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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 Nuclear Reactor Regulation (the staff).

1. The action is administrative.

2. 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. I 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 electrical generation
per unit. The exhaust steam will be condensed by once-through flow of water
obtained from and discharged to Lake Anna.

3. On March 24, 1969, the Virginia Electric and Power Comp&ny (VEPCO) filed an
application with the United States Atomic Energy Commission (AEC) for permit3
to construct North Anna Power Station, Units No. I and 2. Following reviews by
the AEC regulatory staff and the Advisory Committee on Reactor Safeguards and
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 -n the staff's environmental review
were issued as a Final Environmental Statement (FES) in April 1973. *v letter
dated January 2, 1976 the staff reiested that the apolicant update th.2 Environ-
mental Report for the North Anna Power Station, Units Nos. I and 2, to ensure
that the FES properly considers any design changes or other changes in conditions
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
cumulative impacts pending further treatment by rulemaking (44 FR 45362 August 12,
1979.)

4. On the basis of the analysis and evaliiation set forth in this addendum and the FES,
and after weighing the environmental, economic, technical and other benefits
against environmental costs, and after considering availaLle 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 Environmental Policy Act

of 1969 (NEPA). The environmental review contained in this Second Addendum

deals with the impact of operation of North Anna Power Station, Unit Nos. 1

and 2. Astessments 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 Power Station,

Unit Nos. I and 2; 2) Addendum to the Fin' Environmental Statement dated

November 1976 (NUREG-0134', and 3) Errata to Addendum to the Final Environ-

mental Statement.
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A.5. ENVIRONMENTAL EFFECTS OF STATION OPERATION

A.5.2 RADIOLOGICAL IMPACTS

A.5.2.1 Environmental Effects of the Uranium Fuel Cycle

The environmental effects of the uranium fuel cycle were discussed in the

Addendum to the Final Environmental 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 environmental 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 contained in

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

mental Statement.

On August 12, 1979, the Commission published a notice announcing the outcome

of a final rulemaking 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 environmental 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 453A2 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 it should be altered, in what
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respects (42 FR 26987). The Hearing Board took extensive written and oral

testimony from more than twenty participants. On August 31, 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 b, 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 environmental costs

of licensing the reactor in question. The exceptions are radon releases,

presently omitted from the interim rule (43 FR 15613, April 14, 1978),-/ and
2/

technetium-99 releases from reprocessing and waste management activities.-

I/ 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 oý numerous proceedings including those dockets involving
the North Anna Power Station, Unit No. 1 & 2.

2/ With regard to technetium-99 relOeases 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 environmental issues in presently
pending proceedings to provide for consideration of technetium-99
releases."

Thus, consideration of technetium-5? releases at North Anna Power
Station are unnecessary.
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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 radiological 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 promulgated as

part of the rule. The recommended narrative would also address important

fuel cycle impacts now outside the scope of the Table, including socio-

economic and cumu' 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 the Commission directive of Augu:;t ., 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, merely clarifies or amplifies

inTormation previously provided and doe, not affect the cost-benefit conclu-

sion already made in the FES, addendum to FES and errata to addendum.
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August 1980

Section 1. The LWR Uranium Fuel Cycle

Explanatory Narrative for Table S-3,

Table oa ''ranium Fuel Cycle Environmental Data

A Purpost

The purpose of this narrative explanation of Table S-3 is to assist the reader

in identifying the major impacts of each step in the fel cycle and in determin-

ing which fuel cycle steps are the major contributors to each type of environ-

mental impact shown in Table S-ý Table S-3 summarizes the environmental

effects of the normal operations 0; the uranium fuel cycle associated with

producing the uranium fuel for a nuclear power plant and in disposing of the

ý,-t nuclear fuel and the radioactive wastes. The values in Fable S-3 were

estimated principally by methods which are described in detail in the reports

WASH-1248, "Environmental Survey of the Uranium Fuel Cycle,"I HUREG-0116,

"Environme-ntal Survey of the Reprocessing and Waste Management Portions of the

LWR Fuel Cyce," 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, aZ a public hearing (Docket

No. RPl 50-3) on the reprocessing and waste management environmental effects,

the Commission 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 environmen'.al effects.
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The following narrative explanation of the values given in Table S-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-1246; values pertaining to the back end of the fuel cycle

are taken from NUREG-OlI6, with cilanges which are noted in the hearing record.4

Since the narrative is designed to help the reader in interpreting the environ-

mental effects given on Table 5-3, the forementioned docume'ts, together with

others that were cited in the documents or discussed durirg the hearings, are

generally the only references cited in the narrative. The exceptions to this

s
t
atement are found in Section 1II, where the staff has provided, for purposes

of discussion only, information on how long term dose commitments might be

calculated, and what incremental releases from waste disposal sites might be.

Since these topics were not covered in Jetail in WASH-1248, NURES-OlI6.

NUREG-0216 or the hearing record, informatiop not in the record had to be used

to develop the material.

Section I of the narrative describes the extant LWR uranium fuel cycle, the

broad alternatlies and the individual operations of the fuel cycles; Section I1

contains a description of the environmental effects of the LWR fuel cycles

and of the individual fuel cycle operations; Section III contains a discussion

of dose commitments and health effects resulting from releases of radioactive

materials from the fuel cycle. Section III also includes a discussirn 1,f 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

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

repository considered in NUREG-01I6.} Section IV contains d 'scuss on

socioeconomic impacts.

B. Alternative Fuel Cycles

The several alternatise fuel cycles which can be used for present get.ration

LWR reactors can be primarily characterized by how the spent fuel is "andlpd.

since all presently available alternatives start with uranium fuel T'Ne

alternatives are:

Once-Through Fuel Cycle:

o The spent fuel can be disposed of without recovery of residual fiS icn-

able isotopes; this is the present operating mode for U.S. nuclear reac '

Uranium-Only Recycle:

o Uranium can be recovered from spent fsel by reprocessing and can he

recycled in nuclear fuel. Plutonium can be stored '%r later use or

combined with residual radioactive materials as wastes. Uraniua-,.ry

recycle, including plutonium storage, was considered to be the most

likely mode of operation at 'he time of preparation of WASH-1248

f1972-1974), and was the fuel cycle addressed in that document.S In

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

Federal repository.
6

Uranium and Plutonium Recycle:

o 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 GESM 
7 

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

(GESM proceeding) when President Carter published his "Statement on Nuclear

Power Policy" on April 7, 1977. After consideration of the Executive Branch's

and Vie public's comments, the Commission decided (4Z FR 65334. December 30,

1977) that, among other things, it would:

o Terminate the GESMO proceeding.

o 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

decommissioning of existing plants.

o Reexamine the above matters at a later date.

Tile result of the C-mmission's decis;on is that there are only two LWR fuel

cycles potentially licensable for wide scale use in the United States at this

tii:.- 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

-0216. and the larger effect of the two fuel cycles is included in the

Table S-3. Since the fuel cvc'e rule is to cover LWRs during their operating

lifetimes, even though there are no reprocessing plants operating in the

United States at this time, the proceedings of January 1978 tnrough April 1978

considered both the once-throuoh and uraniufn-only recycle fuel cycles to cover

the reactor lifetime ith some flexibility.

C. Fuel Cycle Operations

Many different operations are required for either the once-through fuel cycle

or the uranium-enly 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 I shows a block

flow diagram for the front end of th.' fuel cycle; F'gures 2a and 2b show the

back end of the once-through and uraniuip-only recycle fuel cycles respectively.

Five operations comprise the front end of the fuel cycle (Figure I): ore is

mined; the uranium. content of the ore is recovered as an impure compound

(yellowcake) by milling; a purified uranium compound (UF6 ) is produced; the

uranium-235 content of natural uranium is increased at enrichment plants; and

uranium fuel is fabricated.
8

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 the reactor or at special facilities away from the reactor, for

periods of time in excess of 5 years. The spent fuel is packaged and disposed

of In Federal repositories. In the uranium-only recycle mode (Figure Zb),
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spent fuel is stored at reactors fzr 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 yecrs of their

generation. Most of the waste from reprocessing plants will be disposed of at

Federal repositories.

0. The Model Reactor and its Fuel Cycle Requirements

For the purposes of developing the values in Table S-3, a model light water

reactor was defined in WASH-1248 as a 1,000 MWe reactor assumed tu operate at

80% of its maximum capacity for one ye4r, thus producing 800 Pm-yrn of elec-

tricity annually. The fuel cycle requirements averaged over a 30-year operat-

ing life 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-Oll6 and -0216 the termi-

nology "reference reactor year" (RRY) was employed to describe the fuel cycle

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

terminology will be utilized in this narrative.

The front end of the fuel cycle, as described in WASH-1248, covers the supply

of fuel for the model reactor; 91,000 metric tons of ore (containing 2 parts

of 130, per 1,000 parts of ore) are required per RRY. Milling of the ore

pioduces 182 metric tons of yellowcake,' which in turn is converted into 270

metric tons of natural UF6 . In the enrichment operatirnn, much )f this natural

UF6 feed material is rejected from the fuel cycle as enrichment plant tails.

Of the 270 metric tons of UF6 feed, 218 metric tons are rejected from the fuel

cycle 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 4n metric tons of UO2 fuel (35 metric tons of contained uranium).

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

electricty. 10

The back end fuel cycle steps, described in NUREGs-0116 and -0216, handle the

post-fission products and wastes, including the soent fuel. The spent fuel,

which still contains about 34 metric tons of uranium,11 is removed from the

reference reactor annually. (Approximately one metric ton of uranium has been

converted to 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. 12 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 will be disposed of

at a Federal repository.
1 3

'Varying fuel cycle operating conditions including reactor parameters, yellow-
cake purity, enrichment tails assay, etc. effect the yellowcake RRY -equirement
which is thus subject to considerable variation.
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For the uranium-only recycle option, the spent fuel is reprocessed to recover

ura-,um. Plutonium (about 0.35 metric tons per RRY14 ) may be recovered as

plutonium oxide in a separate stream. The fission products, other actinide

elements, and activation products are concentrated into one or more solid waste

products which are disposed of together with any plutonium stream.

To develop the values in Table S-3, the environmental effects resulting 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 model 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 resulting from these operations, brief

descriptions are given below for the model fuel cycle facilities used to

derive the environmental effects given in Table S-3.

I. The Front End of the Fuel Cycle (WASH-1248)

a. Uranium Mining15 and Milling16

For this segment of the fuel cycle, 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 occur

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

accomplished by one of two nethods. Open pit mining, accounting for 53% of

the ore produced in this country in 1971, is used when t' 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 u Jerground

mining, and since about half of the known ore reserves in the United States

are located ii, relatively shallow sedimentary formations less than 400 feet
17

deep. 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 U308 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.

(2) Milling

As in a number of existing production complexes, the model mill, located

adjacent to the model uranium mine, utilizes the acid leach process, since

that process accounts for about 80% of the total U308 production. 18 the mill

produces a uranium conisL,dte containing about 960 MT U30d per year.

wRadon releases are not given in Table S-3.
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:n Ire niliing operation, uranium is extracted from the ore and is concen-

trated as a semirefined product that is sold in terms of its U308 content.

The product, nich is principally ammonium diuranate, can be any one of several

uranium compounds and is commonly called yellowcake.

Both mechanical and chemical processes are involved in the milling operation.

:nitially. the ore is crushed and ground, after which it is leached with

either sulfuric acid or sodium carbonate solutions to extract the uranium.

The 'each liquvrs are purified and concentrated, and the uranium is recovered

by oremical precipitation with the solid product calcined, pulverized and

drummed for shipment as yellowcake. Near;y all of the ore processed by the

mill ends up as tailings, a fine sand-like material, in the tailings pond,

together witl large amounts of water and chemicals used in the process. The

eater eventually dissipates, largely Dy natural evaporative processes. The

tailings have the potential to cause the largest environmental effects from

the milling operation.

o. Uranium Hexafluoride Production
1 9

The yellowcake must be converted to a product (uranium hexafluoride, UF6 )

wnich is volatwle at a slightly elevated temperature for enrichnent by the

gaseous diffusion process. Two processes are used for UFL6 production, a dry

process (hydrofluor) and a wet process. The processes differ primarily in the

technique used for purification. In the dry process, fractional distillation

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

feed is provided by a solvent extraction step Roughly equal quntities of

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 UF6 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 aierage industry. The modl plan, consists of a 5,000 MTU/yr plant and is

capable of supplying the fuel for 27.5 RRY;.

A number of process off-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 du,'ing 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 process 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

scrubber solutions. Some of these aqueous effluents are treated with calcium

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

A.5-10
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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 liquid effluents. Radioactive

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 addition,

radioactive materials entering with the yellowcake appear in the solid residues

for the dry process operations.

C. Uranium Enrichment20

Isotopic enrichment of uranium-235 is necessary to provide fuel for a light-water

moderated nuclear reactor. The :oncentration of uranium-235 in natural uranium

is about 0.7i, and the enriched uranium content for the current generation of

reactors iIs2-41. 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

curreitly operatlig in the country. The model used in this study is a scaled-down

model of the entire complex.

The primary sources of environmental effects associated with the effluents

from enrichment of uranium are related to the gase,. s effluents from the

coal-firvd 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-Hfe

coal-fired plant.
2 1 

The discharge of heat to the enviro:iment, 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; Fabrication22

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

UF6 . the UF6 is converted to UO2 , which is formed into pellets and then

calcined and sintered at high temperatures. Finished pellets are loaded into

Zircaloy 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 fabrication plant, the conventional

ammonium diuranate process was selected for conversion of uF6 to UO. The

capacity was chosen to be 3 MIU 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 UFl6 production phase becomes a waste product during the production

of UO2 powder. Saseous 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 liquid wastes to remove fluoride

ion as calcium fluoride (CaT 2 ) precipitate.
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Other significant themical specifs 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-0II6 and 0216)

a. Once-Throigh Fuel Cycle

>everal operations Comprise the back end of the once-through fuel cycle.

[hose are: storage of spent fuel, encapsulation of spent fuel after storage,

and disposal of spent fuel; disposal of low-level wastes; and the decontamina-

tion and decommissioning operations. The environmental effects of all of

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

(1) Spent Fuel

Spent fuel assemblies are stored in water basins for the order of 5 or more

years after their removal from the reactor. These storage basins may be

located at the reactor site or at offsite facilities. Storage would be followed

by an encapsulation operation, in which individual a;z=blipv are packaged,

possihly in helium-filled steel canisters. The encapsulated assemblies would

ie disposed of in a Federal repository, the final step in the once-through

fuel cycle.
2 3

Fo.iironmental effects of spent fuel storage include heat releases, water use,

r-!eaxe of small amounts of gaseous radionuclides, and generation of solid

,.,o;aactive wastes. These wastes arise from such operations as water

purificitinn.

ruel canisters are assumed to be disposed of in a bedded salt repoSitory, tne

model repository defined in NUREG-0I)6. Operations of tne repository for the

once-through option are similar to those of the uranium recycle option (see

below), although II times as many canisters would be required for spent fuel

as for high-level wastes.
2 4

The environmental effects of spent fuel disposal are similar to those of

high-level waste disposal, except that in the once-through fuel cycle the

remaining, undecayed, gaseous radionuclides (tritium. carbon-
1 4

, krypton. and

iodine) are assumed to be 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 repository performs as expected and maintains the waste in

isolation.
2 5 

On the basis of the analysis presented in NUREC-0Ol6, the staff

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

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

normalized to an RRY, will be insignificant.*

(2) Low-Level Wastes

Low-levei wastes containing small quantities of radionuclides are produced in

the normal operation of nearly all fuel cycle facilities, including reactors

(for example, 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 a

WThe reader 15 referred to Section 1118 for a discussion of the possible release
of radionuclides from a waste repository in the event that a number of unlikely
natural processes are encountered.
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low-level 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 or fuel cycle facilities

must be decommissioned in ways that assure protection of public health and

safety. In 1UREG-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

decortsissioning result from the disposal of low-level wastes and wastes contami-

nated with transuranic elements (elements with atomic numbers above 92).

Decoitntamination and decommissioning impacts were not considered in WASH-1248

an~d, 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

lie operations comprising the back end of the uranium-only recyc~e option can

be grouped into two major categories - reprocessing and waste management

oeralrtions. Environmental effects from the reprocessing facility include

those of the reprocessing operation, high-level liquid waste storage, high-level

•,-u' solidification, and the short-term storage of solidified high-level

4aste 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 decommissioninq.

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. All wastes to bz disposed of at the repository will be treated

at the reprocessing plant or other operations to produce stable materials

suitable for final disposal.

(1) Reprocessing26

Following their use as fuel in the nuclear power plant, spent 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 widely 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 fuel

cycle. Environmental effects from reprocessing facilities have been derived

A.5-13
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principally from data gathered in many years of experience in Federal government

plant,. The major environmental effects from reprocessing result from the

assumed release of gaseous fission products and activation products from the

spent fuel.
2 7

High-level wastes (HLW) produced at the reprocessing plant contain the highly

radioactive fission products from the spent fuel. These wastes require a

systrc fur their management that provides radiation shielding, protection

against release, and a means of heat lissipation.

Il;e relerence system for HLW management at the reprocessing plant includes the

foilo-irig steps: short-term storage as liquid in tanks; solidification;

snort-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.

tec-orary 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 than ten years and have been storing commercial reprocessing wastes at

West Valley. New York, for more than five years. The tanks are assumed to be

stainless steel, located in stainiess steel-lined concrete vaults with equip-

merit for heat removal. These tanks are an integral part of the reprocessing

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

with ef'luents from the rest of the plant. Th"e mpacts Ire Inc ludel among
23

the impacts listed for rep .. ssing.

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

its dispersal, the HLW must be 3ulidified as required by 10 CFR Part 50.

Appendix F. A number of technologies exist fhr 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

liquid HLW is a two-step process: first, producing a calci.re, and second,

melling it together with glass-fon-ing 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

the soiidification facility are includeo in the estimates for the reprocessing

plant.29

If the selidified HLW is not to be shipped to a 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 this purpose in

the analysis. Shielding. confinement, and rem..al .f decay neat are the major

functions of this facility. During normal operxtions, only minor increments

of heat release and water usage are added to the impacts of the reprocessing

facility.30

'Ihe present licensing staff position is that a number of alternative waste
forms should be characterized before one is selected for use in the repository.
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t2) waste Management

(a) Interim 3torage of High-Level wastes at a Retrievablo

Surface Storage Facility
t |

If fvnal geologic disposal facilities are not available for receipt of solidi-

fied HLW mithin 10 years after it has been generated, a facility must be

avaijaDle for interim HLW storage. One such conceptual facility is the retriev-

able surface storage facility (RSSF). The impacts for an RSSF have been

conservatively included in the summation of waste management effects (given in

column H of Table S-3A (see below)). Land use for the RSSF would te comitted

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

ir the event that extended storage might be needed, a sealed storage cask

concept has been used to evaluate the environmental effects of extended storage.

vaste canisters are placed in thick-walled, high-integrity overpacks; this

package is then placed inside concrete cylinders which provide shielding and

channeling for natural-draft air cooling. This concept has low vulnerability

to a,-idents.

(b) Transuranic-Contaminated Wastes (TRU Wastes)

Amo•g the nuclides produced in nuclear reactor fuel are transuranics (TRU).

,'adionuclides having atomic numbers higher than uranium, which may be parents

ýf !ong-lived decay chains (tens of thousands of years). Waste materials con-

taining significant quantities of these long-lived element3 will be confined

3rd consigned to the Federal repository.

So Id -as tes con taminateds - th ~I~ au% 4, .~ ' It , ,,-A ' , - ** *.-'i- -Ot 'I (--

of the fuel reprocessing plant Wastes Included In th1% cat'eorGy ar. soldi f 'd

liquIds. filters, cladding hulls and other fuel hardware. and general trash

Overall management involves processing IRU wastes to a stable for,, packaging

the product in a high-integrity container. storing the packages on"it. At thf

fuel rep"ocessing plant 'or up to ZO year%. and 'nraly 1hrpp-n to a I-Jlra

re.pository, for long-term storage or geologic disposal Environmental effects

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

detectable in the totals In Table S-3 32

(c) Dispo;al of HLW and lRU .Iastes at a Federal Repository

HLW and TRU wastes, including plutonium, comprise the mal !rr•as from the

nuclear fuel cycle that would be disposed of at a Federal repository. Deep

emplacement in a stable geologic medium (bedded salt) under the continental

United States was the repository model used in this evaluation. Although

knowledge about the impacts of other alternatives is limited, the potential

impacts from bedded salt disposal are believed to be reasonably representative

Impacts that would result from any appropriatelv designed geologic "nmplacement.*

The repository facility will be designed and the waste e.placed to keep the

-astes and the surrounding geologic media below temperatures which could

result in nuclide migration or ir~air the ',ructure of the geologic formation.

The mine will be constructed using existing technology to prevent flooding

"TF nTheresentlcensing staff position Is that three to five sites In several
geologic media should be fully characterized before selection of a medium for
a repository.
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ancd!or collapse during operation. Engineering features will be ouilt into the

facility to provide containment of waste materials. Operational (waste emplacement)

lifetime of the facility will be between 20 and 30 years. At that time the

facility will be backfilled and sealed.'

Effects 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 large volumes of

salt from excavation) have been projected to be very low. Radiological effluents

from routine package inspection and repair activities are quite small relative

to those from major fuel cycle facilities (e.g.. reprocessing).
3 3

(d) Low-Level Wastes

Low-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

ou-level wastes than would result from spent fuel storage and disposal in the

once-tnrougn fuel cycle. The impacts are included in column H of Table S-3A

,a

(e) Decontam~nation and Decommissioning of Uranium Recycle

Facilities

The 3c.ditional impacts from the reprocessing and other back end facilities for

uranium .ecycle are included in column H of Table S-3A (see below) Impacts

'7-FTprninnt Ticensing staff position is that the uption to retrieve the wastes

4hould be nairtained for 50 years following operation to allow monitoring and
corrective actions if required.

irom decommissioning the front end facilities ,ire essentially -)e same for

both fuel cycles and are also included ir column H rather than ,n the columns

for the individual facilities.
3 5

3. Transportation

Seven steps in the transportation of materials to and from facilities involved

in the nuclear fuel 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 mill, shipment of uranium concentrate from

mill to UF6 production plant, and shipment of natural UF6 to che enrichment

plant--involve the transport of low specific activity material. Two adoitional

steps in the front end of the fuel cycle--shipment of enriched U.E to the

uranium dioxide (U0 2 ) plant and shipment of UID2 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 UF6 to UOD2 conversion process.) In addition, the shipment of

wastes from UF6 plants, waste from fuel fabrication plants, and certain wastes

from fuel reprocessing plants to commercial land burial sites involves the

transport of radioactive low-level solid wastes. 16

In the back end of the on. -through 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 uranium 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

h
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fuel frcm, 3nd waste from reactors) covering tne transportation of materials

to and from nuclear power plants are considered in Table S-4 of 10 CFR 51.20

and are not included in Table S-3.37

Packaging and transport of radioactive materials are regulated at the. Federal

level by the Nuclear Regulatory Commission (NRC) and the Department of Transpor-

tation (DOT). Certain aspects, such as limitations on gross weight of trucks,

Pi! regulated by the individual States. The regulations are designed to

irotect employees, transport workers, and the public from external radiation

• 'td exposure to radiation and radioactive materials as a result of normal and

accident conditions of transport. The requirements for packaging of low

soecific activity material are such that it is most unlikely that a person

could ingest or inhale a mass of material that would result in a significant

radiati~n nazard under any circumstances arising in transport. Shipments of

fissile materials are limited by the packaging designed to ensure nuclear

:riticality safety under both normal and accident conditions of transoort.

contawners of sol'dified high-level wastes must be designed to withstand the

effects of severe accidents.

tenvironmental effects of the shipment of materials in the nuclear fuel

i ire those -oich are characteristic of the trucking industry in general.

' i ncrease -0 iensit, of truck traffic from 'ue 7vcle Shipments will be

")ý r;mpared vitn total truck traffic. 3
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Sectin o i. Enviimimental Effects QI the LWR Fuel Cycle

A. Environmental Data

T
able S-3, Table of Uranium Fuel Cycle Environmental Data, is a summary of

environmental considerations attributable to the uranium fuel cycle, normalized

to the annual fuel requirement in support of a model l.O00-"'We LWR. Data from

the "front end" of the uranium fuel cycle, based on WASH-1248, have been

combined with data from the "back end," which is based on NUREGs-3116 and

-0216 and the remanded proceeding (Docket 11o. RM-50-31. 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. In general. Table S-3 presents the

Sum of the higher values taken from either the once-through izl cycle or the

uranium-only recycle option. The following is a brief discussion or the

environmental Considerations related to the "back end" of the once-through

fuel cycle and the uraniv--only recycle option.

I. Back End of the Once-Through Fuel Cycle

At present, spent fuel discharged from LWRs is being stored in the United States

pending a policy decision whether to dispose of the irradiated spent fuel as a

waste proOuct--the once-through fuel cycle--, or to reorocess spent fuel and

recover the residual fissile values for recycle 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 as waste. along with other waste management

activities, constitutes the "back end" of the uranium fuel cycle.I

A.-5-1.
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The environmental considerations related to the once-through fuel cycle are

summarized in column F of Table S-3A. It is expected that spent fuel wil,

remain in interim storage facilities for periods of up to 10 years or more to

reduce radiatlon and heat emissions prior to packaging and disposal, and

because facilities for the permanent disposal of spent fuel are not yet

available.2 Thus, column F includes the environmental impacts of extended

pool storage as well as spent fuel disposal in a deep salt bed, geological

repository. Low-level wastes, and decontamination and decommissioning wastes,

from all segments of the fuel cycle are also included in column F.3 There are

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

fuel cycle.

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

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

is similar for both spent fuel or high-level waste, and it has been assumed

that a repository in bedded salt will be designed and operated so as to retain

tin solid radioactive waste indefinitely. However, the radiological impacts

related to the geological disposal of spent fuel are based on the assumption

that ill gaseous and volatile radionuclides in the spent fuel are released

tfove the geologic repository is sealed.5 Since the gaseous and volatile

radiosn'clides are the principal contributors to environmental dose cormmitments,

this assumption umbrel:as the upper bounds of the dose commitments that may be

,icciatrsrl with the disposal of spent fuel.

2. Back End of the Uranium-Only Recycle Fuel Cycle Option

At present, there are no spent fuel reprocessing plants in the United States

that can reprocess LWR spent fuel. Moreover, 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 management activities are nearly ¼entical for both recycling

of uranium and plutonium, or recycling of ura,:;um-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 speit fuel

from LWRs may be reprocessed, 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-level waste.
6  

This is called the uranium-only recycle option.

and its environmental considerations are su1nariled in columns G (Reprocessing)

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

It 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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With respect to waste management activities associated with the uranium-only

recycle option (column H), the environmental considerations include the geologic

disposal of high-level wastes (HLW), transuranic wastes (TRU), plutonium,

low-level or nontransuranic wastes, and the disposal of wastes from decontamina-

tion and decommissioning of fuel cycle facilities.7 The environmental consid-

erations relevant to waste management activities directly related to reprocessing,

such as storage of liquid wastes in tanks, waste solidification and packaging,

and interim storage of solidified wastes at the reprocessing site, are included

in column G.

It has been assumed that a geologic repository will be designed and operated

so as to retain solid radioactive waste indefinitely. However, to umbrella

:.i upper bounds of the dose commitments that may be associated with reprocessirg

and waste management operations related to the uranium-only recycle option, it

has been assumed that all of the gaseous and volatile radionuclides contained

in the spent fuel are released to the atmosphere prior to the disposal of the

wastes. The gaseous radionuclides (tritium, carbon-14, and krypton-85) and

the volatile radionuclide iodine-129 are the principal contributors to environ-

mental dose commitments from the "back end" of the uranium fuel cycle.

8. Environmental Considerations

His section is a brief discussion of the environmental considerations of the

uranium fuel cycle, which are summarized in Table S-3 and Table "'A. It also

provides a brief explanation of how the values in Table S-3, which has been

,iormalized to a model 1,O00-Me reference reactor year (RRY), can be converted
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TABE. S--3A (cont.)

anry of Environmental Considerations for E1S Fuel fclt by Component
Normalized to Model Lil Rlfererca Rean .,r lear

A a C D 1 F G H

Haste
M IMPt. F.,

Enrich- Slorane 4 Reprocess- Uranlua Iraes-
Hieing Hilling- UF6 Prod. me nt Fuel Fab. Disposa 1 In Recycle portat.io Tot.l

Chemical JlI)

Case s (HI)

it,'
Ityd r ca rho ns
Co
Port ,ulatte

Other Cases

C -

Fluoride

Ca
CI-
Ru'
/HO1
Fe
loll.ns Solutions

(thousands)

SolIds

8.5 31.0 29.0 4.30)(O) 23 0.038 0.9 0.06 0.045
5.0 15.9 10.0(2) 1,130 8 0.04 21.9 0.061' 0.62
0.3 1.1 0.813) I1 0.06 0.0004 0.0 0.02 0.062
0.02 0.1 0.2 28 0.10 0.026 0.5 0.029 0.38

9.1 1.6 1,130 6 0.1O1180 0.6 0.2 0.012

0.11 0.5 0.005 - 0.05 -
- - 0.013 0.O06 0.013

4.410
1.190

154
1.154

0.67
0.019

4.0 5.4 - - 0.02
0.1 2.7 22
8.8 4.1

S - 5.4
0.2 0.2 0.09

- 3.9(4) 8.2 - - 002 -
-2.5 ) o.- 10.8 -0-

0.4

240

9.9
2n.0
12.9
5.4
5.5

12.1
10.0
3.4

241

91,100.91,000 40 26 0.42

2:00

t---

TARLE 5-38 (cost.)

Stamiary of Environmental Considerations for LIM Fuel Cycle by Compontent
liursal lized Ru Model Lii Reference Reactor Year

A B C 0 E F C

Spent Waste
Fuel M. t. for
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Mining Milling. UF6 Prod. meet Fuel Fob. Disposal ing Recycle portatlun IotaI

Effluento (cont.)

Radlologlcal (curies)

Wases (including entraitee.t)
1 5

1
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Uranium 0.
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C-14
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Ho- 1065
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FIssion Products
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[ oqlds

Uranium & Daughters 2

Ra-226
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Fission and

Activation Products
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Other than high level (shall w)- 600
TRU and 11111 (deep) (millions) -
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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
S -Z I_ primarily from the WASH-1248, NUREG-0116, and NUREG-0216 documents, and the

S-3 hearing record. Reerences 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

Z a 5-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,J:•L j i = together with an appraisal of their impacts, may be the subject of litigation
z• I -in Indivicual reactor licensing proceedings.9

a9

S.1. Natural Resource Use

2a. Land

C -- o"& The total land use per RRY attributable to the uranium fuel cycle in support

-z -of a model 1,0Q0-MNe LWR is about 113 acres, of which about 100 acres are

' -temporarily committed, and about 13 acres are permanently committed. About
- Y " -80% of the temporarily committed land used by fuel cycle facilities is

3 -:5 undisturbed land. Temporarily commsitted land, which Is used during the life

-: •~ ! - _of specific fuel cycle facilities, can be released for unrestricted use after

Most effluent values, unless indicated otherwise, can be converted from RRY
values to reactor lifetime valves by multiplyino the valve/RRY by 30-years
(reactor life).
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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

decommissioned. 10

The mining of uranium ore accounts for about 55% of the temporarily committed

land use of the entire uranium fuel cycle, Mining operations also account for

most of the overburden moved: 2.7 million metric tons compared to a total of

2.8 million metric tons per RRY for the entire fuel cycle. Next to mining,

reprocessing and waste management operations use most of the remaining

temporarily committed land attributable to the uranium fuel cyci.. Of the

permanently committed land use attributable to the uranium fuel cycle, mining

and milling operations account fir about 35%. and most of the remaining 65% is

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

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

Pconomy, one must first convert the land use per RAY to land use per model

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

number of model 1.O00-MWe LWRs projected (GWe). The weighted average factor

to Convert land use per RRY to land use per model 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.•, and 100% mill recovery,

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 0.1%, with 90% mill recovery, over the life of a LWR.

Thus, to convert land use per RAY to land use per LWR life committed to mining

and milling, the land use per RAY should be multiplied by 67. Added to this

value is the land use per RAY for UF6 produ,•tion, enrichment, fuel fabrication

and reprocessing; and 30 times ýhe land us* per RAY for waste management

operations. For the reason given above, since most of the "ove-ourden moved'

is related to the aining of uranium ore, the factor used to conzert MT/RRY of

overburden moved to MT/LWR life is 67.

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

support of a model 1,000-MWe LWR do not represent a significant impact. A

1,O00-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

the disturbance attributable to the entire fuel cycle in support of the model

1.000-1We LWR,

b. Water

The principal use of water in the fuel cycle supporti.og a model 1,000-PWe LVR

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, 1j once-through

cooling, from the power stations that supply electrical energy for uranium
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enrichment. The discharge of water to surface streams is in accordance with

the National Pollutant Discharge Elimination System Permits issued by EPA and

the states. Drainage water pumped out of uranium mines (123 million gallons/RRY)

and from waste management operations (3.5 million gallons/RRY) is discharged

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

65 milliot galltns of water are evaporated from mill tailings ponds, and the

other 95 million gallons of water are evaporated from czoling water from fuel

cycle facilities.

To determine the cumulative water use effect related to a prospectioe 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 I,O00-MWe LWRs projected (GWe). The factor used to

convert water use per RRY to water use per model 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 30.

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

support of a model LO00-NWe LWR do rot represent a significant impact. If

all plants supplying electrical energy used cooling towers, the water use of

the fuel cycle would be about 6% of that required by the model 1,000-RWe LVR.

The evaporated water loss of the fuel cycle is about 2% of the evaporated

water loss of a model 1,O00-Mle LWR cooling tower.

c. Fossil Fuel

Electrical energy and process heat are used in the fuel cycle. The electrical

energy (323 thousand RfWh/RRY), of which about 96% is used for urAnium enrichmeit,

is produced by conventional, coal-fired, power plants. 12 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 50% of the natural gas is used for

yellowcake drying,13 l5% is used in UF6 production, 3% is used in fuel fabrica-

tion, M• Is used in reprocessing, and 10% is used in waste management operations,

To determine the cumulative lossil fuel use effect related to a prospective

nuclear economy, multiply the fossil fuel per RRY value by 30 to convert to

the fossil fuel use over the 30-year life of the model I,OCO'-Me LWR, and then

multiply that value by the equivalent number of model 1.000-Roe LWAs projected

(Gle).

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

cycle in support of a model 1,O00-MWe LVR do not represent a significant

impact. The electrical energy needs of the fuel cycle are only about 5% of

the electrical energy produced by the model 1,O00-Mds LWR. If the natural gas

consuimed 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
c. Liquids and Solids

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

heat for fuel cycle facilities. 1 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 .,OOO-MWe LWR do not represent a significant

impact. Based on data in a Council on Environmental Quality report, these

emissions represent a very small addition (about O.OZ%) to emissions from

transportation and stationary fuel combustion in the United States.

b. Other Gases

Small amounts of halogen compounds are released as gaseous effluents to the

environs, primarily as fluorides from UF6 conversion and uranium enrichment

operations.

Emvironmental Effect: Measurements of fluorine in unrestricted areas indicate

concentrations below the level at which deleterious effects have been observed.

Mioreover, long-term observations have not revealed any adverse effects

attributable to fluoride releases from UF6 conversion, uranium enrichment, and

fuel faDrication facilities.

Some liquid chemical effluents are released to surface waters from UFL6 , enrich-

ment, and fuel fabrication facilities. Tailing solutions from the uranium

mill account for the bulk of mass of liquid (240 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 aqueous waste streams associated with the wet UF6 conversion

process. 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 is 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 settling 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)

are Present in the liquid effluent from the enrichment plant. Water treatment

and dilution by the receiving river reduces the concentration of chemicals to

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

The liquid effluent from fuel fabrication facilities contains nitrogen compounds

resulting from the use of ammonium hydroxide in the production of U02 powder,
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and from the use of nitric acid in scrap recovery operations. The fluorine

introduced into the fuel cycle during UF6 production becomes a waste product

during the production of UO2 powder. The gaseous fluoride is removed from the

effluent air streams by water scrubber systems.20 The scrubber 'ystem 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.
2 1

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 S-3

by 67 to obtain the mass of tailings solution and tailings generated over the

model LWR lifetime.

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

fuel cycle in support of a model 1,OO0-Mlfe LWR do not represent a significant

impact. All liquid discharges from fuel cycle facilities into the navigable

waters of the United States are subject to requirements and limitations set

forth in the National Pollutant 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 related to the disposal of mill tailings were published
in the Federal Register on August 24, 1979.

3. Effluents - Radiological

a. Gases and Liquids

Table S-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 1.00D-M
4

e LWR. In general, the

natural radionuclides (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 ozrations.

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.
2 2 

During inte-im storage prior to sealing oT

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

23leakage of the spent fuel disposal containers.
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About 50% of the krypton. 10% of the carbon-14. and 1% of tritium and iodine

contained in spent fuel exists within the gas space in the fuel rod and is

likely to be released from the fuel rod if the cladding fails. However, the

curies of tritium, carbon-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 fuel (the annual reference reactor fuel requirement), irradiated to

33,000 i4Wd/MT, and aged 5 years. Since the site and methud f r spent fuel

disposal have no, yet been defined, the NRC staff cannot determine what amounts

of radionuclides may eventually escape from the repository or when they may

enter the environment. However, the NRC staff made a generic assessment,

based on a reference repository, to identify which radionuclides have the

higher probability of migrating from a repository, and which of these radio-

nuclides are the principal contributors to environmental dose commitments if

they do eventually enter the biosphere. In general, the gaseous radionuclides

tnat escape from failed fuel rods, or leaking wjste 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 e-entually reach the biosphere, are the principal contributors to environ-

* ..al dose commitments. Accordingly. to umbrella the upper bounds of prospective

los, c."iitments. it was assumed that all of the tritium. carbon-14, krypton-S5,

and iodine-129 contained in 5-year-old spent fuel per RAY was released to the

."v ironvert.

in the ,ranium-only recycle option, the spent fuel is reprocessed. During

reorocessing, the gaseous radionuclides (tritium, carbon-14 and krypton-85)

are relesSed to the atmosphere; however, most of the iodine is removed from

the process effluents.
2 4 

The radiological effluents related to the uranium-only

recycle option are given in column H of Table S-3A. These values, per RR'a,

are based on the reprocessing of six month old 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 100% release of the tritium,

carbon-14, krypton-85, and iodine-12g contained in six month aged spent fuel,

and small amounts of other fissioi, product and transuranic radionuclides that

may be released if spent fuel were reprocessed.

Environmental Effect: Excluding radon, the radiblogical effluents released

per RAY from the fuel 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. Of the dose commitment attributable to caseous effluents,

about 42% is from tritium, 31X is from carbon-14, 5% is from krypton-8S, 10%

is from iodine, and the balance (IZt) 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 from

radon has to be added to the above fuel cycle environmental dose commitment to

arrive at the estimated dose comisitoant 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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On this basis, the 100-year environmental dose commitment attributable to the

entire fuel cycle is about 860 person-rem per RRY. For comparison, the

annual 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 III contains an assessment of the

environmental dose commitment to the U.S. population attributable to the

radiological effluents, except radon, released from the uranium fuel cycle.

b. Solids

The curies per RRY of radionuclides in buried radioactive low-level, high-level

and transuranic waste materials are given in Table 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

efflujents from waste management are so small in relation to the other segments

of the fuel cycle that they do not show up in the totals presented in

"i o le S .3 .2 5

Aoout 10.700 curies of mixed radionuclides are buried per RRY it low-level

,,aste land burial sites. Of this total. 9,100 curies comes from LWR low-level
'S

-aste: 1,500 curies are attributable to decommissioning of nuclear facilities,

i,cluding the reactor,
2 7 

and the balance, about 100 curies, is generated by

toe uranium fuel cycle operations in support of the LWR. About 600 curies of

uranium and its daughters are added per RRY to the tailings pile at the mill

site. 28

The high-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 hulls, 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

radioactive wastes are confined indefinitely.

Environmental Effect: There are no significant releases of solid radioactive

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

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 80%, is rejected to the atmosphere at the power plants supplying electrical

energy to the enrichment plant or at the enrichment plant itself. Waste

management and spent fuel storage contribute about 18% of the heat rejected to

the environs. This heat results from the decay of radionuclides. The rejection

of process heat from fuel cycle facilities accounts for the remaining 4% of

the thermal effluent from the fuel cycle.
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To uetermine the heat rejection by t., e fuel cycle over the model LWR lifetime,

multiply the thermal effluent value per RhI by 30.

Environmental Effect: The thermal effluents related to the fuel 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. Transportation

ThZ ljse commitment to workers and the public related to the transport of

nuclear materials in support of a model 1,000-MWe LWR is estimated to be about

2.5 person-rem per RRY.
3 0

To determine the transportation dose commitment over the model 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-MWe LWR does not represent a significant

impact. Compared to natiral backgrou:,d radiation, this dose commitment is

small.

5. Occupational Exposure

The rccuoatlonal exposure value given in Table S-3 (22.6 person-rem) represents

an upper exposure value related to reprocessing and waste management activities

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.
3 1

Environmental Effect: The occupational exposure attributable to the fuel

cycle in support of a model 1,000-le LWR is acceptable. NRC regulations

limit the permissible occupational exposure of any individual to 5 'em annually.



53
52

Section II - References

1. NUREG-0116, Section 2.6 and 4.6.

2. Ibid., p. 4-109.

3. Ibid., 4-117.

4. Ibid., Section 4.4.

5. Ibid.. p. 4-114.

6. Ibid.. Section 2.5 and pp. 4-100.

7. Ibid.. Section 2.2, 2.3, 2.4 and 2.5, and Section 4.4.
8. Ibid., p. 4-114.

9. Federal Register. 44, p. 45371.

10. WASH-1248, p. S-9.

11. Ibid., p. S-16.

12. Ibid.; p. 0-14.

13. Ibid., p. 8-10.

14. Ibid., p. S-18.

15. U.S. Council on Environmental Quality, "The Seventh Ann-jal Report."September 1976, Figures 11-27 and 11-28, pp. 238-239.
16. WASH-1248, p. 5-18.

17. Ibid.. p. B-9.

18. Ibid.. p. C-4.

19. Ibid., pp. D-18, 19.

20. Ibid., p. E-3.

21. Ibid., P. E-3.

22. NUREG-0116, p. 4-109.

23. Ibid., pp. 4-110 and 4-115.

24.

25.

26.

27.

28.

29.

30.

31.

Ibid., p. 4-9.
Ibid., p. 4-84, Table 4.16.

NUREG-0216, p. H-17, Table VII.

Ibid., p. H-18, Table VIII.

WASH-1248, p. 5-24.

Ibid., p. S-24.

NUREG-0116, p. 4-150, Table 4.35.

NUREG-0216, p. 1-2.

A.5- 3



54 55

_77

[11. Calculated Population Dose Commitments and Health Effects

of the Uranium Fuel Cycle

In the Federal 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 narrative is the question of the time period over which dose

commitments frcA long-lived radioactive effluents should tse evaluated. In

particular, how dose commitment evaluations over extended periods of time

might be performed and what their significance might be are subjects that the

Commission 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 integrated 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 hw, very long-term (thousands of years) dose commitments and

health effects attributable to long-lived radioisotopes released to the envi-

rorydent might be calculated, and what the significance of the calculations

might be.

WASH-1248 and Table S-3 did not address the question of population dose commit-
ments or potential health effects. However. these topics were discussed in
considerable detail in NUREGs-0116 and -0216 (Supplements I and 2 of WASH-I1248).
"lese reports present a detailed reevaluation of the "back end" of the uranium
fuel cycle.

A. 10-year Environmental Dose Commitments

The envirormental models used to calculate the transport 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.I The models have beei, described in some detail in Appendix C of

NUREG-0216. Basically, the models account for the dispersion of radioactivity

released in the environment, the bioaccumulation 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 radioisotopes released in a

I-year period, and the environmental dose commitment (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-liwed nuclides, such as iodine-129 (17 million years half life).

There is no e~y 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 C for a discussion of how long-term dose commitments might be

calculated.)

NRC. EOA, and other agencies use a so-called incomplete EDC. In GESMO,2 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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0-year exposure period and summed (i.e.. the total length of time

covered was 40 * 50. or 90 years). These calculations have been modified to

extend the population dose integration period to 100 years. as recoemmended by

the S-s Hearing Board. Since each year's exposure is calculated for 50 years,

the total time covered Is ISO years. For the overall fuel cycle, the total

body exposure is projected to be 550 person-rem/RRY for an assumed stable U.S.

population of 300 million.

It should be noted that for tritium and krypton-85 (two of the major dose

contributors), there is little difference between a 40-year and a 100-year

EOC, since about 90 of both nuclides will decay within the first 40 years.

Furthermore, much the same is true of most of the fission and activation

products released from the nuclear fuel cycle (e.g., iodine-131. ruthenium-106,

strontium-gO, cesium-137). For this reason. increasing the length of the EDC

from 40 to 100 years results in much less than a doubling of the estimated

dose commitments and potential health effects; not much additional change

.ould occur If the EOC were extended beyond the 100 years for most isotopes.

However, for the very long-lived radioisotopes such as carbon-14 and iodine-lZ,.

among others, and the special 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 a discussion of very long EOCs.)

In the area of health effects, it is possible that even the 40-year EOCs

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

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 GESMO studies are as follows:*

total body dose:

thyroid dose:

lung dose:

bone dose:

135 cancer deaths per million person-rem

258 genetic effects per million person-rem

13.4 cancer deaths per million person-rem

22.2 cancer deaths per million person-rem

6.9 cancer deaths per million person-rem

Although tOe 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

equilibrium rate which requires about 5 qeneration5) would not be fatal.

*The conclusions in the S-3 narrative concerninq potential biological effects
are based on risk estimators in the BEIP I Report modified to reflect more
recent radlobiological data in WASH-l400. The BEIR I11, which reevaluates the
risk estimators presented in BEIR 1, recently has been published ',July, 1980).
Although the NRC staff review is still underway, the range of risk e!timators
for low level radiation presented in BEIR IMI appear to be essentially the same
numercially or less than those presented in BEIR I for whole body expbsures.
However, in some cases the cancer risk estimators for snecific organs in BEIR III
appear to be different from (somewhat hiaher than) those In BEIR I and those In
the S-3 narrative. Thus, cancer risk estimators for some soecific organs could
be somewhat underestimated in the S-3 narrative. However, since the bulk of the
collective population doses from the uranium fuel cycle (excluding radon) are
whole body exposures, the conclusions of the S-3 narrative would be changed o-i:v
slightly, if at all. if the BEIR Ill risk estimators were to be used.



Because there are higher dose commitments to certain organs (e.g.. lung, bone.

thyroid) than to the total body, the total risk of radioqenic cancer is not

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

commitments for certain organs. The sum of the whole body equivalent dose

cormitments from those organs was estimatad to be about 100 Derson-rem. When

added to the above value, the total 100-year environmental dose commitment

would be about 650 person-rem/RRY.

In sti,•ary, the potential radiological impacts of the supporting fuel cycle

(including fuel reprocessing and waste management but excluding radon

emissions from mining and mill tailings) are as follows:

total body person-rem/RqY: 550 (IO0-year dose colmitment)

risk equivalent person-rem/RRY: 650 (100-year dose commitment)*

fatal cancers,'RRY: 0.088

genetic effects/RRY: 0.14

Ihus. for etAlle, if three light water reactor power plants were to be operated

for 30 years each, the supporting fuel cycle would cause risk equivalent whole

ituy population dose commitments of about 59,000 person-rem and a gonetically

significant dose commitment of about 50,000 person-rem, leading to estimates

of B fatal cancers and 13 genetic effects in the U.S. population (300 million

parsons) over a period of 100 years. Some perspective can be added by Comparing

s'ch estimates with "normal" cancer mortality "or the same population. Assuming

that futgre population characteristics (age distribution, cancer susceptibility.

,itc.) znd coppeting risk$ of mortality remain the same as today, such projections

'Incltidis dose commiltments to other organs as well as whole body dose.

would predict about 60 milliun 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 million

genetic effects from causes other than generation of nuclear power during the

next 100 years.

Using the lifetime risk estimate of 135 cancer deaths per 106 person-rem and

averaging the 650 risk equivalent person-rem per RRY over the U S. population

of 300 million persons, the average lifetime individual risk in the U.S. from

cancer mortality from radioactivity released from the supporting fuel cycle is

about 3 chances in 10 bililon 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 lifetime risk to this population group

would be about 9 chances in 100 million 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

poer plants. However, since nuclear power presently provides about 10% of

the total electricity generated in the United States. the average lifetime

risk per person in the U.S. would be about 9 chances In I billion 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 equal

to 9 chances in I billion are as follows: a few puffs on a cigarette, a few

sips of wine, driving the family car about 6 blocks, flying about 2 miles.

canoeing for 3 seconds, or being a man aged sixty for i1 seconds.4 Using

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

+

+
+
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