system will be
taken out of service when the Federal Facilities Agreement for ORR becomes effective,

ANS LLLW would probably be transported to an evaporator facility via truck, causing O
more frequent usage of laboratory road systems for the shipment of LLLW than is
presently the case (Parrott et al. 1991, p. 2).



5-37

Impacts Under Scenario 2

If the future ORNL LLLW system reaches capacity without significant upgrade,
the LLLW evaporators are not replaced, and projected ANS LLLW is not reduced, ANS
LLLW would exceed the system's capacity for treatment and disposal.

5.11.2.1 Impacts of Radioactive Process Waste

ANS would generate approximately 751,900 m3 (29,488,000 gal) of liquid
radioactive process waste (PW) annually. The principal sources of PW at ANS would be:
(1) the reactor facility and adjacent buildings, which would account for almost 98% of
total PW, and (2) the Detritiation Facility designed to separate tritium from deuterium
coolant, which would produce the remaining 2%. Table 5.11-2 depicts the sources of PW
at ANS. Impacts from ANS radioactive PW would be to future PW processing, storage,
and disposal facilities including the PW equalization basin (Pond 3524) (or Bethel Valley
Storage Tanks F-2101 and F-2102) and special PWTP. PW from ANS would require
approximately 47% of radioactive process waste treatment capacity at ORNL, a ratio that
is 16 times larger than that of HFIR.

Impacts Under Scenario 1

If PW facilities are upgraded and their capacity increased beyond their current
240,000 m3 (62,400,000 gal) annual capacity, the impacts of A.NS PW to the ORNL PW

system should be minor. ANS PW would use 47% of the system's capacity. The ORNL
PW system should be able to absorb ANS's loading.

Impacts Under Scenario 2

If PW facilities are not upgraded and their capacity not increased beyond their
current 240,000 m3 (62,400,000 gal) annual capacity, ANS PW should require
approximately 47% of the ORNL PW system's capacity. The ORNL PW system might
not be able to absorb ANS's additional loading without upgrade.

5.11.3 Impacts of Solid Radioactive Wastes

This section describes impacts of TRU waste, high level incidental, spent fuel,
GTCC, and radioactive SLLW to off-site TSD facilities such as WIPP and existing and
planned ORNL waste treatment facilities. Because it comprises a special category of
concern, the impacts of solid tritiated wastes will be discussed in Sect. 5.11-5.

5,11.3.1 Transuranic Waste Impacts

ANS would generate miscellaneous CH-TRU wastes comparable to those
associated with HFIR. In addition, RH-TRU wastes from experimental systems processed
in the Radiochemical Engineering Development Center (REDC) should be comparable to
those from HFIR. It is expected that impacts from this TRU waste would be to ORNL

,til staging facilities and WIPP, as shown in the following paragraphs.
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Table 5.11-2. Predicted generation of liquid radiological process waste (PW)
from the Advanced Neutron Source (ANS)

iii ii ]

Volume

Source [mS/year(gal/year)]

Reactorfacilityandadjacentbuildings

Primarycleanupresinusingionexchange 38(10,000)

Spentresinandwaterremovalfrompoolcleanup 8 (2,000)*
usingionexchange

Primarycleanupfiltersandwatercleanupusing 4 (I,000)
pre-treatmenttoreduceradiologicalcontent

Reactorcontaminatedfloordrainwaste 300(75,000)

Poolfiltercleanup 13,000(3,400,000)

Subtotal 13,300(3,488,000)

Detritiationfacility

PW fromprocessingcoolingtowerblowdown,contaminated 738,000(26,000,000)
condensate,andfrommiscellaneousorganicliquid

wastes,deconsolutions,andionexchangeresins

Total--allsystems 751,300(29,488,000)b
l_m._mm.ammm,,_I..

•Thiswastemaybegreater-than-classC duetoits*_Ccontent(seeSect.5.11.3o4).
bEstirnateisa"worstcase"assumptionbasedupon:(I)assumptionthatabout79,000L (20,800gal)

ofcoolingwaterblowdown(contaminatedwithethyleneglycolandothercontaminants)willbed_:hargedtothe
ProcessWasteTreatmentPlant(PWTP)annually;,(2)790,400L (208,000gal)(approximately)ofsimilarly
contaminatedcondensatewillbedischargedtothePw'rP;and(3)uptoapproximately654,000L (172,000gal)
couldbedischargedthroughotherfloordrainbyunplanneddischarges.

Source:Reed,W.R.1991."SummaryofInformationaboutANSWastes,"September23.17.
J.R.Devote,ORNL,OakRidge,Tennessee,MemorandumtoR.A.Brown,ORNL,OakRidge,Tennes_e,
January30,1992.

Impacts Under Scenario 1

ANS CH- and RH-TRU wastes would ultimately be disposed of iv WIPP if the
Waste Handling and Packaging Plant is made available. The former facility is exp_:_t to
become available for ORNL TRU wastes sometime after 2007 (Baldwin et ai. 1989c,
p. 28). The expected disposal capacity for CH-TRU waste at WIPP is 176,000 m3
(6,195,200 ft3). The expected RH-TRU waste capacity for WIPP is expected to be
7100 m3 (250,000 ft3). If CH- and RH-TRU generated from ANS were to be comparable
to that from HFIR (via REDC processing), as expected, it would comprise a small
proportion of WIPP's total capacity, qj_



5-39

O Impacts Under Scenario 2

If WIPP does not become available, impacts from ANS CH- and R.H-TRU wastes
would be to interim storage facilities at ORNL. Total CH.TRU interim storage at ORNL
is expected to be between 775 and 1000 m3 (27,000 to 35,000 ft3) (Baldwin, Sease, and
Jones 1989, p. 39). Interim facilities for RH-TRU wastes (Bunkers I and II) will have a
total storage capacity of 270 casks. Without additional interim storage, TRU waste
capacity at ORNL would be exceeded by the addition of ANS.

5.11.3.2 High-Level Incidental Waste Impacts

The amount of high-level incidental waste generated by ANS cannot be predicted.
With the exception of spent nuclear fuel (Sect. 5.11.3), ANS would not produce high-level
waste from normal operations. It would only produce high-level waste as a result of major
alterations and D&D of the facility.

Impacts from high-level waste due to these activities would include generation of
discarded isotope sources and activated parts of reactors. Under the current
laboratory-wide radioactive waste management plan, these wastes cannot be disposed of
on ORR. It is expected that they would be disposed of in a Dry Cask Storage Facility
whose configuration and planning have yet to be identified (Baldwin, Sease and Jones
1989; p. 108; Office of Waste Management 1991, p. 61-2).

5.11.33 Spent Fuel Impacts

O ANS would annually discharge 17 fuel bundles. These bundles would be placed
into special carriers that, in turn, would be placed into an on-site storage pool. After on-
site storage for between 1 to 2 years, the spent fuel would be transferred to special
shipping casks still under design and shipped by truck to RBOF.

In order to assess the impacts of spent fuel from ANS to ORNL pool storage
facilities and off-site storage facilities, the following method was employed. It is assumed
that spent fuel bundles from ANS would be stored in special carriers 1.4 m (4.6 ft)
diameter and 4 m (13.1 ft) tall. These carriers will be stored erect. Each removed spent
fuel bundle in its special carrier wou!d thus use 1.96 m_ (21.09 ft2) of pool area.
Seventeen annual spent fuel replacements--combined with a 1-year on-site spent fuel
accumulation before shipment--would utilize 33.3 m2 (359 ft2) of pool storage area at
ANS.

Impacts to RBOF have been assessed as follows. The total useable spent fuel
storage area at RBOF is 1700 m2 (47,252 ft2)(NPR 1991, p. 2). If ANS were the sole user
of RBOF, it would exhaust this total spent fuel storage capacity in 131.6 years. In
actuality, much of the basin space at RBOF is currently being taken up by the Savannah
River Plant's N-Reactor spent fuel. lt is believed that this spent fuel will be discharged by
the time ANS enters operation (NPR 1991, p. 2).

Impacts Under Seenmio 1

A permanent deep-geologic storage facility for spent nuclear fuel is not expected

O to become available until after the year 2010. Plans for this permanent spent fuelrepository en_sion a facility with a capacity of 70,090 metric tons (77,000 tons), The
impacts from ANS spent fuel to this permanent repository would be small.
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Impacts Under Scenario 2

If a permanent spent fuel repository were not available, impacts from ANS spent
fuel would be to RBOF. There is sufficient spent fuel storage space for ANS spent fuel
for 131.6 years.

I

5.11.3.4 Greater-tham-Class-CWaste Impacts

ANS woukt generate small amounts, for example, < 1 m3 (35 ft 3) of GTCC
annually. The p_lcipal source of GTCC would be Carbon-14, generated by radiation
damage to spent primary cleanup resins. This waste would be stored at ANS in a High
Integrity Container until off-site storage or disposal space could be located. GTCC
generated by major alteration and D&D of ANS also could produce some GTCC waste.

Impacts Under Scenario ]

Impacts from small amounts of GTCC at ANS would be to future GTCC disposal
facilities that provide maximum protection for the public as well as protection against
accidental intrusion (U.S. OTA 1989, p. 85; Hutchison and Magleby 1990, p. 618). Such
facilities might be located at the Savannah River Plant, South Carolina, or they might
include new class L-III/IV below grade storage facilities planned for construction for
GTCC waste by the mid-1990s (Office of Waste Management 1991, p. 180).

Impacts Under Scenario 2 O

In lieu of a permanent disposal facility identified by DOE for disposal of ANS
GTCC, impacts from GTCC from ANS would be to interim storage facilities at the K-25
Site or ORNL (Baldwin, Sease and Jones 1989; p. 105). Because the small amount
[<1 m3 (35 ft3)] of GTCC waste generated by ANS would comprise a fraction of the total
annual generation of class IV wastes at ORNL, impacts should be small. Special case.
GTCC disposal is not permitted on ORR (Office of Waste Management 1991, p. 61).

5.11.3.5 Solid Low-_l Radioactive Waste Impacts

ANS would generate approximately 124 m3 (4300 ft3) of CH-SLLW annually. The
primary source of CH-SLLW from ANS would be the reactor facility and adjacent
buildings. Primary cleanup resins, water removal from pool cleanup, removal and
replacement of pool filter cartridges and high-efficiency particulate air (HEPA) filters, and
miscellaneous engineering and crafts wastes (including discarded clothing and maintenance
items) would generate almost 100 m3 (3232 ft3), or 82% of ali CH-SLLW at ANS.

Feed preparation resins and miscellaneous solid low activity wastes from the
detritiation facility would account for 14% of CH-LLW, while ANS LLLW treatment
facilities would generate the remaining 3%. Table 5.11-3 depicts the sources of
CH-SLLW from ANS.

Impacts from SLLW at ANS would be to future solid waste disposal facilities at
ORNL. Most CH-LLW from ANS would be class I waste, as is that for HFIR.

A.NS will generate approximately 10 m3 (350 ft3) of RH-LLW annually from A
experimental systems and material irradiation facilities.

,r,r, _ ', li II ' ,'ql¢ll,*' ,a, ,l,_._t,,lll,ptp,,a,_a, _ ,,1_ ' II1'_'n' '1tl ' _111"111.... p,, ,,,,,H 'lmI11,q'rnll,lll',lr'"_,ai_ ,,,_1t rl'lnl,,,_l'lit, ,_lla"_lr' " P rlrr_a I"r!lllP'_a.... i I1'"*IIII' r_'
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O Table 5.11-3. Predicted generation of solid contact and remote-handled
low-level radioactive waste (CH- and RH-LLW) from the

Advanced Neutron Source (ANS)
i i , i it, it iii ,

Volume

Source im3/year (ft3/year)]

Reactor facility and adjacent buildings

RH.LLW '_

Material irradiation facilities waste 1.7 (60)b
(ANS experimental systems)

Analytical chemistry experimental wastes 1 (30)

Heat exchangers_ 7 (262)

Subtotal 10 (352)

CH-LLW

Primary cleanup resin:

Dry primary resin to high-integrity container 60 (2000)

Dry secondary resin [from decontamination 1 (35)
process for liquid LLW (LLLW)]

O Spent resin and water removal from pool cleanup:

Dry resin or "cemented" secondary water 11 (400)

Secondary resin from decontamination 0.07 (2.7)
process for LLLW

Primary cleanup filters 4 (140)

Pool water cleanup 0.9 (30)

High efficiency particulate air filters 8 (283)d

Crafts and electrical systems waste 2 (75)

Engineering, mechanical pumps, assorted boxed metal 7 (261)
wastes

Instrumentation and Controls engineering 0.14 (5)

Subtotal 94 (3232)



5.42

Q
Table 5.11-3. (continued)

i ii i iii i i i i i i i ,ii i|ll

Volume

Source [m3/year (ft3/year)]

Detritiation facility

CH-LLW

Heavy water detritiation and upgrade feed 3 (94)
preparation resin

Miscellaneous solid processed low-activity waste 26.4 (930)

Medium-activity waste 0.08 (3)

High-activity waste 0.26 (9)

Sub-total 29.7 (1036)

ANS LLL W treatment facilities

CH-LLW 0.34 (12) °

Total RH-LLW 10 (352)

Total CH-LLW 124 (4280)

of RH-LLW: 3tSl, aMg, _Cu, _Cu, _Nt, 6SNi,eeNi, SeCo,6tCo, 5rMn, "Mn, /"Isotopic composition
_Mn, SeMn,2aNa,a4Na,_i, _Sc,_'Sc,_Sc,*SSc,tsCa,MCa,UAl,_Fe,S'Fe,_Cr,aV, *_V,6s7..n,egZn,7_Z,n.

qJ_strumentedanduninstrumenteclexperimentcapsules,spentcharcoalfromgascleanup,
replacementof molecularsievedryermaterial,cableandthermocoupleleads. Thiswasteis removableonly
duringfueloutages,wiaiehoccur17timesperyear.

'Duringtheestimated40-yearlifeof ANS, heatexchangerreplacementwillgenerate300m3(10,480
ft3)of CH-LLWor 7.4m3(262ft3),Ifannualizecl.

q-IEPAfiltersare generallyreplaeeclat 5.yearintervals;this figureassumesa totalinstallmentof 15
HEPAfilters.

'The ANSLLLWtreatmentfacilitywilldewaterresinandtreatreactorLLLW.
Source:Reed,W.R. 1991. "Summary of InformationAboutANSWastes,"September 23, 1991,

versionand September26, 1991,versionupaate.

Impacts Under Scenario 1

Impacts from SLLW generated by ANS would be to new LLW disposal facilities at
ORNL. Assuming the most likely candidate disposal sites for class I and II wastes would
be available at the time ANS would enter operation (SWSA 7 for class II and West
Chestnut Ridge for class I waste), as depicted in Table 3.5-3, impacts from ANS solid
wastes would be to these sites.

Total planned class I disposal space at West Chestnut Ridge is 262,000 m3
(9,224,871 ft3). Total planned class II disposal space in SWSA 7 is 71,000 m3
(2,508,540 ft3) (Rivera et al. 1989, p. 20). This space, if available, should be adequate for 8L
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O ANS SLLW. Spa_ availability in a possibly expanded Interim Waste Management
Facility at SWSA 6 for class 1"1wastes is less certain, however.

SLLW from ANS falling into class HI or IV categories that has high radionuclide
concentrations and a long half-life would likely be shipped to a yet-to-be built,
specially-engineered facility at the Savannah River Plant, South Carolina. Such a facility
probably will not be available until after the year 2000 (Office of Waste Management
1991, p. 61). In the interim, a new class III or IV storage facility, which has been
proposed to provide interim storage capacity for approximately 10 years until off-site
disposal becomes practicable (Baldwin, Sense and Jones; 1989, p. 105), should be available.

Impacts Under Scenario 2

If a new _AassTdisposal facility does not come on-line in the year 2000, and if
SWSA 6 closure begins as expected (in December 1993, Office of Waste Management
1991, p. 58), a significant shortage in class I dksposal capacity will result (Bald'Mn, Sease,
Jones 1989; p. 66). Likewise, if a new class li disposal site also is delayed, and AN$
enters operation, interim steerage of ANS class II wastes would likely be necessary.

Under this scenario, ANS solid wastes would have to be stored at various ORR
sites. Some SLLW might be subject to interim storage at ORNL, while some might
undergo interim storage at the K-25 Site. Finally, interim storage of class II and IV wastes
from ANS at the planned storage facility at ORNL's SWSA 7 would continue until
capacity is reached.

O 5.11.4 Gaseous Radioactive Waste Impacts and Tritium Vapor Impacts

Following holdup for decay and filtration,several radioactive gases would be
discharged into the atmosphere through a single on-site stack at the proposed facility. As
depicted in Table 5.11-4, trace emissions of several radioactive gases are likely. However,
the single largest radionuclide emission would be 2.7 × 10i_ Bq (7200 Ci) of tritium
released from the reactor and detritiation facility annually. The latter would account for
nearly 70% of ali atmospheric tritium discharges. Some radioactive gases will be locally
treated in glove box cleanup systems. Dehumidification will be employed to minimize
losses of tritiated water vapor.

The impacts of ANS gaseous radiological wastes to existing and planned
improvements to the laboratorywidestack-discharge system should be minor became ANS
would provide its own stack system for removal of tritium.

Since HEPA filters are ineffective for tritium retention, it will have to be collected
and monitored (Office of Waste Management 1991, pp. 97 and 107). The 2.7 × 10_4Bq
(7200 Ci) of tritium anticipated to be released through the stack system should not pose a
significant impact to total allowable close commitments at ORNL (see Sect. 5.7.5).

Other gaseous radioactive emissions would have an impact on the ORNL SLLW
management system, however. ANS staff estimate that pre-filters, bag filters, charcoal
filters, and high efficiency particulate air filters installed in the ANS atmospheric emissions
stack system would have to be replaced every 5 years, resulting in the disposal of
approximately 40 m3 (1450 ft3) of solid CH-LLW. Broken down annually, this would
amount to 8 m3 (290 ft3) of CH-LLW for disposal.

®
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Table 5.11-4. Predicted gaseous radiological emissions from
the Advanced Neutron Source reactor facility

and adjacent buildingS"

Solubility Radionuclides
Element classb [Bq/year (Ci/year)]

3H G 2.661 x 10I_ (7.193 x 103)

COCo Y 7.96 x 102 (2.15 x 10-8)

8SKa' G 6.48 x 10t3 (1.75 x 103)

9°Sr D 8.29 x 104 (2.24 x 10-6)

132Tc W 3.85 x 10s (1.04 x 10-s)

t29I D 1.35 x l0 s (3.65 x 10 -6)

mi D 4.18 x 109 (1.13 x 10, I)

mi D 2.01 x 10a (5.44 x 10-3)

t33I D 4.85 x 109 (1.31 x 10- l)

13si D 4 X 109 (1.08 X l0 -l) !

133Xe D 3.15 X 10t4 (8.52 X 103) @
137C.s D 1.63 x 10s (4.40 x 10 -6)

t37=Ba D 1.63 x 105 (4.40 x 10-6)

l_La W 1.09 x 10s (2.95 x 10-6)

lS_Au -- 2 x 10+(5.40 x 10-7)

212pb D 2.10 X 109 (5.68 × 10 -2)

22Vl'h Y 3.24 x 102 (8.76 × 10 -9)

Y 3.92 x 102(1.06 x 10-s)

2a2Th Y 2.87 x 102(7.75 x 10 -9)

Z_u Y 5.77 x 102 (1.56 x 10-8)

239I'_u Y 1.58 X 10t (4.28 X 10- Io)

"Of the 2.661 × 10'+Bq/year (7193 O/year) of tritium from the Advanced Neutron
Sotlret: (ANS), 1.85 × 10t4Bq (5000 Ci) would come from the detritiation facility.
This 1.85 × 10t4Bq (5000 Ci) would be accompanied by nitrogen, argon, helium-3 and
..4,and hydrogen.

bG = gas, W = moderately soluble, Y = insoluble, D = soluble.
Source: Reed, W. R. 1991. "Summary of Information About ANS Wastes,"

September 23-26.

@
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O 5.115ImpactsofTritiatedLiquidsandSolids

Whiletritiumwouldbedischargedintotheatmosphereasa gasfollowingholdup
anddecay,asdiscussedinSect.5.11.4,A.NSwouldalsobeequippedtosegregateand
removegrossamountsoftritiumfromliquidandsolidwastestreamsandstoreiton-sitein
embeddedtritides.As showninTable5.11-5,4.14x 1016Bq (1.12millionCi)oftritium
wouldberemovedthroughthedetritiationprocess.Removalwouldmostlytakeplacein
thetritiumremovalsubsystem(Sect.3.5.7).Afterremoval,itwouldbepackagedinthe
formofmetaltritides(probablyzirconiumoruraniuminordertoimmobilizetritium
by-products),andstoredon aretrievablebasis.The exactlocationandspacerequirements
for this on-site storage have not yet been determined.

Despite this program of deliberate segregation of tritium, nominal amounts of
tritium from the reactor and Heavy Water Upgrade and Detritiation facility would
accompany LLLW and SLLW destined for disposal. The impacts of these nominal
amounts would be to the laboratory-wide liquid and solid waste systems.

Annually, 8.88 × 10t3 Bq (2400 Ci) of tritium would accompany liquid reactor
facility wastes from the primary liquid waste cleanup system, spent resins from the reactor
pool, pool water cleanup, and primary pool filtration system. Tritium associated with the
reactor liquid waste management system may be discharged to the laboratory-wide LLLW
system and/or radiological process waste system. Because these systems do not have the
ability to remove this tritium, it would then be discharged to the White Oak Creek system
where between 9.25 x 1013 to 1.07 x 1014Bq (2500 to 2900 Ci) of tritium are already
annually discharged into White Oak Lake from SWSA-5 remediation activities (Personal

O communication from J. Trabalka, Environmental Science Division, ORNL, to
D. L. Feldman, Energy Division, ORNL, January 17, 1992).

Alternatively, this 8.88 x 1013Bq (2400 Ci) of tritium may be disposed as CH-
LLW in the form of solidified dry resins, primary filter debris, and solid processed LLW
such as paper, plastic, neoprene rubber, and clothing. It is expected that most of this CH-
LLW will be packaged into high-density polyethylene containers and disposed at ORNL
facilities. Because the exact location and space requirements for this on-site storage have
yet to be determined, incineration of solid tritiated wastes, separation of tritium vapors at
ANS and discharge through the stack system where it would not pose significant impacts
(Sect. 5.11.4), as well as other methods of disposal, will continue to be explored.

5.11.6 Mixed Waste Impacts

ANS would generate approximately 1.2 m3 (330 gal) of mixed waste annually.
Mixed waste would consist of contaminated oils from the reactor area and detritiation
facility. The impacts of ANS mixed waste would be to interim liquid mixed waste storage
facilities at ORNL and the K-25 Site or to future treatment and disposal facilities on
ORR or DOE sites.

In order to estimate the impacts of ANS mixed waste to future treatment, disposal,
or storage facilities, the following assumptions were made. lt is assumed that annual
mixed waste generation at ORNL will be comparable to that at present. It is anticipated
then, that projected mixed waste from ANS would account for 6% of the 20 m 3

laboratorywide mixed waste requiring treatment, disposal, or storage (see Table 5.11-6).

0
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O Table 5.11-6. Predicted hazardous and mixed waste generation
at the Advanced Neutron Source (ANS) °

Volume

Categories [m3/year (gal/year)]

Hazardous liquids

Uncontaminated oils--transformers, fuels and lubricants, 10 (2526)

cooling tower gearboxes and fansb

Oil from vacuum pump--Neutron Scattering System 0.7 (192)

Subtotal--oil 11 (2718)

Chemical laboratory wastesc 1.1 (300)

Subtotal--ali liquids 23 (3018)

Hazardous solids

Biological waste < 1

Mixed Waste

Contaminated oil from reactor area 1.2 (325)

Oil contaminated with tritium (Detritiadon facility) 0.01 (4)

O Subtotal--mixed wastes 1.2 (329)

*Source:Reed,W.R. "Summaryof InformationAboutANSWastes,"September26, 1991,version
informationprovidedwithassistanceof GeorgeMcNuttandJeffCleveland.

Vrransformers,capacitors,andballastswillnotbe filledwithpolychlorinatedbiphenyl.
'Principallyacetone,benzene,alcohol,trichloroethylene,andvariousacidsusedforcleaningequipmentas well

as solventwipesand chemicalsolids.It is importantto notethatat HighFluxIsotopeReactor,whilecomparable
amountsof laboratorywastesareannuallygenerated,theyarestoredon-site,in conjunctionwithhazardouschemicals
fromotherresearchdivisions(seeTable5.10-10).

Impacts Under Scenario 1

Impacts from ANS liquid mixed wastes would be to the Oak Ridge Mixed Waste
Incinerator (ORMWI) at the K-25 Site--which is expected to accept liquid mixed waste
when ANS enters operation. ANS mixed waste would account for 6% of total ORNL
mixed waste for treatment or disposal.

_

Impacts Under Scenario 2

In the event that ORMWI or other ORR treatment or disposal facilities are not
available for treatment or disposal of ANS mixed wastes, or additional characterization

: and evaluation determines that ANS mixed wastes are unsuitable for treatment at the
O ORMWI, impacts of mixed wastes would be to new mixed waste storage facilities presently

in the planning stages (Office of Waste Management 1991, p. 125).
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As in Scenario 1, it is expected that ANS would account for 6% of the total
annual mixed waste at ORNL requiring interim storage at these new facilities.

5.11.7 Sanitary Waste Impacts

ANS would generate approximately 16,900 m3 (4,440,000 gal) of human sanitary
wastes annually.* In addition, ANS would generate 1040 m3 (273,000 gal) of laundry
wastewater annually. Impacts of this waste would be to the ORNL Sanitary Waste
Treatment Plant located in Building 2521 at the west end of ORNL. The total ANS
sanitary waste generation of 17,960 m3 (4,700,000 gal) would require about 4% of total
ORNL Sanitary Waste Treatment system capacity. Sanitary waste from ANS would
probably be pumped directly to the sou'..hwest corner of the ORNL Sanitary Waste
Treatment Plant. This is in contrast to HFIR which currently trucks its sanitary waste to
this facility.

5.11.8 Conventional Waste Impacts

This section describes impacts from ANS conventional wastes, floor drains,
rainwater runoff, and other nonhazardous waste sources to ORNL conventional waste
management facilities.

5.11.8.1 Conventional Liquid Waste (Effluent) Impacts

Effluents from ANS that would impact the ORNL storm sewer system include
rainwater runoff from parking lots, grassy areas, and roof drains. Storm water runoff from
areas surrounding the reactor building, support facility, guide hall, and laboratory
buildings, as well as sprinkler discharges and heating, ventilating, and air conditioning
cooling condensate would occasionally contain trace quantities of radiological
contamination above background--including cesium, strontium, cobalt, and tritium. Before
release of these effluents to the White Oak Creek system, effluents would be held up and
monitored for deuterium oxide and tritium, with separation of tritium whenever possible.

Treatment of contaminated effluents would take place at ORNL PWTP before
discharge to the White Oak Creek watershed as permitted under an NPDES permit.
Uncontaminated effluents would be directly discharged to the White Oak Creek watershed
under the requirements of an NPDES permit.

5.11.8.2 Conventional Solid Waste Impacts

ANS would generate a total of 1330 m3 (47,000 ft3) of conventional solid waste
annually. As shown in Table 5.11-7, most of this waste would be refuse, while the
remainder would be miscellaneous glass and scrap metal. In addition, about 620 m3
(22,000 ft3) of solid waste from ANS support areas, likely to be taken over from HFIR,
will be generated annually. Impacts from these nonhazardous conventional wastes would
be either to an expanded Centralized Sanitary Landfill II located on Chestnut Ridge,
10 km (6 miles) east of ORNL, or to Landfill 5--a planned !'acilityto be located at the
Y-12 Plant (Fig. 3.7-1).

0
"Based on an estimate oi' 7000 gai/d shift of 250 workers; 1500 gal/d for 100 visitors 120 d/year;, and up to 100 people

per shift on 16 weekends, evenings, and night shills, lt is estimated that each person will use about 35 gal of water per shift.
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O Table 5.11-7 Predicted conventional waste generation at the
AdvancedNeutron Source (ANS)

ii i

Waste categories Volumes
,, i , , iii i

Conventional liquid waste
[m_/year (gal/year)]

Laundry wastewater 1040 (273,000)

Noncontaminated floor drains 57,000 (15,000,000)

Sanitary waste 16,900 (4,440,000)

Conventional solid waste

[m'_/year (ft/year)]

Refuse 1220 (43,000)"

Miscellaneous nonhazardous scrap metal 114 (4000)

Subtotal 1334 (47,000)

ANS support area/former High Flux Isotope 620 (22,000)
Reactor area conventional waste

"Includes,as majorconstituents,conventionalInstrumentationandControlwastes,electrical

O engineeringwastes,shippingwastefromfurniture,ANSlunchroom,officewastebaskets,andsimilar_urees.Source:Reed,W. R. 1991."Summaryof InformationAboutANSWastes,"September23,pp. 10and
18.

i

5.11.8.3ConventionalGaseousWasteImpacts

ltisexpectedthatANS wouldgenerateroutinenonhazardousgaseousemissions,
includingsuspendedparticulates,carbonmonoxideandcarbondioxide,ozone,nitrogen
oxides,volatileorganiccompounds,andfluoridesfromlaboratorywork.Thesewouldbe
regulatedbyairqualitypermit,asrequired,andno changesfromconventionalgasimpacts
associatedwithHFIR areexpected.

5.11.9HazardousWasteImpacts

ThissectiondescribesimpactsofANS hazardouswastestothehazardouswaste
managementfacilitiesatORNL (seeTable5.11-6).

5.111.9.1 Impacts of Hazardous Liquids

ANS would generate approximately 23 m 3 (3000 gal) of hazardous liquids annually,
divided almost evenly between waste oils and chemical laboratory wastes. Impacts of these

O wastes would be to on.site storage facilities and to off-site, EPA-permitted treatment anddisposal facilities.
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Contaminated floor drain runoff from ANS, estimated to be 57,000 m3
(15,000,000 gal) annually, would impact the NRWTF. After treatment, these wastes would
be discharged to the White Oak Creek system.

Contaminated blowdown from ANS would impact a special ANS treatment plant
integrated with the ANS pump house building and further treated in the LLLW
Evaporator Facility or PWTP. Treated blowdown would also be released to the White
Oak Creek watershed.

5.11.9.2ImpactsofHazardousSolids

Smallamounts[< Im 3(<35ft3)]ofhazardousbiologicalwastes(e.g.,animalbrain
extractusedinexperiments)wouldbe producedannuallyatANS. WithintheANS
biologicallaboratory,tissueswouldbeexposedtoaqueoussolutionsofdetergentand
methanolcompounds.Afterpreparationinthislaboratory,thesetissuesampleswouldbe
irradiatedbyneutronscatteringandeventuallydiscarded.Theyshouldhavenoimpactto
thehazardouswastesystematORNL.

Impactsofhazardousmaterials(e.g.,solvents)generatedbyconstructionofANS
wouldbeon off-sitecommercialdisposalfacilitiesortoORMWI attheK-25Site.

5.11.9.3ImpactsofHazardousC.ra.ses

The ANS reactorpoolwouldgeneratesmallamountsofexplosive,flammable
hydrogengas.As depictedinFig3.7-2,hydrogenwouldbeventedtotheatmosphereto ...._
reduceitsexplosiveconcentrationinreactorcontainment.ItisexpectedthatANS would g
alsousecompressedgascylinders,suchasoxygentanks,forvariouspurposes.These
shouldbecomparabletothosestoredatHFIR (seeTable5.1I-3).
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6. EFFLUENT AND ENVIRONMENTAL MEASUREMEN'I_

AND MONITORING PROGRAMS

6.1 PREOPERATIONAL MONITORING PROGRAM

This section provides an overview of effluent and environmental monitoring
programs on the Oak Ridge Reservation (ORR), the proposed site for the Advanced
Neutron Source (ANS) facility. Most of the information in this section is summarized
from Kornegay et al. (1991, Vol. I, pp. 1-283 and Vol. 2, pp. 1-279), which provides a
comprehensive description of sampling, monitoring, and regulatory compliance activities at
the three major ORR installations. The monitoring programs for the ORR are reviewed
and enhanced frequently in response to various considerations [e.g., U.S. Department of
Energy (DOE) Orders and revisions to environmental regulations]; as a result, the
monitoring described in this section (which uses 1990 information) may differ in some
respects from current activities. However, the purpose of this section is to give an
overview of the types of monitoring programs in place for ORR, not to offer specific
descriptions of those programs. Current descriptions of ORR monitoring programs are
available in the Environmental Monitoring Plan maintained by Oak Ridge National
Laboratory's (ORNL's) Office of Environmental Compliance, which is continuously
updated to reflect changes in monitoring activities. The discussion that follows emphasizes
the ORNL area, where ANS would be located, and provides more summary information
for the K.25 Site and Y-12 areas,

6.1.I Nom'adiological Monitoring@
This section describes nonradiologieai monitoring on the ORR; radiological

monitoring is discussed in Sect 6.1.2.

6.1.1.1 Surface Water

Field measurements and sample collections for surface water monitoring are
carried out at various effluent sources and receiving streams on the ORR. Additional
sampling is done at the nearest off-site municipal water intake location (at Kingston,
Tennessee). Water samples are collected and analyzed at various intervals (weekly,
monthly, etc.). Concentrations of contaminants in the streams and creeks on or around
the ORR are compared with Tennessee's in-stream water quality criteria, which are based
on stream classification and recommendations made by the Tennessee Department of
Conservation (TDC) to the DOE-Oak Ridge Operations. In many cases, allowable
effluent concentrations are dictated by discharge permits, which are issued by TDC.
Water quality at the intake for the K-25 Site Water Treatment Plant is compared with
Tennessee water quality criteria for domestic water supplies.

Physical and chemical properties

Surface water monitoring for nonradiological parameters on the ORR includes the
National Pollutant Discharge Elimination System (NPDES) monitoring, non-NPDES
monitoring, and stream sediment sampling.

@
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NPDES monitoring program. Under the requirements of the Clean Water Act, an
NPDES permit has been issued to each of the three major ORR facilities, ORNL
NPDES discharge outfalls and effluent parameters are given in Table 6.1-1. The permit
for each plant outlines specific outfalls and sampling locations, parameters, and
frequencies for analysis for ali nonradiologieal parameters. In addition, each plant has
developed a radiological sampling plan specific to its needs (see Sect. 6.1.2). Other
components of the permit include requirements for a toxicity control and monitoring
program, a biological monitoring and abatement program (BMAP), a mercury assessment
plan, and a polychlorinated biphenyl (PCB) sampling plan for aquatic pathways.

At ORNL, discharges to White Oak Creek from the ORNL Sewage Treatment
Plant and the Nonradiologieal Wastewater Treatment Facility (which would treat ANS
nonradiologicai wastewater) are monitored in compliance with the ORNL NPDES permit.
Water quality monitoring is conducted in Melton Branch for the purpose of the BMAP
(Loar 1988, pp. 1-475; Loar 1989, pp. 1.-436; Loar 1990, pp. 1-371; Loar 1991; Loar et al.
1987, pp. 1-354). Also, hydrologic and water quality data are compiled for the WaaiteOak
Creek watershed in support of the ORNL Environmental Restoration Program (Borders
et al. 1991, pp. 1-243). No monitoring of stream flows or water quality in Friendship
Creek (tributary to Bearden Creek and the Clinch River) is being done.

Monitoring not required by an NI'DES permit. At ORNL, monthly surface water
samples are collected at two sampling locations for the purpose of determining
background concentration levels before the influence of ORNL: (1) Melton Hill Dam
above ORNL's discharge point into the Clinch River (with the exception of the cooling

roof, and parking lot runoff at the Building 7600 area) and (2) White Oak Creektower,
Headwaters above the point where ORNL discharges to White Oak Creek (Fig. 6.1-1).
The samples are analyzed for several organic compounds, inorganic elements, and other
water quality parameters: Al, Sh, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, total dissolved solids,
fluoride, Fe, Pb, Li, Mg, Mn, Mo, Ni, nitrate, oil and grease, total organic carbon, P, Se,
Si, Ag, Na, Sr, sulfate as SO_, total suspended solids, Sn, Ti, V, Zn, Zr, conductivity,
dissolved oxygen, temperature, turbidity, and pH. The results of these analyses help to
assess surface water quality independent of impacts from ORNL

At the Y-12 Plant, nonradiologieal parameters are also monitored at four non-
NPDES sites: Upper Bear Creek [at kilometer 12.4 (mile 7.7) and at kilometer 11.97
(mile 7.44)], Station 17, and the two sanitary sewer lines that discharge to the City of Oak
Ridge sanitary sewer. Parameters measured are similar to those for ORNL. At the K-25
Site, samples are taken at seven ioeatiom: the Clinch River (Brashaer Island), West Fork
Poplar Creek, Building K-716, Building K-1513, Building K-1710, Building K-1770, and
Mitchell Branch. K-25 Site non-NPDES monitoring includes analyses for more organic
compounds than are included in the ORNL or Y-12 Plant studies.

Sediment monitoring. Stream sediment sampling occurs at six Poplar Creek
locations and two Clinch River locations. Samples are collected in summer and analyzed
for concentratiom of Hg, Pb, Ni, Cu, Zn, Cr, Mn, Al, Th, CA, and U. The details of
sediment sampling (locations and analytical techniques) are described in Kornegay et al.
(1991, pp. 175-182).

Aquatic ecology 0
Considerable biological monitoring of Melton Branch and White Oak Creek is

taking piace as part of the ORNL BMAP. These studies fall into six major areas:
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Table 6.1-1. 1990 National Pollutant Discharge Efimination System permit (TN 0002941)

' points and effluent parameters at Oak Ridge National Laboratory
ii i ii I i i i i ii i i i i i i i

Discharge point Effluent parameters
i i i I i i i

X01 (Sewage Treatment Plant) Biochemical oxygen demand (BOD), total
suspended solids (TSS), ammonia (as N), oil and
grease, dissolved oxygen, pH, residual chlorine,
and fecal coliform

X02 (Coal Yard Runoff Treatment Temperature, TSS, oil and grease, Cr, Cu, Fe, pH,
Facility) and Zn

X06A (Bldgs. 1500 and 2000 areas pH
and Bldgs. 3539 and 3540 ponds)

X07 (Process Waste Treatment pH
Plant)

X09A (REDC/HFIR ponds)" pH

X11 (Acid Neutralization Facility) pH

X12 (Nonradiologieal Wastewater Temperature, TSS, oil and grease, total toxic
Treatment Facility) organics, total cyanide, total Cd, total Cr, total

Cu, total Pb, total Ni, pH, total Ag, and total Zn

O X13 (Melton Branch) pH

X14 (White Oak Creek) pH

X15 (White Oak Dam) pH

Category I (storm drains) Oil and grease, pH, and TSS

Category II (parking lot and storage Oil and grease, pH, and TSS
area drains, once-through cooling
water, blowdown, condensate)

Category III (process and/or pH
laboratory drains)

Steam Plant pH and temperature

Vehicle cleaning facility BOD, fecal coliform, oil and grease, pH, phenols,
and TSSi

Equipment Maintenance Facility Oil and grease and pH

Cooling systems CI, Cr, Cu, temperature, Zn, and pH

qZEDC = Radiochemical Engineering Development Center; HFIR = High Flux Isotope Reactor.
Source: modified from Kornegay, F. C. et al., Oak Ridge Reservation Environmental Report for 1990,

Vohane 1, Narrative, Summary and Conclusions, ES/F.,SH.18/V1, Oak Ridge National Laboratory, Oak Ridge,

O Tenn., Sept. 1991, pp. 81-83.
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O (1) toxicity monitoring, (2) bioaccumulation monitoring of nonradiological contaminants in aquatic
biota, (3) biological indicator studies, (4) in-stream ecological monitoring, (5) assessment of
contaminants in the terrestrial environment, and (6) radioecology of White Oak Creek and White
Oak Lake. These studies provide much of the basis for description of the existing aquatic ecology
in Sect. 2.2.2. Assuming that these studies continue into the ANS construction phase, they will
provide long-term base-line information about aquatic communities in Melton Branch and White
Oak Creek, which could be used to detect impacts of construction activities on these water
bodies.

Because ingestion of fish is a possible pathway for contaminant uptake by man, bluegill
are collected from three Clinch River locations twice per year and are analyzed for mercury,
PCBs, and radionuclides. Six fish from each location were analyzed in 1990; only muscle tissue is
used for analysis.

Aside from the 1989 survey of Friendship Creek (Sect. 2.2.2.1), there has been no
biological monitoring of this tributary to the Clinch River. Monitoring during the preconstruction
period would be needed to establish a base line for detecting impacts of construction and
operational discharges of ANS.

6.1.1.2 Cvroundwater

The ORR has more than 1000 groundwater monitoring wells that provide an enormous
volume of monitoring data regarding groundwater quality. Parameters monitored for compliance
with applicable standards are shown in Table 6.1-2; these parameters are not necessarily the only
parameters monitored at the facilities.

O The groundwater monitoring at ORNL consists of a network of wells of twoprogram
basic types and functions: (1) water quality monitoring wells built to Resource Conservation and
Recovery Act (RCRA) specifications and used for site characterization and compliance purposes
and (2) piezometer wells used to characterize groundwater flow conditions. ORNL has
established an Environmental Restoration Program to provide comprehensive management of
areas where past and current research, development, and waste management activities may have
resulted in residual contamination of facilities or the environment. Because of the large number
of remedial action sites at ORNL located close to one another and the proven hydrologic
interconnections among many of these units, individual monitoring and assessment was shown to
be impractical. Therefore, the concept of waste area groupings (WAGs) was developed to
evaluate potential sources of releases to the environment.

At ORNL, 20 WAGs were identified by the RCRA Facilities Assessment. Eleven of
these have been identified as potential sources of groundwater contamination, and there are a few
areas where potential remedial action sites are located outside the major WAGs. Table 6.1-3 lit,ts
the 20 ORNL WAGs and the number of potential remedial action sites within each WAG, and 11

Fig. 6.1-2 shows the location of the 20 WAGs. Water quality monitoring wells are being
established around the perimeter of the WAGs determined to have a potential for the release of
contaminants. Similar groundwater monitoring programs are conducted at the Y-12 Plant and
K-25 Site.

Off-site monitoring
1

Twenty-one monitoring wells have been selected on the basis of their proximity to the

O ORR and a representative distribution of sources from different geologic formations in the area.The wells were sampled once during 1990. Analytical parameters used for
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Table 6.1-2. Groundwater monitoring parameters for the Oak Ridge Reservation

Primary drinking waterparameters monitored during 1990

As; Ba; Cd; Cr; F; Pb; nitrate; Hg; Se; Ag; endrin; lindane; methoxychlor; toxaphene;
2,4-D; 2,4,5-TP silvex; 22_Raand Z_Ra; gross alpha; gross beta; coliform bacteria

Parameters establishing groundwater quality monitored during 1990

Chloride, Fe, Mn, phenols, Na, sulfate

Indicator parameters monitored semiannually in 1990

Total organic carbon, total organic halogen, specific conductance, pH

Typical inductively coupled argon plasma metals scan

AI, Sb, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Pb, Li, Mg, Mn, Mo, Ni, Nb, P, K, Si, Ag, Na,
Sr, Th, Ti, V, Zn, Zr

Typical metals sought by atomic absorption spectroscopy

Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Tl, Z_

Typical anions 0
Chloride, fluoride, nitrate, nitrite, phosphate, sulfate

Volatile organics (hazardous substance list)

Chloromethane; bro,nomethane; vinyl chloride; chloroethane; methylene chloride;
acetone; carbon disulfide; 1,1-dichloroethene; 1,1-dichloroethane; 1,2-dichloroethene
(total); chloroform; 1,2-dichloroethane; 2-butanone; 1,1,1-trichloroethane; carbon
tetrachloride; vinyl acetate; bromodichloromethane; 1,1,2,2-tetrachloroethane; 1,2-
dichloropropane; cis-l,3-dichloropropene; trichloroethene; dibromochioromethane;
1,1,2-trichloroethane; benzene; tram-l,3-dichloropropene; bromoform; 2-hexanone; 4-
methyl-2-pentanone; tetrachloroethene; toluene; chlorobenzene; ethyl benzene; styrene;
xylenes (total)

Pesticides and polychlorinated biphenyls (hazardous substance list)

Alpha-BHC; beta-BHC; delta-BHC; gamma-BHC; heptachlor; aldrin; heptachlor
epoxide; endrin; dieldrin; 4,4'-DDE; endosulfan I; endosulfan II; 4,4'-DDD; endosulfan
sulfate; 4,4'-DDT; endrin ketone; methoxyehlor; alpha-chlordane; gamma-chlordane;
toxaphene; aroclor- 1016, -1221, -1232, -1242, -1248, -1254, -1260

Baseneutralacid extractable organics (hazardous substance list)

Phenol; bis(2-chloroethyl) ether; 2-chlorophenol; 1,3-dichlorobenzene; 1,4-
dichlorobenzene; benzyl alcohol; 1,2-dichlorobenzene; 2-methylphenol; bis(2-
chloroisopropyl) ether; 4-methylphenol; N-nitroso-di-n-propylamine; hexachloroethane;
nitrobenzene; isophorone; 2-nitrophenol; 2,4-dimethylphenol; benzoic acid; bis(2-

• chloroethoxy) methane; 2,4-dichlorophenol; 1,2,4-trichlorobenzene; naphthalene;

_
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Table 6.1-2. (continued)

_ ,L_j

Baseneutralacid extractable organics (continued)

4-chloroaniline; hexachlorobutadiene; 4-chlolo-3-methylphenol; 2-methylnaphthalene;
hexachlorocyclopentadiene; 2,4,6-trichlorophenol; 2,4,5-trichlorophenol; 2-
chloronaphthalene; 2-nitroaniline; dimethyl phthalate; acenaphthylene; 2,6-
dinitrotoluene; 3-nitroaniline; acenaphthene; 2,4-dinitrophenol; 4-nitrophenol;
dibenzofuran; 2,4.dinitrotoluene; diethylphthalate; 4-chlorophenyl phenyl ether;
fluorene; 4-nitroaniline; 4,6-dinitro-2-methylphenol; N-nitrosodiphenylamine; 4-
bromophenyl phenyl ether; hexachlorobenzene; pentachlorophenol; phenanthrene',
anthracene; di-n-butylphthalate; fluoranthene; pyrene; butyl benzyl phthalate;
3,3'dichlorobenzidene; benzols]anthracene; chrysene; bis(2-ethylhexyl)phthalate; di-n-
octyl phthalate; benzo[b]fluoranthene; benzo[k]fluoranthene; benzo[a]pyrene;
indeno(1,2,3-cd)pyrene; dibenz[a,h]anthracene; benzo[g,h,i]perylene

Radionuclides and radioactive metals

Gross alpha, gross beta, gross gamma, _6Ra and Z2SRa,_'37Cs,S9Sr,9°Sr, 6°C0, SH, 99Tc,
Z39pu' 234U, Z3Su,_U, total uranium

Other typical parameters that may be included in groundwater studie_

Alkalinity (CO3); alkalinity (HCO3); total phosphorus; solids (total, suspended;
dissolved); turbidity; total Kjeldahl nitrogen; ammonia (as N); chemical oxygen demand ,

Source: modified from Kornegay, F. C. et ai., Oak Ridge Reservation Environmental Report for 1990,
Volume 2, Data Presentation, ES/ESH-18/V2, Oak Ridge National Laboratory, Oak Ridge, Tenn., Sept.
1991, pp. 133-141.

monitoring include volatile organics; selected atomic absorption metals (As, Hg, Pb, and Se);
inductively coupled argon plasma metals; anions (fluoride, chloride, sulfate, nitrate, and nitrite);
total fluorometric uranium; and the radioactivity parameters gross alpha, gross beta, total
radioactive Sr, 99Tc,SH, and radionuclides observed in a gamma scan.

6.1.1.3 Air

This section summarizes the three types of air monitoring activities on the ORR: airborne
discharges, ambient air monitoring, and meteorological monitoring.

Airborne diseharg_

1 Each major ORR facility has an air pollution control and monitoring program to
(1) ensure that airborne discharges meet regulatory requirements, (2) meet DOE objectives for as
low as reasonably achievable radiological emissions, and (3) ensure that ambient air quality is not

affected, each installation has stack monitoring to measureadversely Also, developed a program
pollutants that are not removed by the air pollution control equipment.
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Table 6.1-3. Oak Ridge National Laboratory waste area groupings, 1990

Potential
Waste remedial
area action

group Description _ sites

1 Main plant area 99
2 White Oak Creek/White Oak Lake 2
3 Solid Waste Storage Area 3 3
4 Solid Waste Storage Area 4 3
5 Solid Waste Storage Area 5 25
6 Solid Waste Storage Area 6 3
7 LLW pits and trenches area 15
8 Melton Valley area 20
9 Homogeneous reactor experiment area 6

10 Hydrofracture injection wells and grout sheets 4b
11 White Wing scrapyard 1
12 Closed contractors' landfill 1
13 Environmental research areas 2
14 Tower Shielding Facility 2
15 ORNL facilities at Y-12 Plant 5
16 Health Physics Research Reactor area 5
17 ORNL services area 10
18 Consolidated fuel reprocessing area 9
19 Hazardous waste treatment and storage facility 7
20 Oak Ridge land farm 1

Additional sites

c Surplus-contaminated facilities 29

"I.,LW = low.level waste, ORNL - Oak Ridge National Laboratory.
bPrineipal sites located underground beneath Waste Area Grouping 5.
'Not applicable.
Source: rnodtficd from Kornegay, F. C. ct al., Oak Ridge Reservation Enviromncntal

Report for 1990, Volume 1, Narrative, Summery and Conclusions, ES/ESH-18N1, Oak
Ridge National Laboratory, Oak Ridge, Tenn., Sept. 1991, p. 150.

At ORNL, 107 mostly nonradioactive sources are permitted with the TDC Air Pollution
Control Board. Ali gaseous emissions are treated and filtered before discharge to the
atmosphere° Total particulate and chemical emissions from any one emission point at ORNL are
very low, except for the Steam Plant. Therefore, the air permits issued by TDC do not require
sampling or monitoring at any of the permitted emission points except the Steam Plant, which
monitors for particulate matter, SOx, CO, and NOr These pollutants are also monitored at the
Y-12 Plant and K-25 Site steam plants.
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Fig. 6.1-2. Oak Ridge National Laboratory waste area groupings. Source:

Kornegay, F. C. et al., Oak Ridge Reservation Environmental Report for 1990, Volume 1,

" O Narrative, Summary and Conclusions, ESfESH-18NI, Oak Ridge National Laboratory,
Oak Ridge, Tenn., Sept. 1991, p. 151.
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O Ambient air monitoring

The ambient air monitoring network at ORNL (Fig. 6.1-3) includes the 6 ORNL
'perimeter monitoring stations, 11 DOE ORR perimeter monitoring stations, and the 2 remote
monitoring stations (not shown on figure). The monitoring at these stations is primarilyfor
radionuclides (Sect. 6.i.2.3). The Y-12 Plant operates 12 ambient air monitoring stations to
measure suspended uranium particulates (at ali 12 stations) and fluorides (11 stations). Two
additional stations monitor total suspended particulates (TSP), and two stations were operated
through August 1990 to monitor ambient sulfur dioxide concentrations. In 1990, particulate
matter Samplers were also placed in service at the same locations as the TSP monitors. The K-25
Site has five ambient air monitoring stations; the parameters analyzed are U, Ni, Pb, Cr, and TSP.

Meteorologic.al monitoring

A network of meteorological observation towers provides data on the meteorological
conditions and the transport and diffusion qualities of the atmosphere on the ORR. The
meteorological monitoring network (Fig. 6.1-4) consists of one 60-m (196.9-ft) tower at the K'25
Site (MT1), one 100-m (328.ft) tower (MT2) and tw3 30-m (98.4-ft) towers (MT3 and MT4) at
ORNL, and one 100-m (328-ft) tower (MT5) and one 60-m (196.9-ft) tower (MT6) at the Y-12
Plant. Data are collected at different levels to determine the vertical structure of the atmosphere
and the possible effects of _:erticalvariations on releases from the facilities; these data are
collected by a dedicated control computer at each site. Fifteen-minute and hourly values are
stored at each site for a 24-h period. Only hourly data are routinely stored beyond 24 h. Tower

O instruments are calibrated quarterly.

6.1.1.4 Land

,Soils

Nonradiological soil samples are collected at the ORNL and Y-12 perimeter air
monitoring stations, ORNL air stations 3, 7, 9, 20 and 21 and ORR air stations 40, 45 and 46 are
monitored for 30 metals: Ag, Al, A.,_,B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, Li, Mg, Mn, Mo,
Na, Ni, P, Pb, Sb, Se, Si, Sn, Sr, TJ,V, Zn, and Zr. Each of the stations was sampled once during
1990, the latest year for which results have been published. Three samples are collected at each
station. The three samples are randomly selected from the four cardinal directions at each of the
stations, and each sample is a composite of ten aliquots taken from two 1-m2 (10.8-ft 2) plots.
Each aliquot is 8 cm (3.7 in.) in diameter by 2 cm (0.8 in.) deep. Ali samples are dried and
pulverized before analysis. Starting in 1990, the metals analysis was conducted by inductively
coupled plasma arc emission spectrometry.

Soil is also monitored at 14 sites around the K-25 Site. These sites are monitored for U,
Hg, Ph, Ni, Cr, Al, and fluoride concentrations.

Terrestrial e.eology

Grass near the K-25 Site is analyzed routinely for fluorides because of its importance as
pasture tbr dairy herds and its year-round availability.

0
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O 6.1.2 Radiological Monitoring

This section describes radiological monitoring on the ORR.

6.1.7.1 Surface Water

Surface water monitoring for radiological parameters on ORR includes NPDES
monitoring and non-NPDF__Smonitoring. Section 6.1.1.1 briefly describes surface water sample
collections and locations. There is no radiological sediment sampling on ORR; however, chemical
monitoring on ORR does include analyses for uraniumand thorium (Sect. 6.1.1.1).

Physical and chemical properties

NPDES monitoring program. ORNL's radiological samplingplan calls for monitoring
many of the same locations as required in the permit for nonradiological monitoring. OutfaUs
X06A, X07, X09A, and Xll were eliminated during the first quarter of 1990 as part of the
implementation of the Nonradiological Wastewater Treatment Facility at ORNL. Table 6.1-4 lists
the NPDES radiological sampling locations and the parameters analyzed.

Monitoring not required by an NPDES permit. ORNL collects samples for radiological
analyses at off-site locations, at background or reference locations, in streams at the ORNL site,
from process discharge point sources, and from various other outfalLs. Parameters that are
monitored in the samples are 3H, total Sr, gamma scan, gross alpha, gross beta, total U, Z_Pu,

O z39pu,6°Co, t37Cs,Z_u, Z3Su,and Z_u. Monitoring at the K-25 Site measures concentrations of
Z37Np,z39_°pu, U°Pu, 99Tc,137Cs,uranium, _Pu, and z_gPu. The Y-12 Plant surface water
monitoring program parameters include UtAm, Z37Np, Z_Pu, z_9_°pu, 99Tc, Z3SU, total uranium,
alpha, beta, and gamma.

Aquatic ecology

Radiological monitoring of aquatic ecosystems in Melton Branch and White Oak Creek is
taking piace as part of the ORNL BMAP. One of the six major areas in the BMAP
is radioecology of White Oak Creek and White Oak Lake. These studies provide much of the
basis for description of the existing aquatic ecology in Sect. 2.2.2. Complete descriptions of
BMAP activities are available in the annual reports for the program (e.g., I.oar 1990, pp. 1-371).

Because ingestion of fish is a possible pathway for radioactive contaminant uptake by man,
bluegill are collected from three Clinch River locations twice per year and analyzed for mercury,
PCBs, _°Co, 137Cs,89Sr, and 9°Sr;only muscle is used for analysis.

6.1.2.2 Groundwater

The groundwater monitoring wells on the ORR provide data regarding the presence of
radionuclides in the groundwater (Sect. 6.1.1.1). Samples from the wells are tested for the
radionuclides and radioactive material listed in Table 6.1.2. At the Y-12 Plant, radionuclide
analyses also include total radium, uranium, _7Th, Z_T'h,Z32Th,_XAm, Z37Np,239pu, 144Ce, 134C,s,

137Cs,l_l, l_I, Pa, Z_Ra, 89Sr,9°Sr,99Tc,Z3tTh,Z34Th,1°6Ru,9SZr,

@
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Table 6.1-4. National Pollutant Discharge Elimination System outfalls at Oak

Ridge National Laboratoryand radionuclide parameters monitored. i i ii ] iiiii i ii i iii i i i i1_ iii i iiiiii i iii ii i T_ i L

Outfali Parameter

Sewage Treatment Plant (X01) COCo, 137C.s,gross beta, total Sr

Nonradiologieal Wastewater COCo,137Cs,gross alpha, gross beta, total
Treatment Facility (X12) Sr, 3H

Melton Branch (X13) COCo, 137Cs, total Sr, 3H

White Oak Creek (X14) 6°Co, 137Cs,total Sr, 3H

White Oak Dam (X15) COco,137Cs,gross alpha, gross beta, total
Sr, 19lOs, 23Spu, 239pu, total U, 3H, 234U,
235U,238U

Source; modified from Kornegay, F. C, et al,, Oak Ridge Reservation Environmental Report
for 1990, Volume 2, Data Presentation, ES/ESH-18/V2, Oak Ridge National Laboratory, Oak

Rldge, Tenn., Sept. 1991, pp. 70-71.

and 3H. The 21 off-site wells are used to monitor for gross alpha, gross beta, total radioactive dh,
strontium, 9'_1"c,3H, and radionuclides observed in a gamma scan. lip

6.1.2.23 Air

This section describes radiological monitoring of airborne discharges and ambient air on
the ORR. Meteorological monitoring (Sect. 6.1.1.3) does not include radiological parameters,

Airborne discharges

The major sources of radionuclide emissions to the air at ORNL consist of the following
eight stacks:

• Building 2026, High Radiation l_vel Analytical Laboratory,;
• Building 3020, Radiochemical Process Plant;
• Buildings 3039, 3500, and 4500, area cell ventilation system, central off-gas and scrubber

system, and isotope solid state ventilation system;
• Building 7025, Tritium Target Fabrication Facility;
• Building 7830, Melton Valley Storage Tank Facility;
• Building 7911, Melton Valley complex (High Flux Isotope Reactor, Radiochemical

Engineering Development Center);
• Building 7512, Molten Salt Reactor Facility project; and
• Building 6010, Electron Linear Accelerator.

Radiological gaseous emission from ORNL typically consist of solid particulates, adsorbable gases
(e,g., iodine), tritium, and nonabsorbable gases. Ali gaseous emission are treated and filtered
before discharge to the atmosphere. Also, each of the eight major point sources is provided with
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a variety of surveillance instrumentation. The sampltng systems generally consist of tn-stack
sampling probes, sample transport piping, a particulate filter, an activated charcoal canister, a
silica-gel trlttum trap, flow measurement and totaliztng instruments, a sampltng pump, and return

tping to the stack, Monitoring parameters include 27 isotopes and 4 gross parameters: tg_Au,
_2 60 134 137 154 155 3 1 131 132 133 135 140Be, Br, Co, Cs, Cs, Eu, Eu, gtrossalpha, grossbeta, H, 29i, I, I, I, I, La,

noble gas, t_C, 191Os,2t2pb, _Pu, 239pu,t_Ru, 758e, total Sr,t32Te, 22STh,23°Th,232Th,and total U.
At the K-25 Site, the major components of the radioactive emission sources are 23sU,235U,

and 99'I'e. Also, monitoring of the Toxic Substances Control Aet Incinerator measures emissions
of uranium, technetium, 137Cs,237Np, z_"Pa, 23Spu,239pu, 22STh, 230,1_, 232Th' and _. At the
Y-12 Plant, primary monitoring is for uranium emissions.

Ambient air

Airborne radioactive particulates at ORNL are sampled biweekly by continuously pumping
ambient air through a 47-mm-diam (1.8.in.-diam) paper filter. Monitoring station locations are
shown in Fig. 6.1-3. Airborne adsorbable gases are collected biweekly using a cartridge packed
with activated charcoal that is in line and downstream of the particulate filter. Annual composites
of particulate air filters from the ORNL perimeter stations (3, 7, 9, 20, 21, and 22), ORR
perimeter stations (23, 33, 42, 43, and 44), remote stations (52 and 58), and some individual
stations (34, 40, 41, 45, and 46) are analyzed for specific radionuclides. Monitoring parameters
for the ambient air stations include gross alpha, gross beta, 3H, 13ii,coCo, 137CS' 23Spu' 239pu' 228Th'
23°Th,232Th,total Sr, 23_U,235U,and _U. Monitoring for radtonuclides in ambient air at the
Y-12 Plant and the K-25 Site is for uranium.

®
6.1..2.4 I.and

ORR radiological monitoring includes anal_es of soil and terrestrial ecology.

Soils

Radiological soil samples are collected at the same air stations and in the same manner as
' enonradiological samples (Sect. 6.1.1.4). Radiological monitoring includes gross alpha, gross b ta,

9O 238 239 232, 234
_Co, 137Cs,4°K, total radioactive strontium (89Sr plus Sr), Pu, Pu, z2_l, 23°Th, Th, U,
235U,and 23SU.

Terrestrial ecology

Milk ingestion is a potentially significant route to humans of radioactive iodine and
strontium deposited from airborne emissions. The 1990 milk sampling program consisted of

= monthly grab samples collected from five locations in the vicinity of ORR. The locations of the
stations are given in Kornegay et al, (1991, vol. 1, p. 166). Milk samples are analyzed for 1311by

= gamma spectrometry and for total radioactive strontium by chemical separation and low-
background counting.

Annual DOE-Tennessee Wildlife Resources Agency deer hunts are held in the fourth
quarter of each year. Each deer killed during the hunt is sampled for radioactivity. Liver or
muscle is sampled for 137Cs;bone is sampled for 9°Sr.

O No vegetation sampling is conducted at ORNL because vegetation from the ORR is not adirect pathway to man. Grass samples from 15 locations and pine needle samples from 6 locations
were collected around the K-25 Site in 1991. Sampling locations and analytical procedures are
described in Kornegay et al. (1991, p. 169).
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6.2 PROPOSED MONITORING PROGRAMS

ANS operational monitoring programs have not yet been developed. Descriptions of
these programs will be included in the Phase II Environmental Report. However, some
preliminary comments about wastes and surface water monitoring are given in this section.

Waste_ The staff of the proposed ANS would monitor (1) low-level liquid waste (LLLW)
collection and transfer system components for leakage to the environment and radiological
contamination, (2) solid wastes resulting from nonreusable clothing and the residue of
demineralization and filtration activities in the reactor and detritiation facility, (3) sanitary wastes
for radiological contamination, (4) storm water runoff from parking lots and building surfaces for
tritium contamination, and (5) gaseous emissions from the ANS stack system for as low as
reasonably achievable compliance.

LLLW would be monitored twice. First, LLLW discharges would be held and monitored
for deuterium oxide and tritium before discharge to area collection tanks (see Sect. 3.5.3.2).
Second, before transfer to the ORNL LLLW treatment system, LLLW temporarily stored in area
collection tanks for ANS would be monitored for leaks and spills.

Monitoring for tritium in solidified aqueous wastes, oily wastes absorbed by vermiculite, or
as bound water in spent resins would occur in the ANS detritiation facility. Before discharge,
ANS sanitary sewage wastes would also be monitored. Wastes containing trace radiological
contamination would be treated in the ORNL, Sanitary Waste Treatment Facility. Wastes
containing high levels of contamination would be directed to the Process Waste Treatment Plant
before discharge to White Oak Creek.

storm water runoff' from the re_ctor building, support facility, guide hall, and OANS
laboratory buildings would be segregated from other rainwater basins at ORNL and specially
monitored for trace quantities of radioactive contamination--including tritium (see Sect. 3.7.2).
Following treatment, processing, and filtration, ANS radiological gaseous wastes would be
discharged through a single stack system that would be monitored (see Sect. 5.11.4).

Surlitee Water. The existing ORNL NPDES permit would need to be modified to
account for increased discharges from the Sewage Treatment Plant and the Nonradlological
Wastewater Treatment Facility associated with operation of ANS, although these modifications
are unlikely to require additional monitoring. The ANS blowdown discharge point would likely be
added as a new outfall on the NPDES permit, which would likely require additional sampling.
Existing ORNL blowdown discharges are monitored for flow rates, temperature, pH, Cu, Zr, Cr,
and residual chlorine levels; total suspended solids may also have to be monitored,

Storm water discharges from ANS would be monitored to comply with recent amendment_
to the Clean Water Act (Sect. 12). The U.S. Environmental Protection Agency and Tennessee
Department of Environment and Conservation (TDEC) storm water monitoring regulations
require the DOE to submit storm water permit applieatlons for new and previously unpermitted
storm water outfaUs associated with industrial activity (Borders et al, 1991, p. 32). To comply with
these new regulations, a Storm Water Monitoring Compliance Plata has been developed at ORNL
that will involve sampling storm water at approximately 35 sites. Monitoring of storm water
runoff during construction and operation of ANS would need to be consistent with the new
TDEC regulations.

Sampling of aquatic communities in Melton Branch and White Oak Creek as part of the
ORNL BMAP could continue during ANS operation to detect impacts to these streams. A
biological monitoring station in Friendship Creek should also be considered. The monitoring
frequency, of these sampling stations might have to be increased during the construction period.
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Q
7.1 FACIIXrY ACCIDENTS INVOLVING RADIOACI'IvrrY

7.1.1 Sourr.e Tem and Radiological Consequences from Reactor Severe Ac_dents

This section deals with accidents that compromise the integrity of the reactor fuel
and therefore have the potential to release significant portions of the radioactive material
held within the core. The calculations reported in the following paragraphs assume that a
severe accident has occurred and that the core debris has reached the bottom of the
reactor pool or the subpile room. The MELCOR code (Version 1.80) (Summers et al.,
1991) is used to predict the transport of the fission product nuclides and their release
from containment; thereafter, the MELCOR Accident Consequence Code System
(MACCS) (Version 1.5) (Chanin et al. 1990, p. 1-260) is used to determine subsequent
atmospheric dispersion and radiation exposures.

This section also reports the results of analyzing worst-case severe accidents using
only the most conservative assumptions regarding accident sequences and containment
features. For example, all calculations assume early containment failure via a
0.5 m (20 in.) hole through which fission products are released from primary containment
directly to the environment. However, this failure mode would be unlikely and is beyond
the design basis of the reactor. A range of accident scenarios based on more realistic
assumptions and frequencies is planned and will be reported later in the preliminary safety
analysis report.

The single most important factor in determining severe accident source terms is
O water. The Advanced Neutron Source (ANS) reactor is located at the bottom aof 600-m_

(21,190-fP) pool of light water, and the primary coolant system has another 150 m3
(5300 ft_)of heavy water. Figure 7.1-1 illustrates the sequence of events between severe
accident initiation and various states of debris cooling. Independent factors, such as core
irradiation time and core power level at the time of the accident, determine the event tree
path for any given severe accident. The event tree in Fig. 7.1-1 shows six end states, three
of which (end states 1, 3, and 4) involve weil-cooled debris under a large quantity of
water. Due to their low potential risk, these end states are not addressed initially.
Because end states 2 and 5 involve debris that is dispersed and cooled in 100 m3 (3500 lC)
of water, they are considered together and provide the initial state for the MELCOR code
in scenario 1 described in Sect. 7.1.1.1. End state 6 is the MELCOR initialh,.ation point
for the calculations of scenario 2 in Sect. 7.1.1.1, For end state 6 to occur, the molten
core debris would have to melt through the primary coolant pressure boundary and drop
into the subpile room, leaving the heavy water contained in the primary coolant system
(possibly because debris or solidified molten metal plugs the breach through which debris
has been ejected to the subpile room floor).

The ANS containment system is being designed to allow no more than 0.5% loss
per day from the primary containment and no more than 10% loss per day from the
secondary containment which is held at negative pressure by blowers exhausting through
absolute and charcoal air filters. The containment isolation system automatically initiates
the closing signals for isolation valves on lines that penetrate primary containment
(i.e., normal ventilation lines).

The most likely containment failure modes (not the ones assumed here) involve

O excess leakage from the primary containment to the secot_dary containment (e.g., due tofailure of electrical or mechanical penetrations). This type of failure would be relatively
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O mild because the uncompromised secondary containment air treatment system would still
function to remove airborne radionuclides (excluding noble gases) before release to the
environment. Other failure modes involve components of the secondary containment
system such as the air treatment and blower system, but their impact would also be
relatively small without simultaneous failure of primary containment. Severe accident
phenomena can lead to containment failure under extreme conditions, but for ANS this
possibility is being minimized by design. That is, severe-accident-related loads are included
in the design basis of the ANS containment. For example, containment design pressure
will be set to withstand static pressures generated from severe accidents such as
core-concrete interactions. There is a possibility that a severe-accident-initiated explosion
(e.g., a steam explosion) could generate energetic missiles or shock waves. However,
containment failure would occur for only the most energetic loads under current design
criteria. For example, a missile generated from a steam explosion in the core region
would have to rise through the 20 m (65.6 ft) of water above the reactor to the top of the
high bay and then penetrate both the 25-mm-thick (1-in.-thick) steel primary containment
and the 0.8-m-thick (30,in.-thick) reinforced concrete secondary containment wall. Several
such scenarios are being examined for their damage potential and will be addressed at a
later time.

The worst containment failure mode would involve a failure of primary
containment in a manner that would allow leakage directly to the environment. A
credible scenario would be for a containment ventilation line to fail to isolate upon
demand. As a conservative standard, this containment failure mode has been selected for
ali calculations reported in this section. Because these lines are isolated by at least two

O valves in a series, the probability of this failure mode is low, on the order of 10" per
demand.

The MACCS calculations reported in Sect. 7.1.1.2 show that significant radiation
exposures are associated with the conservative source terms posed for this report. To
quantify the risks associated with the calculated radiation exposures, it is necessary to
consider accident and equipment failure probabilities.

Level 2 and level 3 probabilistic risk assessments have not yet been completed for
ANS, but approximate probability levels have been estimated [M. Harrington, Oak Ridge
National Laboratory (ORNL), personal communication to R. Taleyarkhan, Engineering
Technology Division, ORNL, November 1991] from design goals and scoping probabilistic
risk assessment studies that have been completed. For example, the ANS design goal for
limiting the risk of severe core damage is 10_/year, and preliminary probabilistic risk
assessment studies indicate that this goal is realistic. Another safety-related design goal is
for the probability of containment failure to be less than 10"2per accident-initiated
demand. From these considerationsl it is evident that the frequency of severe accidents
with containment failure is expected to be approximately 10"7per year.

Using the preliminary core-melt progression event tree (Fig. 7.1-1), our best
engineering judgement is that scenario 1 outcome represents perhaps as much as 25% and
scenario 2 outcome, a little more than 5% of core-melt progression sequences. The
remaining 70% of possible melt progression outcomes is less serious and not further
considered. These estimates will be refined as more effective means of estimating are
developed. Probability levels of 2.5 x 10"_per year for scenario 1 and 1 × 10"sper year
for scenario 2 were used to estimate the health risks reported in Sect. 7.1.1.2. Lower

O consequence, higher probability severe accidents will add to the overall ANS severe, accident risk. The work to estimate these risks is planned, and the results will be reported
in the ANS Preliminary Safety Analysis Report.
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7.1.1.1 Source Terms

This section describes the postulated severe accident scenarios, methodology for
analysis, modeling assumptions, modeling of several severe accident phenomena, and the
resulting source terms.

Severe accident _7,enarim

Due to the preliminary stage of severe accident technology development for ANS,
it has not been possible to develop mechanistic tools for capturing core-melt progression
phenomena. As previously explained, two severe accident scenarios are postulated with a
view towards evaluating conservatively estimated source terms. The first scenario
evaluates maximum possible steaming loads and associated radionuclide transport. The
second scenario is geared towards evaluating maximal containment loads from releases of
radionuclide vapors and aerosols with associated generation of' combustible gases. Specific
aspects of explosive conditions have not been modeled mechanistically, but primary
containment failure caused by missiles or shock waves generated from steam-induced or
other explosive processes and a resulting 0.5-m-diam (20-in.-diam) leak path directly to the
environment has a low probability of occurrence.

Scenario 1: severe accident steaming event. The evaluation of loads from
steaming events during severe accidents fox' this ANS Environmental Report (ER) is
modeled along the lines of the Nuclear Regulatory Commission's (NRC's) guidance for
power reactors (AEC 1963), and will be referred to as scenario 1. The core debris for this
case is assumed to be confined within a 100 me (3500 fP) volume of water. At the
beginning of the MELCOR calculations, it is assumed that a partitioning of fission
products has occurred. Ali of the noble gases and 50% of the halogen inventory are
assumed to escape from the water and move directly into the atmosphere of the primary
containment high bay area. The balance of the radionuclides would remain behind and
cause the water to boil. This prescription would be characterized as conservative became
it assumes no time span allowance for core material degradation, relocation, fission
product release, and possible retention. Also, the prescription does not take into account
iodine removal due to scrubbing as it passes through the large reactor pool in ANS.
However, it does represent a conservative guide for the evaluation of source terms in the
absence of mechanistic melt progression analyses, and has a long history of similar usage
for the power reactor licensing process.

Scenario 2: molten-core-concrete-interaction (MCCI)event. Based upon more
than a decade of research [first postulated in the Reactor Safety Study, WASH-1400] on
severe accidents for power reactors it is now well known that the study of MCCIs
represents an important phase of any hypothetical severe accident that results in core
debris becoming relocated outside of the primary system onto a concrete surface. MCCI
events can release large amounts of combustible gases (CO and Ha) as well as considerable
quantities of radionuclides in the form of vapors and aerosols. Due to the relatively high
power density of the ANS fuel debris it is postulated that during a core-meltdown
accident, core debris could ablate penetration seals or other structures and fall onto the
concrete floor of the subpile room. Thereafter, the core debris would spread and an _L
MCCI event would begin. Details of a preliminary study conducted for A.NS on MCCI
are reported elsewhere (Hyman and Taleyarkhan 1991, pp. 1-62). The scenario
postulated for the current study conservatively assumes that the core debris would relocate

_
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O instantaneously (i.e., after insertion of control rods) onto a dry concrete floor in the
subpile room. Thereafter, the containment capacity will be challenged from the resulting
loads arising from combustible gas deflagration and released radionuclides, in addition to
other gases produced from MCCI. Additional conservatism is factored into the scenario
through the assumption that none of the more than 100 m' (3532 ft') of heavy wa'er from
the primary coolant system would relocate through the same breach (as the core debris)
into the subpile room.

ANS containment modeling

ANS containment modeling was conducted using the MELCOR (Version 1.80)
severe accident analysis code. MELCOR is a fully integrated computer code that has
been developed primarily for power reactor severe accident analysis. MELCOR
incorporates models for core-melt progression (specific to power reactors), generalized
containment response evaluations including radionuclide transport, and engineered safety
features, lt has been developed by NRC as a second generation plant risk assessment
tool. MELCOR is a control volume code that models transport of various materials
between volumes via flow paths. Extensive capability is available for fairly detailed
representation of complex heat-absorbing structures and flow paths for various materials
and radionuclides (both as vapors and aerosols).

However, being general in nature, MELCOR does not have the capability to
model specific ANS core-melt progression phenomena associated with radically different
fuel-types, power densities, materials, and geometries. Hence, the two scenarios are

O modeled without taking into aspects progression.consideration the salient of core-melt
The ANS MELCOR containment representation developed for the current study is shown
in Fig. 7.1-2. Additional coding was done to develop control functions that enable the
definition or control of various aspects of the simulation such as opening and closing of
valves; specification of pump characteristics; specification of heat structure boundary
conditions; and control of plot, edit, and restart frequencies. As seen in Fig. 7.1-2, ali of
the major components of the ANS containment have been represented along with
associated flow paths. The model consists of 11 control volumes; 15 flow paths; and 21
heat structures (which represent structural components such as walls, ceilings, shells, and
miscellaneous materials) of various shapes. A fan model has also been included to
account for flow through the large annulus gap between the steel shell and concrete outer
containment structure. Leakage into the annulus is modeled assuming an allowance of
0.5% leak amount per day (i.e., of high-bay volume) at a design pressure of 171 kPa
(24.7 psi). Details regarding control logic, elevations, geometry, and plant layout have
been documented elsewhere with quality assurance checks in piace. This preliminary
representation of ANS is based upon the best available information regarding the
containment and was developed to fulfill the needs of this ER.

For scenario 1 source term evaluations, 50% of the iodine inventory and 100% of
the noble gases are assumed to be in the high bay volume (i.e., CV 240) along with the
associated decay energy. The remaining radionuclides are evenly distributed in the reactor
pool water (CV 202). The reactor coolant system boundary piping and reflector tank are
not taken into consideration.

For scenario 2 source term evaluations, the whole core inventory of fission

O products and the fuel plate structural materials are assumed to relocate onto the subpileroom concrete floor where the MCCI event then occurs. This assumption is conservative
because at least some of the noble gases and halogen inventory would have been released
before ablation and relocation to the subpile room. With 100% of the core debris and its
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O f'msionproducts initialized on the subpile room floor, we model gas generation from MCCI
which results from 50% of core debris power contributing to core-concrete interaction.
This is reasonable because at the Umestone-common-sand-conerete ablation temperature
of 1500 K, most of the volatile fission products (contributing about 50% of the debris
decay power) will escape the silicide fuel debris into the subpile room atmosphere
(Saito et al. 1989). Once again, the various aspects of the core-melt progression and
associated timing of such events leading up to this stage are not taken into account these
aspects have not been modeled in the interests of conservatism, and because a core-melt
progression capability has yet to be developed.

The various modeling assumptions that have been implemented for conducting
source-term calculations are given in the following section.

Modeling assumptions

The modeling assumptions made for conducting evaluations with MELCOR are
discussed below:

1. Average ANS core end-of-cycle (EOC) radionuclide inventory are computed using
the ORIGEN2 code assuming a 17-d fuel cycle at an operating power level of
330 MW. Results are summarized in Table 7.1-1 and 7.1-2.

2. Radionuclide decay of parent to daughter isotopes during the containment
transport stage is negligible.

3. For scenario 1, ali the noble gases and 50% of iodine inventory (in vapor form)
O are assumed to be in the high bay volume at the start of MELCOR evaluations for

radionuclide transport. The remaining radionuclide inventory is in the reactor pool
water. Upon heatup of pool water to saturation, cesium and tellurium are released
in quantities proportional to the steaming rate. Cesium is released in hydroxide
form (i.e., CsOH), and release of the remaining iodine (i.e., the 50% not
previously released) is modeled mechanistically. Aerosol formation, deposition,
and transport is allowed.

4. For scenario 1 it is assumed that, due to some event (e.g., beam-tube rupture), the
reactor pool water is depleted up to the level of the beam tubes, which results in a
pool-water volume of 100 m3 (3500 fP). It is assumed that cooling equipment (for
ali pools in the high bay area) fails to function.

5. For scenario 2, ali of the volatile fission products are in the subpile room at the
start of evaluations for radionuclide transport. Iodine is assumed to be in vapor
form, cesium and tellurium, in aerosol tbrm. The nonvolatile species contribute to
the continuation of MCCI.

6. Decay power generation in the refueling pool occurs at a constant level of
0.62 MW.

7. ANS target elements with their transplutonium inventory remain intact.
Associated radioactivity is not released into the atmosphere.

8. Core-melt progression phenomena and their associated time histories in-vessel are
not modeled.

9. Neither normal nor emergency ventilation flow paths for ANS containment are
accounted for as being potential radionuclide release pathways. However, the

O postulated 0.5-m-diam (20.in.-diam) containment leak path directly from theprimary containment to the environment is based upon the assumed
failure-to-isolate of one normal containment ventilation line.
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Table 7.1-1. Radionuclide mass inventory predicted by ORIGEN2 I_

for Advanced Neutron Source core (end-of-cycle)t i i i .... : .......... ,1 .... : ....... :- - III lt J ....... :--'- :

Class (MELCOR) Elements Mass [kg (lb)]

1 Ks', Xe 1,0112 (2.23)

2 Na, Rb, Cs 0,40142 (0,88)

3 Sr, Ba 0.680 (1.49)

4 Br, I 0.09667 (0,21)

5 Se, Te 0.11537 (0.25)

6 Ru, Rh 0.38511 (0.85)

7 Mn, Nb, Mo, Tc 0.65289 (1.44)

8 Zr, Ce, Np 1.4386 (3,17)

9 Al, Y, La, Pr, Nd 87,042 (19.1.89)

10 U 10.68 (23.55)

11 As, Sb 0.004156 (0.0092)

12 Ge, In, Sn 0.0068828 (0.0152)

g

10. Natural circulation phenomena that may occur between interconnecting volumes
are not modeled explicitly.

11. Gas, vapor, and stratification phenomena are not modeled. Ali control volumes
are assumed to exhibit perfect mixing.

12. Containment cooling features such as fan and pool coolers are assumed to be
inoperable.

13. The subptle room is modeled based on functioning igniters, so that if oxygen is
available, any hydrogen and carbon monoxide gas are allowed to deflagrate (but
not detonate). The composition of the subplle room basemat is assumed to be
limestone-common-sand concrete.

14. Highly energetic events such as steam explosions, recriflcality, and detonation of
combustible gases are not modeled explicitly. Nevertheless, the rapid draining of
the reactor pool assumed for scenario 1 (see assumption 4) could only occur as a
result of such an energetic event.

15. Upon occurrence of a severe accident, a 0.5-m-diam (20-in.-diam) opening in the
high bay volume is assumed to release radionuclides directly to the environment
without filtration. This release path is 1 m (3.28 ft) above the lowest level of' the
high bay area (essentially a ground level release). Such a pathway, although based
directly on failure-to.isolate of a ventilation duct (see assumption 9), should also
simulate early containment failure from the possible effects of explosive or external

events. O16. Any steam condensation run off from the vertical structures in the high bay area is
assumed to collect in a basin and is not allowed to drain back into the reactor

poolo
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Table 7.1-2. Activity I_'velsof important radionuclide_ at end.of-cycle for

Advanced Neutron Source core
m..,m.H i ......... i ,,,,.,.Hl ...... i..o nii i i i ii i i ii , .... i i I

Nuoltde Activity [Bq (Ct)] Nuolldo Aat.tvlty[Bq (Cl)]
.... li I I I I _L .J I li n n I , , Ill ,1 111 I nl,l,lInj [ .....

_Mn 1,77x 10'6 (4,79× IOS) I'_:_T0 4,18x I0rt(1,13x 107)

_Co 0 Inl 4,26 × l0i7(1,15× 107)

_°C_.o O, I_l'_ 3.53× I0j7(9,53X I0_)

UBr 4,83× I0_6(1,30x 106) IS_'T¢ 2,64x I0vp(7,14x 106)

_Kr 4,84 x 10a'5(1,30 × 106) I'l 6,40 x 10I'/(1.73 x 10;')

"Br 9,07x 1016(2,45× 106) mX¢ 5,07x 10n (1,36× I0./)

USKr 8,17× I013(2,21x ICP) Is_Xo 1,99× I016(5.37x IOs)

m'_"Kr 1,14x I0l./(3,08X 106) °_Te 6,05X I0rt(1,63X I0?)

rJIO' 2.29 X 10 t7 (6,19 × l0 's) I_wCs 4.24 × 101_(1,14 x 104)

nicr 3,27 x 10tV(8,85 × 10o) IS4I 6,90 × 1017(1,86 X 10'/)

URb 1,65 X 1014 (4,46 × 10s) °SSl 5,73 × 10 t7 (1.54 X 10./)

ngb 3.3I X I0 t./(8,94 x 106) _sJXc 2,00 ><1016(5,40 X l0 s)

_Rb 4,28 × l0 n (1,15 x 10./) °s_X¢ 1,04 X 10t? (2,82 X 106)

O _Sr 1,00 x 10n (2,73 x 10 6) I_C..s 1,03 x 10ts (2,81 x IIY)
_°Sr 8.22 x 10t4 (2,22 x 10 4) ISTC.s 6,70 x 10.4 (1,81 x 104)

91Sr 5.26 x 10n (1.42 x 10?) IsaXe 5,63 x 10I? (1,52 × 10?)

_Y 6.37 x 10°4(1,72 × 104) IsaC_.s 6,08 x l0 n (1,64 x 10?)

91y 1,06 × 10I? (2,87 x 106) t'_C.s 5,76 x l0 n (1,55 x 10?)

9_y 3,05 x l0 n (8,24 x 10_) t_Ba 5,83 4 l0 n (1,57 x 10?)

_Sr 5,38 × l0 n (1,45 × 10./) _13a 3.77 X 10 I? (1,02 × 10./)

¢_' 5,41 x 10(./(1,46 x 10./) _°La 3,56 X 10_s(9,62 X 10./)

mst 5,71 X 10 i? (1,54 x 10?) a_°Ba 5.36 x 10_?(1,44 x I0?)

_Y 5,81 x 10I_(1.57 x 10?) _La 5,41 x l0 n (1.46 x 10?)

_Y 5,61 x 10_./(1.5i x 10_) _4_Co 1,76 x 10_ (4,76 X 106)

_Y 5.75x 10t./(1.55X 10?) t4ZBa 5,21><10n (1,40x I0./)

_Zr 1,09 x l0 n (2.95 x 106) _4_La 5,31 x l0 n (1,43 x 10?)

_Nb 1,68 x l0 ta (4,57 x l0s) _SLa 5,30 x l0 n (1,43 x 10?)

¢tZ.r 5.56 x 10I_(1.50 x 10?) _C¢ 5,71 x l0 n (1:4 x 10"1)

¢rNb 5.58 x 10_7(1.50 x 10_) ld)pr 2.89 X 1017 (7,82 ><106)

¢_"Nb 5.27 X l0 n (1,42 x 10_) t_Ce 2.PA × 10t_(6.06 X l0s)

®
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Table 7.1.2. (continued)

Nuclide AotMty [Bq (CI)] Nuclide Aattvlty [Bq (Ct)]
i IlL I IEII I I I I II....

99Mo 5,89 × 10t.t(1,592 X 107) t"Pr 1,23 × 10t't(3,32 × 106)

99"ri"c 5.30× i0tv(1,43X 107) t4SPr 3.54× 1017(9,57× 106)

t°tMo 4,63 × 10I.t(1.25 × l0 't) t'_Ce 2,68 x 10t.t(7,_A x 106)

I°ITc 4,63 X l0 t7(1,25 x 10.t) I'_Pr 2.69 x 1017 (7,26 X 106)

I_Mo 3,86 X 10t.t(1,04 X 10.t) s4_'Pr 2,06 × 1017(5,57 x 106)

I°'q'c 3,86 × 10t'_(1,04 X 10.t) t'_TNd 1,26 X 1017(3,43 x 106)

tCORu 8,18 × 1016(2,21 x 106) 14_Nd 1,03 × 10 l.t (2,79 X 104)

I°:t"Rh 7,38 × 1016(1,99 × 106) I_pm 1,14 × 1017(3,09 X 10_)

t°"Tc 1,77 X 10t.t(4,79 × 106) iS°Pm 5,26 X 10t6(1,42 × 106)

taSRu 1,01 × 10I.t (2,74 x 106) I:ttPm 2,39 × 1016(6,4'7 × l0s)

re*Rh 1.78X 1016(4,83 X l0s) ISSSm 6,50 X 1016(1,75 X 104)

t°tS'Rb 2,84 x 1016(7,68 x los) zs'q,j 1,78 X 10t.t(4,81 × 104)

tO6Ru 1,42 X l0 Is (3,86 X 104) mPu 1,34 X 1012(3,63 X l0 t)

Itw"gl'l 2,75 X 1016(7,43 × l0s) mNp 1,78 x 1016 (4,83 x l0 s)

l_Sb 1,55 X 1016 (4.20 X los) _gU 2.21 X l017 (5,98 X 106)

tr_e 1,41 X 1016(3,82 X los) aS,_p 2,01 X 1017(5,42 X 104)

tr_'Te 1.62 x 10t's(4.37 x los) Z_tl 6,01X 10t° (1,62)

mSn 3.39 X 10'6 (9,17 X los) :m/qp 1,13 x 1016(3,07 x los)

t_Sb 3.51 X 1016(9,49 X los) m"Np 2.87 × 10I_(7,76 × 104)

tas_Sb 6.33 x 10t_ (1,71 x 104) 2ePu 1,06 x l0 II (2,87)

tzq'e 5,85 x 1016(1.58 X 104) :mU 2.84 x 10Is (7,66 X 10_)

I_"Te 3,05 x l0 ts (8,24 x 104) a4tAm 2,82 x I0m(7.62 × 10:t)

t3tSb 2.33 X l0 t7(6.30 × 1(_) a4tpu 2,17 X l0 ts (5,86 X los)

)SITe 2.36 x 1017(6.39 x 10_) _42Cm 8,63 X 101°(2,33)

tst"'I'e 3.56 x 1016(9.63 X los) 24SPu 1.74 X l0 Is (4,72 X 104)

tslI 2.23 x 10rl (6.02 × 104) _"UCm 9,35 X 101°(2,53)

Source: ORIGEN2 computer code,
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O 17, Rupture disks are provided to allow passage of materials between the subplle room
and the high bay area, and between the high bay area and the first and second
floors, respectively, These rupture disks opens if a pressure differential of 14 kPa
(2 psi) or greater is imposed, The doorway in the subplle room leading to the
access tunnel falls to open if a pressure differential of 34 kPa (5 psi) or greater is
imposed.

Severe accident response and source term estimates

A summary of the severe accident response behavior (including source.term
estimates) of the ANS containment Is provided in this section for scenarios 1 and 2, For
reference purposes, the decay power history obtained from the ORIGEN2 computer code
is shown in Fig. 7,1-3,

Scenario 1. The key results in this case are graphically represented In Figs, 7.1-4
through 7,1.13, As noted in Fig, 7,1-4, a mild pressurization results in the various control
volumes, with the plotted differences in pressure due primarily to density heads, The
pressure tn the high bay area does not exceed 115 kPa (16,7 psi); consequently, the tint
and second floor volumes are not available to receive radionueUde vapors or aerosols,
The variation in water mass for the reactor pool is shown in Fig, 7,1-5, As illustrated, the
water becomes saturated in about 2,5 h; the water begins to steam, thereafter, resulting In
the loss of approximately 55,0tF0kg (121,250 lh) of water in 70 h.

The radionuclide vapor and aerosol masses in the atmosphere of the high bay area
O and environment are shown in Figs, 7,1-6 and 7.1.7. At the onset of steaming, there is a

sharp increase in aerosol and vapor mass release to the environment, followed by
characteristic leveling-off behavior. This leveling-off behavior ts due to presstire gradients
between the volume in the high.bay and the environment approaching zero. The amount
of radionuclide mass deposition on heat structures is shown in Fig. 7.1-8, Figures 7,1-9
through 7.1-11 provide the time history of the various radionuclide masses trapped in the
reactor pool. Note the fractional reduction of the cesium and teUurium species in the
water due to the steaming process. Figure 7.1-10 highlights an important factor in
source.term evaluation: when the reactor pool water reaches saturation, almost ali of the
halogen inventory is released to the atmosphere, As expected, ali of the nonvolatile
specters elements stay in the reactor pool.

Figures 7.1-12 and 7.1-13 provide the transient variation of the radionuclides
leaving the containment (i.e., the source.term) and entering the environment,
Figure 7.1-12 provides the integrated masses of the various volatile radionuclides being
released into the environment, whereas in Fig. 7.1-13 fractional release amounts are given,
As seen from these figures for the steaming-pool case with early containment failure,
approximately 26% of the noble gases, about 8.3% of the halogen inventory, and
approximately 0.8% of the cesium and tellurium Inventories get released into the
environment. The balance of the radionuclides, based on assumptions made for the
present model, remains within the containment.

See,nario 2. Key points of interest for scenario 2 are given in Figs. 7,1.14 through
7.1-23. Due to the intensity of the MCCI (Fig, 7,1-14) the subplle room pressure rises

rapidly causing the rupture disk to open and allow passage of radionuclides to the highbay area, The pressure in the subptle room does not rise high enough to cause failure of
tile door leading to the subpile room tunnel; however, the existence of a direct pathway
from tile high bay area to the subpile room tunnel causes the pressure there to rise
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concomitantly. Pressure in the high bay area does not exceed 115 kPa (2 psig); hence, the
first and second floor volumes do not become available for pressurization and radionuclide
transport. The short spike in the subpile room pressure lasts only a matter of seconds and
is due in part to hydrogen and carbon monoxide deflagration, after which the oxygen
content is completely depleted. Because no ventilation flow path is available (via
modeling) to bring in afresh supply of oxygen, hydrogen eombmtion stops. The traces of
atmospheric temperature variations are shown in Fig. 7.1-15. These traces indicate cooling
of the air in the subpile room due to the release of heat-producing radionuclides to the
high bay area, and also due to energy absorption of structural materials. Note the decline
in pressure traces about 2 min into the transient. This is attributed to the significant drop
in the rate of MCCI gas generation (especially hydrogen due to completion of oxidation of
aluminum).

The variation of hydrogen mole fractions in the various system volumes is shown in
Fig. 7.1-16. Even though relatively high hydrogen and carbon monoxide mole fractions
exist in the subpile room, it is not possible for combustion to occur due to the
unavailability of oxygen as depicted graphically in Fig. 7.1-17. The mole fraction of
hydrogen in other system components is close to zero.

Figures 7.1-18 and 7.1-19 show the transient variation of aerosol and vapor mass
distributions within the high bay and the environment. As in scenario 1, the amounts
released to the environment level-off rapidly as driving pressure gradients approach zero.

Figure 7.1-20 shows the variation over time of the radionuclide vapor and aerosol
deposition on heat structures. Note that a considerable amount of the radionuclides are
likely to deposit on relatively cold structures.

Figures 7.1-21 through 7.1-23 provide the transient variation and distribution of O
radionuclides within the various control volumes (including the environment which
constitutes the source term). About 10.5% of the noble gas inventory, 10.2% of the
halogen inventory, 8.6% of the cesium class inventory, and about 8.6% of the tellurium
class inventory will enter the environment over 70 h. No radionuclides enter the first and
second floor volumes. The balance of the radionuclides, based on assumptions made in
the present model, remains within the containment.

7.1.1.2 Off-Site Consequence,

This section describes the methodology, assumptions, modeling of various features
related to radiation exposure, and health consequences resulting from source terms
calculated in Sect. 7.1.1.1.

Modeling Methodology Overview

A schematic of the consequence assessment approach is presented in Fig. 7.1-24.
The MACCS (Version 1.5) (Chanin et al. 1990) was used for evaluating radiological
impacts. The MACCS was developed to replace the Calculation of Reactor Accident
Consequences (CRAC2) Code (Ritchie et ai. 1984), which was developed to estimate the
consequences of severe reactor accidents for NRC's reactor safety study (NRC 1975).

The MACCS code system consists of a sequence of mathematical and statistical
models that represent the radioactivity material immediately after release from
containment, the movement of the material as it disperses downwind of the plant, the aL
deposition of the radioactive material onto the ground, and the effects of the airborne and
deposited material on people and their environment. The consequences estimated by
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MACCS are: early health effects, chronic (i,e,, latent) health effects, and economic
impacts,

The ANS ER will make use of the source terms presented in Sect, 7.1,1.1, and
model the dispersion and deposition of radionuclides released from the reactor
containment to the atmosphere will be modeled with a straight-line Gaussian plume model
In MACCS. Plume rise and dry and wet deposition will be taken into account, Downwind
concentrations of radionuclides up to a distance of 80 km (50 miles) will be calculated for
each directional sector around ANS, Radiation doses to on-site and off.site populations
will be calculated using the concentration of radionuclides predicted by the dispersion
models. Exposure pathways to be considered for evaluating early consequences are
(1) direct radiation from tile passing plume and (2) from radioactive material deposited on
the ground, and inhalation of resuspended ground contamination. Air pathway exposures
are t_own to be dominant contributors to the effects of a severe accident, typically more
so than liquid pathways, Again, reactor coolant system (RCS) response has not been
modeled for deriving source terms. Also, the severe accident scenarios postulated already
embody a significant measure of conservatism. As in the modeling done for the two
accident scenarios described in Sect. 7,1.1.1, RCS liquid pathways would not lead to
radionuclide transport to the environment and subsequently to people, Hence,
radiological consequences arising from RCS liquid pathways have not been explicitly
modeled. For assessing the long-term impact of water pathways in general (i,e., from rain,
rivers, lakes), the MACCS default values (generated for NUREG.1150) have been suitably
modified to represent the environment around ANS.

In evaluating pote.ntial radiation doses, emergency response actions play an

important role. Short. and long-term actions such as evacuation, sheltering, and relocation O
need to be considered. A description of the overall modeling approach is given irl the
following section, and emergency response modeling in particular is described in
assumptions 10 through 12,

MACCS Model and Assumptions

The proposed ANS site was chosen as the center of a polar grid. The grid was
divided into 16 equally spaced sectors, with the outermost radius extending to
80 krn (50 miles). Population data for the various sectors were also developed. A
summary of population data around the ANS site is given in Table 7.1-3. A straight-line
Gaussian plume model was used, and several modeling assumptions were made as follows:

1. The ANS site and its surroundings are adequately represented by a polar grid
consisting of 16 sectors (a fixed value built into MACCS). Each sector is further
divided into 13 elements to account for the site-specific population distribution.
ANS is located at the center of the system, and each element assumes average
conditions (i.e., for population, rainfall, wind speed and direction, radionuclide
concentration, etc.) in that spatial region.

2. To ensure conservatism, shielding effects of the ANS containment and buildings
are not accounted for. All individuals at tlae ANS site and within the first four
rings receive no shelter unless they relocate to the sheltering zone at ORNL.
However, for the first ring, it is assumed that ali the individuals (on the ANS site)
are uniformly distributed over the 16 elements of the first ring, and not consciously ,lh
positioned in the most unfavorable direction. While this approach may sound
nonconservative, the effect is partially nullified through random sampling of the
actual weather pattern over the course of 1 year.
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Q
Table 7,1-3. Population dts!dbutton around the Ad_TmcedNeutron........ . I lallllllll II_ -: ..... :7 5 ,.!_ II L -- SZ ............... i [ _[llll . III" i la ;" '"S" :. "_U_ll _

Distance

Ring [km (mlles)] Population Notes
. iIIIII II ..... . ..... I i I - y'_ iii I - . L: : 7 : s.- I I I I [ I _

1 0,0-0,177 (0.0-0,11) 240 Advanced
Neutron Source

site boundary
fen_

2 0,177-1.0 (0,11-0.62) 0 Exclusion Area
Boundary to
1,6 km (1 mile)
(Includes High
Flux Isotope
Reactor)

3 1,0-1,6 (0,62-1.0) 285

4 1,6-2.0 (1,0.-1.25) 200 Low Population
Zone to 2 lma

(1.25 miles)

5 2.0-3.22 (1,25-2.0) 4,413 Immediate
Notification Zone

Q to 3,22 krn
(2 miles); Oak
Ridge National
Laboratory

q

6 3.22-4.82 (2.0-3,0) 249

7 4.82-6.44 (3.0-4.0) 960

8 6,44-8.05 (4.0-5.0) 3,108 Emergency
Planning Zone to
8.05 km (5 miles)

9 8.05-16.09 (5.0-10.0) 68,024

10 16.09-32.19 (10.0.-20.0) 214,968

11 32.19-48.28 (20.0-30.0) 320,844

12 48.28.-64.37 (30.0-40,0) 164,377

13 64.37-80,47 (40.0-50.0) 160,832

Total population 938,500

Source: Personalcommunicationfroms, Cotter,officeof EnvironmentalandHealthProtection,
ORNL,to R,Taleyarklaan,ORNL,Oct.29,1991,

Q
tl
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3, Source, terms used for MACCS calculations are derived from the previously
mentioned ORIGEN2 and MELCOR evaluations, ORIGEN2 calculations for
EOC inventory of radionuclides are used (i,e,, for conservatism because fission
product buildup is greatest at EOC conditions) in conjunction with source term
information for various scenarios, In addition, MELCOR calculations are also
used to specify the energy content of the generated plumes,

4, Source terms from various accident scenarios are released at ground level, Such a
prescription provides for the maximum possible contact with the radioactive cloud
before dispemlon begins and, as such, stipulates conservative initial conditions that
might exist for certain accident seenario_,

5, Building wake effects are taken Into account, Reactor building dimensions are
specified to have a width of 65,84 m(220 ft) and height of 15,85 m (52 ft) above
ground level,

6. Due to a limitation of MACCS, no credit ts taken for ridges and hills surrounding
the ANS site that might block motion of the plume to off.site populated areas,
Ridges and hills can also cause greater deposition of aerosol particulates;
therefore, assuming a fiat terrain is conservative, However, it should be noted that
the meteorological data used for dispersion calculations have tlm effect of
surrounding terrain implicitly built into them,

7. Weather data (hourly wind speed, wind direction, and atmospheric stability) taken
at the High Flux Isotope Reactor (HFIR) site tower at 30-m (100-ft) elevation are
assumed to be representative fbr the ANS site, This assumption is considered
reasonable because the ANS site is located in the general vicinity of HFIR, with
no intervening hills or ridges, The best available data for rainfall and mixing
height are used. Rainfall data for the ANS site arc assumed to be the same as
that for Oak Ridge. Mixing height data (for morning and afternoon)
recommended by the National Climatic Center in Asheville, North Carolina, are
considered representative for the ANS _ite and surrounding terrain. A weather
file consisting of 24 samples per day for 365 d of meteorological information is
considered adequate, in conjunction with stratified random sampling of
four samples per day (therefore, 365 × 4 = 1460 samples that are evaluated for
atmospheric dispersion calculations),

8. Beyond 16 km (10 mikm) of the ANS reactor, boundary weather conditions are
applied such that the mixing height is conservatively specified as being at the
lowest level from the yearly meteorological database information supplied by the
National Climatic Center in Asheville, North Carolina. Because actual data are
not available for locations beyond 16 km (10 miles), we have conservatively
assumed neutral stability conditions combined with the specification of no
precipitation and a low constant wind speed of 0.5 m/s (1.12 mph).

9. The plume is defined as consisting of multiple sections (i,e., in time) based upon
guidance received from the source term transient variation predicted from
MELCOR calculations.

10. An evacuation alarm is assumed to sound 10 min after occurrence of a severe

accident. Individuals within the first four rings of each sector [i.e., within 2 km
(1.25 miles)] are assumed to start evacuating after a 35-min delay time. The
35-min time frame consists of two components. The first component of 30 min
represents the mean time associated with general emergent.3, conditions, warning of
the employees, and visitor evacuation. This assumption is a standard that has been 1_
used previously for similar studies in support of the New Production Reactor
(NPR) draft Environmental Impact Statement (EIS) (DOE 1991, p. 15). The
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O second 5 rain component represents a reasonable delay time between warnings to
eva_uate, and the time people actually start to evatmate,

11, Individuals eva_uattng from the first four rings of the grid move at a rate of 10 m/s
(23 mph) to the X-10 Site for sheltering, Upon reaching the X.10 Site, evacuees
are assumed to take an additional 5 mln to take shelter, They remain sheltered
for at least 1 h, Upon passage of' the plume, these shelterees return to their
original lo_atlons at the end of the emergency phase, which is assumed to last for
7 d, Again, this assumption is a standard that has been used for similar studies in
support of the NPR draft EIS (DOE 1991, p. 15).

12, Relocation of individuals residing outside of the Immediate Notification Zone is
allowed in one of two ways, hot spot relocation and normal relocation. Hot spot
relocation occurs if the effective whole-body dose equivalent to an individual
exceeds 0.5 Sv (50 rem) in the 1.week emergency phase, Thereafter, individuals In
that ring are relocated 30 rain after arrival of the first plume, Relocated
individuals receive no further dosage during the emergency phase, Normal
relocation is activated if the effective whole-body dose equivalent exceeds 0.25 Sv
(25 rem) in the 1 week emergency phase, Thereafter, individuals in that ring are
relocated 1 h after the arrival of the first plume at that distance. Individuals
relocated receive no further dosage during the emergen_ phase. These
assumptions are based upon guidance given from default values suggested in
MACCS (which were also utilized for the NUREG.1150 studies),

13. The breathing rate of individuals is conservatively assumed to be constant and
equal to the MACCS default value of 2.66 × 10"_m_/s (9.4 × 10.3 ft:_/s),which is

O an averaged value close to the upper limit of 3.1 × 10"4m'/s (1.1 × 10 .2 ft3/s), as
suggested by NRC Regulatory Guides.

14. Other parameters that enter the caleulational process, such msprotection factors
for inhalation or skin exposure, resuspension, cloud and other shielding factors,
and specific input required for deriving chronic (i.e., latent) effects are assumed to
be the default values recommended in the MACCS User's Guide (Chantn 1990,
pp. 1-260).

Radiological Comequence Results

The radiological consequences arising from source terms described earlier in
Sect. 7,1.1.1 for scenarios 1 and 2 are presented in this section. Tables 7.1-4 through 7.1-7
summarize key results of mean value estimates in various categories. Results are also
presented conventionally as Complementary Cumulative Distribution Functions (CCDFs).
CCDFs st,ow the probability that the severity of the event will be greater than any given
value of Severity Index (X). These values are shown in Figs. 7.1-25 through 7,1-30.

Table 7.1-4 presents mean cumulative values for prompt and latent cancer fatality,
estimates as a function of distance from the ANS site. As can be seen, the values for
prompt fatality estimates are a small fraction of the total number of individuals expected
to be on-site, even for the MCCI case (scenario 2), considering that 240 individuals are
assumed to be within the ANS site boundary [i.e., within a radius of 0.17 km (0.11 miles)].
This can be attributed to the weather patterns at the ANS site, and to the fact that it is
unlikely that ali 240 individuals would be directly in the pathway of the plume. As noted,

O the MCCI case provides for greater fatalities than the steaming pool case (scenario 1). Inscenario 1, no prompt fatalities are predicted. For scenario 1, several hours would elapse
before the release of any significant amounts of radioactivity to the environment, leaving
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II
Table 7.1-4. Me,an values for estimates of prompt fatalities and latent

cancer fatalities and injuries

DL,_tance
[km (miles)] Prompt fatalities Cancer fatalities Cancer injuries" [

Scenario 1

0-1,0 (0-0,62) 0,00 1,24 _ 6,26

0-2,0 (0-1,25) 0,00 1,31 6,54

0-3,2 (0-2) O.O0 1.42, 6,89

0-8.0 (0-5) 0,00 1,61 7,99

0-80.0 (0-50) 0,00 8,92 62,70

Scenario 2

0-1,0 (0-0.62) 5,16 l&10 89,70

0-2,0 (0-1,25) 5,16 16,90 94,40

0-3.2 (0-2) 5,16 17.40 96.80

0-8°0 (0-5) 5,16 17.90 98.80

0-80.0 (0-50) , 5.,16 ......... 40.00 217.00 @i

"CancertnjurlesImplyeane_rof thestomach,lungs,thyrolcl,andskin,

sufficient time tbr evacuation and sheltering of ali individuals on the ANS site and within
the three neighboring rings, Cancer deaths and injuries would also be much smaller for
scenario 1,

Table 7,1-5 presents a summary of the total number of individuals expected to
receive radiation doses in excess of various levels, and Table 7.1-6 gives a breakdown of
the total and individual doses to various body organs for the two scenarios. As expected,
scenario 2 has the potential to cause greater damage than scenario 1. Individual doses to
the thyroid and whole body would be expected to exceed annual permissible exposure
limits for employees close to the ANS site.

Table 7.1-7 presents a summary of average individual risk (prompt and latent) from
the two scenarios, assuming 100% frequency of occurrence (i.e., MACCS.evaluated risk
values for scenarios 1 and 2) and accounting for the frequency of occurrence of the two
scenarios (i.e., effective fatality risk) for various rings in the polar grid. In MACCS, risk
for individuals in a sector is evaluated as a function of health consequences (as reported in
Table 7.1-4) and the fraction of that population that is susceptible to radionuclide
exposll_e. Average individual risk over a certain distance (as in Table 7.1-7) is the
individual risk averaged over ali 16 sectors in that region, As expected, scenario 2
dominates risk of prompt and latent cancer fatalities (LCFs),
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Fig. 7.1-25. Cumulative complementary distribution functions for cancer fatality
estimates from scenario I.
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Fig. 7.1-26. Cumulative complementary distribution functions of population-

e weighted risk for cancer fatality estimates from scenario 1 (MELCOR Accident
Consequence Code S_tem calculations).
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Fig. 7.1-27. Cumulative complementary distribution functions for early fatality
estimates from scenario Z
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It should _be noted that the MACCS-calculated risk values presented in Table 7.1-7 g

i

are not the effective measures of actual risk. As mentioned in Sect. 7.1.1, fatality risk
estimates for the accident scenarios representing early containment failure should be
multiplied by 2.5 x 10" for scenario 1 and 10"sfor scenario 2 to obtain estimates of
effective risk. The columns under the heading "Effective Fatality Risk" reflect these
values.

As the project evolves, improved risk assessment methodologies and a greater
understanding of ANS design features should provide more accurate (i.e., less
conservative) values that will reduce source terms and yield lower fatality estimates. The
results shown in Table 7.1-7 and Figs. 7.1-25 through 7.1-30, indicate that the ANS risk
goals in individual categories shown in Table 7.1-8 are met with a wide margin for the two
severe accident scenarios under consideration. Obviously, overall risk will have to consider
several severe accidents in various release categories; however, the risk from the other
accidents is expected to be lower than the ones highlighted in Table 7.1-7 and the CCDFs.

The wide margin of safety (in relation to ANS risk goals) that has been evaluated
at this stage of development arises from the assumptions of low risks from core damage
(i.e., ANS core damage frequency goal of less than 10"soccurrences per year) and
containment failure (i.e., ANS containment failure design goal of less than 10.2per
occurrence of a severe accident). Nevertheless, the prompt and latent fatality estimates
for scenario 2 are clearly undesirable and should be reduced or eliminated whenever
possible. Efforts currently in place include (1) use of the best-estimate evaluation of core-
melt progression and fission product release and transport, (2) the introduction of severe
accident mitigative features (such as the use of alumina concrete coupled with a flooding
strategy to eliminate or minimize the potential for MCCI) and (3) the introduction of
strategically positioned missile shields to absorb loads from generated shocks and missiles
with the potential for causing containment failure. Such measures, when adopted, (1)
would prevent a direct path for release of radionuclides to the environment (2) would
significantly reduce (by up to 90%) the release of combustible gases; and, most
importantly, (3) could lower the possibility of core debris relocation out of the RCS or
considerably increase the amount of time required for core debris to relocate onto the
subpile room floor (thereby allowing sufficient time for evacuation). Consideration of
these measures should indicate that the proposed facility would be safe (i.e., would have,
from probabilistic and deterministic standpoints, negligibly low values for risk and for
fatalities and injuries in the event of a severe accident).

7.1.2 Nonsevere Accidents

This section deals with accidents that either do not compromise the integrity of the
reactor fuel or do not present a realistic potential for large scale release of the core fission
product inventory to the environment. The consequences of nonsevere accidents must be
considered in order to characterize completely the overall risk profile of a plant.
Nomevere accident frequencies range from about 5(10)'1/year down to 10"3/yearor less.
Most of the accidents involve the reactor, but the detritiation facility (a support facility to
be located on the reactor site) has a significant accident potential that is also addressed
near the end of this section.

The nonsevere accidents are listed in accordance with the format followed by
Appendix I of NRC's Regulatory Guide 4.2, Preparation of Environmental Reports for
Nuclear Power Stations (1976), except where underlying plant physical features and I_
characteristics are not applicable. For example, power reactors use pin-type fuel rods that

_
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Q
Table 7.1.-8. Radiological ac._dent risk limitation goals for the

Advanced Neutron Source (ANS)
i i i i -- _ i -- ,

Population Risk mode Risk to average individual
i - i -

Off-site residents within Early 4 × 10-7/year
1.6 km (1 mile) of
reservation boundary

On-site workers and Early 1 × 10-6/year
visitors within 1.6 km

(1 mile) of the ANS facility
security fence

Off-site residents within Latent 2 × 10"6/year
16 km (10 miles) of the
reservation boundary, and
on-site workers and guests

Source: Advanced Neutron Source Plant De_.ignRequirements 1991, ORNL/TM_ll625, Oak Ridge National
Laboratory, Oak Ridge, Tenn.

O use plate type fuel in which the cermet fuel material is bonded to the aluminum cladding.
Thus, the prescriptions for the release of the radioactivity held in the gap do not apply.
Therefore, similarly conservative assumptions (with regard to physical differences) are
made concerning the possible release of fission products from the ANS reactor fuel.

The source terms for nonsevere accidents are derived from the distinct inventories

of radioactivity in the plant: fission product nuclides in the reactor fuel, activated
corrosion products, and f'mion products and tritium in the coolant. The fuel contains far
greater levels of radioactivity than any other component in the reactor, but during normal
operation and during most nonsevere accidents, it is not released. The whole-core
inventory of halogens and noble gas fission products at EOC (17 full-power days) for
immediately after shutdown and 24 h after shutdown is listed in Table 7.1-9.

Activation products in the coolant, including tritium, determine the source term for
several important nonsevere accidents. The ANS coolant radionuclide activity
concentrations are listed in Table 7.1-10. The assessment of radioactivity content of the
primary coolant is based on measurements of the HFIR coolant made in 1985 (F. F. Dyer,
Analytical Chemistry Division, ORNL, personal communication to M. Harrington, ORNL,
Oak Ridge, Tenn., December 29, 1985). It is a safe assumption that the ANS purification
system will maintain comparable chemical concentrations of impurities in the primary
coolant. But the higher flux of ANS (by design, higher than other high-flux reactors by a
factor of five) can be expected to lead to higher activation rates. Therefore, the HFIR
concentrations have been increased by a factor of five for application to ANS.

Because HFIR uses a light water coolant and ANS uses heavy water, HFIR data
on tritium concentration are not applicable to ANS. ANS will continuously produce

O tritium during normal operation, typically by absorption of a single neutron to convert a
heavy water molecule to a tritiated heavy water molecule. The production rate of tritium
is estimated at more than 3.7 x 10t6 Bq/year (1 million Ci/year). A heavy water upgrade
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@
Table 7.1-9. Reactor core end-of-cycle inventory of

noble gas and halogen fission products
li m

Inventory at Inventory 24 h
shutdown after shutdown

Nuclide Half-life [Bq(C01 [Bq(Ci)]

SSBr 2.39 h 4.77 × 1016(1.29 × 106) 4.82 × 1016(1.33 x 1013)
8_Kr 1.83 h 4.81 × 1016 (1.3 x 106) 1.90 × 1016 (5.15 x 1014)
_Br 0.56 h 9.06 x 1016(2.45 x 106) 0
SSKr 10.7 years 8.18 X 1012 (2.21 X 103) 8.29 X 1016(2.24 X 1013)
sS"Kr 4.48 h 1.14 X 1017 (3.08 X 106) 2.82 X l0 ts (7.62 × 104)
STKr 1.27 h 2.29 x 1017(6.19 x 106) 4.81 x 10tt (1.30 × l0 t)
SSKr 2.84 h 3.27 × 1017 (8.85 × 106) 9.36 × 1014 (2.53 x 10_)
131I 193.0 h 2.23 x 1017(6.02 × 106) 2.08 X 1017 (5.61 X 106)
xs2I 2.3 h 4.26 X 1017 (1.15 x 107) 3.48 X 1017(9.41 X 106)
ts31 20.8 h 6,40 X 1017 (1.73 x 107) 2.95 X 1017 (7.97 x 106)
tS3Xe 126.0 h 5.03 x 1017(1.36 x 107) 5.00 x 1017(1.35 x 107)
133"Xe 53.0 h 1.99 x 1016 (5.37 x l0 s) 1.79 x 1016(4.84 x l0 s)
134I 0.88 h 6.88 X 1017 (1.86 X 107) 1.73 x 10t° (4.68 X l0 -t)
t3sI 6.61 h 5.70 x 1017(1.54 x 107) 4.62 x 1016(1.25 × 106)
t3SXe 9.08 h 2.00 × 1016(5.4 × los) 1..26 X 1017 (3,4 × 106)
13_Xe 0.26 h 1.04 X 1017 (2.82 x 106) 7.40 x lOts (2 X los)

t_Xe 0.24 h 5.62 x 1017(1.52 x 10_) 0 @

facility is provided to remove this tritium: the detritiation facility is designed to enable
primary coolant tritium concentration to be maintained below a technical specification
limit of 1.85 x 1011Bq/L (5 Ct/L). In actual operation, the detritiation facility should
enable the tritium concentration to be maintained below 7.4 x 101°Bq/L (2 Ct/L).

7.1.2.1 Radioactive Waste System Failures

The ANS reactor uses ion exchange to control the radioactivity of primary coolant,
reflector coolant, and pool coolant. The process takes radioactive ions from the coolant
and deposits them on the surface of the ion exchange resin. Most of the radioactivity in
the radioactive waste system is bound in the ion exchange resin and, therefore, not readily
releasable.

When the ion exchange resins are saturated and will adsorb no more ions, they are
dewatered in the ANS service building, and shipped to another facility for further
packaging and disposal. Approximately 1900 L (500 gal) of contaminated light water are
left over each time a batch of resin is prepared for shipment (W. R. Reed, ORNL,
personal communication to M. Harrington, ORNL, Oak Ridge, Tenn., October 21, 1991).
This volume of contaminated water is circulated through an ion-exchange bed and then

pumped to the ORNL Low-Level Liquid Waste (LLLW) Treatment plant. @As a limiting radioactive waste system accident, it is postulated that a break occurs
in the transfer line somewhere between ANS and the ORNL waste treatment plant and

that ali 1900 L (500 gal) of contaminated light water is pumped into the ground. Most of
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Table 7.1-10. High Flux Isotope Reactor OIFIR)

and Advanced Neutron Source (ANS)
coolant activity concentrations

u.. i i i,i j ii i --

ANS HFiR
concentration" concentration

Nuclide Half-life [Bq/mL (_Ci/rnL)] [Bq/mL (#Ci/mL)]
ii ii ii iu ., ii i i ,r , ---

3H 12.3 years 1.85 x i08 (5 x 103) -0
24Na 15.0 h 29600 (8.00 x 10-t) 5920 (1.60 x 10-t)
uCl 37.2 rain 185 (5.00 x 10-'_) 37 (1.00 x 10-3)
'_Sc 83.8 d 0.55 (1.50 x 10-5) 0.11 (3.00 x 10-6)
SlCr 27.7 d 159 (4.30 x 10-3) 32 (8.60 x 10-4)
S_Mn 312.5 d 0.26 (7.013x 10-6) 0.05 (1.40 x 10-_)
S6Mn 2.6 h 3145 (8.50 x 10-2) 629 (1.70 x 10-2)
S9Fe 44.6 d 0.26 (7.00 x 10-6) 0.05 (1.40 x 10-6)
6°Co 5.27 years 5.18 (1.40 x 10-4) 1.04 (2,80 x l0 -s)
¢iSZn 243.8 d 0.28 (7.50 x 10-6) 0.055 (1.50 x 10-6)
9SZr 64.0 d 0.05 (1.35 x 10-6) 0.01 (2.70 x 10-7)
9SNb 35.1 d 0.026 (ZOO X 10"7) 0.005 (1.40 x 10-7)
l°3Ru 39.4 d 0.15 (4.05 x 10-6) 0.03 (8.10 × 10 -7)

Z31Sb 23.0 min 18.5 (5.00 x 10-4) 3.7 (1.00 x 10-4)
laa"Te 55.4 min 37 (1.0t3 x 10-3) 7.4 (2.00 x 10-4)

O l_VI'e 42.0 min 37 (1.00 x 10-3) 7.4 (2.00 x 10-4)
131I 8.0 d 2.8 (7.50 x l0 -s) 0.55 (1.50 x 10-5)
132'I 2.3 h 7.4 (2.00 × 10-4) 1.5 (4.00 x l0 -s)
1331 20.8h 18.5(5.00x I0-4) 3.7(1.130x 10-4)

t_4I 52.6 min 74 (2.00 x 10-3) 15 (4.00 x 10-4)
13Sl 6.6 h 18.5 (5.00 x 10-4) 3.7 (1_00 X 10-4)
137Cs 30.1 years 0.01 (2.55 x 10-7) 0.002 (5.10 x l0 -s)
14°Ba 12.8 d 2.03 (5.50 x l0 -s) 0.41 (1.10 x 10-5)
l°I.,a 40.2 la 1.85 (5.00 x I0 -5) 0.37 (1.00 × 10-5)
]41Ce 32.5 d 0.3 (8.00 x 10-6) 0.06 (1.60 X 10-_)
lSlW 121.0 d 925 (2.50 x 10 -2) 185 (5.00 x 10-3)
lsTW 23.9 h 203 (5.50 x 10"3) 41 (1.10 x 10-3)

*ANSnuclideconcentrationsareassumedto be fivetimestypicalHFIR
concentrations.
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the nuclides would be held up in the clay soil typical of Oak Ridge Reservation (ORR),
but the tritiated water would most likely find its way into a creek and eventual release
from White Oak Lake. The net result of this accident would be a volume of

contaminated earth around the pipe and a release of tritium that would have occurred
anyway. That is, the tritium-contaminated waste water would have been released from the
main ORNL waste treatment facility after processing for removal of the residual
radioactive contamination. Sufficient information does not exist to quantify the source
term for this incident, but it seems likely that the consequences, at least in terms of
exposure to individual employees or the public, would be minor. The frequency of a
radioactive waste line breaking is low (< 1 every 50 years). Leaks would occur at a higher
frequency of about once every 10 years. Because the tritium release component of this
accident would have occurred in the normal case, without the accident occurring, the
consequences of this accident are included in normal releases (see Sect. 5.2).

7.1.2.2 Fmsion Products to Primary and Secondary Systems

The recortlmendation of Regulatory Guide 4.2, Appendix I, to assume a
continuous primary-to-secondary coolant leak of 75 i.,/d (20 gal/d) is neither realistic nor
reasonable for application to ANS, primarily because of the value of heavy water. Aside
from any other considerations, it would not be cost effective to operate for any
appreciable time with a leak that would cost approximately $30,000/d (at $400/I.,) in lost
heavy water. Detection of a tube leak would initiate shutdown of the affected loop, which
would not be used again until the leaking tube had been plugged. Because leaks, even

based upon the unfortunate experience with HFIR's main heat exchangers, can be O
expected to occur at an average frequency of no more than once every 2 years and last
only for a few hours. The probability of another accident and a tube leak occurring
simultaneously is negligibly small.

Similarly, the Regulatory Guide's assumption of a pre-accident coolant radioactivity
level based on 0.5% fuel damage is not applicable to ANS. As previously discussed,
research reactor fuel has no gap activity, so release formulas based on gap activity do not
translate to ANS.

Heat E,xehanger Tube

The source term for this accident is summarized by Table 7.1-11. Major
assumptions used to characterize the release include the following:

1. Leaking loop detected and isolated after 2 h of 3.78 L/min (1 gal/min) leakage
(twice the Regulatory Guide 1.45 minimum requirement). Different leak rates
would take proportionally shorter or longer periods to detect, based on ser_sing
loss of heavy water, e.g. a 1.89 L/min (0.5 gai/min) leak would be detected in 4 h
instead of 2 h, but the total leakage volume would be the same. More sensitive
leak detection methods based on heavy water or tritium seining would be used in
ANS, but since design parameters are not currently available, the inventory-based
leakage volume of 454 L (120 gai) will be used for now.

2. The affected loop is returned to service after the tube leak is plugged.
3. Secondary coolant volume is 1100 m3 (290,700 gal) per loop [1020 m3 (269,500 gal)

in the basin].
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Table 7.1-11. Source term calculation sheet for heat eaehanger tube lea_
n.i i ill i iii li I ., I, ii _. I _ ,,,-_ ...... i - " i I I pll j

Environmental release to

Air Water
Nuclldeb [Bq(c01 [Bq(Ci)l

......... . - ---. ' ' ___ i ___ , i=_. - ....... __ .... ,

SH 6.29 x 10 ts (1.7025 X 102) 2.09 x 10ts (5,675 x 102)
24Na 0 1.34 X 101° (3,632 x l0 -t)
46Sc 0 2.59 X 10 (7.0 X 10"_)
S_Cr 0 7,22 x 10 (1,952 x 10-3)

S4Mn 0 1.11 X 105 (3.0 x 10-6)
S'SMn 0 1.43 x I09 (3,859 × 10-2)
59Fe 0 1.11 × 105 (3,0 × 10-6)
_Co 0 2.33 X 106 (6.3 x 10-5)
65Zn 0 1.11 X 105 (3.0 X 10-6)
9SZr 0 2.26 x 10'_ (6,10 x 10-7)

9SNb 0 1.17 x 10'_ (3.17 x 10-7)
t°SRu 0 7,4 x 10'_ (2.0 X 10-6)
tstI 1.26 x 106 (3.40 x 10-5) 0

tSTCs 0 4.29x 103(1.16x 10-7)
t4°Ba 0 1.11x 106(3.0x 10"-5)
141Ce 0 1.48X 105(4.0X 10-6)
lalW 0 4.18 X 10a (1.13 X 10-2)

O 187W 0 9.25 x 107 (2.500 x l0 -s)
i i., J ,, i i, i,, ..,

"Source term calculationsassume the following:(1) event freqtmney,0.5/year',(2) release
duration,6 h; (3) primary coolant leaksinto secondarycoolant untilsecondarycoolant isolation;
heat exchangerreturned to serviceafter the leakytube is pluggedduring a subsequent refueling
outage; therefore, most of the releaseoccurs 1-3 weeksafter the Initialleak; (4) volume of
coolant spilledor released, 454 L; (5) amount vaporized,75% (evaporatesIn cooling tower; the
remainder is carried off with tlae blowdown);and (6) for _H, 75% of the release is to air and 25%
to water; for t3tI,100%of the release ts to air; and for ali other nuellcles,100% of the release is
to water.

bHalf-livesand coolant aetMtyconcentrationsfor these nuclidesare givenin Table 7.1-9.

4. Secondary coolant per loop make-up rate is 2.93 m3/min (773 gal/min): 75% of this is
to replace secondary coolant evaporated in the cooling tower and the other --25% is
blowdown (a waste stream, necessary to maintain secondary coolant calcium
concentration sufficiently low). This ratio is based on HFIR operating parameters and
determines which part of the tritium release would be airborne and which part would
be released via a water pathway.

5. Based on the 2.93-mS/rain (773.gal/min) secondary coolant make-up rate and the
1100-m s (290,700-gal) inventory, it is apparent that the entire inventory is replenished

every 6 h. Most of the environmental release will occur over this 6-h period. For

O radiation exposure evaluations, the entire radioactivity release will be conservativelyassumed to be completed within 6 h. The reader should note that, per assumption 1,
the first 2 h of the release would occur before positive identification of the leak and
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isolation of the offending loop, The remaining 4 h of release would occur several
weeks (or even months) later, after the leaking tube had been plugged and the
affected loop restarted. During the intervening time, the radioactivity concentration in
the affected secondary coolant loop would be analyzed in order to allow consideration
on a case.by-case basis of the most desirable option ibr restart.

Heat Exchanger Tube Ruptures

The source term for this accident is summarized by Table 7.1-12. The assumptions
for this accident are identical to those for the tube leak, except for the following:

1. The ruptured tube leak rate = 12.6 L/s (200 gpm), based on the tube diameter
and primary.to.secondary pressure difference.

2. Although ANS is equipped with automatic leakage detection and secondary
coolant isolation, it is assumed that, under transient conditions, that more leakage
would be required to actuate the protective circuitry, consistent with a finite delay
time of 1 min required for detection and automatic loop isolation.

3. The amount leaked into the secondary coolant system is 756 L (200 ga0.

After a tube rupture accident, the offending heat exchanger would be isolated
from primary and secondary coolant systems by isolation valves. Part of the accident
recovery procedure would be to drain the primary and secondary coolant into separate
receptacles, preferably without causing any further loss of heavy water into the secondary

coolant or mixing of secondary coolant into the heavy water. To accomplish the draining O
with a minimum of mixing would involve draining both the primary and secondary coolant
sides of the heat exchanger at the same time so that there is no pressure difference would
develop and permit interchange of primary and secondary coolant. The separate
inventories of recovered primary and secondary coolant would then be assayed and either
sent back to the appropriate coolant systems, sent to the heavy water upgrade
(detritiation) facility, or pumped to the liquid waste disposal system. The loss of an
additional 1% of the primary, coolant inventory into the secondary coolant during the
mixing operation would represent the loss of an additional 159 L (39.7 gao of heavy
water, which would either be recycled or pumped to the ORNL LLLW treatment plant,
depending on radioactivity concentration. The treatment plant would, in turn, discharge
into White Oak Lake, This pathway represents possible environmental release not
included in the Table 7.1-12.

Off-design transients that induce fuel failure above those eXlm_ted and steam generator
leak

As previously explained, the assumption of a heat exchanger leak coincident with
an occurrence that would release fission products to the primary coolant system is not
applic,able to the heavy-water-cooled ANS. The Regulatory Guide's prescription for this
accident is for 0.02% of the core inventory of noble gases and halogens to be released
into the reactor coolant. For ANS, this amount represents about 13% of the fission
product inventory in a single fuel plate (666 fuel plates in the entire core). Possible
causes would include the failure to detect a flaw introduced during the manufacturing
process. In the following analysis we assume that the fuel damage and subsequent release
does not occur until the end of the core irradiation, when fission product inventories
would be at a maximum. Such a release would involve a significant amount of
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Table 7.1-12. Soure_ term eaioulation sheet for heat

exehangor tube rupture"i iii |li|li ...... if ll,I ii | I,I i .li I .................... , ,, .

Environmental release to
:_ _., , ,,.. ., , , ,, J , , J.± _ - ,........... ;,,.

Air Water
Nucltdeb [Bq (Ci)] [Bq (CI)]

ilii li illi ii ...... i iii li i i iiii i

3H 1.05 × 10t4(2.835 × 103) 3.50 × 10t3(9.45 × 102)
24Na 0 2.24 × 101°(6.048 x 10-1)
46Sc 0 4.07 × los (1.1 x lO'S)
StCr 0 1.30x l0 s (3,520 × 10-3)
'S4Mn 0 1.85 x l0 s (5 x 10-6)
56Mn 0 2.38 × 109 (6,426 x 10-2)
SgFe 0 1,85 × 105 (5 × 10-6)
_Co 0 3.89 x 106 (1.05 x 10"4)
6SZn 0 1.88 × 10sBq(5 x 10-6)
9SZr 0 3,7 × 104 (1 × 10-6)
95Nb 0 0

l°3Rtl 0 1.11 X los Bq (3 x 10-6)
13tI 2.09 x 106 (5.67 x 10-5) 0
137Cs 0 0

14°Ba 0 1.52 x 106 (4.1 × 10-5)
141Ce 0 2.22 x 105 (6 × 10-6)
lStW 0 6.99 X lOs (1.89 X 10 -2)

WlW 0 1.54 :,(:10s (4.158 x 10-3)

"Sourcetermcalculationsassumethefollowing:(1)eventfrequency,O,1/y_r;
(2) releaseduration,6 h;(3)primarycoolantleaksintosecondarycoolantuntil
secondarycoolantIsolation;heat exchangerreturnedto serviceafterthe leakytube ts
pluggedduringa subsequentrefuelingoutage;therefore,mostof the releaseoccurs
1-3weeksafter the tntttalleak;(4)volumeofcoolantsptlledor released,756L;
(5) amountvaporized,75%(evaporatesIncoolingtower;theremainderls carriedoff
withthe blowdown);and(6) for_H,75%of thereleasets to atr and 25%to water;
for mi, 100%of the releaseis to air;and foraliother nuclides,100%of thereleaseIs
to water,

bHalf-ltve.sandcoolantaetivttyconcentrationsfor thesenueltdesare givenIn
Table7.1.9,

radioactivity (e.g., 0.02% of the core EOC inventory of 1311immediately after shutdown
would come to 4.45 × 1013Bq (1204 Ci), For such an incident to occur, there would have
to be a major breakdown in the fuel manufacturing and quality control processes. Such an
incident is, therefore, considered to be a limiting, once-in-a-lifetime accident. There has
never been such a fuel-damage incident at HFIR.

The path for release to the environment would not be immediate because the
integrity of the primary coolant system would not be compromised, However, as coolant is

O cycled through purification system, gases halogens released fromthe noble and would be

the primary coolant in the deaerator, which vents to the building hot off-gas system and
then to the environment through absolute and charcoal filters, The Regulatory



7-42

Guide prescription for air ejector release ts 100% of the noble gases and 0,1% of tl_e O
halogem; charcoal filter efficiency for retaining the released halogens is 99%, For ANS
analysis, we intuit adjust the air ejector release upward to 10% to bound the possible
conversion of I' to 12(C. Weber, Chemical Technology Division, ORNL, personal
communication to M. Harrington, ORNL, Oak Ridge, Tenn,, November 13, 1991), It is
assumed that ali iodine in the I2 form is vaporized and flows into the off-gas,

Consideration of the original 4,45 x 10t3 Bq (1204 Cl) of 131Ipostulated to be
released provides an apt example of how the halogen transport factors determine the
ultimate release to the environment, Of the 4,45 x 10t3 Bq (1204 Ct) of t3q released to
the primary coolant, 4,44 x 1012Bq (120 Ci) would be vaporized and escape to the hot
off.gas duet-work, but the charcoal fllter_ would allow only 4,44 × 101°Bq (1.2 CI) to be
released to the environment.

The duration of release for this event is determined by the - l%/min rate of
circulation of primary coolant into the purtfleatlon system. At this rate 100% of the
primary coolant volume would be circulated through the purification system in 100 rain;
considering mixing, it would take at least two residence times (i.e,, > 200 rain) for ali of
the volatile fission products to be released from the primary coolant. The duration of
release for this event is, therefore, listed as 3 h,

The source term for this accident is summarized by Table 7.1-13.

7.1.2.3 Refueling Accidents

Fuel bundle drop

The source term for this event follows guidance of Appendix I of Regulatory
Guide 4.2 in a general sense, but the basic accident is a drop of one fuel element
(two elements per core) instead of one fuel bundle (e.g. about 200 per core for a
pressurized-water reactor). Other particulars of the accident that must be revised to fit
ANS are as follows:

• During refueling of ANS, the fuel is vulnerable to more than just mechanical
damage. Cooling is also a consideration because the relatively high power density
and narrow cooling channels make it necessary to maintain free circulation through
the element for several days after shutdown. For this reason, instead of the light-
water reactor mechanical damage-based tbrmula prescribing release of the gap
activity of one row of pins, it must be assumed for ANS that the fuel element is
dropped in such a manner that decay heat removal is crippled, The under-cooled
element is assumed to overheat, and the entire noble gas and halogen inventory, of
one element is released to the heavy water surrounding the fuel element.

• Instead of 1 week of cooling time before fuel removal, the ANS refueling plans
call for a 1 d cooling time before fuel removal begins,

The other assumptions of the Regulatory Guide are applicable, including the
iodine decontamination factor in water of 500. The requirement that, "A realistic fraction
of the containment volume shall be assumed to leak to the atmosphere before isolating
the containment" is satisfied by assuming that 1% of the inventory of fission products
released to the atmosphere is released before isolation, This amount is a guess because
sufficient information to allow a quantitative estimate is not currently available; however, a
low percentage is realistic in this case for two reasons, First, there is no direct path for
release from the damaged fuel to the containment atmosphere above the pool; therefore,
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Table 7.1-13. Source term "calculationsheet fbr end-of-cycle

off-design event inducing 0.02% fuel failure_b
. :.: ,, , ............................

Environmental release to air
Nuclide¢ [Bq (CI)]

mill .... ___: - ._ I IIII I I I II II iii - .

S3Br 9.55 × 10° (,2.58 × l0 "t)

s_"Kr 9.62 X 101:_(2.60 × 103)

S_Br 1,81 x 101°(4,9 x 10"l)

SSKr 1.64 x 101°(4.42 x 10-I)

S_Kr 2.28 x 1013(6.I6 X 102)

S'TKr 4.58 x 10t3 (1.238 X 102)

SSKr 6.55 x 10t3 (1,770 x 102)

t3tl 4,54 X 101°(1.204)

t32I 8.5 X 10t° (2.3)

133I 1.28 X 10tt (3.46)

mXe 1,01 x 1014(2.720 X 102)

t3:_Xe 3.97 x 10t2 x 102)(1,074

ls4I 1.38 x 10tt (3.72)

t3sI 1,14 X 1011(3.08)

t3SXe 3,99 x 10t2 (1.08 x 102)

13_"Xe 2.09 x 10ti (5.64)

t_Xe 1,12 x 10t_"(3.04 X l0 t)

•Sourcetermcalculationsassumethe following:(1) eventfrequency,
0.02/year;(2) release,duration,3 la;(3) fueldamagefractionIs0.0002,filter
efftelenc3,Is0.99,otherretentionfactoris 10(1 = no retention);(4) 100%
of the releaseis to atr tor alinuclides;(5) releasepath,deaeratoroff-gas.

•Nonnoblegasandnonhalogenradionuclidesnot releasedper direction
of RegulatoryGuide4.2,AppendixI.

q-lalf.ltvesand lh.fuelinventoryfor thesenucltdesare givenIn
Table7,1.9.
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it would take a significant amount of time for released fission products to reach the
containment atmosphere. Secondly, the containment isolation actuation instrumentation
would be sensitive to a high radiation level in the containment atmosphere. A more
quantitative estimate of the pre-isolation release will be made when more detailed design
information becomes available.

There is no reason to assume for this event that the pool cooling is lost, so there
would be no pressure build-up to drive leakage from containment. Nevertheless, it has
been assumed that the containment leaks at the design-leak rate for 30 d following
containment isolation. This extended containment leakage is included in the
environmental release on Table 7.1-14.

A probabilistic risk assessment for this accident has not yet been undertaken, but
the frequency can be judged to be low based on other considerations. The consequences
of this accident would be severe in terms of extended facility shutdown for clean-up,
repair, and obtaining restart approval. Therefore, design features will be incorporated as
necessary to reduce the estimated frequency, to a value that indicates a low probability of
occurrence over the 50-year life of the facility. A frequency of 1/500 years would yield
approximately a 10% chance of occurrence over 50 years.

The source term for this accident is summarized in Table 7.1-13. Most of the
release would occur with the containment isolated and leaking only a small amount each
day. The duration of the release is assumed to be 30 d.

Heavy object drop onto fuel in the core

This event is not considered explicitly in this report because of its similarity to the
previously mentioned fuel element drop accident. ANS fuel is susceptible to damage by
any dropped object that strikes the core in such a manner as to decrease the effective
width of the cooling channels between the fuel plates or to actually tear the cladding off
the fuel plates. The probability of such an event may be greater than a catastrophic fuel
element drop, but the consequences would be correspondingly smaller because dropping
something onto a fuel element would cause localized damage (as opposed to the
previously mentioned generalized damage postulated for the element drop). The ANS
refueling system design has not proceeded to the point that would al!ow a detailed
consideration of this event.

7.1.2.4 Spent Fuel Handling Accident

Sufficient design information does not presently exist to allow detailed
consideration of this category of accident. In any case, the consequences of these
accidents _ould be bounded by the consequences of refueling accidents, Sect. 7.1.2.3.

7.1.2.5 Ac_dent Initiation Events Considered in Design Basis Evaluation in the Safety
Analys_ Report,--Loss of Coolant Accidents

Small pipe break

The assumptiom for this event generally follow those of Regulatory Guide 4.2,

with one significant exception: the ANS analysis does not follow _.heRegulatory Guide
= prescription to assume 0.5% failed fuei in effect before the accident. As discussed _ =

previously in this section, the 0.5% prescription is not applicable to ANS. Therefore, the

':d
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Table 7.1-14. Source term calculation sheet for refueling
accident with 100% damage to one element _

Environmental release

Nuclide b to air [Bq (Ci)]

S3Br 1.12 x 109 (2.03729 x 10-2)

UBr 0

SSKr 8.83 × 1012 (2.386944 x 102)

8S_Kr 3.00 x 10 I( (8.119872 × l0 s)

' S7Kr 5.13 × 101° (1.38528)

SSKr 9.98 x 1013 (2.695968 x 103)

mi 3.18 X 1012 (8.593398 x 10I)

132I 5.33 X 1012(1.4414238 x 102)

O 133I 4.52 X 10 t2 (1.2208446 X 102)

t33Xe 5.32 x 10 t° (1.438560 x 106)

13_Xe 1.91 x 1015 (5.157504 x 104)

lUI 2.66 x 1017(7.2 x 106)

13si 7.08 x 1011 (1.91475 x 10l)

13SXe 1.34 × 1016 (3.62304 x l0 s)

13S"Xe 7.89 x 1014 (2.1312 x l&)

_Xe 0

"Source term calculationsassume the following: (1) event frequency,
1/1000years; (2) releaseduration, 30 d (begins24 h after shutdown);
(3) the nobles and halogemesr.apefrom the heavywater via leakage
paths and/or via refuelingwater system;(4) fuel damage fractionis 0.666;
(5) containment fractionalrelease before isolntionis 0.01;
(6) containment leak rate (fraction per day) is 0.005; (7) filter efficiency
ts 0.99; (8) other retention factor is 500 (1 = no retention).

bHalf-livesand in.fuel inventoryfor these,nuclidesare given in
Table 7.1-9.
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environmental releases for this accident are determined by the fraction of the primary
coolant radioactivity inventory (see Table 7.1-9) that can escape as a result of a small pipe
break.

The design of ANS's primary coolant system must be taken into account in order
to model this accident. The most important ANS design feature in this regard is that most
of the primary coolant system would be located under pools of water within the primary
containment. Those parts of the coolant system not in pools of water would be in air cells
of sufficiently limited volume to ensure submersion of the major coolant pipes after an
accident. Smaller piping would typically connect to the primary coolant system's major
piping in an air cell. Therefore, it is assumed that the break would occur in an air cell,
allowing the leak to spray out into the chamber in such a manner as to maximize the
chance for contamination to reach the containment atmosphere. Although the occurrence
of a small break in an immersed portion of the primary coolant system would allow an
environmental release, it would be less severe than a release triggered by a similar
occurrence in an air cell.

The primary coolant leakage volume is 15 m3 (3960 gal) because the leak would
not, in ali likelihood, be isolable and the entire heavy water contents of the accumulators
would discharge before the primary coolant system could reach ambient pressure.

As the airborne radionuclides reach the containment atmosphere, it is possible that
the increased radiation level might be sufficient to trigger an automatic containment
isolation, thereby preventing essentially ali of the release. However, sufficient design
information is not now available to _llc_wdetermination of the likelihood of containment
isolation. Therefore, the present _nalysis assumes that any airborne radioactivity reaching
the containment atmosphere would be releas._a to the environment.

The source term for this event is summarized on Table 7.1-15. The release
duration of 2 h is based on the normal ventilation rate of primary containment.

Large pipe break

The assumptions for this event follow the Regulatory Guide 4.2 prescriptions with
two significant exceptions: (1) for previously discussed reasons there is no pre-existing
fuel damage, and (2) fuel damage during the event is 1% instead of 2% because the
acceptance criterion for the ANS emergency core cooling system for very infrequent
events is 1%. To maximize radioactivity release, the large pipe break is assumed to occur
in a limited-volume air cell. The complete depressurization following a large pipe break
would spill the entire 15-m3 (3960 gal) D:,O inventory of the accumulators to a limited-
volume air cell. This would be about 10% of the primary coolant inventory, so 10% of
the fission products released by the fuel damage would be subject to rapid release to the
containment atmosphere. Isolation of primary containment is assumed to occur before the
escape of more than 1% of the containment air volume (see discussion under "Fuel
bundle drop").

The source term for this event is summarized on Table 7.1-16. In calculating the
initial release assumed to occur before containment isolation the immediate postshutdown
fission product inventory is used; the long-term (30-d) release is estimated using the fission
product inventory 24 h after shutdown (see Table 7.1-9). The preisolation release is
important because charcoal and absolute air filtration is not initiated until isolation occurs.
For example, about 42% of the total 1311hypothetical release takes piace before isolation. ,til
The 1/1000 years frequency listed for this event was chosen to represent conservatively a 1lp
range of pipe failures that would severely challenge the ANS emergency core-cooling T

system.
=
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Table 7.1-15. Source term calculation sheet for

small pipe break into limited volume cell_

Environmental release to air

Nuclidebx [Bq (Ci)]

3H 2.58 x 10( (6.975 x 103)

13ti 4.18 x 1020(1.13 x 10"3)

132I 1.11 X l0 s (3.0 X 10-3)

133I 2.77 x los (7.5 x 10 -3)

134I 1.11 X 109 (3.0 x 10-2)

1351 2.77 x l0 s (7.5 x 10 -3)

•Source term calculations assume the following:
(1) event frequency, 0.02/year; (2) release duration, 2 h;
(3) volume of coolant spilled or released ts 15,000 L (3970
gal) to limited volume air cell; (4) fraction vaporized, 0.093
[bounding ealc:ulationbased on 82"C (180*F) initial coolant
temperature _u'ad25'C (77"F) final temperature];
(5) iodine release fraction, 1.

bHalf-Iivesand coolant activity cons for these
nuclides are given in Table 7.1.10.

'Nonvolatile nuclides in coolant have been omitted.

7.1.2.6 Detritiation Faeility Accidents

The detritiation facility is a support facility located in a separate building on the
ANS site. The need to detritiate is unique to heavy water reactors, so Regulatory
Guide 4.2 has no guidance for detritiation facility accidents. It is possible, however, to
characterize conservatively the potential environmental releases with a series of four
events (J. Devore, Engineering Div., ORNL, to M. Harrington, Central Management,
ORNL, October 23, 1991). The first two events involve the cryogenic processing
equipment, and the last two involve the storage of heavy water and deuterium tritium
oxygen (DTO) in aqueous form.

(1) Discharge of D2 from the cryogenic system to the building atmosphere, followed by
detonation. This is a limiting event and its probability will have to be kept low by
design features because an explosion would threaten worker health. A frequency
of 1/500 years is assigned for an event of the severity assumed here.

(2) Accidental discharge of tritium into the off-gas treatment system by operator error
during removal of tritium from the high tritium column. This event is represented
as moderately frequent (1/10 years).

(3) Discharge of heavy water from ali tanlcs into the surface runoff to White OakCreek (i.e. due to beyond-design-basis earthquake). This is the limiting event for
en;_renmental ,-,_1,_,,:,_of tritiated hea_ water fro_m__this faeili_. The frequency of

"_ this event would be lower than the design basis earthquake frequency for the

__=
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Table 7.1-16. Source term calculation sheet for large

pipe break accident with 1% fuel damage'_b

Environmental release

Nuclidec to air [Bq (Ci)]

83Br 4.77 x 10t° (1.29)

S4Br 9.06 x 10t° (2.45)

85Kr 1.32 x 1011(3.58)

sS"Kr 5.36 x 1012(1.45 x 102)

SVKr 2.24 × 1012 (6,19 x l0 t)

SSKr 4.66 X 1012 (1.26 x 102)

1311 5.32 x 1011(1.44 X 10l)

132I 1.08 X 1012 (2.56 X 101)

1331 1.08 × 1012 (2.92 x lOt)

133Xe 7.54 x 10t4 (2.0386 x 104)

13:_Xe 2.70 X 103 (7.31 X 102)

t34I 6.88 X 10tl (1.86 X 101) @

135I 6.40 x 10li (1.73 × 101)

135Xe 1.88 x 10 t4 (5.105 x 103)

13S"Xe 1.21 x 10t3 (3.28 x 102)

tUXe 5.62 x 1012(1.52 x 102)

"Source term calculations assume the following: (1) environmental
release due to loss of ccmlant: negligible in comparison to fuel damage
release; (2) fraction vaporized, 0.093 [bounding calculation based on
82"C (180°F) initial coolant temperature and 25"C (77"F) final
temperatur,_]; (3) the nobles and halogens are assumed to escape
through broken primary coolant pipe; (4) fuel damage fraction, 0.01;
(5) containment fractional release before isolation, 0.01;
(6) containment leak rate (fraction per day), 0.005; (7) filter efficiency,
0.99; (8) other retention factor, 10 (1 - no retention).

bNuclide activities at 24 h used to evaluate the 30-d leakages. For
estimate of nuclides released with coolant, see Table 7.1.15.

"Half-lives and in-fuel inventory for these nuclides are given in
Table 7.1.9.
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O detritiation facility, which has not been chosen yet. Therefore, a frequency of
1/500 years is assigned and will be updated if the chosen design basis earthquake
has a frequency greater than 1/500 year.

(4) Discharge of heavy water from one tank into the low-level waste (LLW) system by
operator error. This event is represeraedla_ moderately frequent (1/10 years).

J, !

The environmental release for the i!irst,_'vent Would be 1.16 × 10t6 Bq
(314,000 Ci) in the form of tritiated water Vapoi';based on design inventories of a similar
system designed and operated by Atomic Energy of Canada Limited. It is assumed that
the explosion vents work, and that the tritium is discharged from the roof about 7 m
(23 ft) above ground level.

The initial release for the second event would be 1.16 x 1015Bq (31,400 Ci).
Because the off-gas treatment system (catalytic oxidation and absorption) is designed for
normal operations, it could be swamped with such a sudden infusion and remove only
about 10%. Therefore, the environmental release for the second event would be
1.03 x l0 ts Bq (28,000 Ci), released from the central stack. Due to low temperature
oxidation, some 10% of the 1.03 x 1015Bq (28,000 Ci) would be in the chemical form
tritiated water (HTO) or DTO, but the other 90% would be released in the form
hydrogen tritium.

The environmental release for the third event, based on the 1.85 x 10tl Bq/L
(5 Ci/L) design operational limit for ANS primary and/or reflector coolant, would be
6.73 x 10TMBq (18,200 Ci) as HTO or DTO into White Oak Creek, which discharges to
the Clinch River below Melton Hill Dam.

O The environmental release for the fourth event, based on the largest single,
1440-L (381-gal) tank, and the 1.85 x 10tl Bq/L (5 Ci/L) design operational limit on
reactor coolant, would be 2.66 x 1014Bq (7200 Ci) of HTO or DTO released to the
liquid waste system (and eventually, therefore, into White Oak Lake).

7.1.2.7 Radiological Impacts of Postulated Nonsevere Accidents

Accidents involving release of radioactivity can result in exposure of people in the
same ways as normal releases (see Sect. 2.8). Thus, potential pathways include direct
exposure from the plume, inhalation of airborne material, ingestion of dust carrying
radioactive particles, ingestion of foods that have radioactive materials deposited on the
surface or metabolically incorporated, and drinking water. Of ali these possible routes of
exposure, the direct atmospheric pathway is the most rapid. Atmospheric transport to the
nearest residents can take piace in less than 1 h. Planned evacuation could be effected, if
necessary, for the time when the plume passes over the residents. In the case of an /
accidental release involving greater amounts of radionuclides than normal operationl there
is the opportunity to intervene a food supply if needed, because of the time d_:lay between
release of material and transport through the food chain to people. Due to this fact, for
most of the accident scenarios described in the previous section, only direct irradiation
from the plume and inhalation are considered as pathways for exposure to accidental
releases to the atmosphere. For cases involving direct losses of radioactivity to
waterbodies, the drinking water pathway is evaluated (although this pathway can easily be
interdicted).

: _ Radiation dose calculations for nonsevere accidents involving atmospheric releases
WP have been made using the GENII computer code described in Napier et al. 1988. For

purposes of this analysis, the atmospheric plume was assumed to be transported toward
the nearest residents in Shore Line Estates 2800 m SE or the ANS site. Further, the
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atmospheric stability was F and the wind speed 1.2 m/s (3.66 ft/s), In the eases involving
up to 6 h, the wind was assumed to blow continuously toward the nearest residents. In
the cases involving 30.d releases, the wind was assumed to blow in the direction of the
nearest residents 10% of the time. The previous assumptions are conservative in that
there is essentially no likelihood that actual meterorological conditions could result in
greater radiation doses (Fig. 2.3-9 contains data that indicate that wind will blow in the SE
direction less than 4% of the time).

In the scenario involving the large pipe break, 42% of the halogens (iodines are
the important halogens in this situation) are assumed to be lost before isolation of the
primary containment takes place. Ali of the initial release (42%) is assumed to is assumed
to be transported to the nearest receptor. The remainder of the source term escapes over
a 30-d period and, as previously noted, it is assumed that 10% of the 30-d period has wind
directed at the nearest receptor. Again, this assumption is conservative (see Sect. 2.3.3).
The refueling accident with 100% damage to one fuel element also involves a 30.d
release. However, in this case, the entire release is assumed to take place uniformly over
the 30-d period. The entire release for this case is subject to the assumption that the
wind blows 10% of the time toward the nearest resident.

Results of the dose evaluations for the seven accident scenarios are presented in
Table 7.1-16. Except for the detritiation facility accident, doses are ali below 0.01 Sv
(1 rem), whether for effective whole body or organ (thyroid). The detritiation facility
accident ksestimated to result in a dose of 0.013 Sv (1.3 rem). Ali other postulated
nonsevere accidents for the ANS thus fall below the 0.01 Sv (1 rem) level at which EPA
has recommended protective actions. For the case of the 0.013 Sv (1.3 rem) estimate, the
recommended actions _re, to seek shelter as a minimum, consider evacuation, or evacuate
unless constraints make it impractical (EPA 1990).

In order to provide a perspective on the liquid pathway, the accident scenarios
involving liquid discharges are evaluated for the drinking water pathway. The heat
exchanger tube leak scimario and the heat exchanger tube rupture scenario involve
relatively small amount_ of radioactive discharges. Both of these scenarios contain smaller
activities than are normally discharged annually from ORNL over White Oak Dam. The
dose consequences to ttae maximum exposed individual will be less than the 0.001 mSv
(0.1 mrem) calculated for normal releases from ORNL (see Sect. 2.8). In the case of the
detritiation facility accidents, one scenario involves release of 6.73 x 1014Bq (18,200 Ci)
of tritium that are assu!ned to pass over White Oak Dam. Because environmental
transport cannot be predicted with accuracy, several conservative assumptions were made.
First, ali 6.73 x 1014Bii (18,200 Ci) are assumed to enter the Clinch River in a month's
time. Second, the Clinizh River is assumed to be at a low flow [2 × 10tl L/month
(5.28 x 101°gal/month')]. Third, a person is assumed to consume 100 L (26.4 gal) of this
water. On this basis a dose of 8.2 × 10"6Sv (8.2 x 10.4 rem) is estimated. This is
equivalent to about 1% of the annual natural external background radiation dose in
Tennessee.

7.2 TRANSPORTATIC)N ACCIDENTS INVOLVING RADIOACI'IVr_

7.2.1 Transportation l_:;k Assessment

During the ANS transportation risk assessment, the following three scenarios were O
analyzed" (1) fresh fuel shipments from the Babcock and Wilcox fuel fabrication plant to
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irradiated targets, LLLW, and CH-SLLW from ANS to HFIR. The third scenario consists
of three RADTRAN runs to model the on-site shipments of fresh and irradiated targets,
LLLW, and CH-.SLLW.

RADTRAN IV models both the incident.free radiological exposure and the
consequences of radiological releases due to severe accidents. The incident-free risks are
dependent on the radiation dose rate from the shipment, number of shipments, package
dimensions, route distance, vehicle velocity, and population densities along the
transportation routes. The accident risks are dependent on the radiological invento .ry,
accident severity, probability of occurrence for each accident category, and the amount of
inventory released, aerosolized, and inhaled, as well as the dispersibility of the waste form,
The primary RADTRAN assumptions used for the ANS transportation risk assessment are
given in Table 3.8.2. More detailed information on the transportation risk assessment,
including the calculation of incident-free risk, can be found in Sect. 3.8.1.

7.22 Summary of Transportation Risks from Accidents

An analysis of the three transportation scenarios was performed using the
RADTRAN IV risk assessment code (Neuhauser et al. 1984, Neuhauser and Reardon
1989, pp. 1074-1080), to determine the radiological impacts associated with the transport
of radioactive materials to and from ANS. The radiological impacts considered were
health effects associated with normal (incident-free) transport and with transport involving
low-probability accidents severe enough to release some or ali of the radioactive material.

Accident risks encompass both acute fatalities and LCFs (chronic) to both pre.sent
and future generations due to accidents. The accident risk (expected value of dose from
accidents) is the summation of the products of estimated dose for each accident-severity
category and the associated probability of occurrence for the category. Incident-free risk
results from exposure of the surrounding population to radiation emitted by the waste
packages during normal transport.

Table 3.8.4 lists the risk of LCFs expected to result from radiation exposure from
postulated accidents. Radiation doses to the general population were convened to
estimates of LCFs using the upper limit risk coefficient 2.0 x 10.4LCFs per
0.01 person-Sv (1 person-rem) suggested by the National Academy of Sciences (CBEIR
1980, pp. 1-524). No acute radiation fatalities are projected as a result of releases of'
radioactive material from any postulated accidents. Thus, only LCFs and the maximum
individual radiation dose have been included in Table 3.8.4.

The analysis indicates that the radiological risks of transporting radioactive
materials to and from ANS would be quite low. The number of LCFs statistically
expected to occur from the calculated exposures does not exceed 4.22 x 10.4 LCFs for
any postulated accident. The maximally exposed individual would receive
5.86 x 10"srnSv (5.86 x 10'6 rem), which is less than 0.0029% of the 2 x 10.3 mSv
(200-mrem) average annual effective dose received from natural background radiation
sources.
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8.SOCIOECONOMIC EFFECTS

Soc:ioeconomic effects of the Advanced Neutron Source (ANS) facility would
primarily be characterized by changes In local employment and income, These may be
examined by projecting the potential employment and income changes associated with the
ANS facility's construction and operation and then evaluating the impact of these changes
on the existing local economic and social structure, A key indicator of potential
socioeconomic effects is population change, Changes in population precipitate changes In
requirements for public and private services; therefore, the project's economic impact will
be examined to determine how it might affect population and ultimately public and private
services in the local area,

The region of influence (ROI) is defined as a _e.county area comprised of
Anderson, Knox, Ix_udon, Morgan, and Roane counties, This determination was based on
the Department of Energy (DOE) payroll per capita in these counties as indicated in
Table 8-1, The DOE payroll per cap(ta was used to determine the ROI because it
indicates the locations of' the residences of employees who work at the federally funded
facilities and projects in and near Oak Ridge, Ot' these counties, Anderson and Roane
are by far the counties with the largest per capita impacts, Although not as large on a per
capita basis, the total DOE payroll is quite large in Knox County, which has a much larger
population than other impacted counties, Within the ROI, Table 8-2 Indicates the
numbers (by location) of Oak Ridge National Laboratory (ORNL) employees living within
incorporated areas.

In 1990, the ROI had a combined population of 497,831 (see Table 8-3), About
two-thirds of the ROI population resides in Knox County. In 1990, the overall
unemployment rate of 4.6% in the ROI was low compared with Tennessee (5.2%) and

U.S, (5,5%) averages, As indicated by personal income per capita, the ROI is typical of
Tennessee, However, within the ROI, Morgan County, which has only 4% of the ROI's
population, suffers from a depressed economy as indicated by its 8.9% unemploymen', rate,

The existing DOE opera_! ".s are extremely critical to the economy of the ROI,
The 1990 annual payroll for DOE's Oak Ridge facilities (ORNL, Y-12 Plant, and K-25 ,.
Site) was $597 million with $226 million going to employees of ORNL. Significant
additional payroll is generated as the result of the local subcontractors that support DOE's
Oak Ridge Operations. Regular employment at the DOE Oak Ridge facilities included
15,025 employees in December of 1990. In September 1991, regular employment at
ORNL was 5132 or 7810 including part-time employees and guests (ORNL Work_brce
Report 1991).

Another measure of the economic impact of DOE on the local area is indicated by
the DOE payroll per capita (Table 8-1) compared with the personal income per capita
(Table 8-3). By this measure, Anderson and Roane counties and the city of Oak Ridge
are extremely dependent on DOE expenditures, with DOE payroll representing over 10%
of the personal income. Even this figure somewhat understates the economic significance
of DOE activities because it does not include purchases of equipment and material from
local businesses and the secondary income that is generated as employees expend their
payroll income on local goods and services.
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I)
Table 8-1, Department of Energy (DOE) local payroll distribution

| I I LILL & III , I __ I [11 I I I IlllllIlI I II . JIiO._ __ _ IL I]l L I J .... I __J ._ IlIIIlllllIIgII_I__Q_lInll_

DOE payroll Total payroll DOE payroll
MunletpalLty ($1,0(30) (%) per capita

? .... _j iii i iiiii [ ii [_ . i

City of Oak Ridge 155,018 28,1 5,676

Anderson County 207,031 37.5 3,033
(including Oak Ridge)

Blount County 8,575 1.6 100

Campbell County 7,975 1.4 227

Cumberland County 2,128 0,4 61

Knox County 185,947 34.1 554

Loudon County 28,756 5,2 920

McMinn County 1,195 0.2 28

Monroe County 3,427 0.6 112

Morgan County 8,337 1.5 482

Roane County (including Oak Ridge) 87,547 15.9 1,852

Source: Chance° W, W, and C, E, Frye 1989, Oak Ridge Resen,ation Site Developt_ent and Facilities
Utilization Plan, DOE/OR-885, prepared by Martin Marietta Energy Systems, lhc., for the
U,S, Department of Energy, pp, 2-8,

8.1 EMPLOYMENT AND INCOME'

The employment and income associated with the construction and operation of
ANS can be classified into primary and secondary components. The employment and
income that would be generated directly by ANS salary and wages paid to local residents
and by purchases from local businesses is the primary component. The secondary
component is additional employment and income that can be attributed to ANS as the
primary income is spent in the local economy.

For purposes of analysis, the estimate of employment and income generated by
ANS has been based on several categories. Employment categories have been broken
down into craft employment, which is associated with construction, and noncraft
employment, which is associated with design, management, and operation. Other
categories comprise the expenditures for equipment and material associated with
construction and operation.

O
"I'hts section assumed project approval in FY 1993 and design started accordingly, Current prnject plans

are that the project will be approved, at the earliest, FY 1(t94, Thts l-year project delay will defer the impacts
resulting from this analysis one year,
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The classification of employment and Income facilitates analysis of the economic
changes that could induce population changes, For example, because primary employment
generated by ANS requires concentrations of specific skills that may not be awdlable in
the local area, it might actually require more workers from outside the area than would
the secondary employment generated by the facility, Secondary employment usually
involves employment in services _tnd retail trade for which the necessary work [brce is
locally available,

Projected budget data has been used in conjunction with assumptions about
employment expenditures per full-time equivalent and labor costs per hour. Tables 8,1-1
and 8,1-2 present an estimated ANS budget for local expenditures and direct employment.
Noncraft employment will peak at slightly more than 300 people in 1995 and provide an
operating work force of' 200, starting in 2(104, The construction work force is expected to
peak in 1999 at about 540. The combined craft and noncraft work forces are also
expected to peak in 1999 at slightly less than 800. Table 8.1-3 allocates the projected
direct employment tt_ the five counties in thu ROI in the same proportion as indicated by
payroll distribution in Table 8-1.

The noncraft employment necessary during construction and operation of ANS will
be composed of engineers, managers, scientists, and their support staff, Much of this
employment will be drawn from the existing pool of employees at ORNl.,, The most
prominent source of new employment is engineering and management personnel
associated with the design and supervision of the project, However, these activities would
peak in 1994 and 1995 and therefore would not add to the peak direct employment
projected for 1999 in Table 8.1-2. Some of the 200 6perational workers would be

transferred from the existing High Flux Ist_tope Reactor (HFIR) work force and thus @
would not represent new workers in the employment figures.

Table 8.1-4 lists the distribution oi' craft requirements over the project schedule,
Pipefitters would be the most heavily utilized craft, peaking at 187 in 1999; therefore, they
have been considered an indicator of the potential tbr immigration due to labor demand
that cannot be satisfied within the local area through daily commuting, Local 102
Plumbers and Pipefitters Union covers 19 East Tennessee counties including ali the
couraties in the ROI. Currently, 207 active journeymen are available from this local,
Additional journeymen could be made available through the apprentice program, which
currently includes 40 apprentices, If sufficient work became available, approximately
40 journeymen could return from pipefitting jobs outside the area. Other available
members are currently unemployed, underemployed, or working in other types of jobs
until work becomes available. If other projects (now unforeseen) develop requiring
additional labor, the union could respond through increasing the apprentice program
and/or calling on other locals in Chattanooga, Nashville, and Johnson City (G. Jones,
Business Agent, Knoxville Local 102 Plumbers and Steamfitters, October 10, 1991
personal communication with J, W. Van Dyke, Oak Ridge National Laboratory,
Oak Ridge, Tenn.),

lt appears that sufficient pipefitters would be available from Local 102 so that
there would be no need for other pipefitters to relocate, If additional projects
materialized that exceeded local availability, then pipefitters from nearby locals would most
likely commute on a weekly basis, renting motel rooms at weekly rates or living in trailer
homes through the week and returning to their permanent homes during weekends and
holidays, lt is unlikely that there would be any relocation of families to the ROI
(G. Jones, Business Agent, Knoxville Local 102 Plumbers and Steamfitters, October 10,
1991 personal communication with J, W. Van Dyke, Oak Ridge National L_,boratory,
Oak Ridge, Tenn.,). Thus, it appears that the labor supply of pipefitters would be
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O
Table 8.1-4. Projected craft employment by year during

construction of Advanced Neutron Source d

Construction

employment 1995 1996 1997 1998 1999 2000

Boilermaker 2 14 13 20 13 2

Carpenter 13 60 71 57 56 8

Laborer 16 74 87 70 46 21

Electrician 5 37 52 104 115 31

Pipefitter 8 60 113 141 187 51

Ironworker 10 46 54 33 43 13

Operating engineer 6 28 33 20 26 8

Miscellaneous 7 46 43 44 57 13

Total craft 66 365 466 487 543 148

employment

*Individualfigureshave Ken rounded to nearestwhole numt_r.
Sources: Projected craft labor distributionin"ANS Project Economic Information

O 19-Sep-91"(C. F. Weiss,Gilbert/Commonwealth,communicationcraftdistribution)andprojectedcraft labor expenditures in Tables8.1.1 and 8.1-2.

sufficient to meet project requirements with few if any inmovers into the area. lt seems
reasonable to conclude that the other crafts would also be able to provide adequate labor
without immigration from outside the area.

Income, Employment, and the Effect on l.oc_i Economic Structure

Project expenditures are summarized in Tables 8.1-1 and 8.1-2; however, total
budgeted expenditures are not necessarily indicative of total economic effects of the
project on local income and employment. The budgeted amount (for noncraft labor only)
has been reduced by 10% to account for various internal taxes that support other research
activities. This adjusted figure was then reduced by 25% to account for taxes. Of this
amount it was assumed that 70% (average propensity for local consumption) would be

spent in the local economy. The calculation is I x 0.9 × 0.75 × 0.7 = 0.4725. This
figure is used to adjust the projected budget for noncraft labor, excluding equipment and
materials, to project local economic effects. An adjustment of 1 × 0.75 × 0.7 = 0.525
was used for craft labor. Nonlabor expenditures were not adjusted.

Table 8.1-5 uses Regional Industrial Multiplier System (RIMS) II multipliers
(DOC 1986, p. 114) to estimate the total economic effect of ANS on the local economy.
Tables 8.1-6 and 8.1-7 have allocated the estimated increases in earnings and employment,

including secondary effects, to the ROI counties proportional to the DOE payroll

O presented in Table 8-1. The relative effects would be largest in Anderson and Roane
counties and the city of Oak Ridge. In Anderson County, the largest total employment

effect is projected to be in 1997 with 735. This would be about 1.6% of the projected
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total employment for that year. The effect in Roane County in 1997 would be 312, or Q
1.1% of the total projected employment. In 1997 the projected total employment effect in
Oak Ridge would be 551 or 4.1% of total estimated employment.

The net economic effect of the ANS project, including secondary employment and
income, would be decidedly positive. This positive effect would be greatest from 1995
through 1999 while the proposed facility was under construction. Total local employment
would reach about 2000 before declining to about 1000 after facility operations began.
While these numbers are large, they are less than 1% of the ROI labor force and would
not cause a significant change in the local economy.

With the exception of specialized scientific and managerial positions, the primary
and secondary employment associated with ANS would be supplied with local labor.
Therefore, little immigration would be associated with construction and operation of the
proposed facility.

8.2 POPUI_TION

Table 8-3 presents selected population and housing characteristics for the counties
within the ROI. The analysis of labor and supply requirements indicates that most of the
incremental employment required Ibr ANS would be filled by local residents; therefore,
the proposed facility would induce very little population change. Assuming that half of
the noncraft employees came from outside the area, about 140 workers would relocate
within the ROI during 1995, the peak year for noncraft employment (see Table 8.1-2).

Assuming that each worker moving into the area brings two additional family members, O
the population would increase by about 420. This increase would be distributed across the
ROI, and it is unlikely that it would have a noticeable effect on any one community. For
example, existing DOE operations (see Table 8-1) have by far the largest per capita effect
on the city of Oak Ridge. Assuming that inmoving POl.,dation was distributed in the same
proportion in Oak Ridge as are DOE payroll expenditurc.s (Table 8-1), the Oak Ridge
population would increase by about 120 residents. This would be one-half of 1% of the
existing Oak Ridge population of about 27,0(10. Part of this population change would be
temporary because noncrafl employment would fall to a permanent level of 350 during
operations (see Table 8.1-2). This would result in a permanent population increase in the
city of Oak Ridge of less than 100 or about four-tenths of 1% of the existing Oak Ridge
population during the facility's operation. According to the comprehensive plan of the
city of Oak Ridge (City of Oak Ridge 1989, p. 21), one broad objective of the city is "to
gradually and consistently increase the city's population." Therefore, a modest increase
could be considered beneficial.

8.3 HOUSING AND PUBLIC SERVICES

For the most part, necessary on-site services for A.NSwould be provided for by
extending or enhancing the existing ORNL infrastructure; therefore, little if any strain on
existing services would be associated with the on-site construction and operation of ANS.
The major utilities serving the Oak Ridge Reservation (ORR) are raw and treated water,
natural gas, telecommunications, steam from an on-site coal plant, and electric power
(Chance and Frye 1989, p. 3-32). Electricity would be provided through three feeders,
two independent 13.8-kV feeders from the main ORNL substations, and a third from a
161-kV line that extends from Ft. Loudon Dam to the Y-12 Plant. The two feeders from
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O the existing ORNL distribution system, are supplied by the Tennessee Valley Authority
(ORNL 1991, p. 29).

Water would be supplied by a 16-in. main for potable) fire protection, and process
needs. This main would access sanitary water from two storage tanks on Pine Ridge with
a combined capacity of 15,141 kL (4 million ga0. These water tanks are owned by DOE
but also provide water to the Oak Ridge city industrial area. The on-site system provides
for two independent water supplies: the ORNL potable water/fire protection system and a
minimum on-grade storage tank [1,135,500 L (300,000 gal)]. Sanitary sewage would be
supplied through corridors to the ORNL sewage treatment plant. Currently a need for
natural gas is not anticipated. (Chance and Frye 1989, p. 3-36; ORNL Site and Facilities
Planning 1991, p. 29)

The requirement for additional public services should be closely correlated with
population effects. Because population changes assessed in Sect. 8.2 are insignificant
relative to existing population, requirements ff)r additional public services associated with
these changes are assumed to be negligible. Support for this assessment is provided in a
study of refurbishment of seven nuclear power plants and the potential impacts on homing
and public services of 1810 additional refurbishment workers (NRC 1991, pp. 3-5 to 3-25).
This analysis found that, in general, only where refurbishment of nuclear power plants
took place in relatively sparsely populated areas was there the potential for any significant
impacts on public services. For ANS workers, the peak demand for services is projected
to come in 1999 (see Table 8.1-2). The number of ANS workers is well below the

projected work force of about 1800 assumed in the Nuclear Regulatory Commission
(NRC) study of refurbishment. Using the NRC study's criteria, the tMNS site would be

O high population area potential on public the
classified as a where effects services from

projected work force would tend to be insignificant.
Aside from the ROI, the population within 32 km (20 miles) of the proposed ANS

facility is over 300,000, and within 80.5 km (50 miles) the population is over 900,000
(ORNL 1991, p. 2-15) This exceeds the population criteria that were used to classify
high-population sites in the NRC study of refurbishment. Projected impacts for ali the
high-population reactor sites were evaluated as insignificant except for traffic effects at
one of the sites. The categories oi"projected impacts included the following: housing,
education, transportation, public safety, v,ocial services, public utilities, and tourism and
recreation. The potential impact of ANS traffic is evaluated in Sect. 8.6. Given the
similarities between ANS and the NRC sites in terms of size of population and
development level of public and private infrastructures, there is no reason to believe that
ANS impacts on other public services would be significant.

8.4 FISCAL AND TAX EFFECTS

The fiscal and tax effects of ANS would be due to tax revenues generated by the
project, requirements for additional services associated with increased population, and the
increased income base in the local area. The DOE facilities paid about $1.3 million in
sales tax to Roane County in 1988. Although materials purchased in the construction and
operation of the ANS facility would be subject to local and state sales tax, the real estate

and personal property value of the A.NS facility would not contribute any property tax or

O in-lieu-of-tax payments to local governments because &NS will be federally owned(J. Fowler, Asst. Chief Counsel, DOE Oak Ridge Operations, October 3, 1991 personal
communication with J. W. Van Dyke, Oak Ridge National Laboratory, Oak Ridge, Tenn.).



8-12

However, even though the facility would not contribute directly to the property tax base, Q
as Sect. 8.3 indicates, public infrastructure would not be required for the facility.

The additional ANS employment and the income associated with ANS would tend
to raise residential property values and increase the number of taxable expenditures
throughout the area. This would provide additional tax revenue that would tend to
torr late with residential location and expenditure patterns of ANS employees (see
Sect. 8.2). The magnitude of potential sales tax revenues is indicated by Table 8.4-1.

Overall, there should be a favorable effect on the fiscal ability of local
governments to generate tax revenue. Employees at AN$ during the construction and
operating phases would tend to make above average incomes for the local area. The

income generated through ANS would result in maintaining or enlarging the existing tax
base through increased residential property values and sales tax collections. However,
because there are relatively small changes projected for local populations (see Sect. 8.2)
the associated fiscal and tax effects would tend to be small relative to local government
budgets (Table 8.4-1).

8..5 LAND USE

The ANS facility would be located on the DOE ORR in an undeveloped expanse
that is classified as a natural area. Within ORR there are many other land-use
classifications, related to various types of activities, that support DOE's programmatic
requirements. Table 8.5-1 presents the distribution of ORR's land use by area. The ANS

facility would require 46 ha (115 acres), which is 0.3% of the total land encompassed by O
ORR. The land used for ANS would accommodate the reactor building and a complex of
support buildings and other facilities with footprint of 4-5 ha (10-12 acres). In addition,
roads and parking areas will cover 6-8 ha (15-20 acres). The buildh_gs and support
facilities would reduce the existing land on ORR classified as natured by 0.5% and increase
the land used for research and development by 1.6%. Although the existing land use of
the proposed site would be altered, the development of this area for the ANS f_cility is
consistent with the general programmatic requirements for which ORR is currently used.
The changes in land use necessary tor the proposed ANS facility would have no effects
outside ORR.

8.6 TRANSPORTATION

• Access to the new ANS facility would be through two interstate highways, 1-40 and
1-75, and U.S. Highways 11, 25W, and 70. State highways t!,at lead to the area inck_de 58,
61, 62, 95, and 162. These highways lead to Bethel Valley Road, which is the last public
road leading to the site (Fig. 8.6-1). State Routes (SRs) 95 and 62 intersect Bethel Valley
Road on the west and east ends, respectively. The major access road to the site is Melton
Valley Road, which intersects Bethel Valley Road approximately 3.7 km (2.3 miles) east of
the SR-95 intersection and 8.9 km (5.5 miles) west of the SR-62 intersection. The ANS
facility would be locatecl at the intersection of Melton Vtdley Road, Mel_on Valley Drive,
and Ramsey Drive (Fig. 8.6-2). These are private roads and therefore will not be included
in this discussion. The major public access roads examined for potential adverse effects on
traffic due to the construction and operation of the ANS facility are _ethel Valley Road, I_
SR-95, and SR-62. These routes were evaluated tbr changes in traffic flc,ws and level of
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O
Table 8.5-1. Distribution of land use by area and percentage

, ,,,, __ , ,,,, ,,,,

Area Percent of
Classification [ha (acres)] total

Administration/technical services 49 (i 20) 0.3

Research and development 2,470 (6,100) 17.3

Production 180 (445) 1.3

Support 1,721 (4,250) 12,1

Waste 304 (750) 2.1

Public 320 (790) 2.2

Natural 8,735 (21,577) 61.2

Buffer 494 (1,220) 3.5

Total 14,272 (35252) 100.0
__ _ ,,,,1 _ ,, .

Source:Chance,W.W.,andC. E, Frye1989.OakRidgeReservationSiteDevelopment
• andFacilitiesUtilizationPlan,DOE/OR.885,preparedbyMartinMariettaEnergySystems,

Inc.,for the U.S.Departmentof Energy,Table5.1,June.

O
service (LOS). LOS is a qualitative measure describing operational conditions of a traffic
stream and human perception of those conditions (TRB 1985).

For the analysis, the roads were divided into five segments:

• Bethel Valley Road East, from Melton Valley Road eastward to SR-62;
_, Bethel Valley Road West, from Melton Valley Road westward to SR.95;
• SR-95 North, from Bethel Valley Road northward to SR-58;
® SR-95 South, from Bethel Valley Road southward to I-40; and
• SR-62, from Bethel Valley Road southward to the Pellissippi Par_vay (toward

Knoxville).

Ali of these road segments are classified as two-lane rural highways except SR.62, which is
a four-lane rural highway. .

The impact of construction and operation of the ANS facility on traffic was
evaluated using the year with the greatest increase in number of workers as a reference.
It is anticipated that the number of new workers will peak at 779 in 1999. Two future
traffic scenarios were evaluated for the increase in work force: (1) driving alone (one new
worker per car) and (2) carpooling (two new workers per car). In both cases, the number
of workers using each access road was assumed to be proportional to the present
distribution of traffic flow on these roads (TN DOT 1990). In addition, it was assumed
that each new worker would travel to and from work on the same route. Therefore, there

will be twice as many vehicles per day as there are new employees (under the driving O
alone scenario). The 1990 average daily traffic flows and the estimated average daily flows
under the two future scenarios are presented in 'Fable 8.6-1.
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O Because ali new employees (craft and noncraft) would work the same schedule as
workers at existing facilities in the area (R. Weiss, Gilbert/Commonwealth, October 16,
1991 personal communication with M. L. Socolof, Oak Ridge National Laboratory, Oak
Ridge Tenn.), the peak hours of traffic flow (approximately 7:30-8:30 am and
3:30-4:30 pm) are of greatest concern, lt was assumed that the peak hourly flow is 10%
of the average daily flow (provided in Table 8.6-1) (S. Byrd, Oak Ridge City Engineer,
Oak Ridge, Tenn., October 18, 1991 personal communication with M. L. Socolof,
Oak Ridge National Laboratory, Oak Ridge, Tenn.).

Furthermore, it was assumed that the estimated peak hourly flow represents both
the morning and afternoon rush hours. Peak hour factors, which account for 15-min
peaks within the peak rush hour, were used to determine the LOS. Therefore, the LOS
will represent the 15-min peak during rush hours. For Bethel Valley Road East, this
factor was derived from raw data. Default values were used for the other roads where

data were not available (TRB 1985, pp. 8-1-8-27).
LOS for the rush hour peals for each roadway, under both present and future

conditions, is presented in Table 8.6-2. The data and/or assumptions used to generate
these data are listed in Table 8.6-",. The increases in traffic resulting from the ANS
facility would not affect the LOS of SR-95 North or South. SR-95 would remain constant
at level D (bordering on unstable flow).

The increases in traffic flows would cause I,OS during rush hour peaks to change
on Bethel Valley Road East and West and on SR-62. On Bethel Valley Road East, LOS
would change from D (bordering on unstable flow) to E (quite unstable flow) (TRB 1985,
pp. 1-3-1-4) under both the driving alone and the carpooling scenarios. On the west end

O Bethel Valley Road, the driving alone situation cause to changeof would LOS from B

(stable flow, good level of comfort) to C (stable flow, moderate level of comfort);
however, if carpooling is implemented, LOS would remain at B. LOS on SR-62 would
change under both future scenarios from the present level of D to E.

A second analysis was conducted to determine whether the adverse impacts on
Bethel Valley Road and SR-62 could be mitigated, lt was hypothesized that if the craft
and noncraft workers report to work at different times, there would be a redtiction in the
adverse effects on traffic flow during rush hours. In this analysis, only the peak number of
noncraft workers (285 in 1995) was added to the rush hour traffic flows. The results
showed that in both future scenarios (driving alone and carpooling) there were no changes
in LOS on Bethel Valley Road and SR-6Z Therefore, changing the work schedule of the
craft workers to non-rush-hour times would mitigate the negative traffic impacts expected
if ali new ANS employees work the same schedule. The above analyses assumed that ali
other factors remained constant between 1990 and 1999, except the increase in workers
due to the construction and operation of the ANS facility. For example, no new public
roads would be constructed, and the distribution of use would remain the same.
Additionally, this analysis assumed that there would be no transferring of personnel from
other facilities in the area. If some of the 779 workers were already working at other area
facilities (e.g., HFIR), the impact on traffic would be reduced.

In the event that the craft workers and ali other workers did not travel to and
from work at the same time, the peak hour effects presented would also be reduced. On
the other hand, additional truck traffic from the transport of construction materials to the
site would tend to decrease LOS to comfortable conditions. In this case, the traffic

O impacts may be increased.
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Table 8.6-I. Present and projected average daily traffic flows (vehicles/day)

1990 Average 1999 Driving 1999 Carpooling

Road daily flo_ alone scenario b scenario '_

Bethe_ Valley (East) 7,400 8,397 7,899

Bethel Valley (West) 4,200 4,761 4,480

State Route (SR) 95 (North) 6,660 7,034 6,847

SR-95 (South) 6,660 6,847 6,753

SR-62 (South) 29,940 30,532 30,236

*Tennessee Department of Transportation, 1990. Average Traffic Daily Volume Count Book, Nashville,
Tenn.

_l'his 1999 projected daily traffic flow is determined by adding the expected increase in flow in 1999
(resulting from the increase in the Advanced Neutron Source workforce) to the 1990 average daily flows.
For each road, the expected flow increase is the number of new workers in 1999, multiplied by the fraction
of workers that are expected to travel on that ro_d, multiplied by two to account for the two commutes
traveled per day per car (or worker). This assumes that each car tr_lvelson the same route to and from
work. The driving alone scenario assumes theftali new workers travel alone in their own cars..The future
flow is calculated as follows:

(1.990 average daily flow) + [(number of new employees in lt_..}9)x (fraction of new employees using road)
x (2 commutes per day)l = (future flow).

For example, for Bethel Valley Road East: I

(7400 vehicles/day in 1990) + [(779 new workers in 1999) x 0.(¢, x 2] = 8407 vehicles/day in 1999.

'This 1999 projected daily traffic flow was calculated the same as above, except "carpooling" assumes that
there are two new workers per car traveling to work; therefore, the increase in flow is half that of the driving
alone .scenario. The future flow is calcul_lted as follows:

(1990 average daily flow) + [(number of new employees in 1999) x (fraction of new employees using road)
x ('2 commutes per d_ty)/('2workers per car)]

For example, for Bethel Valley Road East:

(7400 vehicles/day in 1990) + (779 × 0.64 x 2 + 2) = 7904 vehicles/day in 1999.
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Table 8.6-2. Present and future levels

of ,service ''h

Driving

Road Present alone Carpooling

Bethel Valley (East) D E E

Bethel Valley (West) B C B

State Rc, ore (SR)-95 D D D

(North)

SR-95 (South) D D D

SR-62 (South) D E E

O *Calculations based on: TRB (Tr_msportation Research Board)1985. Highway Capacity Manual, Special Report 209,
Washington, D.C.

bLevel of service: B - stable flow, presence of others noticeable,
good level of comfort.

C. stable flow, presence of others affects
driver, moderate level of comfort.

D - high.density, st_tble flow, speed and
freedom to m_meuver severely restricted,
poor level of comfort and convenience.

E - at or near cap_tcitylevel, ali speeds
reduced to a low but relatively uniform
value, maneuverability extremely difficult,
extremely poor level of comfort and
convenience.

O
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Table 8.6-3. Data/assumptions for level-of-service calculations

Data/ Source

Route assumptions

l_ethel Valley East

% use 64% Tennessee Department of Transportation (TN DOT) °
% no passing 20% Observation t'
terrain level Observation
direction distance 50-50 BPJ"

peak hour factors 0.41 Observation

(PHFs) Department of Energy/Oak Ridge (DOE/OR)a;
lane width 12 ft (3.7 m) Observation
shoulder width 2 ft (0.6 m) DOE/OR, Observation
% trucks 1% Observation

% buses 0% Observation
% recreational vehicles 0% Observation

(RVs)

Bethel Valley West

% use 36% TN DOT

% no passing 87% Observation
terrain level Observation

direction distance 50-50 BPJ t_1
PHF default TRB"; Table 8-3

lane width. 12 ft (3.7 m) DOE/OR, Observation
shoulder width 2 ft (0.6 m) DOE/OR, Observation
% trucks 1% Observation
% buses 0% Observation
% RVs 0% Observation

State Route (SR)-95 North

% use 24% BPJ

% no passing 100% Observ',tion
terrain rollin g Obse rva tion
direction distance 60-40 BPJ

PHF default TRB, Table 8-3

lane width 9 ft (2.7 m) DOE/OR, Observation
shoulder width 4 ft (1.2 m) DOE/OR, Observation
% trucks 5% BPJ
% buses 1% BPJ

% RVs 0% BPJ

®
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Table 8.6-3. (continued)

Data/

Route assumptions Source

SR-95 South

% use 12% BPJ

% no passing 35% Observation
terrain rolling Observation
direction distance 60-40 BPJ

PHF default TRB, Table 8-3

lane width 9 ft (2.7 m) DOE/OR, Observation
shoulder width 4 ft (1.2 m) DOE/OR, Observation
% trucks 5% BPJ
% buses 1% BPJ
% RVs 0% BPJ

SR-62 South

% use 38% TN DOT
PHF 1 TRB

design speed 60 mph BPJ
travel speed 50 mph BPJ

O lane width 12 ft (3.7 m) DOE/OR, Observationdistance from pavement 6 ft(1.8 m) DOE/OR, Observation
obstruction none BPJ

driver population regular BPJ
% trucks 5% BPJ
% buses 3% BPJ
% RVs 2% BPJ

"Tennessee Departmenl of Transportation lt)90. Average Traffic l)aily Vohone Count Book, Nashville,Tenn., (% use =
the percent of new workers that wotJlduse rt_adwayestimated from the prt_portionof present trafficvolume).

bObservationby M.L. Socolof,Oak Ridge Nationall_aiboratory,Oak Ridge, Tenn., October 18, 1991.
"BPJ = best professionaljudgement.
'_Chance,W, W., and C. E. Frye 1989. Oak RidgeReservationSite Developmentand FacilitiesUtilizationPlan,

DOE/OR-885,June.
q'RB (Transportation Research Board) 1985. HighwayCapacit).,Manual, SpecialReport 209, Washington,D.C.

8.7 EMERGENCY PREPAREDNESS

The A.NS t'acility is very important to ORR emergency preparedness considerations
because it is a nuclear reactor with approximately four times the thermal power of HFIR,
the largest existing research reactor at ORNL. The main concern is radiological hazards
resulting from radioactive fission products that under hypothetical severe accident

O conditions could be released as an airborne cloud. An important safety feature reducingand mitigating the potential effects of severe accidents is that the ANS reactor is to be
housed in a containment building that can be isolated to prevent the uncontrolled release

of radioactivity, q'he following assessment of the effect of the proposed ANS facility on

m
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emergency preparedness considers emergency preparedness plans as they would relate to a i_I
Maximum Credible Accident (MCA) at the ANS facility. The analysis considers an MCA
within the context of existing emergency planning, warning systems, and appropriate
response.

There are several existing planning documents that outline emergency
preparedness procedures for ORNL facilities and the DOE complex at Oak Ridge. These
include the X.10 Site Emergency Plan (ORNL 1991) and documents for Anderson, Knox,
Loudon, and Roane counties called Hazardous Materials Events at U.S. Department of
Energy.Oak Ridge Operations (DOE.ORO) Facilities. The county documents are
appendices to the State of Tennessee Emergency Plan Working Document (Tennessee
1989). A 5-year readiness assurance plan that will provide the primary documentation for
the readiness of the emergency preparedness program at ORNL will be completed in
1992.

Emergency planning at ORNL for facilities such as HFIR and the proposed A.NS
facility is based on emergency planning zones that are defined by various criteria including
population, control, and maximum potential exposure. The zones for ANS include the
following: (1) the ANS Site, (2) the Exclusion Area, (3) the Low Population Zone, and
(4) the Immediate Notification Zone (IMZ).

The various emergency planning zones can be characterized by their corresponding
population, facilities, personnel control, and notification systems. They can also be
characterized by the potential dose impacts to personnel within the zones. Table 8.7-1
presents the various zones and potential impacts associated with the proposed ANS
facility.

An assessment of potential credible emergencies is the planning basis for
emergency preparedness. Hazard analysis and consequence assessments have been used to

i

designate the Emergency Planning Zones previously indicated (ORNL 1991, Chap. 4,
p. 1). Hazardous or potentially hazardous events are classified and reported based on
considerations of nature and severity. The lollowing are the designations from least to
most serious events: Alert, Site Area Emergency, and General Emergency.

After events have been reported, the emergency response depends on the type and
classification of the event. The responses depend in part on the environmental pathways,
exposures, and affected populations. Major types of protective action such as sheltering-
in-piace or evacuation can be communicated to on-site ORNL populations through siren
warning and public address systems (MMES 1991). Emergency preparedness is most
relevant ['or the on-site populations, including the ORNL employees closest to the releases
of potential hazards. Because most of the ORNL facilities are separated from public
areas by considerable distances, the public off the DOE reservation has a much lower
probability of being affected in any direct way during an emergency event. However,
emergency planning tbr areas off the DOE reservation and beyond the 2-mile IMPs has
been provided for through Five-Mile Emergency Planning Sectors.

Provisions have been made for notifying local and state emergency planning
organizations in case of an emergency that would potentially affect the public outside the
ORR boundaries. The Tennessee Emergency Management Agency would be contacted
for any emergency. The other local areas that are included for priority notification
include the counties of Anderson, Knox, Loudon, and Roane and the city of Oak Ridge.
These local governments would be contacted with the priority based on (1) immediate

need to know and (2) time permitted. /

z
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Table 8.7-1. Advanced Neutron Source (ANS) emergency zone characteristics

and planning criteria for dose impacts under hypothetical maximum
ered_le severe accident conditions

Zone Definition Characteristics Dose impacts

ANS Site Areas within ANS Occupied by the ANS Dose impacts cannot
site boundary fence research and be calculated using

operations staffs simple, "worst case"
models

ANS Exclusion area From ANS site Occupied by a few If evacuated within
boundary to an outer minor Oak Ridge 1 h, doses will not
boundary at a circle National Laboratory exceed twice the
centered at the (ORNL) facilities, upper Protective
release point with a Covered by an early Action Guide (PAG)
radius of 1(_0 m notification system, [0.1 Sv (10 rem)
(3281 ft) easily controlled whole body, 0.5 Sv

(50 rem) thyroid];
well under 10 CFR
Pr. 100 limits

ANS Low population From outer Exclusion Occupied by Plans to evacuate in
zone Area boundary to significant ORNL under 2 h are

2000-m (6562-ft) facilities. Most of the recommended.

O radius from the zone is covered by Upper PAGs are notrelease point alarms and public exceeded if evacuated
address systems, in less than 4 h
There are no

residences, schools,
or farms located in
these zones

ANS Immediate From outer Low Includes most of the Upper PAGs are not
notification zone Population Zone ORNL complex, exceeded even if no
[Subset of ORNL boundary to 3.2-km Most of zone is action is taken.
immediate (2-mile) radius from covered by alarms, Lower PAGs would
notification zone the release point public address not be exceeded with
(INZ)] systems, and security evacuation in less

patrols. There are no than 24 h
schools or farms and

very few residences
located in these zones

ANS 5-mile This area includes If an emergency
emergency planning public areas off the requires sheltering-in-
zone [subset of Oak Ridge place or evacuation,
ORNL emergency Reservation out to instructions would be
proteclion zone 8.05 km (5 miles) given through local
(EPZ)] from the main ORNL radio or television

X.l{) site stations

0
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The effect of ANS on emergency planning would be related to potential accident
scenarios resulting in release ot' radioactivity to the environment. The ANS design must
meet DOE requirements Ibr potential radioactivity exposure resulting from damage to the
reactor core (melting). Protective Action Guides (PAGs) are criteria used to develop
emergency plans for nuclear facilities. They define radiation dose exposure levels at which
actions to protect the public should be taken. These levels range from 0.01 to 0.05 Sv
(1 to 5 rem) whole body dose and 0.05 to 0.25 Sv (5 to 25 rem) thyroid dose (Peretz
1991). These define the potential exposure levels that require emergency planning for
warning systems, emergency drills, and protective actions such as evacuation, sheltering-in-
place, and other measures.

The potential effect of ANS facilities on emergency planning can be placed in
context by comparing ANTSaccident calculations to those performed for the HFIR facility.
The ANS facility would be located within 1.3 km (0.81 mile) of the existing HIFR facility.
Assuming successful containment isolation and design containment performance for ANS
that includes a 0.5%/d maximum primary containment leak rate, the maximum credible
severe accident with 95% meteorology' would result in a 30-d whole body dose of
0.0072 Sv (0.72 rem) of radiation at 2.2 km (1.36 miles). This level of exposure is reached
after about 24 h and increases very little thereafter (Selby, Harrington, and Peretz 1987,
p. 66). This compares with a whole body 30-d cumulative exposure of 0.036 Sv (3.6 rem)
for the HIFR facility under MCA conditions at 2.2 km (1.36 miles)" (Craddick and
Cook 1988, p. 43). The maximum hypothetical accident accumulated thyroid dose at 2.2
km (1.36 miles) would be 0.037 Sv (3.7 rem) of radiation (Selby, Harrington, and Peretz
1987, p. 67) compared to 0.039 Sv (3.9 rem) tbr HFIR (Craddick and Cook 1988, p. 43).
These are both well under the lower PAGs for thyroid exposures.

The above dose/distance estimates have been extrapolated from the original
"qlJ"

estimates to make them comparable. Dose/distance estimates can, to a first
approximation, be adjusted by the ratio of the distances from the release raised to the
1.5 power. For instance, based on the 2.2-km (l.36-mile) distance, the ANS design
containment for the MCA at 5 km (3.10 miles) would be (2.2/5) t's x 0.72 rem =
0.0021 Sv (0.21 rem) of cumulative radiation. At 1 km (0.62 mile) the ANS design
containment would be (2.2/1)t's x 0.72 rem = 0.0235 Sv (2.35 rem) of cumulative
radiation for more than 24 h.

The ANS comparison with HFIR indicates that under design basis MCA
conditions the ANS facility would give lower whole body doses than would HFIR, but
would give about the same thyroid doses. Both HFIR and the design basis for ANS would
result in doses for an MCA that are lower than the upper dose values in the PAGs, and
the design basis MCA tor ANS would also result in doses lower than the lower dose
values in the PAGs.

In summary, the planning objectives for selecting the design and site of the ANS
facility would provide for public safety in case of a design basis accident because they
would exceed existing DOE and NRC regulations. In addition, they would also be
consistent with the existing ORNL emergency preparedness planning procedures, including
warning systems. The ANS facility would not increase the demands on the existing
emergency preparedness systems.

"The 95% meteorolog,y conditions are calculated as the ccmdilion:, thnt would r_ult in a lower It.welof exposure 95% of
the time with a higher level of exposure 5% of the time,

"'Craddock and Cook reported 2.5 rem at 2,8 km and this wtls Ir_mslnted to 2,2 km using the approximation that dose is
proportional to distance to the 1,5 power,
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9.TECHNOLOGIES AND SITES

O
Alternate technologies, which may be used instead of ANS, and alternate sites for

locating ANS have not been identified at this time. Tnese issues have therefore been
initially designated for address in the Phase II Environmental Report.
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O I0.FACII.,rI'YDESIGN ALTERNATIVES

Facility design alternatives, dealing with areas such as circulator and intake systems,
are not issues assessed in a DOE EIS. Design alternatives for major ANS systems may,
however, be assessed in the Phase II Environmental Report.
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11, SUMMARY OF IMPACTS

O
According to NRC Regulatory Guide 4.2, Chap, 11 of the environmental report

(ER) should present a cost-benefit analysis of building and operating the proposed facility.
The U.S. Department of Energy (DOE) does not prepare cost-benefit analyses of its
facilities for environmental hnpact statements, For thts reason, this section summarizes
the environmental effects of building and operating the Advanced Neutron Source (ANS)
as described in Chapters 4, 5, 7, and 8 but does not attempt to compare costs and benefits.
Comparison of costs and benefits will be performed for Phase 2 of the ER.

11.1 CON_FRUCTION IMPACTS

11.1.1 Terrestrial Biota

Construction of ANS would require clearing 25-35 ha (60-90 acres) of second-
growth hardwood forests for facilities and laydown areas, In addition, 6-10 ha
(15-25 acres) of forest would be cleared for power line right-of-ways. These clearings
would benefit animal species that thrive in cleared areas and adversely affect animal
species that are dependent on relatively undisturbed forest conditions,

A number of areas that may be wetlands are found on the ANS site (Fig. 2.2-2).
' About 4 ha (10 acres) of these would be destroyed or damaged by construction of ANS.

The exact extent and legal status of these areas is being pursued but is not yet clear. The
site has been surveyed tbr threatened or endangered plant and animal species, The only

O threatened or endangered plant or animal found on the site is ginseng, but it is located in
an area that would not be disturbed by ANS as currently planned,

11.1.2 Water Quality and Aquatic Biota

Construction of ANS could adversely affect water quality and aquatic biota in
Friendship Creek and in the Melton Branch-White Oak Creek system. Standard
mitigative techniques should be adequate to prevent significant adverse effects on water
quality and aquatic biota.

11.1..3Air Quality

Exhaust from construction equipment would increase local levels of carbon
monoxide, nitrogen oxides, volatile organic compounds, and particulate matter. These
emissions would not have appreciable effects on regional ambient air quality. Excavation
and earthwork could appreciably increase local concentrations of inhalable particulate
matter with a diameter of less than 10 microns. To avoid violations of national air quality
standards during the construction period, a combination of limiting the amount of area
disturbed at one time and using diligent dust suppression measures may be required.

11.2 RESOURCF_.S COMMITTED

O Construction of ANS would involve irretrievable commitment of land, energy, andmaterial resc_urces in the construction of the facilities, The 30-45 ha (75-115 acres) of

11.1
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land committed to the facilities and the power lines would not likely be available for other
uses in the foreseeable future. The material and energy used in construction of the ANS
facilities (estimates for which are not available at present) would be essentially unavailable
for any future uses.

Operation of ANS would result in the use of about 7,200 kg (16,000 lb) of highly
enriched uranium fuel over the 25.year life of the facility, About 17 kg (37 lb) of 95%
enriched uranium fuel is used each time the reactor is refueled. Spent fuel contains only
about 10.3 kg (22,7 Ib) of _SU. Spent fuel is expected to be reprocessed, so the amount
of _su consumed over the life of ANS would be about 2200 kg (4800 Ib), Reprocessing
the spent fuel would produce substantial quantities of high- and low-level radioactive
wastes that would need permanent disposal, The amounts of these wastes produced in
reprocessing are not known at this time, but they would be generated at the Savannah
River Site where the reprocessing would take place.

ANS would also consume substantial quantities of electricity, natural gas, and
steam from the Oak Ridge National Laboratory (ORNL) Steam Plant. Over the life of
the facility, ANS would consume about 6 x 1016J (6 × 1013Btu) of primary energy in
various forms.

11.3 HEAT DISSIPATION SYSTEM EFI_ECTS

Blowdown from the cooling towers would be discharged to upper Melton Branch.
Depending on the way blowdown is released, these discharges could change the flow

regime in upper Melton Branch from intermittent to perennial. The temperature of the O
blowdown will increase the temperature of the water in r0uch of the upper reaches of
Melton Branch during most of the year. This increased flow will support warm-water-
tolerant aquatic life where little aquatic life is currently found and discourage aquatic life
that prefers colder water and more variable stream flows.

The plume from the cooling towers may cause fog and icing during certain weather
conditions. Because no roads (except access roads) are located near the ANS site, fog and
icing would not cause a public safety hazard. Normal operation of the ANS cooling
towers would not be expected to have any significant effects on terrestrial biota, although
vegetation in the immediate vicinity could be slightly damaged.

11.4 OTHER EFFEC_ OF OPERATION

11.4.1 Sanitary, Chemical, and Bioeide Discharges

Sanitary wastewaters would be piped to the ORNL Sewage Treatment Plant.
After treatment, this wastewater would be discharged to White Oak Creek, where it would
increase the annual average flow in White Oak Creek by about 1% but would not
significantly alter the aquatic communities in the creek.

Process water would be piped to the Nonradiological Wastewater Treatment
Facility, where it would be treated and discharged to White Oak Creek a short distance
upstream of the Sewage Treatment Plant outfall. The chemical composition of process
waters from ANS has not yet been determined but would be nontoxic after treatment, ,lh
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O Process water from ANS would increase mean annual flows in White Oak Creek by about
1%, which is not expected to significantly affect aquatic communities,

Storm water runoff from the ANS site would be collected in detention basins and
monitored before being released to Friendship Creek and Upper Melton Branch. If
treatment were necessary, storm water could be piped to the Process Waste Treatment
Plant. Discharge of collected runoff from the detention basins would need to be
controlled to minimize alteration of the receiving streams.

11.4.2 Noise

During operation, the principal noise from the ANS site would be from the
mechanical-draft cooling towers. Because the nearest is about 2.4 km (1.5 miles) away and
would be separated from the nearest humans by intervening hills, there would be no
significant noise impacts to humans.

11.5 RADIATION DOSE TO THE PUBLIC

This section discusses radiation dose to the public from routine operations, routine
transportation of radioactive materials, nonsevere accidents, severe accidents, and
transportation accidents.

11.5.1 Routine Operations

O Because of meteorological conditions, the closest individual, assumed to be at
Shoreline Estates, 2.8 km (1.7 miles) southeast of the site, is estimated to receive
1.7/zSv/year (0.17 mrem/year), while an individual at Gallaher Bend, 2.9 km (1.8 miles)
east-northeast of the site, would receive the greatest radiation dose of 12.4/zSv/year
(1.24 mrem/year). For this maximally exposed individual, tritium contributes 97% of the
dose and 133Xecontributes 2.7%. The above individual doses are below the applicable
federal limit of 100 p,Sv/year (10 mrem/year) specified in 10 CFR Pt. 16. Current Oak
Ridge Reservation (ORR) radioactive material releases to the atmosphere result in a
50-year committed effective dose of 20/_Sv (2 torero) to the hypothetical maximally
exposed individual (near the Y-12 Plant). Releases from ANS would contribute to a
negligibly small increase in this maximally exposed individual's dose,

Operation of ANS is estimated to result in a collective effective dose to persons
within 80 kin (50 miles) of ANS of 0.0418 person-Sv/year (4,18 person-rem/year) and a
collective effective dose to the gonads of 0.0416 person-Sv/year (4.16 person-rem/year).
Tritium accounts for 91% of this dose and t33Xe accounts for 8.7%. These doses are small
compared with natural doses. They would increase the population-wide chance of fatal
cancer by less than one in one million and the chance of birth defects by less than three in
one million.

11.5.2 Routine Transportation of Radioactive Materials

Transport of spent fuel to the Savannah River Site would be the dominant source

O of radiation exposure to the public, but the dose from that activity would result in lessthan a 3-in-10,000 chance per year of inducing a latent cancer facility. Other
transportation activities would carry less than one-thousandth the risk of inducing cancer
fatalities,
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11..53 Non,severe Acdflen_

Radiation dose calculations for atmospheric pathways (the most rapid pathway) of

the seven nonsevere accident scenarios were evaluated using computer-assisted modeling.
The evaluation indicates that ali doses are below 0.01 Sv (1 rem), whether for effective

whole body or organ (thyroid), except for the detritiation facility accident. A dose of
0.013 Sv (1.3 rem) would result from the detritiation facility accident. Doses from
postulated accidents other than the detritiation facility accident are below the 0.01 Sv

(1 rem) level at which the U.S. Environmental Protection Agency (EPA) has
recommended protective actions. In the case of the 0.013 Sv (1.3 rem) estimate, the
recommended actions are to at least seek shelter, consider evacuation, or evacuate, unless

constraints make it impractical.
For nonsevere accidents with liquid pathways, a maximum dose of 8.2 x 10-6 Sv

(8.2 x 10 -4 rem) is estimated to result from drinking contaminated water; this dose is
equivalent to about 1% of natural annual external background radiation dose irl
Tennessee.

11.5.4 Severe Accidents

ANS is being designed to ensure that severe accidents are very unlikely. ANS is
being designed to a 1-in-100,000 per year probability of a core damage accident and a
containment failure design goal of less than l-in-100 per core damage accident. However,

ha the unlikely event of a severe accident the consequences could be severe.

Two potential severe accidents were examined using pessimistic assumptions. For e
the more severe of the two, an estimated five on-site workers would be expected to die

witlain a few weeks of radiation exposure. Another 17 would be expected to die of
radiation-induced cancers. About another 33 persons within 80 km (50 miles) would be

expected to die of radiation induced-cancer due to the accident.

11.5.5 Transportation Accidents

Radiological risks of transporting radioactive materials to and from ANS would be
very low. The chance of inducing a latent cancer fatality for any postulated accident are
estimated to be less than 5 in 10,000. For any postulated accident, the expected dose to a

maximally exposed individual would be less than 0.06 p.Sv (6/zrem).

11.6 WORKER HEALTH AND SAFETY

Because the design of ANS is currently conceptual, occupational radiation doses
cannot be predicted with any certainty. However, experience from other reactors with
similar features and from ORNL's program to minimize occupational exposure suggest

that typical doses will be less than 5 mSv/year (500 mrem/year). A few operators and
experimentalists might experience up to 1 roSy/year (1 rem/year). (While not expected to
be significant, the possible contributions from skyshine have not been evaluated.)
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O 11.7 WASTE MANAGEMENT

Waste management procedures and techniques are being upgraded on ORR and
throughout DOE. Many types of waste are being stored on-site while permanent storage
disposal facilities are being developed. The analysis of waste management impacts
considers two scenarios: (1) permanent waste disposal and improved waste treatment
facilities will be available by the time ANS becomes operational, and (2) permanent
disposal and improved waste treatment facilities will not be available by the time ANS
becomes operational, so most wastes will continue to go to interim storage on ORR.

The potential impacts of ANS wastes on the ORR waste management system are
summarized below.

• Without upgrades, liquid low-level radioactive wastes (LLLW) ft'ore ANS would
exceed the capacity of the ORNL LLLW system.

• Without upgrades, the ORNL radioactive process waste (PW) system may not be
able to accommodate additional PW from ANS.

• If the Waste Isolation Pilot Plant becomes operational in 2007, as planned,
transuranic wastes from ANS could be easily accommodated; if not, interim
transuranic waste storage facilities will need to be constructed on ORR.

• High-level incidental radioactive wastes would not be generated during normal
ANS operations.

® Spent fuel from ANS could be accommodated by either the proposed deep-
geologic storage facility or the Receiving Basin for Offsite Fuels at the Savannah

O River Site.
• DOE has responsibility for developing disposal facilities for greater-than-class-C

(GTCC) low-level radioactive waste. Until such facilities are developed, ANS
GTCC wastes will be stored on ORR. Because the volume of GTCC waste that

would be generated by ANS is small, it could be accommodated by interim storage
facilities at ORNL or the K-25 Site until permanent disposal facilities (on or off
ORR) become available.

• If planned and proposed solid low-level waste disposal facilities (on and off ORR)
do not become available, additional interim storage capacity on ORR would be
needed.

• About 2.7 x 1014Bq/year (7200 Ci/year) of tritium would be released to the
atmosphere; these releases are not expected to cause any serious problems.
Tritium would permeate most solid and liquid radioactive wastes generated by
ANS. There is concern in the waste management organization that additional
tritium releases to White Oak Creek may not be acceptable because of the
9 x 1013to 11 × 10l:_Bq/year (2500 to 2900 Ci/year) currently leaking into White
Oak Creek from Solid Waste Storage Area 5.

• Mixed wastes from ANS could be readily accommodated by the Oak Ridge Mixed
Waste Incinerator.

• Sanitary wastes from ANS could be readily accommodated by the ORNL Sanitary
Waste Treatment System.

• Disposal of conventional solid, liquid, or gaseous wastes would not cause any
particular problems; however, waste water discharges to upper Melton Branch or

O Friendship Creek would require modification of the ORR National PollutantDischarge Elimination System permit.
• Nonradioactive hazardous wastes generated at ANS would be disposed of off-site

at EPA-permitted treatment and disposal facilities.
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11.8 SOCIOECONOMIC EFFECTS

The net economic effect of ANS would b'e positive', however, since it would
involve less than 1% of the labor force in the region of influence (ROI), it would not
induce significant changes in the local economy. Immigration would modestly increase
populations of the communities in the ROI, with the largest effect in Oak Ridge at about
100 persons or 0.3% of the current population. Public services and housing in the
surrounding communities are expected to be able to easily support the additional people
who come to the community because of ANS. ANS would have small but beneficial fiscal
and tax effects on local communities. ANS would increase the fraction of ORR
committed to facilities by about 0.5% but would have no appreciable effect outside ORR.
Additional workers traveling on Bethel Valley Road and State Road 62 could reduce the
level of service (LOS) from D to E during rush hour periods; however, staggering work
hours would allow these roads to accommodate the ANS workers without reducing LOS
on these highways. ANS design objectives would protect public safety to the extent that it
would not increase demands on the existing emergency preparedness systems.



12. ENVIRONMENTAL, HEALTH, AND SAFE'TY

O REGULATORY REQUIREMENTS

This section identifies the major environmental and health and safety statutes,
regulations, Executive Orders, and Department of Energy (DOE) Orders that are
applicable to the proposed construction and operation of the Advanced Neutron Source
(ANS) facility. In particular, this section addresses the various federal statutes that impose
environmental, health, and safety protection and compliance requirements upon DOE, as
well as the applicable state statutes and compliance requirements. Table 12.1-1 lists the
environmental permit and notification requirements that would apply to the ANS
candidate site, and Table 12.1-2 lists consultation requirements.

12.1 GENERAL REQUIREMENTS

Under the National Environmental Policy Act (NEPA) of 1969, as amended,
federal agencies are required to prepare an environmental impact statement (EIS) for
proposed major federal actions that may significantly affect the quality of the human
environment (42 U.S.C. Sect. 4321 et seq.). DOE has determined that the proposed siting,
construction, and operation of the ANS facility is such an action. Therefore, an EIS will
be prepared in accordance with the Council on Environmental Quality Regulations (40
CFR Pts. 1500-1508) implementing the NEPA and DOE Guidelines for Compliance with
NEPA (10 CFR Pt. 1021).

The DOE Organization Act (42 U.S.C. Sect. 7101 et seq.) and the Atomic Energy
O Act of 1954, as amended, (42 U.S.C. Sect. 2011-2259) provide for, among other issues, the

protection of the health and safety of the public and the environment in the conduct of
the department's programs. Pursuant to the Energy Reorganization Act of 1974, as
amended (42 U.S.C. Sect. 5801 et seq.), DOE is authorized to control ali types of nuclear
materials at sites under its jurisdiction and is exempt from the Nuclear Regulatory
Commission (NRC) licensing and regulatory requirements.

DOE is not completely exempt from other federal agency rules and regulations.
For example, Executive order 12088 [Fed. Regist. 43, 47707 (1978) as amended], Federal
Compliance with Pollution Control Standards, requires federal agencies, including DOE,
to comply with applicable administrative and procedural pollution control standards
established by, but not limited to, the Clean Air Act (CAA), the Noise Control Act, the
Clean Water Act (CWA), the Safe Drinking Water Act (SDWA), the Toxic Substances
Control Act, and the Resource Conservation and Recovery Act (RCRA). lt is also
statutorily mandated that DOE comply to environmental laws, such as the CAA, and to
applicable standards. The DOE is also required to adhere to applicable state and local
rules and regulations.

DOE establishes orders that impose additional requirements upon DOE facilities
and contractors. The Price-Anderson Amendments Act of 1988 (Pub. L. 100-408), which
amends the Atomic Energy Act, affected the legal significance of certain DOE orders by
subjecting DOE contractors and their subcontractors to civil and criminal penalties for
violations of "any applicable rule, regulation or order related to nuclear safety." lt is also
DOE's policy to adopt and implement standards that are generally consistent with those of
the NRC and with other federal agencies but that may not be legally required.
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O 122 AIR QUALITY REQUIREMENTS

12.2,1 Clean Air Aet

The CAA (42 U.S,C, Sect, 7401 et seq,) requires the EPA to establish national
primary and secondary ambient air qualitystandards as necessary to protec,t public health,
with an adequate margin of safety, from any known or antlclpated adverse effects of a
regulated pollutant (42 U,S,C, Sect, 7409). The CAA also requires establishment of (1)
national standards of performance _br new stationary sources of atmospheric pollutants;
(2) emissions limitations for any new or modified building, structure, facility, or installation
that emits or may emit an air pollutant (42 U.S.C. Sect. 7411); and (3) standards for
emission of hazardous air pollutants (42 U.S.C. Sect. 7412).

EPA, as mandated by the CAA, issued the following: (1) Primary and Secondary
National Ambient Air Quality Standards (NAAQSs), including standards for emissions of
SO,, NO,, CO, particulate matter with a diameter of < 10 microns (PMl0), ozone (03),
and lead (Ph) (40 CFR Pt. 50); (2) the Standards of Performance for New Stationary
Source within specific source categories enumerated in 40 CFR Pr. 60.16, including
electric steam generating units (Subpart D,), industrial-commercial-institutional steam
generating units, (Subpart Dr, and D,,) and stationary gas turbines (Subpart GG); (3) the
National Emission Standards for Hazardous Air Pollutants (NESHAPs), including
radionuclides (40 CFR Pt. 61); and (4) the Prevention of Significant Deterioration (PSD)
of Air Quality. review regulations (40 CFR Pr. 52.21).

Tennessee was delegated authority [Fed. Regist. 37, 10840 (1972)] under the CAA
O to maintain NAAQS (40 CFR Pr. 52, Subpart RR), to issue permits under PSDthe

(40 CFR Pt. 52.2233), and to enforce pertbrmance standards tbr new stationary sources
(40 CFR Pr. 60.4). As of fall 1991, Tennessee does not have authority under NESHAPs
to regulate emissions of radionuclides.

12.2.2 Impact of Clean Air Act Amendments

Under the CAA Amendments of 19_), new standards will be developed, and states
will submit new state implementation plans to address these new requirements. As of
February 1992, regulations pursuant to the CAA Amendments have not yet been
promulgated by the EPA; therefore, it is not certain how the amendments will affect new
major construction such as the ANS, The significant new regulations that may impact the
ANS facility include use of chlorofluorocarbons (CFCs), permitting requirements, and the
emission of certain "hazardous" materials.

Pursuant to CAA Amendments (Pr. 601 et seq.), Title VI, Stratospheric Ozone
Protection, upcoming regulations will prohibit the use of ozone depleting materials. CFCs
have been identified as ozone depleting ma_,erials,and the CAA Amendments will phase
out the use of these material by prohibiting their manufacture. Therefore, development
of the ANS should consider alternatives to CFCs in cooling (or other) systems.

Current permitting procedures will be changed because of the new CAA
Amendments. lt is not known what information or data or how much time will be

required to obtain an air permit under the anticipated permitting requirements and
procedures.

O Of the various new provisions in the amendments, those regulating hazardous airpollutants could have the greatest impact on environmental compliance at the ANS site,
The amendments substantially amended CAA Pt, 112(b), The amendments establish a list
of 189 hazardous air pollutants, including radionuclides and ali other NESHAPs governed



12-10

contaminants, Within 1 year of enactment of the amendments, EPA is to establish a list
of categories and subcategories of sources that emit the listed hazardous air pollutants
(based on similar industry, facility, or operation), For each category of sources, EPA must
issue standards for applicable maximum achievable control technology by source and
pollutant.

To comply with provisions of the amendments, DOE will monitor the development
of new regulations, Once additional CAA requirements are determined, DOE will
develop and implement a compltantze strategy for meeting those requirements and file the
necessary permit applications according to the final determination of the EPA and the
state of Tennessee, As these amendments are implemented, the compliance processes
described in this _ection may change,

12.2.3 Regulation of Radionuclide Emissions Under NESHAP

The ANS is subject to NESHAPs regulations listed in 40 CFR Pr. 61, Subpart H.
These regulations require that a new facility with the "potential" to discharge radionuclides
that could result in an effective dose equivalent in excess of 1% of the standard
1 × 10.4 Sv/year (40 totem/year) (10 CFR Pt, 61,92) to the nearest resident must first
apply for and receive approval from the EPA to construct, "Potential" is defined as the
radionuclide emission rate that would result if there were no emission control devices.

As of' fall 1991, Tennessee does not have authority under NESHAPs to regulate
radionuclide emissions. The ANS will likely require a permit to construct from the EPA.
This process should be initiated well in advance of the planned construction date in order
to provide sufficient time to address comments and concerns from the EPA. This
procedure should be initiated approximately a year before construction, In addition,
radionuclide emission monitoring and _lnnual reporting of radionuclide emissions will be
required.

12.2.4 Air Quality Requirements for Tennessee

Tennessee was delegated authority under the CAA [Fed. Regist. 37, 10840 (1972)]
to develop its own ambient air quality standards. The Tennessee Air Quality Act (TCA
Title 68, Chap, 25-101 et seq.) authorizes TDEC to develop ambient air quality standards,
The rules of the TDEC, Division of Air Pollution Control, define the air quality standards
and regulations that limit emissions of air contaminants (Tenn. Comp. R. & Regs.,
Title 1200, Chap. 3.3 et seq,).

New construction is subject to TDEC air permitting requirements (Tenn. Comp. R
& Regs,, Title 1200, Chap, 3.9 et seq,), Ali nonradioactive sources oi' emissions-criteria
pollutants and other hazardous air pollutants must be evaluated tbr permit requirements
under the TDEC rules (see Tenn. Comp, R. & Regs., Title 1200, Chap. 3-9 et seq,).
Unless the process is specifically exempt, an air permit must be obtained, This will include
ANS process emissions and support facilities. Permit applications must be delivered to the
TDEC _ days prior to construction. Theretbre, depending on the complexity of the
process which requires a permit, this procedure should be initiated approximately a year
prior to construction.

PSD Air Quality Standards may apply to ANS construction ii' any emission source
discharges pollutants in "significant" quantities, as defined in Tenn. Comp. R, & Regs,, dlh
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O Title 1200, Chap. 3-9-.01(4), A source impact analysis must be completed and public
hearings are required belbre a construction permit can be obtained for the source.

Fugitive dust emissions during construction of the facility would be limited
pursuant to Tenn. Comp, R. & Regs., Title 1200, Chap. 3-8. These rules require that
reasonable precautions be made to prevent particulate from becoming airborne.

12.3 WATER QU/_dA-TY AND WATER RESOURCE REQUIREMEN'I_

The ANS facility would use water for sanitary and domestic purposes, reactor
cooling, manufacture and processing of targets and fuel, environmental control of site and
facilities, and emergency and safety systems. However, the area encompassing Oak Ridge
Reservation (ORR) has no rivers or streams classified as scenic rivers (DOE-OR 1980
pp. 7-9); therefore, requirements pursuant to the Wild and Scenic Rivers Act (16 U.S,C.
Sect. 1271 et seq.) would not be relevant to ANS facility construction and operation.
Water quality and water resource requirements to which the ANS facility and activities
would be subject are discussed in this section,

12.3.1 Clean Water Aet

The federal CWA (33 U.S.C. Sect. 1251 et seq.) makes it illegal to discharge
pollutants fi'om a point source into navigable waters of the United States except in
compliance with a National Pollutant Discharge Elimination System (NPDES) permit.

O Through and judicial interpretation, the navigable waters of the Unitedadministrative

States are considered to encompass any body of water the use, degradation, or destruction
of which would affect or could affect interstate or foreign commerce. This definition
includes, but is not limited to, interstate and intrastate lakes, rivers, streams, wetlands,
playa lakes, prairie potholes, mudflats, intermittent streams, and wet meadows.

The NPDES program is administered by the Water Management Division of EPA
pursuant to regulations promulgated by the agency and codified in 40 CFR Pt. 122 et seq.
Shortly after NPDES permit requirements were issued in 1986, Tennessee was delegated
NPDES permitting authority by the EPA_ Thus, DOE would file with TDEC, for an
NPDES permit for any ANS activities at ORNL subject to these requirements, lt is
anticipated that the existing NPDES permit would be amended to incorporate discharges
from the ANS facility.

Section 402(p) of the CWA requires that EPA establish regulations for issuing
permits for stormwater discharges associated with industrial activity. As of November 16,
1990, when the EPA rule requiring stc_rmwater permits were promulgated, any stormwater
discharge associated with industrial activity requires an NPDES permit application
[40 CFR Pt. 122.26(a)(1)(ii)].

Under Sect. 404 of the CWA (33 U.S_C. Sect. 1344), dredged or fill material may
not be discharged into waters of the United States, including rivers, streams, wetlands, and
playa lakes, by, or on behalf, of, any federal agency, other than the U.S. Army Corps of
Engineers, without a permit issued pursuant to Corps rules and regulations (33 CFR
Pts. 320-328). Those regulations prescribe special policies, practices, and procedures to be
followed by the Corps in reviewing applications for permits to authorize such discharges

O (33 CFR Pts. 320, 323, and 325). In issuing such permit_, th_ Corps must consider theimpact that such activity would have on tloodplains and wetlands in accordance with
Executive Orders 11988 and 11990 (See Sect. 12.3.5).
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123.2 Clean Water Act Requirements for Tennessee

The Tennessee Water Quality Control Act of 1977, as amended (TCA, Title 69,
Chap. 3-101 et seq.) establishes a state policy to maintain reasonable standards of water
quality. The Act authorizes TDEC to develop regulations to implement this policy and to
adopt water quality standards. The TDEC Division of Water Quality Control water quality
standards and regulations are delineated in Tenn. Comp. R. & Regs., Title 1200, Chap. 4.
The TDEC implements and enforces its delegated authority to issue NPDES permits.
However, EPA Region IV acts as a review agency for permit applications. The Tennessee
NPDES Permit Regulations include discharge requirements, application and filing
procedures, terms and conditions of permits, duration of permits, and record keeping
responsibilities of dischargers.

TDEC is adopting the EPA rule that requires an NPDES permit application for
any stormwater discharge associated with an industrial activity (Draft "l'enn. Comp. R. &
Regs., Title 12;;0, Chap. 4-10). A new NPDES permit may be required for construction
site stormwater runoff discharges if the ANS construction site is 2.02 ha (5 acres) or more
and for the post-construction ANS hcility itself, or (2) from the discharge of cooling water
from new ANS outfall structures constructed in White Oak Creek watershed on the
Clinch River. The existing sitewide NPDES permit would have to be modified ibr
discharge of additional sanitary wastewater, cooling tower blowdown, boiler blowdown,
laboratory wastewater, process wastewater, effluent streams from the treatment facilities,
and for the additional discharge of cooling water through new or existing on-site surface
drainage systems. Also, for any construction in wetland areas or projects involving dredge
and fill activities, a U.S. Army Corps of Engineers permit would have to be applied for t_
under Sect. 404 of the CWA, as well as a TDEC permit under Draft Tenn. Comp. R. &
Regs., Title 1200, Chap. 4-%and approval under the Tennessee Valley Authority (TVA)
Act, Section 26A. In addition to the monitoring requirements of the NPDES permit, the

discharge monitoring will have to comply with DOE Order 5400.1, and discharges will
have to meet the requirements of DOE Order 5400.5.

In addition, the TDEC applies a permitting system, the Aquatic Resources
Alteration Permit, for dredge and fill projects that is similar to that of the U.S. Army
Corps of Engineers (33 CFR Pts. 320, 323, and 325). The TDEC Rule is Tenn. Comp. R.
& Regs., title 1200, chap. 4-7, "National Resources Development." The TVA must also
be consulted for dredge/fill activities under Sect. 26A of the TVA Act of 1933 (16 U.S.C.
Sect. 83l et seq.), as amended.

IL'_3 Rivers and Harbors Appropriations Act

Section 10 of the Rivers anti Haibors Appropriations Act of 1899, as amended
(33 U.S.C. Sect. 401 et seq.) prohibits the unauthorized obstruction or alteration of any
navigable water of the United States. The construction of any structure in or over
navigable water, the excavation from or depositing of material in such waters, or the
accomplishment of any such work affecting the course, location, condition, or capacity of
such waters is unlawful unless the work has been recommended by the U.S. Army Corps
of Engineers and authorized by the Secretary of the Army.

For structures or work affecting navigable waters pursuant to regulations cited in
33 CFR Pis. 320, 322, and 325, permits may be required. Application for a permit under
Sect. 10 of this act can be submitted to the Corps in conjunction with any application for a
permit for the discharge of dredged or fill materials under Sect. 404 of the
CWA [33 CFR Pr. 325.1(d)(2)]. Pursuant to Corps regulations, consultation with the
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O Tennessee Wildlife Resources Agency, which is responsible for fish and wildlife, must take
place before a Sect. 10 permit is issued, lt is expected that the primary impact from ANS
operations will be to Friendship Creek and/or Melton Branch, which should not obstruct
or alter navigable waters. However, if new cooling water intake structures were
constructed for the ANS facility or if construction for additional cooling water discharges
were to impact navigable waters (e.g., the Clinch River) DOE would consult with the
Corps to determine which requirements might apply under the Rivers and Harbors
Appropriations Act and 33 CFR Pt. 320 et seq,

12.3.4 Safe Drinking Water Act

The primary objective of the SDWA [42 U.S.C. Sect. 300(0 et seq.] is to protect
the quality of public water supplies, water supply and distribution systems, and ali sources
of drinking water. Sections of the act address public water systems, protection of
underground sources of drinking water, emergency powers, general provisions, and
additional requirements to regulate underground injection wells. The National Primary
Drinking Water Regulations administered by EPA, establish standards applicable to public
water systems (40 CFR Pt. 141 et seq.). The regulations set forth maximum contaminant
levels, including those for radioactivity in community water systems. No new public water
supply system is anticipated to be constructed at ORNL.

No other injection wells are contemplated at any site. Furthermore, no site is
located over a sole source aquifer or wellhead protection area as designated by the state
under the SDWA (42 U.S.C. Sect. 1421). Therefore, this act does not apply to the

O or operation facility except as setconstruction of the ANS forth above.

12.3.5 Executive Order 11988, Floodplain Management
Executive Order 11990, Protection of Wetlands

There are many small floodplains and swampy areas throughout the ORR (ORR
pp. 3-1-3-4, 4-3 1991). Portions of ORNL are located in the 100. and 500-year Clinch
River floodplain (Pat Scofield, Research Associate, ORNL, Oak Ridge, Tenn., personal
communication with Ed Bright, Computing and Telecommunications Division, ORNL,
Oak Ridge, Tenn., Nov. 13, 1991). A preliminary study of wetlands areas on the ORR has
been recently completed (Cunningham and Pounds 1991, pp. 1-44). If construction and
operation of the ANS facility were to impact floodplains or wetlands areas, compliance
with the Executive Orders 11988 [Fed. Regist. 42, 26951 (1977)! and 11990 [Fed. Regist.
42, 26961 (1977)] and the DOE floodplain/wetlands environmental review requirements
would be required (10 CFR Pt. 1022).

F_xecutiveOrder 11988 requires federal agencies to establish procedures to ensure
that the potential effects of flood hazards and floodplain management are considered for
any action undertaken in a floodplain and that floodplain impacts be avoided to the extent
practicable. Executive Order 11990 requires ali federal agencies to consider protection of
wetlands in decision making for a proposed action.

DOE has established procedures (10 CFR Pt. 1022, Compliance with
Floodplain/Wetlands Environmental Review Requirements) for compliance with these
executive orders. These regulations require DOE to assess the effects of a proposed

O action on the survival, quality, and natural or beneficial values of wetlands and to avoidimpacts to floodplains to the extent practicable. Pursuant to the regulations and
concurrent with DOE's review of a proposed action, DOE shall prepare a floodplain/
wetlands assessment which would be prepared currently with, and included in the NEPA

!
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document [10 CFR Pt. 1022.12(b)] and included in the Notice of Intent to satisfy the early O
public review requirement [10 CFR Pt. 1022.14 (a)]. For actions that would take place in
a floodplain, DOE must publish a statement of findings which may be incorporated into
the Finding of No Significant Impact or final EIS (10 CFR Pt. 1022.15). The findings
must include a brief description of the proposed action, an explanation indicating why the
action is proposed to be located in the floodplain, a list of alternatives considered, a
statement that the action conforms to applicable state and local floodplain protection
standards, and a brief description of steps to be taken to minimize potential harm to or
within the floodplain.

12.4 BIOTIC RESOURCES

12.4.1 Endangered Species Act of 1973

The Endangered Species Act of 1973 (16 U.S.C. Sect. 1531 et seq.), as amended, is
intended to prevent the further decline of endangered and threatened species of animals
and plants and to restore these species and their critical habitats. The act is jointly
administered by the U.S. Department of Commerce (marine species and their habitats
under 50 CFR Pts. 222.23 and 227.4) and DOI (ali other plant and animal species and
their habitats under 50 CFR parts 17.11 and 17.12). DOE is required to consult with the
U.S. Fish and Wildlife Service (FWS), DOI, and/or the National Marine Fisheries Services
of the U.S. Department of Commerce, to determine if endangered and threatened species
and their critical habitats are found in the vicinity of the proposed site (16 U.S.C. Sect.
1536). The FWS list of endangered and threatened species and their critical habitats is
found in 50 CFR Pt. 17. Federal and state rare, threatened, or endangered animal or
plant species known to occur on or near ORR are listed in the Resource Management
Plan for ORR, Vol. 24 (Kroodsma 1987, pp. 10-15; Parr and Pounds 1987, pp. 37-47;
ORR 1991, pp. 3-6, 3-10). Updated intbrmation on threatened or endangered animal or
rare plants on or near ORR are available through the Oak Ridge National Environmental
Research Park.

If, during site construction or operation, investigations reveal the presence of any
rare, threatened, or endangered animals or plants at the ANS site, requirements pursuant
to the Endangered Species Act, the Tennessee Nongame and Endangered or Threatened
Wildlife Species Act of 1974, (TCA, title 70, chap. 8-101-112) and the Tennessee Rare
Plant Protection and Conservation Act of 1985 (TCA, title 70, chap. 8-301 et seq.) would
be implemented (see Table 12.2). DOE must consult with the Tennessee Wildlife
Resources Agency (TWRA), DOI, and FWS, to assess potential impacts and develop
mitigation measures. In addition, habitat modification impacting any species designated by
the state as "in need of management" (Proclamation #86-29) may also trigger the state
requirements (Etnier 1991, p. 40).

12.4.2 Bald and Golden Eagle Protection Act

The Bald and Golden Eagle Protection Act (16 U.S.C. Sect. 668-668dd) makes it
unlawful to take, pursue, molest, or disturb bald and golden eagles, their nests, or their
eggs anywhere in the United States. No permits or approval procedures are required ,dm,,
unless a nest interferes with resource development. In that case, a permit must be
obtained from DOI to relocate the nest. The Southern Bald Eagle has been sighted on
the ORR, but is not known to nest in the ORR area (Kroodsma 1987, p. 10). If a bald
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O t' 't'eagle nest were found in the vicinity of the ANS construction and operation ac Ivl ms,
DOE will consult with DOI and TWRA.

Bald and golden eagles and their habitats are also protected under the federal
Endangered Species Act as well as the State of Tennessee Nongame and Endangered and
Threatened Wildlife Species Conservation Act of 1974.

12.4.3 Fish and Wildlife Coordination Act

The Fish and Wildlife Coordination Act (FWCA) (16 U.S.C. Sect. 661 et seq.) is
intended to ensure that wildlife conservation receives equal consideration and is
coordinated with other features of water resource development programs through effective
and harmonious planning, development, maintenance, and coordination of wildlife
conservation and rehabilitation. The act applies whenever the waters of any stream or
other body of water greater than or equal to 10 acres (4 ha) in surface area are proposed
or authorized to be controlled or modified for any purpose whatever by any department or
agency of the United States or by any public or private agency under federal permit or
license. Friendship Creek and Melton Branch may be impacted by the ANS facility, lt is
not expected that these streams would be modified such that the FWCA would be
triggered. If ANS construction or operation requires modification of a stream or river,
DOE will consult with FWS and TWRA to develop protective measures for affected
wildlife.

O 12.5 I-IIS'IORICAL, AND CULq3.JRAL RESOURCEARCHAEOLOGICAL
REQUIREMENTS

12.5.1 National Historic Preservation Act

Section 470f of the National Historic Preservation Act (NHPA) of 1966, as
amended (16 U.S.C. Sect. 470 et seq.; commonly known as Section 106 [Pub L, 89-665,
1966]) requires federal agencies to take into account the effects of their operations on
properties included in, or eligible for, the National Register of Historic Places (NRHP).
The Advisory Council of Historic Preservation regulations specit_ a number of criteria to
be used in determining whether a given federal or federally supported action will result in
adverse effects to historic properties (36 CFR Pt. 800.9).

If a proposed action might impact an historic property resource, consultation with
the State Historic Preservation Officer (SHPO) and the Advisory Council on Historic
Preservation is required (36 CF'I_,Pt. 800). Such consultation can result in execution of a
Memorandum of Agreement that includes stipulations that must be followed to minimize
adverse impacts.

In Tennessee, the deputy SHPO, Herbert Harper, is the Executive Director of the
Tennessee Historical Commission (Pat Scofield, Research Associate, ORNL, Oak Ridge,
Tenn., personal communication with Kevin Smith, Federal Program Archaeologist,
Tennessee Department Environment and Conservation, Nashville, Tenn., November
1991). The Tennessee Historical Commission reviews cultural resources impacts pursuant
to Sect. 106 of the NHPA.

O The NRHP lists 80 sites in the five-county area (Roane, Anderson, Knox, Loudon,and Morgan) surrounding ORR, but only one, the Graphite Reactor, is located at ORNL
(NRHP 1989, pp. 666-78). Though not listed in the NRHP, several cemeteries are located
on the ORNL site (Etnier 1991, p. 38). Cemeteries are protected by Tennessee state laws
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[e.g., TCA, Title 39, Chap. 17-311 (Desecration of Venerated Object) and TCA, Title 39,
Chap. i7-312 (Abuse of Corpse)] (Fielder' 1990). A court order would be required to
remove cemetery remains (TCA, Title 46, Chapter 101-104).

12.5.2 Archaeological and Historic Preservation Act

The Archaeological and Historic Preservation Act of 1974 (16 U.S.C. Sect. 469 et
seq.), as amended, is directed at the preservation of historic and archaeological data that
would otherwise be lost as a result of federal construction or other federally licensed or
assisted activities, lt authorizes DOI to undertake recovery, protection, and preservation of
archaeological and historic data. If a federal agency determines that a proposed action
might cause irreparable damage to archaeological resources, that agency is required to
notify DOI in writing. The agency involved may then undertake recovery and preservation
or may request that DOI undertake preservation measures.

In a study conducted in 1974, sites of aboriginal occupations on the ORR were
located and evaluated (Fielder 1974). Of the sites examined, the majority were distributed
along the drainage system of the Clinch River (Fielder 1974, p. 79). A recent
archaeological survey has been completed that indicates that the expected ANS site should
not impact archaeological sites (Pat Scofield, Research Associate, ORNL, Oak Ridge,
Tenn., personal communication with M. C. Weist, Health, Safety, and Environment,
Y-12 Plant, Oak Ridge, Tenn., Nov. 11, 1991). If any A.NSactivities might result in
irreparable damage to historic or archaeological resources, DOE would be required to
notify DOI,

12.53 American Indian Religious Freedom Act II

The purpose of the American Indian Religious Freedom Act (42 U.S.C. Sect. 1996
et seq.) is to protect and presep/e for Native Americans their inherent right of freedom to
believe, express, and pretect the traditional religions, including, but not limited to, access
to religious or traditional sites, use and possession of sacred objects, and freedom to
worship through ceremonies and traditional rites. DOE will cooperate with Native
Americans in expressing their religious beliefs on DOE-controlled sites that are also
traditional Native American religious sites.

In Tennessee, the protection of Native American burial sites and religious objects
is covered by two sections of the criminal code that deal with cemeteries and grave
robbing [TCA, title 39, chap. 17-311 (Desecration of Venerated Object) and TCA, title 39,
chap. 17-312 (Abuse of Corpse)]. Legislative intent includes Native American a,ad burial
sites and religious objects and historic sites (Pat Scofield, Research Associate, ORNL, Oak
Ridge, Tenn., personal communication with Kevin Smith, Federal Program Archaeologist,
Tennessee Department Environment and Conservation, Nashville, Tenn., November
1991). New rules have been issued pertaining to Native American Indian Cemetery
removal and reburial (Tenn. Comp. R & Reg. Chapter 400-9-1). Written notification of
the removal of remains must be submitted to the Native American member's of the
Archaeological Advisory Council, Chairman of the Tennessee Commission of Indian
Affairs, and the State Archaeologist.
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O 12.5.4 Executive Order 11593

Executive Order 11593, Protection and Enhancement of the Cultural Environment
[Fed. Re#st. 36, 8921 (May 13, 1971)], requires federal agencies to locate, inventory, and
nominate qualifying properties under their jurisdiction or control to the NRHP. This
process requires DOE to provide the opportunity for the Advisory Council on Historic
Preservation to comment on the possible impacts of the proposed action on any potential
eligible or listed resources.

12.6 HEALTH AND SAFETY

Under the authority of the Atomic Energy Act, DOE has the responsibility to
establish a comprehensive health and safety and environmental program for its facilities.
The regulatory mechanism through which DOE manages its facilities is the issuance of
DOE orders. DOE is in the process of codifying certain orders into regulations, such as
DOE Order 5480.11, Radiation Protection for Occupational Workers, which may be
superseded by 10 CFR Pt. 835, and DOE Order 5400.5, Radiation Protection for the
Public and Environment, which may be superseded by 10 CFR Pt. 834.

lt is the objective of DOE and ORNL to operate its facilities and conduct its
activities so that the health and safety of workers and members of the public are
maintained within the limits specified in DOE orders, lt is also a DOE and ORNL
objective to limit radiation exposures to workers and members of the general public to

i_ levels that are as low as reasonably achievable (ALARA).
lt is the policy of DOE to implement legally applicable occupational health, safety

and radiation l_rotection standards. Such standards are referenced in DOE Orders and
many of them are prescribed. Also it is DOE's policy to adopt and implement standards
that are generally consistent with those of NRC for its facilities and activities not subject
to NRC's licensing authority.

12.6.1 Worker Health and Safety

Occupational worker radiation protection standards and program requirements for
DOE and DOE contractors are given in DOE Order 5480.11, Radiation Protection for
Occupational Workers. lt has been proposed that this order will be codified in 10 CFR
Pt. 835. The ALARA process for the limitation of' occupational exposures for DOE
operations would also be addressed in 10 CFR Pt. 835 (see Sect. 5.10.3 concerning
ORNL's ALARA program).

As a matter of DOE policy, it is required that ORNL comply with the following
occupational safety standards: 29 CFR Pt. 1910, Occupational Safety and Health
Standards; 29 CFR Pt. 1926, Safety and Health Regulations for Construction; and 29 CFR
Pt. 1928, Safety and Health Standards for Agriculture. DOE policy also requires
compliance to other applicable standards, such as, ANSI Z.117.1, "Safety Requirements for
Working in Tanks and Other Confined Spaces" and ANSI Z88.2, "Standard for
Respiratory Protection" (current version).

Examples of DOE orders applicable to the protection of health and safety of

O workers are listed below: ,,
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DOE Order 5483. lA Occupational Safety and Health Program for DOE
Contractor Employees at Government-Owned Contractor-
Operated Facilities

DOE Order 5480.1B Environmental Safety and Health Program for DOE
Operations

DOE Order 5480.4 Environmental Protection, Safety, and Health Protection
Standards

DOE Order 5480,9 Construction Safety and Health Program
DOE Order 5484,1 Environmental Protection, Safety, and Health Protection

Information Reporting Requirements
DOE Order 5482.1B Environmental Safety and Health Appraisal Program
DOE Order 5480,6 Safety of DOE-Owned Nuclear Reactors
DOE Order 5480.5 Safety of Nuclear Facilities
DOE Order 5480.10 Contractor Industrial Hygiene Program
DOE Order 5480,20 Personnel Selection Qualification, Training, and Staffing

Requirements at DOE Reactors and Nonreactor Nuclear'
Facilities

Other DOE Orders that ,nay be applicable to occupational health protection are
listed in Table 12.6-1.

12.6.2 General Public Health and Safety

DOE is proposing to promulgate in 10 CFR Pr. 834 its primary standard for O
Radiation Protection ot' the Public and Environment, which was originally issued as DOE
Order 5400.5. This proposed radiation protection standard is generally consistent with the
recent radiation protection rulemakings by the NRC nnd EPA. The following list provides
examples of DOE orders that also address general public health and protection:

DOE Order 5400.1 General Environmental Protection Program
DOE Order 5480.4 Environmental Protection, Safety, and Health Protection

Standards

DOE Order 5484.1 Environmental Protection, Safety, and Health Protection
Information Reporting Requirements

DOE Order 5482.1B Environmental Safety, and Health Appraisal Program
DOE Order 5000.3A Occurrence Reporting and Processing of Operations

Information

Other DOE Orders that may be applicable to public health protection are listed in
Table 12.6-1.

DOE has prepared two documents, entitled, En,,ironmental Regulatory Guide for
Radiological Effluent Monitoring and En,_ironmentai Surveillance, and DOE Guidance on
the procedures in applying the ALARA process for compliance with DOE 5400.5 which
provides DOE Order 5400 series compliance guidance, which would be applicable to ANS
facility operations.

EPA also has general public protection regulations that must be considered tbr
DOE facilities (Etnier 1991, p. 28); these are listed in Table 12.6-2.

In addition, DOE and the state of Tennessee have entered into an agreement, the
TN/DOE Oversight Agreement, whereby the state has site access to conduct independent
monitoring and environmental oversight at ORNL. These activities are designed to ensure
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0
Table 12.6-1. Department of Energy Orders applicable to the

Advanced Neutron Source project

Order Subject

1540.2 Hazardous Material Packaging for Transport--Administrative Procedures

1540.3 Base Technology for Radioactive Material Transportation Packaging Systems

1540,4 Physical Protection of Unclassified Irradiated Reactor Fuel in Tansit

4700,1 Project Management System

5000.3A Unusual Occurrence Reporting System

5400,1 General Environmental Protection Program

5400.2A Environmental Compliance Issue Ct_ordination

5400.3 Hazardous and Radioactive Mixed Waste Program

5400,4 Comprehensive Environmental Response, Compensation, and Liability Act
Requirements

5400.5 Radiation Protection of the Public and the Environment (10 CFR Pt, 834)

5440.1D National Environmental Policy Act

O 5480,1B Environmental, Safety, and Health Program for DOE Operations

5480.3 Safety Requirements for the Packing and Transporation of Hazardous
Materials Hazardous Substances and Hazardous Waste

5480.4 Environmental Protection, Safety, and Health Protection Standards

5480,5 Safety of Nuclear Facilities

5480,6 Safety of DOE-Owned Nuclear Reactors

5480,7 Fire Protection

5480,9 Construction Safety and Health Program

5480.11 Radiation Protection for Occupational Workers (10 CFR Pt. 835)

5481.1B Safety Analysis and Review System

5482.1B Environmental Protection, Safety, and Health Protection Appraisal Program

5483,1A Occupational Safety and Health Program for DOE Contractor Employees at
Government-Owned Contractor-Operated Facilities

5484.1 Environmental Protection, Safety, and Health Protection Information
Reporting Requirements

5500.1A Emergency Management System

il_ 5500,3 Reactor" and Nonreactor Nuclear Facility Emergency Planning, Preparedness,
IF' and Response Program for DOE Operations

5630.11 Safeguards and Security Program
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0
Table 12.6-1. (continued)

,, ii i ,

Order Subject

5630,12 Safeguards and Security inspection and Evaluation Program

5700.6B Quality Assurance

5820.2A Radioactive Waste Management

6430.1A General Design Criteria

Table 12.6-2. U.S. Environmental Protection Agency public protection regulations
applicable to the Advanced Neutron Source project

Regulation Applicability Exposure conditions

40 CFR Pt, 61 NESHAP for DOE Airborne emissions
facilities

40 CFR Pt, 141 Drinking water Community water
maximum containment levels systems

40 CFR Pt. 190 Nuclear Power Operations Ali sources O

40 CFR Pt. 191 Spent nuclear fuel Ali sources
high level and transuranic
wastes

40 CFR Pts. 264.90-264.101 Releases from Solid Ali sources
(Subpart F) Waste Management Units

that the facility is in compliance with state, federal, and local laws and regulations as well
as assuriog the citizens ot' the state that their health, safety, and environment are being
protected. The Tennessee Oversight Division will be involved in environmental
compliance, radiological monitoring, waste management, and environmental restoration. i

12.7 MANAGEMENT OF W_ AND HAZARDOUS MATERIALS

Generation and management of wastes from proposed ANS activities are described
in Sect. 3.

12.7.1 Resource, Conservation and Recovery Act of 1976

The treatment, storage, or disposal of solid waste, both nonhazardous and
hazardous, is regulated by EPA following guidelines established by Congress under the
Solid Waste Disposal Act of 1965, as amended by RCRA (42 U.S.C. Sect. 6901 et seq.),
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the Solid Waste Disposal Act Amendments of 1980, and the Hazardous and Solid Waste
Amendments (HSWA) of 1984. Although EPA promulgates the regulations (see title 40
CFR Pt. 240 et seq,) governing solid and hazardous waste, the states can establish their
own regulations and receive EPA authorization to administer and enforce a hazardous
waste program pursuant to RCRA` State programs must be at least as stringent as the
federal regulations, but may be more stringent than the EPA's regulations. Before EPA's
enactment of HSWA, changes in the federal regulations were not enforced in an
authorized state until the state's program was appropriately modified and approved by
EPA. However, ali regulations enacted under HSWA are entbrced by EPA until the
authorized state receives approval under Sect. 3006(g). As a result, a regulated facility in
an authorized state operates under a dual state-federal regulatory system, ORNL operates
under this dual system.

The Tennessee regulations are patterned closely after the federal regulations
promulgated by EPA, but by necessity lag behind EPA rulemaking because of the
frequency of EPA rulemaking changes, In a few instances, the state requirements are
deliberately different (more stringent) from EPA's regulations, As of October 1_)1,
Tennessee did not have authorized hazardous waste regulations that incorporated ali of
EPA's latest HSWA amendments to the RCRA regulations,

12.7.2 Tennessee RCqtA Program

TDEC is responsible for implementing rules and regulations mandated by the
Tennessee Solid Waste Disposal Act (enacted by Tennessee Public Acts of 1969, as

amended) (TCA, Title 68, Chap. 31-101 et seq.) and the Tennessee Hazardous Waste
Management Act (THWMA) of 1975, as amended (TCA, Title 68, Chap. 46-101 et seq.).
Those acts provide for the protection of human health and the environment from the
effects of improper or unsafe management of solid and hazardous wastes. THWMA also
promotes recycling of hazardous waste and minimization of hazardous waste generation
and also establishes a tracking or manifesting system for these wastes. Both the solid and
hazardous waste acts establish requirements for the design, construction, and permitting of
treatment, storage, or disposal facilities, and they also provide for issuing fines and
penalties against violators. TDEC, Division of Solid Waste Management, promulgates the
solid waste regulations under Tenn. Comp, R. & Regs., Title 1200, Chap. 1.7 and the
hazardous waste regulations under Tenn. Comp. R, & Regs., Title 1200, Chap. 1-11, and
enforces those regulations. Typically, those regulations mirror the federal regulations.
Only a few portions of the state's hazardous waste regulations are more restrictive than ._
the federal regulations. Tennessee has EPA authorization to implement the solid waste
program under Subchapter II1 of RCRA and the hazardous waste program (including
mixed wastes) under Subchapter IV of RCRA.

The ANS facility is expected to generate solid, hazardous, radioactive, and mixed
waste as a part of construction or operation. ORNL does not operate an on-site solid
waste landfill. Currently, ORNL uses the Y-12 Plant Sanitary Landfill II for
nonradioactive, nonhazardous solid wastes. The Y-12 Plant's acceptance of ORNL's solid
wastes is largely governed by waste acceptance criteria in the Y-12 Plant operating permit
for the landfill. That landfill is nearing capacity and the opening and permitting of a new
landfill is planned, lt appears likely that any solid waste generated at the ANS facility

should meet the Y-12 Plant waste acceptance criteria for both the existing and plannedlandfill. If special types of solid wastes are generated by ANS, ORNL and the Y-12 Plant
may request permission from TDEC to dispose of those wastes at the Y-12 Plant landfill.
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ORNL's existing facilities may not be adequate to accommodate ali of the i_
hazardous or mixed waste that would be generated by the ANS facility, ORNL plans to
construct additional hazardous waste storage facilities and one treatment facility ibr mixed
waste, However, most of the new facilities are for transuranlc mixed wastes, Capacity for
hazardous and low.level mixed waste is limited, Additional waste-handling capacity may be
needed to accommodate the ANS-generated radioactive hazardous or mixed waste. Any
modification of existing or planned on-site hazardous waste storage facilities (including
wastes not identified in the Part A interim permit, Part B permits or permit applications)
or wastewater treatment facilities (regulated under Permit-by-Rule [Tenn, Comp, R, &

Regs,, title 1200, chap, 1-11-,07(1)(c)1! would require amendment of those existing permits
or permit applications for those faclllties,b A new permit application would have to be
submitted for ORNL to treat mixed waste on-site,"

For any hazardous or mixed wastes generated by the ANS activities, ORNL and
DOE would have to comply with the EPA and state hazardous waste regulations (see 40
CFR Pt, 260 et seq, and Tenn. Comp. R. & Regs,, Title 1200, Chap, 1-11, respectively),
Those regulations govern the identific_ttlon of hazardous waste regulations; the handling of
wastes by generators and transporters; and treatment, storage, and disposal facilities,
Those regulations include requirements for container management (labeling, marking,
handling, etc,), preparedness and prevention, contingency planning, reporting, and record
keeping. For the construction of new or modified treatment, storage, or disposal facilities,
ORNL and DOE would have to comply with the permitting requirements and regulations
applicable to owners and operators of hazardous waste facilities,

Subchapter IX of RCRA requires regulation of underground storage tanks (USTs)
containing petroleum products and any substance defined as hazardous under the (_
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of

,'w.

1980. (Subchapter IX does not regulate tanks storing hazardous wastes as defined by
RCRA.) Any new USTs installed for the ANS facility must meet EPA or state standards
for environmental protection. The TDEC, Division of Underground Storage Tanks,
regulates USTs storing petroleum products, but EPA regulates USTs containing the
remaining regulated substances. In general, these regulations (40 CFR Pt, 28(1and Tenn.
Comp, R. & Regs., title 1200 chap. 1-15) govern the design, installation, and operation of
USTs. ORNl.. would have to notify either EPA or the TDEC (as appropriate) if any new
Subchapter IX USTs are installed at the ANS facility. Once the USTs are installed, DOE
and ORNL would have to comply with the requirements for operating those USTs,

12.7.3 Ca_mprchcnsive Environmental Response, Compensation, and Liability Act

CERCLA (42 U,S.C. Sect. 9601 et seq.), as amended by the Superfund
Amendments and Reauthorization Act of 1986 (Pub. L, 99.499), provides liability,
compensation, cleanup, and emergency response by the t'ederal government ibr hazardous
substances released into the environment and for the cleanup of' inactive hazardous waste
disposal sites, ORR was placed on the National Priorities List for remedial action under
CERCLA in November 1989.

Pursuant to the authority of Sect. 120 of CERCLA, an FFA has been negotiated
between EPA-Region IV, TDEC, and the DOE Oak Ridge Field Office. The FFA

O
_'Permtt appllc_tlons for existing t_nd pl_lnnt:dstorage lt_ctllttes _lrelt_ be submitted tc_the 'l_)Ef_' by May 1992,
_I'he RCRA i'arl B permit npplle_ltton I(_r the Waste t-hmdllng and t'_ck_glng Plaint, n treatment facility for irnnsuranlc

wastes, shotlld be _;ubmltted in CY 1(_,_4or CY ltY15,
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O outlines the mechanisms for the expeditious completion by DOE of ali necessary remedial
actions required by CERCLA as well as those of RCRA Sects, 3004 (u) and (v),

DOE must also observe the reporting requirements If a release of a hazardou,,l
substance or radionuclide (Table 302,4 and Appendix A and B) occurs that exceeds
established Reportable Quantities (RQ)(40 CFR Pt, 302,6). If a release occurs that is
equal to or exceeds the RQ, the person in charge of the facility must Immedlately notify
the National Response Center,

Therefore, irl performing such remedial actions, or in the case of a release of a
reportable substance, DOE must observe the reporting, response, removal, and
remediation provisions of CERCLA, in compliance with the National Otl and Hazardous
Substances Pollution Contingency Plan [40 CFR Pt, 300 et seq', Fed, Regist, 55, 666
(Mar, 8, 1990)], FFA, and DOE Order 540(I,4, Comprehensive Environmental Response,
Compensation, and Liability Act Requirements,

12.7.4 Radioactive Waste

The Atomic Energy Act of 1954 (42 U,S.C. Sects, 2011-2259) and its amendments
delegated authority for control of nuclear energy to DOE, NEC, and EPA. DOE is
authorized to control ali types oi' nuclear materials at sites under its jurisdiction and is
exempt from the NRC licensing and regulatory requirements, DOE regulations for
handling of radioactive materials are outlined in a series of internal DOE Orders that are
legally binding to DOE contractors,

The following are examples of DOE orders applicable to transport, handling, and

O disposal waste:of radioactive

DOE Order 5480.1B Environmental, Safety, and Health Program for DOE
Operations

DOE Order 5400,1 General Environmental Protection Program Requirements
DOE Order 5820.2A Radioactive Waste Management
DOE Order 5400,3 Hazardous and Radioactive Mixed Waste Program
DOE Order 5480.3 Safety Requirements for the Packaging and

Transportation of Hazardous Materials, Hazardous
Substances, and Hazardous Wastes

DOE Order 1540.2 Hazardous Material Packaging for Transport -
Administrative Procedures

DOE Order 1540.3 Base Technology for Radioactive Material Transportation
Packaging Systems

DOE Order 1540.4 Physical Protection of Unclassified Irradiated Reactor
Fuel in Transit

DOE Order 5480,4 Environmental Protection, Safety, and Health Protection
Standards

Interim storage of radioactive wastes and residues are guided by DOE
Order 5400.5 (Draft 10 CFR Pt. 834), and DOE Order 5820,2A, Long-term management
of radioactive waste is also guided by the aforementioned DOE Orders and
40 CFR Pr. 191, These EPA regulations pertain to management, storage, and disposal of

O spent nuclear fuel, high-level wastes, and transuranic wastes. Applicable Department ot'Transportation regulations include 49 CFR Pts, 100-180 and Pts, 211-236.
In addition to the remedial action requirements defined in the FFA, low-level

radioactive waste tank system requirements are also specified, Ali new liquid low-level
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radioactive waste tank system designs must meet ali applicable standards of Appendix F of O
the FFA. Furthermore, each design/installation assessment must be submitted to EPA and
TDEC for review and approval,

The TN/DOE Oversight Agreement allows the state to have site access to conduct
independent monitoring and environmental oversight at ORNL, The Tennessee Oversight
Division will be evaluating ORNL waste management operations, These activities are
designed to ensure that the facility is in compliance with state, federal, and local laws and
regulations as well as assuring the citizens o[' the state that their health, safety, and
environment are being protected,

12.7.5 Emergency and Spill Prevention Control Planning

Under the Emergency Planning and Cornmunity Right to Know Act of 1986
(42 U,S.C, Sect, 11001 et seq,), industrial facilities are required to provide information,
such as inventories of specific chemicals used or stored, to the appropriate State
Emergency Response Commission and Local Emergency Planning Committee to ensure
that emergency plans are sufficient to respond to accidental releases of hazardous
substances, This act does not apply to federal agencies, However, the DOE will voluntarily
comply with respect to the ANS facility actlvitio.s,

12.7.5.1 National Oil and Hazardous Sulx_tanc._ Pollution (_.mtingen_ Plan

The National Oil and Hazardous Substances Pollution Contingency Plan (40 CFR
Pt. 300) applies to ali federal agencies and is in effect for discharges or potential threats of lm
discharges of oil and hazardous substances into the environment, The plan provides for
efficient, coordinated, and effective response to discharges by providing for the division
and specification of responsibilities among federal, state, and local governments, lt
establishes requirements for federal, regional, and local contingency plans.

12.7.5.2 Spill Prevention, Control, and Countermeasur_ Plan

Under Sect, 311 of the federal CWA, as codified in 40 CFR Pt. 112, a spill
prevention control and countermeasures (SPCC) plan is required tbr ali facilities that
could be reasonably expected to discharge oil in harmful quantities (as defined in 40 CFR
Pt. 110) into or upon the navigable waters of the United States or adjoining shorelines
and which store oil in excess of specified storage volumes. There are no analogous state
of Tennessee regulations on oil pollution prevention.

ORNL is considered to be a "facility" for the purpose of this regulation. ORNL
uses oil in quantities which require an SPCC plan to be developed, and it has an SPCC
plan, The ANS facility would be incorporated into the ORNL SPCC plan by amendment,

In addition to the requirement to have a written SPCC plan, 40 CFR Pt. 112
contains certain engineering requirements to prevent oil spillage from reaching waters of
the United States, and also contains certain inspection, training, security, and record
keeping requirements, 'The SPCC engineering requirements will be incorporated into the
ANS facility design. The inspection, training, and record keeping requirements for the
ANS will be incorporated into the ongoing ORNL, environmental compliance program.
The security requirements will be more than adequately covered by the existing ORNL
security program. Q
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