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Introduction

The U.S. Nuclear Regulatory Commission (NRC), and its predecessor, the U.S.

Atomic Energy Commission (AEC), determined that widescale recovery and recycle

of plutonium fuel in light water reactors (LWR's) warranted analysis apart

from that given for the licensing of any single recycle facility and that

adoption of rules governing such widescale use would constitute a major Federal

action that would have the potential to affect significantly the quantity of

the human environment. Thus, pursuant to the National Environmental Policy

Act of 1969 (NEPA), an environmental statement was required.

Work on a draft environmental statement was begun in February 1974; the draft

statement was completed and issued for comment in August of the same year. In

August 1975, a special NRC task force was assembled to prepare the final

environmental statement. Using information from both government and industry



sources as well as the comments on the draft statement, the task force,

assisted by outside contractors and four national laboratories, prepared a

final generic environmental statement on the health, environmental and safety

aspects of the use of recycled plutonium in mixed oxide fuel. This final

statement, Generic Environmental Statement on the Use of Recycle Plutonium in

Mixed Oxide in Light Water Cooled Reactors, was issued in August 1976 as

NUREG-0002 and has been labeled by the acronym, GESMO.* Altogether more than

60 technical persons (NRC, laboratory and contractor) participated in or

contributed to these environmental statements which represent about 50 person-

years of effort.

The assessments in the final GESMO considered cumulative industry effects for

the period 1975 through 2000 and were centered on a conservative low industry

grov/th rate resulting in about 500 light water reactors in the United States

by 2000. The total electrical energy generated from all nuclear reactors

during this period would be about 35 trillion kilowatt-hours. Growth projec-

tions resulting in a range of LWR's from 400-800 by the end of the century

were also analyzed in order to assess the effects of industry size upon the

cost-benefit balance. The bases for these growth projections were forecasts

(1975 update of WASH-1139) prepared by the Energy Research and Development

Administration (ERDA), Office of Planning and Analysis.

The materials and services requirements (demand data) for this period were

developed by means of a modification of the ERDA computer program, NUFUEL.

A draft Safeguards Supplement, dealing only with domestic issues, was issued
in early 1977.



Price projections for fuel cycle materials and services, including a simula-

tion of market place reaction to supply-demand functions for uranium costs,

were combined with NUFUEL demand data in an economics code, NUCOST, to estimate

overall economic trends. Environmental effects were developed for model

generic facilities for each fuel cycle step and were integrated over the

study period by the computer program, NUEN.

The LWR fuel cycle defined for this generic environmental assessment was

based on a forecasted future industry since some of the facilities making up

the various segments of the prospective industry have not been designed.

Accordingly, the environmental impact assessment was based on model facilities

representing typical facilities for each segment of the projected fuel

cycle. These model facilities reflected current technology, and in general

the environmental impact assessment was based on conservative estimates of

effluent releases and other factors.

The assessment did not include anticipated improvements in technology or

procedures that may be reasonably expected to reduce environmental impacts

as the industry grows from the year 1975 through 2000.

Major Alternatives for Recycle of Plutonium

The GESMO analyzed the health, safety, environmental and economic impact

costs and benefits of implementing each of the three basic available options

for the LWR fuel cycle; uranium and plutonium recycle, uranium recycle, and



no recycle. To more fully characterize the effects of possible application

of these options, five major alternatives were compared. The five alternatives

were:

Alternative 1 - Prompt fuel reprocessing,, prompt uranium recycle,

delayed plutonium recycle.

Alternative 2 - Delayed fuel reprocessing, followed by uranium and

plutonium recycle.

Alternative 3 - Prompt uranium and plutonium recycle. (Selected as the

base case)

Alternative 4 - Uranium recycle; no plutonium recycle.

Alternative 5 - No uranium or plutonium recycle.

The alternatives are shown schematically on Figure 1. Salient characteristics

of the nuclear industry for the three basic options are shown in Table I.

Alternatives 1 through 3 represent the variations of the uranium and plutonium

(U + Pu) recycle option; Alternative 4 the uranium (U) recycle option;

Alternative 5 the no recycle option.
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Figure 1 Alternatives for the Disposition of Plutonium



Table I

THE PROJECTED LIGHT WATER REACTOR INDUSTRY IN THE YEAR 2000

LHR Industry Annual Capacity Number of Facilities

O5

LWR's*

Mines**

Mills

UFg Conversion Plants

Uranium Enrichment Plants 8.75 x IO 6 SWU***

UO 2 Fuel Fabrication Plants 1,500 t, U

Reprocessing Plants 2,000 t, HM****

1,050 Short Tons,

15,000 t, U

MOX Fuel Fabrication Plants 360 t, HM

Federal Repositories for
Storage of High Level Waste 360 cubic meters
Transuranic Wastes 6,000 cubic meters
Spent Fuel Assemblies 15,000 Assemblies

Commercial Burial Grounds 1 x 10 cubic feet

No Recycle

507

5,840

109

7

6

9

0

0

5

11

U Recycle U + Pu Recycle

507

5,064

95

6

6

9

5

0

5

11

507

4,125

77

5

5

?

5

8

5

11

*Reactors are assumed to be 1,000 MWe

••Underground mines (capacity of 20,000 short tons annually) constitute over 95£ of the total mines;
open pit mines (200,000 short tons annual production) constitute remaining 4+7-.

•••Separative work units.

••••Heavy metals.

is. :



Environmental Impacts

To determine the environmental impact of implementing each of the alternatives

the total projected LWR industry, from mining and milling of uranium through

reprocessing/recycle or disposal of spent fuel, was evaluated for each

alternative. Alternatives 1 and 2 have environmental effects that are

essentially the same as those of Alternative 3 differing only in timing of

realization. For brevity, therefore, this presentation compares only the

environmental impacts of Alternatives 3, 4 and 5.

Table II shows the major factors influencing the environmental impact of the

light water reactor industry for the three basic fuel cycle options. With

the exception of uranium, the "resource use," of the three options does not

vary greatly. However, this "resource use" for the uranium and plutonium

recycle option is generally the smallest, and that of the no recycle option

is the greatest.

The radionuclides released from LWR industry operations (see Table II) are

slightly different with recycle of fissile materials (Alternatives 3 and 4)

than without recycle (Alternative 5). The different mixes of radionuclides

produce somewhat different doses to workers and the general population. The

cumulative total body radiological doses over the 26-year period are shown

in Table III.



Table II

SUMMARY OF INTEGRATED ENVIRONMENTAL IMPACTS
FROM LIGHT WATER REACTOR INDUSTRY, 1975 THROUGH 2000*

(Base Line Analysis, 500 LWRs by Year 2000)

Fuel Cycle Option

Environmental
Factor

Prompt Uranium
and Plutonium Recycle

(Alternative 3)

Uranium
Recycle

(Alternative 4)
No Recycle

(Alternative 5)

Resource Use

Committed Acres

Water Use (Gallons, U.S.)

Heat Dissipated (Btu)

Coal Use (Ton, Short)**
Gas Use (Therms)
Fuel Oil (Gallons, U.S.)
Electricity Use (GWy)***

3.4 x 104

1.2 x 10

2.9 x 10

14

17

8.9 x 10?0
1.0 x 10 1 0
2.0 x 10lu

3.8 x TO^

4.0 x 10'

1.3 x 10

2.9 x 10

9.0 x 10;
1.2 x 10
2.0 x 10,
3.8 x 10'

,4

14

17

Ï0
10

5.0 x 10*

1.3 x 101

2.9 x 101

9.0 x 101

1.3 x 101.9 x
3.8 x

10,
10'

Í010

x 10Ï
x lOi

6.5 x 10;
.2 x 10X

Plant Effluents (Curies)

Radon-222 2.3 x 10
Radium-226 1.1 x 10,
Uranium 8.7 x 10!
fhorium-230 3.2 x 10
Plutonium (Alpha) 4.6
Plutonium-241 (Beta) 1.2
Trans-Plutonium Nuclides 1.1
Tritium
Carbon-14
Krypton-85
Strontium-90
Technetium-99 4.5 x 10«
Iodine-129 1.1 x 10,
Iodine-131 3.4 x 10,
Other Radioactivity 5.3 x 10'

Plant Waste Generated (Cubic Meters)

Mill Tailings 5.9 x 10?
Transuranium Solids 1.5 x 10,
High Level Solids 6.5 x 10J

.3 x

.8 x

2.5
1.3
1.0
3.6
3.0
7.4
5.3
6.4
1.2
1.3
1.8
5.3
1.1
3.3
5.4

6.9
1.3

X
X
X
X

X

X
X
X
X
X
X
X
X

X
X

10
10
10
10

10

10
10
10
10
10
10
10
10

10
10

2.8 x
1.4 x
1.1
4.2
2.3
3.0
9.0
4.7
4.3 x
2.6 x
2.5 x

10
lui
lOf
101

10"
10"
106

ife
10'
10
-2

6.0 x "10,
5.4 x 10'

6.5 x 10J

7.8 x 10'

5.5 x 104

,8

*The impacts include those from mining, milling, uranium hexafluoride conversion, uranium
fuel fabrication, mixed oxide fuel fabrication, reactors, fuel reprocessing, transportation,
waste management, and spent fuel storage.

**Coal use includes use at fuel cycle plants and at fossil fueled power plants that are
assumed to supply two-thirds of power use.

***Gigawattyear



Table III

SUMMARY OF INTEGRATED RADIOLOGICAL TOTAL BODY DOSES FROM
U.S. LIGHT WATER REACTOR INDUSTRY, 1975 THROUGH 2000

(Millions of Man-rem)

U.S. Occupational

Offsi te

U.S. Total

Foreign

World (U.S. & Foreign) Total

U & Pu Recycle
Alternative

3

3.8

4.2

8.0

0.9

8.9

U Recycle
Alternative

4

4.0

4.6

8.6

0.9

9.5

No Recycle
Alternative

5

4.1

3.9

8.0

0.2

8.2

For perspective, the United States population is estimated to receive a

cumulative total body dose of about 650 million man-rem from natural back-

ground radiation during the period from 1975 through 2000. The total body

dose from all light water reactor industry operations (approximately 9 million

man-rem) is less than 1.5% of the natural background dose.

The foreign population dose is higher for Alternatives 3 and 4 than it is

for Alternative 5 because of the conservative assumption in the analysis

that certain fission gases are released from fuel reprocessing. The dose to

the foreign population is less than 1 million man-rem for any option. That

value is about 0.01% of the cumulative dose (10 billion man-rem) to the

foreign population from natural background during the same period.



From these data, estimates of health effects (cancer mortality and total

genetic defects) attributable to the radiation received by the United States

offsite population, occupational workers, and foreign population have been

projected.

Table IV shows the estimated number of cancer mortalities and genetic defects

attributable to alternative operations of the light water reactor industry

from 1975 through 2000. The estimated number of added cancer mortalities in

the United States ranges between 1,100 and 1,300 and the estimated number of

added genetic defects ranges between 2,200 and 2,400 for the three recycle

options.

Table IV

SUMMARY OF ESTIMATED HEALTH EFFECTS ATTRIBUTABLE TO OPERATION
OF THE U.S. LIGHT WATER REACTOR INDUSTRY, 1975 THROUGH 2000

Health Effects

Cancer Mortality

U.S. Population
Total World

(including U.S.'

Genetic Defects

U.S. Population
Total World

(including U.S.

Uranium & Plutonium
Recycle

Alternative 3

1,100
1,200

)

2,100
2,300

Uranium
Recycle

Alternative 4

1,200
1,300

2,400
2,600

No Recycle
Alternative 5

1,100
V,00

2..100
2,100

10



The estimated number of health effects results from exposures of very large

populations to very small doses. Because of the large population involved

in such calculations it is possible to estimate large numbers of health

effects from essentially any source of radiation. For example, the natural

background dose for the U.S. population is estimated as 650 Million man-rem

for the 26-yea," period 1975 through 2000. The estimated number of cancers

from this natural background dose is projected to be 90,000. The estimated

variations in the average natural background dose is in the range of 10

percent. Thus one could project a possible variation in the estimated

cancers from natural background radiation of +_ 9,000 or more.

From this perspective it can be seen that the estimated variation in health

effects from natural background introduces an uncertainty in cancer occur-

rences that is much larger than the estimated health effects from the fusl

cycle options.

Economic Analysis

Overall fuel cycle cost analyses showed that there are minor penalties (on

the order of $100 million discounted to 1975 at 10%) o be paid for delaying

plutonium recycie for a short time (Alternatives 1 and 2) as compared to

the reference case (earliest possible recycle of uranium and plutonium),

Alternative 3. If there is no recycle of plutonium (Alternatives 4 and 5),

economic penalties of about $3 billion discounted at 10% ($18 billion

undiscounted) are projected.

11



Parametric studies were made to analyze the sensitivity of the results to

variations in the growth in electricity demand, to the unit costs of the

various fuel cycle steps, to economic assumptions, and to delays in plutonium

recycle. The analyses showed that the economic incentive to recycle

plutonium

Increased with increasing nuclear growth rats

Increased with increasing uranium price and enrichment costs

Increased with increasing costs of spent fuel disposal

Decreased with increasing fuel reprocessing and mixed oxide fuel

fabrication costs

Is relatively unaffected by costs of spent fuel transportation, plutonium

transportation, and plutonium storage

In the unlikely event that all of the major possible variations in fuel

cycle cost components were unfavorable to recycle, plutonium recycle would

show a $2.4 billion disadvantage relative to the no recycle fuel option.

However, if all of these major variations in cost components are favorable,

the incentive to recycle plutonium relative to no recycle would increase to

$11.4 billion.

12



Large changes in the value of discounted fuel cycle costs were caused by

variations in the discount rate, with the economic incentive to recycle

increasing with decreasing discount rate. Delays of less than 5 years in

the start of the recycle were found to have relatively small impacts under

the conditions assumed.

Fuel cycle costs of the five major recycle alternatives are given in Table V.

The table lists the total cumulative discounted fuel cycle costs for the

period 1975 through 2000 for Alternative 3 (base case), and differential

costs relative to Alternative 3 for Alternatives 1, 2, 4, and 5.

Alternative 3 is calculated to have a total 1975 present worth fuel cycle

cost of $36.3 billion at a 10% discount rate.

Staff Findings

The principal staff findings based on evaluations of the health, safety,

environmental, and economic (but not safeguards) effects of widescale

recycle of plutonium as fuel to light water reactors are as follows

The safety of reactors and fuel cycle facilities is not affected

significantly by recycle of fissile materials.

Nonradiological environmental impacts resulting from recycle of fissile

materials from spent fuel are slightly smaller than those from a fuel

cycle that does not reclaim residual fuel values.

13



Table V

COMPARISON OF DISCOUNTED PROCESS COSTS
(Discounted to 1975 at 10% in Millions of 1975 Dollars)

Frocess

Mining and Hilling

UFg Conversion

Enrichment

U02 Fabrication

MOX Fabrication

Spent Fuel Transportation

Reprocessing

Plutonium Transportation

Plutonium Storage

Spent Fuel Storage

Waste Disposal

Pu Sales*

TOTAL (Rounded)

Total Costs
Alternative 3

15,700

842

9,920

3,970

944

410

3,600

9

34

228

734

-93

36,300

Alternative 1

+36

+3

+32

+11

-25

0

-3

0

+100

0

0

0

+150

Differential
Alternative 2

+520

+30

+152

+63

-134

-63

-573

-1

-33

+205

-116

+22

+70

Costs
Alternative 4

+2,640

+127

+1,270

+448

-944

-67

-614

-9

-34

+205

-116

+93

+3,000

Alternative 5

+4,670

+204

+1,200

+448

-944

-160

-3,600

-9

-34

+397

+930

+93

+3,200

*The small amount of plutonium leaving the light water fuel cycle for research use is accounted for as a sale or negative cost.



Plutonium recycle extends uranium resources and reduces environment

requirements, while entailing the need for reprocessing and fuel fabrica-

tion of plutonium containing fuels.

While there are uncertainties, widescale recycle has a likely economic

advantage relative to a fuel cycle that does not reclaim residual fuel

values.

Differences in health effects attributable to recycle provide no

significant basis for selection of a fuel cycle option.

No waste management considerations were identified that would bar

recycle of uranium and plutonium.
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