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SUMMARY AND CONCLUSIONS

This Second Addendum to the Final Environmental Statement has been prepared by the
U. S. Nuclear Regulatory Commission, Office of Huclear Reactor Regulation (the staff).

1.

2.

The action is administrative.

The proposed action is the issuance of Operating Licenses to the Virginia Electric
and Power Company for the startup and operation of the North Anna Power Station,
Units No. 1 and 2, located on Lake Anna in Louisa County, 40 miles east of
Charlottesville, Virginia (Docket Nos. 50-338 and 50-339).

The facility will employ two pressurized-water reactors with a maximum design
power level of 2900 megawatts thermal (MWt) per unit. Steam turbine-generators
will use this heat to provide up to 980 megawatts {MWe) of alectrical generation
per unit. The exhaust steam will be condensed by once-through flow of water
obtained from and discharged to Lake Anna.

On March 24, 1969, the Virginia Electric and Power Company (VEPCO) filed an
application with the United States Atomic Energy Commission (AEC) for permits

to construct North Anna Power Station, Units No. 1 and 2. Following reviews by
the AEC regulatory staff and the Advisory Committee on Reactor Safeguards ant
following a public hearing before an Atomic Safety and Licensing Board in
Louisa, Virginia, November 23-25, 1970, Construction Permits No. CPPR-77 and

No. CPPR-78 were issued on February 19, 1971. The applicant petitioned for
licenses to operate both units and submitted in March 1972 the required
environmental report (ER) to substantiate this petition. The staff reviewed

the activities associated with the proposed operation of this plant and the
potential impact. The conclusions obtained in the staff's environmental review
were issued as a Final Environmental Statement (FES) in April 1973. &v letter
dated January 2, 1976 the staff rcouested that the apnlicant update the Environ-
mental Report for the North Anna Power Station, Units Nos. 1 and 2, to ensure
that the FES properly considers any design changes or other changes in ccnditions
such as revisions in load forecasts. The information provided by the applicant
in an Environmental Report Supplement was reviewed by the staff and the results
of that review were issued in an Addendum to the FES dated November 1976 (NUREG-
0134) and Errata to the Addendum to the FES. Where necessary, revision was made
of the assessment of the environmental impact associated with operation of the
North Anna Power Station. The Operating License for North Anna, Unit No. 1 was
issued on November 26, 1977. '

The information in this second addendum responds to the Commission's directive that
the staff address in narrative form the environmental dose commitments and health
effects from fuel cycle releases, fuel cycle socioeconomic impacts, and possible
cumul?tive impacts pending further treatment by rulemaking (44 FR 45362 August 12,
1979.

On the basis of the analysis and evaluation set forth in this addendum and the FES,
and after weighing the environmental, economic, technical and other benefits
against environmental costs, and after considering availatle alternatives, it is
concluded that the action called for under NEPA and 10 CFR 51 is the issuance of
an operating license for Unit No. 2 of the North Anna Power Station subject to the
conditions for the protection of the environment set out in the FES dated April
1973, the Addendum to the FES dated November 1976 (NUREG-0134) and Errata to
Addendum to the FES.
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FOREWORD

This Second Addendum to the Final Environmental Statement was prepared by
the U.S. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation
(the Staff), in accordance with the Commission's regulations, 10 CFR Part 51,
which implements the requirements of the National Envirommental Policy Act
of 1969 (NEPA). The envirormental review contained in this Second Addendum
deals with the impact of operation of North Anna Power Station, Unit Nos. 1
and 2. Aslessments that are found in this Second addendum clarify or amplify
these described in 1) the FES that was issued in April 1973 relating to con-
tinued construction and eventual operation of North Anna Powes Station,

Unit Nos. 1 and 2; 2) Addendum to the Fir-' Environmental Statement dated

November 1976 (NUREG-0134), and 2) Errata to Addendum to the Final Environ-

mental Statement.



A.5. ENVIRONMENTAL EFFECTS OF STATION OPERATION

A.5.2 RADIOLOGICAL IMPACTS

A.5.2.1 Environmental Effects of the Uranium Fuel Cycle

The gnvironmenta] effects of the uranium fuel cycle were discussed in the
Addendum to the Final Envirommental Statement (NUREG-0134) dated November
1976. On March 14, 1977, the Commission published in the Federal Register

(42 FR 13803) an interim rule regarding the envirommental considerations of
the uranium fuel cycle. It was to be effective for 18 months (it was extended
several times, the final extension being to September 4, 1979) and revised
Table S-3 of 10 CFR Part 51. The new and updated information cortained in

the interim rule was presented in the Errata to Addendum to the Fj .al Environ-

mental Statement.

On August 12, 1979, the Commission published a notice announcing the outcome
of a final ruiemaking regarding the environmental effects of spent fuel
reprocessing and radioactive waste management in the light water power
reactor uranium fuel cycle. In its notice, the Commission directed the NRC
Staff to continue presenting in the envirommental analaysis accompanying a
proposal to issue a limited work authorization, construction permit, or
operating license for a power reactor an explanatory narrative addressing
important generic fuel cycle issues - e.g., environmental dose commitments

and health effects from fuel cycle releases, fuel cycle socioeconomic impacts,

and possible cumulative impacts (44 FR 453R2 dated 8/12/79).

The final rulemaking concluded a proceeding which began on May 26, 1977 with
a notice that a rulemaking hearing would be held to consider whether the

interim rule should be made permanent or, if 1t sheuld be altered, in what

A.5-1



respects (42 FR 26987). The Hearing Board took extensive written and oral
testimony from more than twenty participants. On August 21, 1978, the Board
submitted to the Commission a detailed summary of the evidentiary record,

followed on October 26, 1978 by its Conclusions and Recommendations.

After studying the Hearing Board's recommendation and receiving written and
oral presentations by rulemaking participants, the Commission adopted as a
final rule the modified Table S-3 recommended by the Hearing Board. The
impact values in this table differ only slightly from the values in the
interim rule. With two exceptions, these values will bc taken as the basis
for evaluating in individual light water power reactor licensing proceedings,
pursuant to requirements of the National Environmental Policy Act (NEPA),

the contribution of uranium fuel cycle activities to the envirommental costs
of licensing the reactor in question. The exceptions are radon releases,
presently omitted from the interim rule (43 FR 15613, April 14, 1978),2/ and

. coaps 2
technetium-99 releases from reprocessing and waste management act1v1t1es.-/

1/ With regard to radon releases, appropriate values were presented in the
Staff's testimony in the proceeding derived from ALAB-480 which involved
a consolidation oi numerous proceedings including those dockets involving
the North Anna Power Station, Urit No. 1 & 2.

2/ With regard to technetium-99 relcases from reprocessing and waste
management activities, in 44 FR 45362 the Commission found:

“In view of the Hearing Board's conclusion that the conserv-
ative assumption of complete release of iodine-129 tends to
compensate for the omission of technetium from Table S-3, the
Commission finds it unnecessary to reopen closed proceedings or
to disturb consideration of envirommental issues in presently
pending proceedings to provide for consideration of technetium-99
releases.”

Thus, consideration of technetium=%2 releases at North Anna Power
Station are unnecessary.

A.5-2
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The rulemaking record makes clear that effluent release values, standing
alone, do not meaningfully convey the environmental significance of uranium
fuel cycle activities. The focus of interest and the ultimate measure of
impact for radioactive releases. are the resulting rad1o]ogi£a1 dose commit-
ments and associated health effects. To convey in understandable terms the
significance of releases in the Table, the Hearing.Board recommended that
the modified Table be accompanied by an explanatory narrative promuigated as
part of tne rule. The recommended narrative would also address important
fuel cycle impacts now outside the scope of the Table, including socio-

economic and cumuv.ative impacts, where these are appropriate for generic

treatment. The Commission directed the NRC Staff to prepare such a narra-

tive. The Staff has prepared a narrative which will be submitted for public

comment in a further rulemaking.

In accordance with *ne Commission directive of Auguzt (2, 1979 regarding an
explanatory narrative to accompany Table S-3, the enclosed narrative has
been drafted by the Office of Nuclear Material Safety'and Safeguards staff.
The narrative is cf an explanatory nature, merelv clarifies or amplifies
inTormation previously provided and does not affect the cost-benefit conclu-

sion already made in the FES, addendum to FES and errata to addendum.

A.5-3
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Section 1. The LWR Uranium Fuel Cycle

A Purpose

The purpose of this narrative expianation of Table S-3 is to assist the reader
in identifying the major impacts of each step in the fuel cycle and in determin-
ing which fuel cycle steps are the major contributors to each type of environ-
mental impact shown in Table S-3  Yable $-3 summarizes the enviroamenta’

Explanatory Marrative for Table §-3,
effects of the normal operations o the uranium fuel cycle associated with

Table ot ‘'ranium Fuel Cycle Environmental Data
producing the uranium fue) for a nuclear power plant and in disposing of tne
tpent nuclear fuel and the radicactive wastes. The values in lable §-3 were
estimated principally by methods which are described in detail in the reports
WASH-1248, "Environmental Survey of the Uranium Fuel Cycle,"‘ NUREG-0116,
"Environmental Survey of the Reprocessing and Waste Management Portions of the
LYR fuel Cyc'ue,"2 and NUREG-0216, "Public Comments and Task Force Responses
Regarding the Environmental Survey of the Reprocessing and Waste Management
Portions of the LWR Fuel Cycle."3 In addition, al a public hearing (Docket
No. RM 50-3) on the reprocessing and waste management environmental effects,
the Comission staff answered questions about the estimates for the back end
of the fuel cycle and considered suggestions made by other participants in the
hearing. The complete record of this public hearing and the three documents
cited above are available in the NRC's Public Document Room at 1717 H Street, N.W.,
Washington, D.C., and prcvide further explanation of the factors considered in
developing estimates for Table $S-3. These reference materials contain the
complete technical basis for the estimates in the Table, and give detailed

descriptions of the fuel cycle operations and their environmental effects.
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The following narrative explanation of the values given in Table $-3 is drawn

from the record and cross referenced to source documents for the benefit of
readers seeking more information. The Table S-3 values which pertain to the
front end of the fuel cycle (up to the loading of the fuel into the reactor)

are taken from WASH-1245; values pertaining to the back end of the fuel cyclé

are taken rrom NUREG-0116, with cnanges which are noted in the hearing record. *

Since the narrative is designed to halp the reader in interpreting the environ-
mental effects given on Table $-3, the forementioned documents, together with
others that were cited in the documents or discussed during the hearings, are
generally the only references cited in the narrative. The erceptions to this
statement are found in Section III, where the staff has provided, for purposes
of discussion only, information on how long term dose commitments might be
calculated, and what incrementatl feleases from waste disposal sites might be.
Since these topics were not covered in Jetail in WASH-1248, NUREG-0116,
NUREG-0216 or the hearing record, informatior not in the record had to be used

to develop the material.

Section [ of the narrative describes the extant LWR uranium fuel cycle, the
broad alternatises and the irdividual operations of the fuel cycles; Section []
contains a description of the environmental effects of the LWR fuel cycles

and of the individual fuel cycle operations; Section 1I1 contains a discussion
of dose commitments and health effects resulting from releases of radinactive
materials from the fuel cycle. Section III also includes a discussion of how
dose commitment evaluations over extended periods of time might be perfo-med
and what their significance might be. In addition, there is a discussion of

what, if any, incremental releases from waste disposal sites might occur over

A.5-5

very long periods of time (i.e., ar evaluation of repository impacts for inhe

repository considered in NUREG-0116.) Section IV contains 3 discuss on o

0

socioeconomic impacts.

8.

Alternative Fuel Cycles

The several alternative fuel cycles which can be used for present gensration

LWR reactors can be primarily characterized by how the spent fuel 's nandlied.

since all presently available alternatives start with uranium fue! Ihe

alternatives are:

Once-Through fuel Cycle:

[}

The spent fue! can be disposed of without recovery of residual fis icn-

able isotopes; this is the present operating mode for U.5. nuclear reac :

Uranium-Only Recycle:

[+]

Uranium can be recovered from spent fusl by reprocessing and can de
recycled in nuclear fuel. Plutonium can be stored ‘or later use or
combined with residual radicactive materials as wastes. Uranium-ua'y
recvcle, including plutonium storage, was considered to be the most
likely mode of operation at _he time of preparation of WASH-1248
71972-1974), and was the fuel! cycle addressed in that document.® In

NUREG-0116, plutonium was considered to be a waste to be disposed of at a

Federal repository.6

Uranium and Plutonium Recycle:

0

Both uranium and plutonium can be recovered from spent fuel by reprocess-

ing and recycling to the reactor, the plutonium being recycled with
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uranium as mixed oxide fuel. The residual radioactive materials are
wastes. The wide scale use of this mode of operation was under considera-

tion in the Commission's GESH07 proceeding.

The Commission had been in the process of determining whether or not the wide
scale use of mixed oxide fuel in light water reactors should be authorized
(GESMO proceeding) when President Carter published his "Statement on Nuclear
Power Policy” on April 7, 1977. After consideration of the Executive Branch's
and the public's comments, the Commission decided (42 FR 65334, December 30,

1977) that, among other things, it would:

o Terminate the GESMO proceeding.
0 Terminate the proceedings on pending or future plutonium recycle-
related licensing applications, except for --
(a) proceedings on licenses for the fabrication or use of small
quantities of mixed oxide fuel for experimental purposes, and
(b) those portions of proceedings which involve only spent fuel
storage, disposal of existing waste, or decontamination or
decomissioning of existing plants.

o Reexamine the above matters at a later date.

The result of the Commission’'s decision is that there are only two LWR fuel
cycles potentially licensable for wide scale use in the United States at this
timo:  the once-through cycle, and the uranium-only recycle fuel cycle. The
back end steps of these two fuel cycles are considered in NUREGs-0116 and

-4216. and the larger effect of the two fuel cycles is included in the

A.56
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Table S-3. Since the fuel cyc'e rule is to cover (wRs Juring their operating
lifetimes, even though there are no reprocessing plants operaling in the

United States at this time. the proceedings of January 1978 tnrough Apri) 1978
considered both the once-through and uranium-only recycle fuel cycles to cover

the reactor lifetime with som2 flexibility.

C. Fuel Cycle Operations

Many different operations are required for either the once-through fuel cycle
or the uranium-cnly recycle fuel cycle. Operations involved in preparing
fresh fuel for use in a reactor are collectively known as the “front end" of
the fuel cycle. The operstions following irradiation of the fuel in the
reactor are known as the "back end” of the fuel cycle. Figure 1 shews a block
flow diagram for the front end of the fuel cycle; figures 2a and 2b show the

bark end of the once-through and uraniuws-only recycle fuel cycles respectively.

Five operations comprise the front end of the fuel cycle (Figure 1): ore is
mined; the uranium. content of the ore is recovered as an fmpure compourd
(yellowcake) by milling; a purified uranium compound (UFG) is produced; the
uranium-235 content of natural uranfum is increased st enrichwent plants; and

uranium fuel is Yabricated.a

Two different sets of operations comprise the back end of the fuel cycle. In
the once-through fuel cycle (Figure 2a), spent fuel from the LWR is stored,
either at tre reactor or at special facilities away from the reactor, for
periods of time in excess of 5 years. The spent fuel is pacqued and disposed

of in Federal repositories. In the uranium-only recycle mode (Figure 2b),
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spent fuel is stored at reactors for short periods of time (greater than 90

days), and then shipped to reprocessing plants, where uranium is recovered in
a form suitable for feed to enrichment plants. Plutonium and other residual
materials from the spent fuel (cladding, fission products, actinide elements,
activation products) are solidified, and packaged in a form suitable for
disposal. Current regulations (10 CFR Part 50, Appendix F) require that
certain wastes from reprocessing plants be solidified within 5 years of their
generation and that these wastes be disposed of within 10 years of their
generation. Most of the waste from reprocessing plants will be disposed of at

Federal -epositories.

D. The Model Reactor and its Fuel Cycle Requirements

For the purposes of developing the values in Table $-3, a modet light water
reactor was defined in WASH-1248 as a 1,000 MwWe reactor assumed tu operate at
80% of its maximum capacity for one yeér, thus producing 800 MW-yrs of elec-
tricity annually,9 The fuel cycle requirements averaged over a 30-year operat-
ing 1ife for this reactor were labelled an annual fuel requirement (AFR) in
WASH-1248. Since that time, the AFR acronym has been used to characterize
away- from-reactor storage of spent fuel. In NUREGs-0116 and -0216 thé termi-
nology "reference reactor year" (RRY) was employed to describe the fuel cycle

requirements of a mode) 1000-MWe reactor operating for one year. The same

terminology will pe utilized in this narrative.

The front end of the fuel cycle, as described in WASH-1248, covers the supply
of fuel for the mode! reactor; 91,000 metric tons of ore (containing 2 parts

of IJJQg per 1,000 parts of ore) are required per RRY. Milling of the ore

A.5-8
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produces 182 metric tons of yellowcake, ® which in turn is converted into 270
metric tons of natural UFG' In the enrichment operatirn, much 3f this natural
UF6 feed material is rejected from the fuel cycle as enrichment plant tails.

Of the 270 metric tons of UF. feed, 218 metric tons are rejected from the fuel

6
cycte as depleted uranium tails. The remaining 52 metric tons of enriched
uranium product is the feed for the fuel fabrication plant and contains enough

uranium for 40 metric tons of U0, fuel (35 metric tons of contained uranium).

2
This amount of fuel is required annually by an LWR producing 800 MW-years of

telectricty.]0

The back end fuel cycle steps, described in NUREGs-0116 and -0216, handle the
post-fission products and wastes, including the soent fuel. The speot fuel,
which still contains about 34 metric tons of uranium_,‘ is removed from the
reference reactor annually. (Approximately one metric ton of uranium has been
converted io fission products and actinide elements.) The fresh and spent
fuel is in the form of fuel assemblies, each containing between about 0.2 and
0.5 metric tons of uranium.]Z Hence, the number of fuel assemblies handled in
each reactor reload ranges from about 70 to 180, depending on the type of
reactor. For the once-through fuel cycle, this fuel is stored under water for
periods of time in excess of 5 years, either at the reactor site or at offsite
facilities. Following the storage period, the spent ‘uel wiil be disposed of

at a Federal reposif.ory.]3

Varying Tuel cycle operating conditions including reactor parameters, ye!low-
cake purity, enrichment tails assay, etc. effect the yellowcake RRY requirement
which is thus subject to considerable variation.




For the uranium-only recycle option, the spent fuel is reprocessed to recover
uran.um.  Plutonium (about 0.35 metric tons per RRYld) may be recovered as
plutonium oxide in a separate stream. The fission products, other actinide
elements, and activation products are concentrated into one or mare solid waste

products which are disposed of together with any plutonium stream.

To develop the values in Table S-3, the environmental effects resuiting from
operating the model fuel cycle facilities were estimated. These effects were
then normalized to reflect the effects attributable to the processing of fuel

for a single year's operation of a mode! reactor (RRY).

E.  Fuel Cycle Facility Descriptions

To provide a perspective on the nature of the LWR fuel cycle operations, and
the types of environmental effects resuiting from these operations, brief
descriptions are given below for the model fuel cycle facilities used to

derive the environmental effects given in Table 5-3

1. The Front End of the Fuel Cycle (WASH-1248)
a. Uranium Hiningls and Mil]ing‘s

For this segment of the fuel cyclé, a combined mine-mill complex was selected

as the model since it is representative of a significant portion of the current

and developing industry.

(1) Mining
The commercial uranium ore deposits in the United States generally ocuur

in the Western States. Uranium mining in the United States is generally

A59

accomplished by one of two methods. Open pit mining, accounting for 53% of
the ore produced in this country in 1971, is used when t' e ore body lies under
material that is easily broken up and is found at depths up to several hundred
feet. Underground mining is used when the ore body is located at depths
greater than about 400 feet, or when it lies under rocks that require 3 great

deal of blasting to break up.

An open pit mining operation in a Western State was selected for the model
uranium mining operation since the environmental effect in terms of total
volume of earth disturbed is greater in open pit mining than in w Jerground
mining, and cince about half of the known ore reserves in the United States
are located in relatively shallow sedimentary formations less than 400 feet

deep.)7 The moc.: mine has a capacity of 1600 metric tons (MT) of ore per

day, which is equivalent to a yield of approximately 960 MT of U3O8 per year,

sufficient to supply the fuel for 5.3 LWR RRYs

The dominant potential environmental effects from uranium mining include
disturbances of the natural terrain, an effect common to most mining operations;

releases of radon;* and pumping mine drainage water from the mine.
pumping

(2) Milling
As in a number of existing production complexes, the mode! mill, located
adjacent to the mode) uranium mine, utilizes the acid leach process, since
that process accounts for about 80% of the total u308 production.‘a The mill

produces a uranium coniznirate containing about 963 MT U308 per year.

¥Radon reTeases are not given in Table §-3



in tre nilling operation, uranium is extracted from tne ore and is concen-
tratea as 3 semirefined product that is sold in terms of its UJOB content
The prcduct, which is principally ammonium diuranate, can be any one of several

uranium compounds and is commonly called yeilowcake.

3oth mechanical and chemical processes are involved in the milling operation
‘nitially, the ore is crushed and ground, after which it is leached with
either ulfuric acid or sodium carbonate solutions to extract the uranium.
The ‘each liquers are purified and concentrated, and the uranium is recovered
by zhemical precipitation with the solid product calcined, pulverized and
drummec for shipment as yellowcake. Neariy all of the ore processed by the
mill eads up as tailings, a fine sand-like material, in the tailings pond,
together witn large amounts of water and chemicals used in the process. The
water eventually dissipates, largely by natural evaporative processes. The
tailings have the potential to cause the largest environmental effects from
the milling operation

. Uranium Hexafluoride Production]9

The yeliowcake must be converted to a product (uranium hexafluoride, UFG)
wnich is volat:le at a slight}y elevated temperature for enrichnent by the
gaseous diffusion process. Two processes are used for UF6 production, a dry
process (hydrofluor) and a wet proces;. The processes differ primarily in the
technique used ror purification. [In <he dry process, fractional distiliation

is employed after conversion, while in the wet process, high purity uranium

AS-10
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Roughly equal! guintities of

feed is provided by.a solvent extraction step
UF6 feed to the enrichment plants are produced by each method
The effluents from the two processes differ. The bulk of the impurities
entering with the crude uranium feed is rejected from the dry process as
solids; in the wet process, the bulk of the yellowcake impurities is rejected
as dissolved solids in a raffinate stream. The model UF, production plant is
assumed to produce one-half of its output by the dry process and one-half by
the wet process, so that its environmental effects properly reflect those of
the aserage industry. The modr! plani consists of a 5,000 MTU/yr plant and is

capabie of supplying the fuel ror 27.5 RRY;

A number of process cff-gases are generated in the preparation of UF6 from
crude uranium feed. Most of these are combustion products from the production
of heat, but some are volatilized solids and gases evolved during calcining
and fluorination. Fluorides and oxides of nitrogen are the more significant

sources of potential adverse environmental impact

There are two major aqueous waste streams associated with UF6 production.
Many of the contaminants in the wet pracess are contained in a raffinate
stream which is not released but held indefinitely in sealed ponds. The
second aqueous waste stream is made up mostly of cooling water and dilute
Some of these aqueous effluents are treated with calcium

scrubber solutions.

to precipitate calcium fluoride and then diluted with all other clear water



waste streams prior to release from the plant. The solid calcium fluoride is

recovered from settling ponds, packaged, and ultimately buried

Small amcunts of natural uranium are released from the plant in ventilation

exhaust air as dusts and volatile UF and in liguid effluents. Radioactive

6
material in the solid ash residue from fluorination is largely from thorium

and amount; to about 0.86 Ci per RRY for the hydrofluor process. In aadition,
radicactive materials entering with the yellowcake appear in the solid residues

for the dry process operations.

c. Uranium Enrichmentzo

Isotopic enrichment of uranium-235 s necessary to provide fuel for a light-water
moderated nuclear reactor. The :zoncentration of uranium-235 in natural uranium

is about 0.7%, and the enriched uranium content for the current generation of
reactors is 2-4%. The facilities are large in size because a large number of
separation stages are required to attain the necessary enrichment. The present
plant facilities are owned by the United States and operated by private industry
under contracts with the Department of Energy. There are three facilities
currently operating in the country. The model used in this study is a scaled-down

model of the entire complex.

The primary sources of environmental affects associated with the effluents
from enrichment of yranium are related to the gase:. s effluents from the
coal-firad stations used to generate the electrical energy required to operate

the enrichment facility. The effluents associated with production of fuel per

RRY year are equivalent to the gaseous effluents released annually by a 45-Mie
coal-fired plant.zl The discharge of heat to the environment, both at the
enrichment plants and the sites of individual electric generation plants, is

also related to the power requirements of the enrichment plant
d. Fue? Fabricationzz

The feed material for the fabrication of fuel for the model LWR is enriched

UFS' The UF_ is converted to U02, which is formed into pellets and then

6
calcined and sintered at high temperatures. Finished pellets are loaded into
lircaloy or stainless steel rods, fitted with end caps and welded. The completed
fuel rods are assembled in fixed arrays to be handled as fuel elements or

assemblies.

in defining a representative model fuel fabricatian plant, the conventional
ammonium diuranate process was selected for conversion of UF6 to UOZ' The
capacity was chosen to be 3 MU per day, a large plant by 1972 industry standards,

with an annual production of approximately 26 RRY of fuel.

A major consideration in assessing environmental effects of fuel fabrication
results from the fact that all of the fluorine introduced into the fuel cycle
during the UF6 production phase becomes 3 waste product durin§ the production
of U0, powder. Gaseous fluorine wastes generated are effectively removed from
the air effluent streams by water scrubber systems. Calcium (lime} treatment
is used on scrubber system wastes and process ligquid wastes to remove fluoride

ion as calcium fluoride (CaFZ) precipitate



Other significant chemical species in liquid effluents are nitrogen compounds
that are generated ‘rom the use of ammonium hydroxide in the productior of UO2

powder and from the use of nitric acid in scrap recovery operations.

2. The Back End of the Fuel Cycle (NUREGs-0116 and 0216)
a. Once-Through fuel Cycle
teveral operations comprise the back end of the once-through fuel cycle
hese are: storage of spent fuel, encapsulation of spent fuel after storage,
and aisposal of spent fuel; disposal of low-level wastes; and the decontamina-
tion and decommissioning operations. The environmental effects of all of

thzsa operations have been aggregated and are given in Column H of Table S-3A.

(1) Spent Fuel
Spent fuel assembiies are stored in water basins for the order of 5 or more
years after their removal from the reactor. These storage basins may be
lacated at the reactor site or at offsite facilities. 3torage would be followed
by an encapsulation operation, in which individyai as-cemnlies are packaged,
possihly in helium-filled steel canisters. The encapsulated assemblies would
pe dispnsed of in a Federal repository, the final step in the once-through

23

fuel cycle.

favironmental effects of spent fuel storage include heat releases, water use,
release of small amounts of gaseous radionuciides, and generation of solid
racicactive wastes. These wastes arise from such operations as waler

purification,

R it AR

Fuel canisters are assumed %o be disposed nf in 3 bedded salt repository, Lhe
moage! repository defined in NUREG-D116. Dperations of the repository for the
once-through option are similar to those of the uranium recycle option (see
below), although 11 times as many canisters would be required for spent fuel

as for high-level nastes.z4

The environmental effects of spent fuel disposal are similar to those of
nigh-level waste disposal, except that in the once-through fuel cycle the
remaining, undecayed, gaseous radionuc!ides {rritium, carbon-14, krypton, and
jodine) are assumed to ba released at the repository prior to its being sealed,
whereas in the uranium recycle fuel cycle these isotopes are assumed to be
released at the reprocessing plant. Long-term impacts from the repository will
be nonexistent if the repositary perfarms as expected and maintains the waste in
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isolation. On the basis of the analvsis presented n MUREG-0116. the staff

has rationalized, for both fuel cycles, that tre releases from tne repository

afte- it has been sealed, if it performs as expected, will be small and, when

normalized to an RRY, will pe insignificant.”

(2) tLow-Leve) wastes
Low-levei wastes containing small quantities of radionuclides are produzed in
the normal operation of nearly all fuel cycle facilities, incluging reactors
(for example,k used filters from process ventilation systems, materials used
in cleaning up spills of radionuclides, or in decontamination operations).

Low-level wastes are normally packaged for disposal by surface burial at 3

¥The reader 1s referreqd to Section [11B for a discussion of the possible re!ease
of radionuc)ides from a waste repository in the event that a aumber of unlikely
natural processes are encountered.




low-Tevel waste disposal facility, the environmental effects of low-level
waste management and burial are included in the total shown for each of the

fuel cycle modes

(3) Decontamination and Decommissioning
At the end of their useful operating lifetimes, all types oi fuel cycle facilities
must be decommissioned in ways that assure protection of public health and
safety. [In <UREG-0116, it was assumed that facilities would be decontaminated
to remove potentially hazardous radionuclides and that the radioactive wastes
would be removed from the site. The largest impacts of decontamination and
decormissioning result from the disposal of low-level wastes and wastes contami-
nated with transuranic elements (elements with atomic numbers above 92).
Decontamination and decommissioning impacts were not considered in WASH-1248
and, therefore, are not included in the impacts of the individual types of
facilities in Table S-3A, but are included in Waste Management, column H, of

lable S-3A.

b. Uranium-Only Recycle
The cperations comprising the back end of the uranium-only recyc:e option can
be grouped into two major categories - reprocessing and waste management
or-rations. Environmental effects from the reprocessing facility include
those of the reprocessing operation, high-level liquid waste storage, high-level
wi-te satidification, and the short-term storage of solidified high-level

waste at the reprocessing plant.

Environmental effects of waste management include those from any interim HLW
storage (see below), transuranic waste processing, high-level and TRU waste

disposal, low-level waste disposal, and decontamination and decommissioning.

In the uranium recycle fuel cycle, the plutonium formed in the reactor is
considered to be a waste material and is transferred to a Federal repository
for disposal. Al wastes to b2 disposed of at the repository will be treated
at the reprocessing plant or other operations to produce stable materials
syitable for final disposal

(@] Reprocessing26
Following their use as fuel in the nuclear power plant, spert fuel assemblies
are stored under water at the reactor to permit decay of tne short-lived
isotopes and to reduce the heat generation rate. After cooling, the assemblies
are transpor*<d to a reprocessing plant for recovery of the residual, s.ightly

enriched uranium.

The chemical process for separating the usable uranium from plutonium and
unwanted fission products or actinides (wastes) is assumed to be the Purex
solvent extraction process, which has been the most wideiy used method for
recovery of fissile values from spent fuel for many years. In the fuel repro-
cessing plant, the spent fuel assemblies are sawed or chopped into sections
and the fuel is then dissolved by nitric acid and separated into uranium,
plutonium and waste streams. These streams are processed into physical and
chemical forms eithe- for disposal or for shipment and further use in the fue!

cycle. Environmental effects from reprocessing facilities have been derived




principally from data gathered in many years of experience in Federal government
plants.  The major environmental effects from reprocessing result from the
assumed release of gaseous fission products and activation products from the

spent fuel.27

igh-ievel wastes (HLW) produced at the reprocessing plant contain the highly
radioactive fission products from the spent fuel. These wastes require a
systoa for their management that provides radiation shielding, protection

against release, and a means of heat dtissipation

Ite rerterence system for HLW management at the reprocessing plant includes the
foila~ing steps: short-term storage as liquid in tanks; solidification;
short-term storage as a solid. Provision for a longer-term interim storage
before disposal could be necessary; its potential impacts have been included

in the impacts of HLW disposal.

Temporary storage of liquid HLW in tanks has been practiced for over 30 years
The most modern tank designs, which would be required for commercial fuel
cycle operations, have proven virtually free of leaks and operational problems
Tanks of similar design have been in operation at government facilities for
more LhaA ten years and have been storing commercial reprocessing wastes at
Hest Valley, K New York, for more than five years. The tanks are assumed to be
stainless steel, located in stainiess steel-lined concrete vaults with equip-
ment for heat removal. These tanks are an integral part of the reprocessing

nlant, and all effluents from the tanks are treated in plart systems together

A1
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with ef“luents from the rest of the plant. Tre'~ 'mpacts are included among
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the impacts listed for rep-..essing. ™~

To prepare HLW for shipment and disposal, and gererally to reduce the risk of

its dispersal), the HLW must be su'idified as required by '0 CFR Part 50,

Appendix F. A number of technologies exist for solidification: reduction of
the vaste to a glass form has been selected in this analysis as the model
process for solidification.* The process assumed for production of glass from ;;

liguid HLW is a two-step process: first, producing a calciae, and second,

melting it together with glass-forning materials to produce the glass. The ¢

product of the solidification process is a glass in a sealed canister ready

for shipment, storage or disposal. The environmental effects of operation of E

the soiigification facility are includeg in the estimates for the reprocessing

planl.29 3

[f the sclidified HLW is not £o he shipped to 1 Federal repository soon after
solidification, a storage capability at the reprocessing plant must be provided.
Facilities similar to spent fuel storage pools a-e assumed for Lhis purpose in N
the analysis. Shielding, confinement, and rem..a! .f decay neat are the major
functions of this facility. Ouring normal operxztions, only minor increments e .
of heat release and water usage are added to the impacts of the reprocessing

facility. 0 9

*The present Ticensing staff position is that a number of a]te(native waste
forms should be characterized before one is selected for use in the repository.




{2} waste Management

(3) Interim Storage of High-Level wastes at 3 Retrievable

?
Surface Storage Facilily“

[f final geologic disposal facilities are not available for receipt of solidi-
fied HLW within 10 years after it has been generated, a facility must bde
avaitiable for interim HLW storage. One such conceptual facility is the retriev-
able surface storage facility (RSSF). The ispacts for an RSSF have deen
conservatively included in the summation of waste managesent effects (given in
column H of Table S-3JA (see below)). Land use for the RSSF would be committed

only temporarily, and effluents fro- normal operation would be very small

in the event that extended storage might be needed, a sealed storage cask
concept has been used to evaluate the environmental effects of extended storage.
waste canisters are placed in thick-walled, high-integrity overpacks; this
package is then placed inside concrete cylinders which provide shieldiﬁq and
channeling for natural-draft air cooling. This concept has low vulnerability

to a.-idents.
(b) Transuranic-Contaminated Wastes (TRU Wastes)

Among the nuclides produced in nuclear reactor fuel are transuranics (TR},
r3dionuclides having atomic numbers higher than uranium, which may be parents
<f long-lived decay chains (tens of thousands of years). Waste materials con-
taining significant quantities of these long-lived elements will be confined

an consigned to the Federal repository.
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50110 wasles contaminated with [RUS 3re Jerived oremar: , from the pe aticn

of the fuel reprocessing plant  wastes i1nCluded 1n thiv category are solidif eq

Tiguids, filters, cladding huily and other fuel hardware. wnd general trash

Qverall management tnvpzves proceysing TRU wastes to a stable form, packaging
the product in 4 high-integrity container, storing the packagev onsile at the
fuel reprocessing plant 'or up to 20 years, and *ina'ly 3hippi'ng to a ‘edera’
repository for long-term storage or geologic disposal Environmental effacts

from management of TRU-contamfnated waste were found to be too small to be

detectable in the totals in Table $-3 3
(c) Disposa) of MLW and TRU Vastes at a Federal Repository

HLW and TRU wastes, including plutonium, comprise the mat:rials from the
nucltear fuel cycle that would be disposed of at a Federal repository. Deep
emplacement in 3 stable geologic sedium (bedded 3alt) under the continental
United States was the repository model used fn this evaluation. Although
knowledge about the impacts of other alternatives iy limited, the potential
impacts from bedded salt disposal are believed to be reasonably representative

1mpacts that would result from any appropriatelv desfgned geologic smplacesent. *

The repository facility will be Jesigned and the waste esplaced to keep the
w3stes 3nd the surrounding geologic media below temperatures which could
result in nuclide migration or impair the <.ructure of the geologic formation

The mine wil) be constructed uting existing technology to prevent flooding

he present fcensing staff position is that three to five jites in several
geologic media should be fully characterized before selection of a medium for
3 repository.

s --~¢Fkﬁﬂﬁiﬁiﬁﬂ!ﬂﬂﬁii'i
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andsor cellapse during operation. Engineering features will be built into tne
facility to provide containment of waste materials. Operational (waste emplacement)
'ifetime of the facility will be between 20 and 30 yedrs. At that time the

facitity will be backfilled and sealed.*

iffects from routine operation of the facility before decommissioning (including
sealing of the underground shafts and tunnels) have been found to be small and
comparable to those of the RSSF.  Effluents (except for the larje volumes of

salt from excavation) have been projected to be very low. Radiological effluents:
frem routine package inspection and repair activities are quite small relative

to those from major fuel cycle facilities (e.g.. reprocessing).33

(d) Low-Level Wastes
tow-Level wastes from the facilities of the front end of the fuel cycle are
essentially the same for both the once-through fuel cycle and the uranium
recycle mode. The additional back end facilities for reprocessing and waste
treatment in the uranium recycle mode produce slightly larger quantities of
iow-level wastes than would result from spent fuel storage and dispoesal in the
-once-tnrough fuel cycle. The impacts are included in column H of Table $-3A
faee Selcwe) M
(e) Decontam.nation and Decommissioning of Uranium Recycle
Facilities
The 1ogitional impacts from the reprocessing and other back end facilities for
uranium “ecycle are included in column H of Table $-3A {see below) Impacts
*Thi presant Ticensing staff position i5 thal the vption to retrieve the wastes

should be mairtained for 50 years following operation to allow monitoring and
carrective actions if required

o

2
&

from decommissioning the front ena facilities are essentialiy tne same for
both fuel cycles and are also included ir column H rather than .n the columns

for the individual facilities, >

3. Transportation

Seven steps in the transportation of materials to and from facilities involved
in the nuclear fuél cycle have been considered in determining environmental
effects of the LWR fuel cycle. For the front end of the fuel cycle, three
steps--shipment of ore from mine to mi}), shipment of uranium concentrate from
mill to UF6 production ptant, and shipment of natural UF6 to the enrichment
plant--involve the transport of low specific activity material. Two adaitional
steps in the front end of the fuel cycle--shipment of enriched UFE to the
uranium dioxide (UOZ) plant and shipment of UOZ to the fuel fabrication plant--
involve the transport of potentially fissionable, low specific activity material
(The.latter transportation step is not required for fabrication plants which
incorporate the UF e to U0, conversion process.) 1In addition, the shipment of
wastes from UF6 plants, waste from fue) fabrication planis, and certain wastes
from fuel reprocessing plants to commercial land burial sites involves the

. Al
transport of radioactive low-level solid wastes. 5

In the back end of the on---throﬁgh option, potentially fissionable spent fuel
is shipped to storage or disposal. In the back end of the uranium-only recycle
fuel cycle, the shipments from the reprocessing plant involve the transport of
recovered yranium as UF6 to an enrichment plant, and the transport of solid,
high-level waste material and plutonium to a Federal waste storage facility.

For all fuel cycle options, the three steps (shipment of fuel to, irradiated



fuel frem, ang waste from reactors) covering the transportation of materials
t3 and from nuclear powar plants are considered in Table S-4 of 10 CFR 51.20

and are not included in Table S~1.37

Packaging and transport of radicactise materials are regulated at the Federal
tevel by the Nuclear Regulatory Commission (NRC) and the Department of Transpor-
tation (D27). Certain aspects, such as limitations on gross weight of trucks
are requlated by the individual States. The requlations are designed to
orotect employees, transport workers, ang the public from external radiation
antl exposure to radiation and radioactive materials as a result of normal and
accident conditions of transport. The requirements for packaging of low
specific activity material are such that it is most unlikely that a person
could ingest or inhale 3 mass of material that would result in a significant
radiatisn nazard under any circumstances arising in tramsport. Shipments of
fissile materials are limited by the packaging designed to ensure nuclear
criticality safety under both normal and accident conditions of transport
Zantainers of solidified high-level wastes must be designed to withstand the

affects of severe accidents

The anyironmental effects of the shipment of materivals in the nuclear fuel
tuz'e 3re those ~hich are characteristic of the trucking industry in general
e increase 'n density of truck traffic from fuel cycle shipments will be

a1t csmpared with tatal truck traffic, S

AS-V
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Section 1i. Envircgnmental Eftects or the LwR Fuel (ycle
A. Environmental Data

Table $-3, Table of Uranium Fuel Cycle Environmental Data, is a summary of
environmental considerations attributable to the uranium fuel cycle, normalized
to the annual fue! requirement in support of a model | 000-Mwe LWR. Data from
the “front end" of the uranium tuel cycie, based on WASH-1248, have been
combined with data from the “back end,”" which is based on NUREGs-0116 and

-0216 and the remanded proceeding (Docket No. RM-50-3). Table S$-3A, which
follows, sets forth the contributions by the various segments of the fuel cycle
to the total values given in Table S-3. I[n general. Taule $-1 presents the

sum of the higher values taken from either the once-through (.c} cycle or the
uranium-only recycle option. The following is a brief discussion o1 the
environmental considerations related to the "back end" of the once-through

fuel cycle and the uranivm-only recycle option.
1. Back £nd of the Once-Through Fuel Cycle

At present, spent fuel dischargea from LWRs is teing stored in the United States
pending a policy decision whether to dispose of the irradiated spent fuel as a
=aste product--the once-through fuel cycle--. ar to reprocess spent fuel and
recover the residual fissile values for recycie as fuel in power reactors, in

this case, --the uranium-only recycle option. [In the once-through fuel cycle,

the storage and disposal of spent fuel 1s waste, along with other waste management

Coa . : 1
activities, constitutes the "back end” of the uranium tuel cycle
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The environmental considerations related to the once-through fuel cycle are
summarized in column F of Table S-3A. [t is expected that spent fuel wil,

remain in interim storage facilities for periods of up to 10 years or more to
reduce radiation and heat emissions prior o packaging and disposal, and

becauce facilities for the permanent disposal of spent fuel are not yet
avai!able.z Thus, column F includes the environmental impacts of extended

pool storage as well as spent fuel disposal in a deep salt tad, geologica)
repositery. Low-level wastes, and decontamination and decommissioning wastes,
from all segments of the fuel cycle are alsoe included in column F.3 There are

no significant amounts of tramsuranium (TRU) wastes generated in the once-through

fuel cycle.

It has been assumed that spent fuel or high-level wastes will be disposed of

in a geologic, bedded salt, repository.l Operation of repositery facilities

ts similar for both spent fue! or high-level waste, and it has been assumed
that a repository in bedded salt will be designed and operated so as to retain
tha solig radicactive waste indefinitely. However, the radiological! impacts
related to the geological disposal of spant fuei are based on the assumption
that all gaseous and volatile radionuclides in the spent fuel are released
tafure the geologic repository is sealed.5 Since the gaseous and volatile
radinonuclides are the principal contributors to environmental dose commitments.
this assumption umbrellas the upper bounds of the dose commitments that may be

asscciated with the disposal of spent fuel.

A.5-18
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2. Back End of the Urarium-Only Recycle Fuel Cycle Option

At present, there are no spent fuel reprocessing plants in the United States
that can reprocess LWR spent fuel. Morecver, if a policy decision is made to
permit reprocessing of spent fuel, the capability to reprocess spent fuel in
the United States may not be available until about the early 1990s. However,
if LWR spent fuel is reprocessed, the environmental impacts from reprocessing
and related waste managemen’ activities are nearly ‘uentical for both recycling
of uranium and ptutonium, or recycling of urasium-only, is fuel in nuclear
power reactors. Whether plutonium will be used as a fuel in LWRs, or breeder
reactors, or both, is a separate issue that will be resolved in connection

with the policy decision whether to resume reprocessing in the United States.
For this purpose, to cover the contingency that at some future date speat fuel
from LWRs may be regrocessed, it has been assumed that only the uranium that

is recovered from the reprocessing of spent fuel from LWRs will be recycled as
fuel to LWRs; and the plutonium is not used for its fuel value in LWRs. Instead,
it becomes a by-product waste that may be disposed of in a manner similar to
that for high-leve) waste.s This is callea the uranium-only recycle option,
and its environmental considerations are summarized in columns G (Reprocessing)

and H (Waste Management) of Table S-3A."

—
[t should be noted that column F, and columns G and H, are not'added together
to arrive at totals, but are presented as alternatives. The higher value
from these two alternative fuel cycles is added to arrive at totals
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TABLE $-3A (cont.)

Sumsiry of fnvironmental Considerations for IWR Fuel "ycle by Component
Normslired to Hodel LMR Reference Reac'ur Year

A 8 < D £ F [ H 1
Spent Waste
uel . t. for
Enrich- Storaae Reprocess- Uranium Trans-
Hintng Nillinge ul’s Prod. ment Fuel Fsb. Disposa ing Recycle portation total
Etiluents
Chemical (M1)
Gases (MI)
=0, [ 3.0 29.0 4,300(1) 23 0.035 5.4 0.06 0.045 4,400
N, 5.0 159 10.0(2) 1,130 ] 0.04 21.9 0.063 0.62 1.190
ydrocarbuns 0.3 .1 0.8(3) N 0.06 0,0004 0.5 0.02 0.062 1]
(23] Q.0 [ 0.2 28 0.18 0.026 0.5 0.029 0.38 29.6 b4
Particulates - 9.1 1.6 1,130 ] 0.000068 0.6 0.02 0.012 1,18
Other Gasey
F 0.1 0.5 0.005% - 0.05 . . n.67
cr- - - . - - 0.003 0.0006 0.013 - 0.
Liguids
e ; . s 5 i «0.02 . 9.9
N0y . - G.1 2.1 2) . - - . 25.8
Fluoride - - 8.8 - 4.1 . - - 12,9
Ca . . - 5.4 - - . - . 5.4
- - - 6.2 8.2 - - 0.09 - - 8.5
Ma® - - 3.9(1) 8.2 - - «0.02 - - 12.1
Nty - . 1.5 . 10.0 - . . - 10.0
Fe - B 0.4 - - - . - 1.4
Tailings Soluttons
{thousands ) - 240 - - - - - . )
Sotids - 91,000 40 - 26 - - 0.42 - 91,00
>
N
—
TABLE 5-JA {cont.}
Susmary of Environmenta) Considerstions for LWA Fuel Cycle by Component
Normalized to Model LMR Reference Reactor Year
A B < ] € f [ L] f
Spent Haste
Fuel Hont. for
Enrich- Storane £ Reprocess- Uranius Trans-
Kining Hillinge u’ﬁ Prod. ment Fuel Fab. Dlsposa) ing Recycie portation Total
Effluents [cont.)
Radialogical {curfes)
Gases (incliuding enl.rnr-enl)“)
fin- 222 - - - - - - 3 3 - -
Ra-226 - 0.02 - - - 4.51]0_7 - 45«10 - 0.2
Th-230 - 0.02 - . . 4.52107¢ . 5007 - 0.02
Uranium - 0.03 0.0015 0.002 0.0002 7.3x10 0.0000)% 7 }xIO_9 - 0.(3 "
tritiun (thoussnds) - - - - - " 18.1 6.6x10 - 18.1 b
c-14 - - - - - 1e 2 - - 4
Kr-85 {thousands} - . - - - 290.70 400 .10 . 00
Ru-106 - - - - - . 0. . - 0.14
£-129 - . - - - 1.3 0.0) - - 1.2
[REY . - - . - .00} 0.83 - 3 . 0.83
Fisston Products - - - - . 001 0.207 1040 - 0.203
and Transuranics
{iquids -6 -6
Uranium § Daughters - 2 0.044 0.0z a.n2 5.9210 - 5. 4000 - 2.1
Ha-226 - - 0.0034 - . . - - 0.0031
Th-230 - . 0.0015 . . - . - . 0.0015
Th-234 - - - - 0.0} - - - - 0.0
Tritium (thonsands) - - - - - - e - - 6 - C e
Fission and - - - - - 5.9210 - 4. %10 - 5.9x10
Activation Products
Solids {buried onsite)
Other than high level (shallow)- 600 0.86 - 0.23 700 0.5%2 10, 700 . 11,300
TRU and LM (deep) (milllons) - - - - - 1 - n - n
thermal (bilifons of Btu} - 69 20 1200 9 150 75.% 89 0,014 4,063




TABLE 5-3A {cont.)

ycle by Component

Year

Normaliss2d Lo Model LWR Refarence Reactor

Susmiry of Enviranmantal Considarations for LR Fuel C

(1) €stimited effluents based upon cumbustion of equivalent coal for powar gen.ration

(2)

253 from natural gas use.

(3) Combined effluerts fros combustion of caal and ndturel 9as and process tankage; contains 0.2 MT of Hexane.

(4} Contains sbout 80X Potassium.

(5)

gaseous radionuclides are assumed Lo be released in reprocesiing, and Lhe releases are

" coluwen (G).

In the “uranium recycle® case,

shown In the “Reprocessing

where spent fuel goes 10 geologtc disposal

In the “onca through® case,

Oaly the

p0s110ry; the amounts sre shown in column F,

gaseocus radionuclides are assumed 10 leak out of the lual at the re

larger of the twu values I3 added into the "Tote}® coluan, s1nCe thay represent siternative cases.

nut pecessarily consistent

They are

Numbers presented for uranius milling are taken from WASH-1248.

« "Draft Genertc tnvironmental

with more receat staff snalyses, ®2.9.. lhose presented In NUREG-05)1

Ingact Statement on Urantum NKiliing,* published in April 1979,
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into the cumulative environmental effect over the 30-year reference reactor
lifetime, and in turn converted into the cumulative environmental effect
related to a prospective nuclear power forecast.® The narrative is drawn
primarily from the WASH-1248, NUREG-0116, and NUREG-0216 documents, and the

S-3 hearing record. Re‘erences to applicable sections of these documents are

included in the narrative.

It should be noted that radon emissions from the “front end” of the fuel
cycle, and technetium-99 release estimates for the "back end” of the fuel
cycle are not giver in Table S-3. Accordingly, radon and technetium releases,

together with an appraisal of their impacts, may be the subject of litigation

. 9
in indivicual reactor licensing proceedings

1. Natural Resource Use

a. Ltand

The total land use per RRY attributable to the uranium fuel cycle in support
of a model 1,000-Mwe LWR is about 113 acres, of which about 100 acres are
temporarily committed, and about 1) acres are permanently coswmitted. About
80% of the temporarily committed land used by fuel cycle facilities is
undisturbed land. Temporarily committed land, which is used during the 1ife

of specific fuel) cycle facilities, can be released for unrestricted use after

';;st effluent values, unless indicated otherwise, can be converted rtou zkv
values to reactor lifetime valves by multiplyino the valve/RRY by 30-years
(reactor life).

e



those facilities are closed down and decommissioned. Permanently committed
land is that land which may be used for waste disposal but may not be released
for unrestricted use after certain facilities have ceased operating and are

decomuissioned.‘o

The mining of uraniua ore accounts for about $5% of the temporarily committed
land use of the entire uranium fuel cycle. Mining operations also account for
most of the overburden meved: 2.7 million metric tons compared to a total of
2.8 million metric tons per RRY for the entire fuel cycle. HNaxt to mining,
reprocessing and waste management operations use most of the remaining
temporarily committed land attributable to the uranium fue) cyciz. Of the
permanently committed land use attributable to the uranium fuel cycle, mining
and atlling operations account far about 35%, and most of the remaining 65X is

used for the disposal of radioactive wastes (8.5 acres/RRY)

fo determine the cumulative land use effect related to a prospective nuclear

rconomy, one must first convert the land use per RRY to land use per model

1,000 MWe LWR Vifetime (30 years), and then multiply that value by the equivalent

number of model 1,000-MWe LWRs projected (GWe). The weighted average factor

to convert land use per RRY to land use per mode]l LWR life is about 40.

The conversion factor of 40 is a weighted average that results from considera-
tion of three factors: land use for facilities; land use for waste management.,
which increases with time; and ore depletion and mill recovery performance

over tne life of the reactor. In WASH-1248, uranium mining and milling opera-

tions were based on an average ore grade of 0.2%, and 100% mill recovery,

e st B S AR A i h s, g kit n b T e o s e e et
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which represented current operations. However, a later analysis developed for
NUREG-0002 indicated that when ore depletion and mill recovery performance is
considered over the years 1976-2000, it would be more appropriate to use an
average ore grade of 0.1X, with 90X mill recovery, over the life of a LWR.
Thus, to convert land use per RRY to land use per LWR life committed to mining
and milling, the land use per RRY should be multiplied by 67. Added to this
value is the land use per RRY for UFG produ-tion, enrichment, fuel fabrication
and reprocessing; and 30 times the land use per RRY for waste management
operations. For the reason given above, since mosi of the "ove “purden moved”
is related to the aining of uranium ore, the factor used to con:ert MT/RRY of

overburden moved to MT/LWR life is 67.

Environmental Effects: The land use requirements related to the fuel cycle in

support nf a model 1,000-MWe LWR do not represent a significant impact. A
1,000-Mwe coal-fired power plant that uses strip-mined coal requires the
disturbance of about 200 acres of land per year for obtaining coal alone.
Thus, for comparison, the coal plant disturbs about 10 times as much land as
tﬁe disturbance attributable to the entire fuel cycle in support of the model

1,000-Mwe LWR.

b. Water
The principal use of water in the fuel cycle supportiag a model 1,000-MwWe LWR
is for cooling. Of the total 11,377 million gallons of water use per RRY,

about 11,000 million gallons are required to remove heat, L, once-through

cooling, from the power stations that supply electrical enmergy for yranium

¢ e il e a
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enrichment. The discharge of water to surface streams is in accordance with

the National Pollutant Discharge £limination System Permits issued by EPA and

the states. Orainage water pumped out of uranium mines (123 million gallons/RRY)
and from waste management operations (3.5 mrilion gallons/RRY} is discharged

to the iround. Of the 160 million gallons of water evaporated per RRY, about

65 millior gallons of water are evaporated from mill tailings ponds, and the
other 95 million gallons of water are evaporated from cioling water from fuel

cycle facilities.

To determine the cumulative water use effect related to a prospective nuclear
economy, one must first convert water use per RRY to water use per model
1,000-MWe LWR lifetime (30 years), and then multiply that value by the
equivalent number of model 1,000-MwWe LWRs projected (GWe). The factor used to
convert water use per RRY to water use per mode! LWR life is 30. However, to
determine the water use evaporated or discharged to ground, the conversion
factor for mining and milling operations is 67; and the factor for other fuel

cycle operations is 10.

Environmental Effect: The water use requirements related to the fuel cycle in

support of a medel 1,000-MWe LWR do not represent a significant impact. If
alt plants supplying electrical energy used cooling tnwers, the water use of
the fuel cycle would be about 6X of that required by the model 1,000-Mwe LWR.
The evaporated water loss of the fuel cycle is about 2X of the evaporated

water loss of a model 1,000-MWe LWR cooljng tower

A5

[ Fossil Fuel

Electrical energy and process heat are used in the fue! cycle. The electrical
energy (323 thousand MWh/RRY), of which about 96X is used for uranium enrichment,
is produced by conventional, coal-fired, power plants.l Most of the process
heat used in the fuel cycle is supplied by the combustion of natural gas

(135 million scf/RRY). [In general, about 50X of the natural gas is used for
yellowcake drying,13 15X is used fin UF6 production, 3% is useg in fuel fabrica-

tion, 22% is used in reprocessing, and 10% s used in waste management operations,

To determine the cumulative ‘ossfil fuel use effect related to a prospective
nuclear economy, multiply the fossi] fuel per RRY value by 30 to convert to
the fossil fuel use over the 30-year life of the model 1,0C0-MWe LWR, and then
multiply that value by the equivalent number of model 1,000-Mwe LWRs projected

(GWe).

Environmental Effect: The fossil fuel use requirements related to the fuel

cycle in support of a mode] 1,000-MWe LWR do not represent a significant

impact. The electrical energy needs of the fuel cycle are only about SX of

the electrical energy produced by the model 1,000-MWe LWR. [f the natural gas
consumed by the fuel cycle were used to generate electricity, it would contribute

less than 0.4% of the electrical energy produced by the model LWR.
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2. Effluents - Chemical

a. Gases

The gaseous chemical effluents from the fuel cycle result, for the most part,
from the combustion of fossile fuel to provide electrical energy or process

14

heat for fuel cycle facilities. To determine the cumulative gaseous chemical

effect related to a prospective nuclear economy, perform the calculation in a

manner similar to that given above for fossil fuel.

Environmental Effect: The gaseous chemical effluents related to the fuel

cycle in support of a model 1,000-MWe LWR do not represent 3 significant
impact. Based on data in a Council on Environmental Quality report,15 these
emissions represent a very small addition (about 0.0ZX) to emissions from

transportation and stationary fuel combustion in the United States.

b. QOther Gases
Small amounts of halogen compounds are released as gaseous effluents to the
environs, primarily as flyorides from UF6 conversion and uranium enrichment

cperations.

Emvironmental Effect: Measurements of fluorine in unrestricted areas indicate

concentrations below the level at which delaterious effects have been observed.16
Horeover, long-term observations have not revealed any adverse effects
attributable to fluoride releases from UFs conversion, uranium enrichment, and

fuel faprication facilities

A.5-25
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c.. tiquids and Solids

Some 1iquid chemica) effluents are released to surface waters from UF enrich-

5
ment, and fuel fabrication facilities. Tailing solutions from the uranium
mill account for the bulk of mass of liguid (-840 thousand MT/RRY) and solid
(91 thousand MT/RRY) effluents from the fuel cycle. However, the tailing
solutions are slowly dissipated by natural processes, principally through

evaporation, leaving the tailings solids for eventual disposal.17

There are two major agueous waste streams associated with the wet UF6 conversion
process.18 One is made up of dilute scrubber solutions which are treated with
lime to precipitate calcium fluoride, and is then diluted with cooling water
effluent before it fs released. The other is a raffinate stream which is held
in sealed ponds and the water is allowed to evaporate. The solids which are
recovered from the séttling ponds are packaged and ultimately buried. The

discharged of water to surface streams is in accordance with a National Pollutant

Discharge Elimination System Permit issued by EPA and the state.

A number of chemicals (primarily calcium, chlorine, sodium, and sulfate ions) N
are present in the liquid effluent from the enrichment plant. Water treatment
and dilution by the receiving river recuces the concentration of chemicals to

. . 19
a small fraction of the recomsended permissible water quality standards

The Tiquid effluent from fuel fabrication facilities contains niirogen compounds

resulting from the use of ammonium hydroxide in the production of UO2 powder,

DRI T I
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and from the use of nitric acid in scrap recovery operations. The fluorine

introduced into the fuel cycle during UF. production becomes a waste product

6
during the production of UO2 powder. The gaseous fluoride is removed from the
effluent air streams by water scrubber systeﬂs.zo The scrubber cystem wastes
are treated with lime to precipitate calcium fluoride, which is filtered from
the waste effluent stream and packaged (about 11 cubic yards/RRY)} for disposal
The discharge of water to surface streams is in accordance with a National

Pollutant Discharge Elimination System Permit issued by EPA and the state.

To determine the mass of tailing solution and solid tailings related to a

prospective nuclear economy, which are a function of the average grade of ore
processed, multiply the values for tailings solutions and solids in Table $-3
by 67 to obtain the mass of tailings solution and tailings generated over the

model LWR lifetime.

Environmental Effect: The liguid and solid chemical effluents related to the

fuel cycle in support of a model 1,000-MWe LWR do not represent a significant
impact. Al} liquid discharges from fue) cycle facilities into the navigable
waters of the United States are subject to requirements and limitations set
forth in the National Poliutant Discharge Elimination System Permit issued by
an appropriate state or federal regulatory agency. When milling activities are
terminated, the tailings pile may be graded, covered with earth and topsoil,

and seeded to reduce radon emanation.*

*

At this time, radon emissions are excluded from the S-3_fuel cycle rule:
Proposed regulations ralated to the disposal of mill ta2ilings were published
in the Federal Register on August 24, 1979

21
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3. Effluents - Radiological

a. Gases and Liquids

Table $-3 summarizes (except for radon-222 and technetium-99) the curies of
radioactivity released per RRY in the gaseous and liquid effluents from the
uranium fuel cycle in support of a model 1.000-MWe LWR. In general, the
natural radfonuclides (radium, thorium and uranium) are released from the front

end, and the others are released from the back end of the fuel cycle.

In the front end of the fuel cycle, small amounts of radium, thorium and

uranium are released to the environment in the gaseous process effluents and

‘in the ventilation air discharged to the atmosphere from milling, UF6 production,

enrichment and fuel fabrication facilities. Small amounts of uranium and its
daughters also a*: -eleased in the liquid effluents from these facilities, but
most of these radionuclides become part of the solid waste collected in the
tailings pile from milling operations or in settling ponds associated with the

other front end o.2rations.

In the once-tnrough fuel cycle, the spent fuel is stored for five or more
years and then disposed of in a geologic respository when the repository is
available to receive spent fuel.zz During inte-im storage prior to sealing or
the repository, some of the gaseous and volatile radionuclides contained in
the spent fuel may escape due to the failure of the fuel element cladding and

: . 23
leakage of the spent fuel dispssal containers
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About 50% of the krypton, 10% of the carbon-14, and 1% of tritium and jodine
contained in spent fuel exists within the qas space in the fuel rod and is
likely to be released from the fuel rod if the cladding fails. However, the
curies of tritium, carbhon-14, krypton-85 and iodine-129, given in Column F of
Table S-3A represent the total curies of each contained in 35 mitric tons of
spent {uel (the annual reference reactor fyel requirement), irradiated to
33,000 ¥Wd/MT, and aged 5 years. Since the site and method f spent fuel
disposal have no} yet been defined, the NRC staff cannot determine what amounts
of radionuclides may eventual'y escape from the repository or when they may
efiter the environment. However, the MRC staff made a generic assessment,

based on 3 reference repository, to identify which radionuclides have the
higher probabitity of migrating from a repository, and which of these radio-
nuclides are the principal contributors to epvironmental dose commitments if
they do eventually enter the biosphere. In general, the gaseous radionuclides
that escape from failed fuel rods, or leaking waste canisters, before the
repository is sealed, and the very long-life radionuclides that have low
retardation in soils, such as iodine-129, which may migrate with ground water
and eventually reach the biosphere, are the principal contributors to environ-
Tental dose commitments.  Accordingly, to umbrella the upper bounds of prospective
2082 cocaitments, it was assumed that all of the tritium, carbon-14, xrypton-85,
and iodine-129 contained in S5-year-old spent fuel per RRY was released to the

2nvironment

in the nranium-only recycle option, the spent fuel is reprocessed. During
reprocessing, the gasecus radionuclides (tritium, carbon-14 and krypton-85)

are raleased to the atmosphere; however, most of the iodine i5 removed from

A.5-27
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the process efHuen'_s.Z4 The radiological effluents related to the uvranium-only
recycle option are given in column H of Table 5-3A. These values, per RRY,

are based on the reprocessing of six month 0ld spent fuel.

Since the radiological effluents given in Table S-3 are based on the higher
values taken from either fuel cycle, the radiological considerations related
to the back end of the fuel cycle are based on 100X release of the tritium,
carbon-14, krypton-85, and iodine-129 contained in six month aged spent fuel,
and small amounts of other fission product and transuranic radienuclides that

may be released if spent fuel were reprocessed.

Environmental Effect: Excluding radon, the radislogical effluents released

per RRY from the fue! cycle in support of the model 1,000-Mwe LWR result in an
estimated 100-year environmental dose commitment to a U.S. population of

300 million persons of about 650 person-rem, of which about 550 person-rem is
attributable to gaseous effluents and about 100 person-rem is attributable to
liquid effluents. 0f the dose commitment attributable to caseous effluents,
about 42X is from tritium, 31% is from carbon-14, 5% is from krypton-85, 10%
is from iodine, and the balance (12X) is from all other radionuclides, which

contribute primarily to the local population dose commitment

Although radon effluents are excluded from Table S-3, the dose commitment (rom
radon has to be added to the above fuel cycle environmental dose commitment to
arrive at the estimated dose commitmant attributable to the entire fuel cycle.
Based on recent studies, the 100-year environmental dose commitment per RRY

attributable to radon emissions from mining and milling is about 210 person-rem.
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Cn this basis, the 100-year environmental dose commitment attributable to the
entire fuel cycle is about 860 person-rem per RRY. For comparison, the

annua! dose commitment to a U.S. population of 300 million from natural background
radiation is about 3,000,000 person-rem. Thus, the dose commitment per RRY

from the fuel cycle is about 0.03% of the dose commitment to the U.S. population
from natural background radiation. Section [l contains an assessment of the
environmenta! dose commitment to the U.S. population attributable to the

radiological effluents, except radon, released from the uranium fuel cyctle.
b. Solids

The curies per RRY of radionuclides in buried radioactive low-level, high-level
and transuranic waste materials are given in Tabte S-3. As discussed above,

it is assumed that there will be no release of solid radionuclides to the
environment from buried solid waste materials. Moreover, the radiological
effluants from waste management are so small in relation to the other segments
of the fue! cyCle that they do not show up in the totals presented in

“aple 5'1.25
ipout i0.700 curies of mixed radionuciides are buried per RRY it low-level

waste land burial sites. Of this total, 9,100 curies comes from LWR low-level
-asle:zs 1,500 curies are attributable to decommissioning of nuclear facilities,
ingluding the reactor;27 and the balance, about 100 curies, is generated by

vire uranium fuel cycle operations in support of the LWR. About 600 curies of
Jranium and its daughters are added per RRY to the tailings pite at the mill

site.za
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The Liigh-level radioactive waste from the once-through fuel cycle is the spent
fuel assemblies, which will be packaged and disposed of in a geologic repository.
The radioactive waste from the uranium-only recycle option consists of the

fuel assembly hulis, the high-level and intermediate-level wastes from reproces-
sing. and the plutonium waste. These wastes will be disposed of in a geologic
repository in the form of solids which will have chemical and physical properties
that mitigate the release of radionuclides to the environs. It is assumed

that the geologic repository will be designed and operated so that the solid

radicactive wastes are confined indefinitely.

Environmental Effect: There are no significant releases of solid radioactive

materials from shallow land-burial facilities, or from the geologic repesitory,

to the environment.

4, Effluents - Thermal

The uranium fuel cycle in support of a model 1.000-MWe LWR discharges approxi-
mately 4 trillion Btu of heat per RRY into the environs. Most of this heat,
about 80X, is rejected to the atmosphere at the power plants supplying electrical
energy to the enrichment plant or at the enrichment plant itself.zg waste
management and spent fuel storage contribute about 18% of the heat rejected to
the environs. This heat results from the decay of radionuclices. The rejection

of process heat from fuel cycle facilities accounts for the remaining ZX of

the thermal effluent from the fuel cycle
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To getermine the heat rejection by the fuel cycle over the mode!l LWR lTifetime,

multiply the thermal effluent value per RKY by 30.

Environmental Effect: The thermal effluents related to the fue) cycle in

support of a model 1.000-MWe LWR do not represent a significant impact. The
thermal effluent of the fuel cycle is only about 8% of the heat dispersed to

the environs by the model LWR.

5. Transpartation

The 2use commitment to workers and the public related to the transport of
nuclear materials in support of a mode) 1,000-MWe LWR is estimated to be about

2.5 person-rem per RRY.30

To determine the transportation dose commitment over the mode) LWR lifetime,

] multiply the dose commitment per RRY by 30.

Environmental Effect: The transportation dose commitment related to the fuel

cycle in support of a model 1,000-MWwe LWR does not represent a significant
impact. Compared to natiral backgrou:d radiation, this dose commitment is
smali.

5. Occupational Exposure

The cccupational exposure value given in Table 5-3 (22.6 person-rem) represents

an upper exposure value related to reprocessing and waste management activities

A.5-29

associated with the back end of the fuel cycle, if the model 1,000-Mwe LWR is
operated on the uranium-only recycle mode. Most of the occupational exposure
attributable to the back end of the fuel cycle results from the variety of
operations associated with reprocessing and related waste management activities
involving the disposal of irradiated spent fuel. For comparison, the occupational
exposure related to the “back end” of the “once-through” uranium fuel cycle is
estimated to be 7 person-rem per RRY. The occupational exposure attributable

to the entire uranium fuel cycle in support of a model 1,000-MWe LWR is estimated

to about 200 person-rem per RRY.31

Environmental Effect: The occupational exposure attributable to the fue)

cyéle in support of a model 1,000-MWe LWR is acceptable. NRC regulations

limit the permissible occupational exposure of any individual to 5 rem annually.
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[11. Calculated Population Dose Commitments and Health Effects

of the Uranium Fuel Cycle

In the Féderal Register Notice promulgating the final fuel cycle rule (44

FR 45362), the Commission stated, in note 35, that one important issue to be
addressed in the parrative is the question of fhe time period over which dose
comnitments frca long-lived radicactive effluents should be evaluated. In
particular, how dose commitment evaluations over extended periods of time
might be performed and ;hat their significance might be are subjects that the

Comnission directed be addressed in this narrative.

This portion of the narrative has been developed to meet the above Commission
directive. Section A contains a discussion of the population dose commitments
and health effects calculated to result from the radioisotope releases given
in Table S-3 when {ntegrated over 100 years.™ Section B contains a discussion
of the period of time that the waste in a Federal repository may represent a
significant potential hazard, the incremental radioisotope releases from the
repository which might occur during that period, and the period of time for
which calculations may provide meaningful information. Section C contains a
discussion of bow very long-term (thousands of years) dose commitments and
health effects attributable to long-lived radioisotopes released to the envi-
ronment might be calculated, and what the significance of the calculations

might be.

.
WASH-1248 and Table $-3 did not address the question of population dose commit-
nents or potential health effects. However, these topics were discussed in

considerable detail in NUREGs-0116 and -0216 (Supplements 1 and 2 of WASH-1248)

Thase reports present a detaiited reevaluation of the “back end” of the uranium
fuel cycle.

A.5-31

55

A. 100~-year Environmental Dose Commitments

The envirormental models used to calculate the transpert of released radio-
activity to man and to estimate the potential somatic and genetic health
effects used in the following discussion are the models discussed in the GESMO
Hearings.‘ The models have been described in some detail in Appendix C of
MUREG-0216. Basically, the models account for the dispersion of radioactivity
released in the environment, the bicaccumulation in food pathways, the uptake
by man and the dose commitments resulting from that uptake. There are two
types of population dose commitments calculated: the 50-year dose commitment
from continued external exposure and uptake of the radicisotopes released in a
-year period, and the envirommental dose comnitment (EDC). The EDC represents
the sum of the 50-year dose commitments for each year of a specified period

during which the radioactivity is released or remains in the environment

In practice, it is impossible to estimate realistically the complete EDC for
very long-lived nuclides, such as iodine-129 (17 million years hatf life).
There is no wey to predict with any degree of certainty the many variables

that affect such estimates so far into the future, e.g.. the growth of human
population, technological advances, the environmental behavior of long-lived
radionuclides. and the occurrence of catastrophic climatic and geologic changes
(See Section  for a discussion of how long-term dose commitments might be
calculated.) .

NRC, EPA, and other agencies use a so-called incomplete EDC. In GESHO.Z the
length of the incomplete EDC selected was 40 years for a total U.S. population

of 250 million. Thus, 50-year population doses were calculated for each year
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of the 40-year exposure period and summed (i.e., the total length of time
covered was 40 « 50, or 90 years). These calculatfons have been modified to
extend the population dose integration period to 100 years, as recommended by
the S-3 Hearing Board. Since each year's sxposure is calculated for 5D years,
the total time covered s 150 years. For the overall fuel cycle, the total
body exposure is projected to be 550 person-rem/RRY for an assumed stable U.5.

populatfon of 300 mi)lion

It should be noted that for tritium and krypton-85 (two of the major dose
contributors), there is Vittle difference between a 40-year and a 100-year
EDC, since about 30X of both nuclides will decay within the first 40 years.
Furthermore, much the s2me is true of most of the fission and activation
products released from the nuclear fuel cycle (e.g., fodine-131  ruthenium-106,
strontium-90, cesfum-137). For this reason, increasing the length of the EOC
from 30 to 100 years results in much less than a doubling of the estimated
dose commitments and potential health effects; not much additional change

would occur {f the EDC were extended beyond the 100 years for most fsotopes.

However, for the vary long-lived radioisotopes such as cargon-'4 and iodine-129,

among others, and the specfal case of 3.8-day radon-222 which continues to be
formed by decay of long-lived parents, the EDCs continue to increase with time
and the calculated health effects also continue to increase. (See Section C

for 3 dfscussion of very long EDCs.)

[n the area of health effects, {t s possible that even the 4Q-year E0Cs

calculated for the S-3 hearings overestimated the impacts of the releasges.

The health effects models represent a linear extrapolaticn of effects observed
at high dose rate (e.g. Japanese nuclear bomb survivors) to potential effects
at low doses and low dose rates. In addition, the assumption is made that
there is no dose below which effects cannot occur. It is believed that .he
use of such models, although useful for regulatory purposes, tends to
overestimate the effects of exposure to low-level ionizing radiation. ‘Most
animal and cellular studies indicate reduced somatic and genetic effects as
the doses are reduced. Further, at low dose rates, the effects per unit of
radiation dose for somatic effects may decline due to cellular repair and

other mechanisms.

The health risk estimators from the GESMO3 studies are as follows:*

total body dose: 135 cancer deaths per million person-rem
258 genetic effects per million person-rem

thyroid dose: 13.4 cancer deaths per million person-rem

tung dose: 22.2 cancer deaths per million person-rem

bone dose: 6.9 cancer deaths per million person-rem

Although the risk of a genetic effect occurring is about twice that of a
cancer death, most of the genetic effects (assumed to be occurring at the

equiltibrium rate which requires about 5 generations) would not be fatal.

*The conclusions in the 5-3 narrative concerning potential biological effects
are based on risk estimators in the BEIR 1 Report modified to reflect more
recent radlobiological data in WASH-1400. The BEIR 111, which reevaluates the
risk estimators presented in BEIR 1, recently has been published ‘July, 1980).
Although the NRC staff review is stil] underway, the range of risk ertimators
for low level radiation presented in BEIR 1!] appear to be essentially the same
numercially or less than those presented in BEIR 1 for whole body exposures.
However, in some cases the cancer risk estimators for snecific organs in BEIR [
appear to be different from (somewhat hiaher than) thase tn BEIR [ and those in
the S-3 narrative. Thus, cancer risk estimators for some speciffc organs could
be somewhat underestimated in the $-3 narrative. However, since the bulk of the
collective population doses from the yranium fuel cycle (excluding radon) are
whole body exposures, the conclusions of the 5-3 narrative would be changed o7iv
slightly, if at all. {f the BEIR Il risk estimators were to be used.

Craw e i




58

Because there are higher dose commitments to certain organs (e.g., lung, bone,
thyroid) %han to the total body, the total risk of radiogenic cancer is not

addressed by the total body dose commitment alone. B8y using the risk estimators
presented above, it is possible to estimate the whole body equivalent dose

commitwents for certain organs. The sum of the whole body equivalent dose
comwitments from those organs was estimatad to be about 100 person-rem. When
added to the above value, the total 100-year environmental dose commitment

would be about 650 person-rem/RRY

In summary, the potential radiological impacts of the supporting fuel cycle
(including fuel reprocessing and waste management but excluding radon
enissions from aining and mill tailings) are as follows:

total body person-rem/RRY: 550 (100-year dose commitment)
risk squivalent person-rem/RRY: 650 (100-year dose commitment)”
fatal cancers,'RRY: 0.088

genetic effects/RRY: 0.14

Thus, for example, if three light water reactor power plants were to be operated
for 30 years =ach, the supporting fuel cycle would cause risk equivalent whole
rady population dose commitments of about 59,000 person-rem and a geneticaily
significant do;e commitment of about 50,000 person-rem, leading to estimates

of 8 fata) cancers and 13 genetic effects in the uL.S. population (300 willion
parsons) over a period of 100 years. Some perspective can be added by comparing

svch estimates with “normal® cancer mortality “or the same population. Assuking
that future population characteristics (Age distridution. cancer susceptibility,

alc. ) end competing risks of mortality remain tne same as today. such projections

“Includ2s dose commitments to other organs as well as ~hole body dose.

A.5-33

would predict about 60 millivn cancer deaths from causes other than generation
of nuclear power during the next 100 years. Assuming that the occurrence of
genetic effects remains constant, projections would predict about 25 miltlion
genetic effects from causes other than generation of nbclear power during the

next 100 years.

Using the lifetime risk estimate of 135 cancer deaths per \06 person-rem and
averaging the 650 risk equivalent person-rem per RRY over the ¥ 5. popuiation
of 300 million persons, the average lifetime individual risk in the U.5. from
cancer mortality from radioactivity reteased from the supporting fuel cycle is
about 3 chances in 10 biliion per RRY. Assuming one RRY supplies electrical
power for approximately a million persons and that all of the cancer risk is
borne only by those users, the average !ifetime risk to this population group
would be about 9 chances in 100 mfllion per RRY. This would also be the
approximate average lifetime risk per person per RRY from the fuel cycle if
all of the electricity used in the United States were produced by nuclear
pover plants. However, since nuclear power presently provides about 10X of
the total electricity generated in the United States, the average Vifetime

risk per person in the U.S. would be about 3 chances in ) pitlion per RRY.

In order to provide some perspectives on the risk of cancer mortality from the
supporting fuel cycle, some mortality risks which are numerically about equa)
to 9 chances in | billion are as follows: a few puffs on a cigarette, 3 few
sips of wine, driving the family car about 6 blocks, flying about 2 miles,
canoeing for ) seconds, or being a man aged sixty for 11 seconds.‘ Using

electricity generated by any means for typical domestic use results in an

W
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