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FOREWORD 

On October 18, 1976 the Nuclear Regulatory Commission published in the Federal Register a 

notice of a proposed revision to Table S-3 of 10 CFR Part 51 and announced at the same time the 

availability of the document on which the proposed revision would be based--"Environmental 

Survey of the Reprocessing and Waste Management Portions of the LWR Fuel Cycle" (NUREG-0116). 

This notice solicited comments on the proposed rule change and on the accompanying impact analysis 

in NUREG-0116. December 2, 1976 was set as the end of the comment period, but comments were 

received as late as January 20, 1977. 

This present document contains responses by the NRC Task Force to the comments received. 

These responses are directed at all comments, including those received after the close of the 

comment period. The Task Force also provides herein additional information on the environ- ' 

mental impacts of reprocessing and waste management which has either become available since the 

publication of NUREG-0116 or which adds requested clarification to the information in that 

document. 

This document (NUREG-0216) is intended as a part of the record in support of the proposed 

rule, and taken together with the original survey (WASH-1248) and the additional analyses 

published in NUREG-0116, it provides the record upon which the Commission bases its decision 

with regard to the proposed rule. 
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GLOSSARY 

NOTE: The verbal conventions below, other than acronyms, apply solely to this Supplement, 
and are not intended to be definitions in a broader sense.) 

AEC 

AFR 

AGNS 

BNFP 

BNWL 

BWR 

CANDU 

Decommissioning 

DF 

Disposal 

EPA 

ERDA 

Federal repository 

FRP 

GEIS 

GESMO 

HEPA 

HLW 

Impact 

Interim storage 

LLW 

LLR 

MFRP 

Atomic Energy Commission; a former federal agency, disbanded 
by the Energy Reorganization Act of 1974. 

Annual Fuel Requirement as used in WASH-1248. 

Allied-General Nuclear Services. 

Barnwell Nuclear Fuel Plant. 

Battelle Northwest Laboratories. 

Boiling-Water Reactor. 

Canadian deuterium-uranium reactor. 

Taking out of service or ending active operations. 

Decontamination Factor. 

Permanent placement of wastes, without retrievability. 

Environmental Protection Agency; a federal agency. 

Energy Research and Development Administration; a federal 
agency, successor to all nonregulatory functions of the 
Atomic Energy Commission. 

Federally operated disposal or storage facility for high-level 
and transuranic-contaminated wastes. 

Fuel Reprocessing Plant. 

Generic environmental impact statement. 

Generic environmental impact statement for mixed oxide fuels 
"(recycle plutonium in light-water-cooled reactorsT. 

High efficiency particulate air filters. Pleated fiberglass 
filters with high surface area and small pore size designed 
to remove aerosols with a minimum efficiency of 99.97% for 
0.3 micrometer particles. 

High-l_evel wastes. 

Used in this Supplement to mean only environmental impact. 

Placement of wastes in engineered temporary storage that 
will protect the public from radioactive release while a 
disposal location is developed. 

Low-level wastes (containing minimal transuranic elements). 

Light-Water Reactor. 

Midwest Fuel Recovery Plant. 
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GLOSSARY (cont'd) 

MOX Mixed oxide reactor fuel (containing both plutonium and 

uranium). 

MT Metric tons. 

MTHM Metric tons of heavy metal. 

NEPA National Environmental Policy Act of 1969. 

NFS Nuclear Fuel Services. 

NRC Nuclear Regulatory Commission; a federal agency, successor to 
regulatory functions of the Atomic Energy Commission. 

Provisional storage Storage in a planned disposal medium while disposal 
feasibility is assessed. 

PWR Pressurized water reactor. 

RRY Reference reactor yjear. A 1000-MWe reactor, assumed to be 
operating at 80% of its maximum capacity for one year. This 
is equivalent to AFR as used in the original WASH-1248, 
dated April 1974. 

RSSF Retrievable Surface Storage Facility. 

SNM Special Nuclear Material. 

SRP Savannah River Project. 

SSCC Sealed Storage Cask Concept. 

Storage Temporary placement of wastes, usually in a pool or other 
structure, that will allow cooling and radioactive decay 
in safety pending shipment to a reprocessing plant or 
repository. 

SWU Separative Work Unit. 

TRU Transuranic. 

UNH Uranium hexahydrate. 



1.0 BACKGROUND 

Pursuant to the National Environmental Policy Act of 1969 (NEPA), an environmental impact 

statement is prepared by the Nuclear Regulatory Commission in connection with issuance of a 

construction permit or an operating license for each light-water nuclear power reactor (LWR). 

These statements contain a detailed evaluation of the environmental impacts of construction and 

operation of the plant and a discussion of reasonable alternatives, as well as an overall 

assessment of the costs and benefits of the licensing action. 

In November 1972, a document entitled "Environmental Survey of the Nuclear Fuel Cycle" was 

published by the Directorate of Licensing of the Atomic Energy Commission (AEC). Its purpose 

was to establish a technical basis for informed consideration of environmental effects of the 

uranium fuel cycle in environmental impact statements for individual LWRs. In the Survey the 

nuclear fuel cycle was treated generically. To compensate for the consequent lack of specific 

site and design detail, estimates were made of effluent concentrations, radiation dose rates, 

and human population densities appropriate to the model fuel-cycle facilities. This approach 

was necessary because it was not possible to trace the fresh and spent fuel for an individual 

reactor through the fuel cycle and thus pinpoint environmental impacts at specific plants at 

specific points in time. 

Comments on the Environmental Survey were solicited, and a hearing was held on February 1 

and 2, 1973. The purpose of the hearing was to consider possible amendments to Appendix D of 

10 CFR Part 50 which would, by rule, specify the environmental effects of the uranium fuel cycle 

that were to be factored into the assessment of costs and benefits in environmental impact 

statements for individual LWRs. Written comments were received in response to the Federal 

Register notice, and recommendations for improvement were offered during the hearings. After 

consideration of these comments, the AEC promulgated the final fuel-cycle rule (so-called 

Table S-3) on April 22, 1974 (39 FR 14188). The AEC indicated that the rule and survey would be 

re-examined from time to time to accommodate new information.* The same Table S-3 is now 

included in 10 CFR Part 51. 

It was intended that, with the inclusion of environmental impacts from Table S-3, environ

mental impact statements for individual LWR's would represent a full and candid assessment of 

costs and benefits consistent with the legal requirements and spirit of NEPA. Consequently, the 

Survey was not intended as an analysis of alternatives, costs, and benefits of the entire 

uranium fuel cycle; i.e., it was not intended to be a complete environmental impact statement on 

the LWR fuel cycle. 

*In this regard, the NRC staff has initiated a study designed to examine information that 
has developed since promulgation of the fuel-cycle rule In 1974, for the purpose of generally 
updating the rule. See Generic Response #2. 
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On January 19, 1975, the AEC was abolished and its licensing and regulatory responsibilities 

transferred to the Nuclear Regulatory Commission. On July 21, 1976, the United States Court of 

Appeals for the District of Columbia Circuit decided Natural Resources Defense Council v. NRC 

and Aeschliman v. NRC, two cases involving judicial review of the fuel-cycle rule. The Court 

approved the overall approach and methodology of the rule. It found that, regarding most phases 

of the fuel cycle, the Survey did an adequate, even admirable, job of describing the processes 

involved. The Court noted that the Survey assembled data on consumption of resources, discussed 

the risks of accidents and other hazards in detail, and provided numerous references to the 

scholarly literature and technical reports in support of conclusions as to environmental impact. 

However, the Court found that the rule was inadequately supported by the record in its treatment 

of two aspects of the fuel cycle--the impacts from reprocessing of spent fuel and impacts from 

radioactive waste management. 

The Commission issued a General Statement of Policy on August 13, 1976, in regard to the 

court decisions. The principal actions enunciated by the Policy Statement were: 

(1) The Commission would reopen the rulemaking proceeding on the environmental effects of the 

uranium fuel cycle to (a) supplement the record on reprocessing and waste management 

issues and (b) determine, on the basis of the supplemental record, whether the existing 

rule should be amended. 

(2) The Commission directed its staff to review the technical literature and produce a revised 

and adequately documented environmental survey on the probable environmental costs of 

reprocessing and waste management in licensing a nuclear power reactor. 

(3) The Commission temporarily suspended the issuance of new full power licenses, construction 

permits, and limited work authorizations. The temporary suspension would remain in effect 

until completion of the revised environmental survey, at which time the Commission would 

determine whether it could be used to justify the development of an interim rule to serve 

as the basis for resuming licensing activities. 

The Court of Appeals, on October 8th, stayed its mandate, indicating that the Commission 

could continue issuing licenses on a conditional basis. 

The Commission announced a proposed interim rule, dealing with the environmental impacts of 

fuel reprocessing and waste management in licensing nuclear power plants, on October 13, 1976. 

The proposed rule--in the form of a table assessing the impacts--was published in the Federal 

Register on October 18th (see Appendix A). Fourty-five days were provided for public comment, 

ending on December 2nd. 

The proposed interim rule was based on the newly completed report NUREG-0116, "Environmental 

Survey of the Reprocessing and Waste Management Portions of the LWR Fuel Cycle," (Supplement 1 

to WASH-1248). This survey found that environmental impacts of fuel reprocessing and waste 

management as they relate to individual nuclear plants continue to be small, even when impacts 

which were not completely accounted for in the past are considered. 
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The Commission also made public another staff study of the impacts involved should the 

Commission (a) not license until after a final rule is adopted or (b) license under an interim 

rule and later find it necessary to reverse these decisions. 

The Commission further announced that it was reviewing the new evaluation and the October 8 

order of the Court of Appeals, and would decide how these actions would impact on other aspects 

of its August 13 Policy Statement—including a decision on whether licenses may be issued in 

pending cases before an interim or final rule is made effective. 

On November 5th, the Commission announced that, in light of the October 8th stay of the 

Court's mandate, the quality of the new analysis of reprocessing and waste management impacts, 

and the relatively short period of time anticipated before the adoption of an interim rule, it 

would resume licensing on a conditional basis. 
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2.0 INTRODUCTION AND CONCLUSIONS 

2.1 Discussion 

To facilitate discussion of the issues inherent in estimating environmental impacts of 

waste management and reprocessing, the Nuclear Regulatory Commission distributed approximately 

2,400 copies of NUREG-0116, "Environmental Survey of the Reprocessing and Waste Management 

Portions of the LWR Fuel Cycle." Of those who received copies of the document over 50 individuals 

or organizations submitted comments for the record, comprising over 300 pages of textual 

material. Commenters ranged from individuals to major government agencies, and comments ranged 

from simple statements of viewpoints to detailed comments on individual aspects of NUREG-0116. 

These comments are reproduced verbatim in Appendix B of this document. 

The responses which make up the body of this document are directed at the substantive 

comments received by the Commission with regard to NUREG-0116. Questions of procedure and 

aspects of the rulemaking proceeding are addressed elsewhere. The responses, which are arranged 

according to subject area and keyed to the comments which they address, are intended to accom

plish three objectives, namely: 

(1) To augment the information given in NUREG-0116 so as to further support the analysis 

therein: 

(2) To clarify issues which were not easily understood by the commenters (thus resolving some 

issues raised), and 

(3) To modify the numerical values in NUREG-0116 where such modifications were justified by 

points raised or new information provided by commenters. 

While most of the responses are directed at individual detailed comments, there were a 

number of generic issues raised by the commentors which are addressed by a series of generic 

responses. Most of these deal with the scope of the proceeding and the analyses in NUREG-0116. 

In addition to responses to individual comments the Task Force found that supplemental 

information could and should be provided with reqard to several aspects of the considerations in 

NUREG-0116. These major pieces of supplemental information appear as Appendices C, D, F, G, H, 

and I to this document. 

A number of comments received on NUREG-0116 indicated a lack of coherent dose and health 

effect calculations to provide understanding and context for the effluents listed in the 

environmental impacts. The Task Force had noted while NUREG-0116 was being prepared that this 

information was lacking and had begun preparation of just such a set of calculations before any 

comments were received. However, many commenters also raised the point that dose and health 
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effect calculations are the substantive information necessary for the understanding of the 

impacts listed in Table S-3. The results of the staff calculations are given as Appendix C in 

this document. 

The tables given in Chapter 2 of NUREG-0116 are simply listings of environmental impacts 

derived from analyses provided in Chapter 4 of that document. A number of commenters noted that 

the relationship of the tables to Chapter 4 and to one another were not easily discerned from 

the text in NUREG-0116. To clarify these relationships the Task Force has prepared an explana

tion of the tables and their derivation, which is included as Appendix D to this document. 

The Task Force based some of the judgments reached in NUREG-0116 upon ongoing programs in 

the federal agencies and briefly described the programs in two of those agencies (ERDA and NRC). 

While these two agencies have the major roles in nuclear waste management, many other federal 

programs exist. Brief descriptions of these programs are provided in Appendix F of this 

document. 

Historically, spent fuel has not been viewed as a waste material but as a material which 

contains useful fuel values (uranium and plutonium). Thus, the Task Force found that the 

literature did not provide detailed information on dealing with spent fuel as a waste and this 

was noted (p. 2-18 of NUREG-0116). Further, as several commenters pointed out, the disposing of 

spent fuel as a waste has an impact on the front end of the fuel cycle with regard to mining and 

milling. While discussion of such changes in the front end of the fuel cycle was beyond the 

scope of a survey addressing reprocessing and waste management, a brief discussion of the inter

relationship of the front and back ends of a fuel cycle in which spent fuel is a waste is 

included in this document as Appendix G. 

A number of commenters pointed out that the model of low-level waste disposal used by the 

Task Force did not reflect experience at some of the present low-level waste burial grounds. 

The Advisory Committee on Reactor Safeguards found the discussion of low-level waste by the Task 

Force in NUREG-0116 in general to be inadequate; and they identified six areas that required 

further discussion and evaluation. In response to these comments the Task Force has done two 

things: 

(1) It has assembled a summary of available information with regard to the operation of 

existing low-level waste burial operations, and 

(2) Using existing models of geohydrology, it has calculated the possible migration of several 

representative nuclides from a model burial site under a number of assumptions with regard 

to the parameters of importance (site characteristics, chemistry, etc.). 

This new information, which is included in Appendix H to this document, confirms the original 

conclusions of the Task Force with regard to impacts of low-level waste burial. 

A number of commenters noted that occupational exposures should be included as an environ

mental impact. The Task Force concluded that such exposures should be discussed. 
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Therefore, occupational exposures were calculated across the fuel cycle (i.e., for all the 

columns in Table S-3a and all of the major fuel cycle operations pertaining thereto) and are 

presented in Appendix I of this document. 

Finally, in reviewing NUREG-0116, the staff, the Task Force, and the commenters noted a 

number of errors in the text. These in general involve minor changes of wording and/or of 

numerical values. Some few of these errata are reflected in changed values in the proposed 

rule. The entire set of errata to NUREG-0116 is included as Appendix E of this document. 

The review by the commenters, and subsequent analyses by the Task Force in preparing 

responses, involved a number of substantive issues. These issues are resolved or clarified in 

the comments and appendices in this document. The Task Force feels that the review inherent in 

the analysis of the comments and the preparation of the responses was substantive and involved 

re-examination of most important points. This amounted to a complete review of the entire 

basis for the tables in NUREG-0116. On the basis of the analysis pointed out above and discussed 

herein, the Task Force believes that the new environmental impacts presented in the following 

Table 2.10 (revised) are the best available for waste management and reprocessing attributable 

to an individual LWR. 

Individual changes in the table are explained in Appendix E of this document, in which the 

errata are listed. The two major changes to the table are derived from the Task Force analysis 

of occupational exposure and low-level waste burial as given in Appendix I and Appendix H. 

None of the changes to the table substantially affects the general conclusion of the Task Force 

that the fuel cycle impacts attributable to licensing a 1000-MWe reactor continue to be small. 
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Table 2.10 - Revision 1* 

SUMMARY OF IMPACTS OF REPROCESSING AND WASTE MANAGEMENT PER RRY 
(Columns F, G, and H of Table S-3A) 

H 

Natural Resource Use Reprocessing 
(NUREG-0116) 

Reprocessing 
(WASH-1248) 

Waste 
Management 
(NUREG-0116) 

Waste 
Management 
(WASH-1248) 

Transportation 
(NUREG-0116) 

Fuel Cygle 
Transportation Totals ' 
(WASH-1248) (NUREG-0116) (WASH^T24gj 

Land (Acres) 

Temporarily Committed 32 
Undisturbed Area 28.5 
Disturbed Area 3.5 

Permanently Committed 0.12 

Overburden moved 0.1 
(millions of MT) 

Water (millions of gal.) 

Discharged to air 
Discharged to water bodies 
Discharged to ground 

Total Water 61.4 

3.9 
3.7 
0.2 

0.03 

3.2 
2.9 
0.28 

2.6e 

0.0015 

0.2 

6.6 
54.8 

-

4.0 
6.0 
-

0.38 
0.051 
0.96 

0.13 
0.13 
-

-
-
-

94 
73 
22 

7.1 

2.8 

10.0 1.4 0.26 

159 
11,090 

124 

11,373 

63 
45 
18 

4.6 

2.7 

156 
11,040 

123 

11,319 

Maximized for either of the two cycles (U-only and no recycle). 

including columns A-E of Table S-3A of WASH-1248. 
cFor wastes only. 

Differences between NUREG-0116 and WASH-1248 estimates of reprocessing impacts are attributable to the use of a new model plant for this 
Supplement. 

eDisposal included here did not appear in WASH-1248. 

Not released to the environment. 
9Major radionuclide releases in the Waste Management column are attributable to the disposal of spent fuel (no-recycle option) and the 
conservative assumption of complete release of gaseous nuclides in the geologic repository. 

The contributions to temporarily committed land are not prorated over 30 years, since the complete temporary impact accrues regardless 
of whether the plant services one reactor for one year or 57 reactors for 30 years. IThus, the 32 acres represents the commitment per 
reference reactor but is not annualized.] 

[k, 

[1 

[m, 

See Table 2.1 in NUREG-0116.] 

See Appendix C for dose commitment and estimates of health effects.] 

'See WASH-1248, p. S-ll.] 
*[Revised from NUREG-0116. Corrected material appears in brackets.] 



Table 2.10 - Revision 1 (Cont'd) 

H 

Natural Resource Use Reprocessing 
(NUREG-0116) 

Reprocessing 
(WASH-1248) 

Waste Waste 
Management Management 
(NUREG-0116) (WASH-1248) 

Transportation 
(NUREG-0116) 

Fuel Cycle 
Transportation Totals 
(WASH-1248) (NUREG-0116) (WASH-124§) 

Fossil Fuel 

Electrical energy 
(thousand MW-hr.) 

Equivalent coal (thousand MT) 

Natural Gas (million scf) 

Effluents 

Chemical (MT) 

Gases 

4.0 

1.5 

28.6k 

0.45 

0.16 

0.62 

0.22 

3.3 

SOx 
N0Y 

Hydrocarbons 
CO 
Particulates 

Other Gases 
F~ 
HC1 

Liquids 

SO" 

N0-

Fluoride 

Ca++ 

Cl~ 

Na+ 

NH3 

Tailings Solutions 
(thousands) 

Fe 

Solids 

5.4 

21.9 

0.5 
0.5 
0.6 

0.05 
6E-4 

< 0.02 

-
-

0.09 

< 0.02 

-

-

6.2 

7.1 

0.02 
0.04 
1.6 

0.11 

0.4 

0.9 

-

0.2 

5.3 

-

-

0.030 

0.031 

0.02 
0.007 
0.02 

0.013 

-
-
-

-

-

-

0.42 

.0077 

.003 0.016 

0.045 

0.62 

0.062 
0.38 
0.022 

321 

117 

124 

317 

115 

92 

4,400 

1,190 

14 
29.6 

1,154 

0.67 
[0.014] 

9.9 

25.8 

12.9 

5.4 

8.5 

12.1 
10.0 

240 
0.4 

4,400 

1,177 

13.5 
28.7 

1,156 

0.7; 

10.3 

26.7 

12.9 

5.4 

8.6 

16.9 
11.5 

240 
0.4 

91,000 91,000 



Table 2.10 - Revision (Cont'd) 

Natural Resource Use 

Effluents (Cont'd.) 

Radiological (curies) 

Gases (including entrai 

Rn-222 
Ra-226 
Th-230 
Uranium 
Tritium (thousands) 
Kr-85 (thousands) 
1-129 
1-131 
Fission Products 
Transuranics 
C-14 
Ru-106 

Liquids 
Uranium & Daughters 
Fission & Activation 
Products 

Ra-226 
Th-230 
Th-234 
Tritium (thousands) 
Ru-106 

Reprocessing 
(NUREG-0116) 

nment) 

_ 
-
-

0.000039 
18.1 
400 

0.03 
0.83 
0.18 
0.023 
24 
0.14 

-

-
-
-
-
-
-

Reprocessing 
(WASH-1248) 

-
-
-
-

16.7 
350 
0.0024 
0.024 
1.0 
0.004 
-
-

-

-
-
-
-

2.5 
0.15 

Waste 
Management 
(NUREG-0116) 

0.0071 
5.3E-7 
5.3E-7 
7.9E-6 
149 

2909 
1.39 

-
0.003 
[3.0E-4] 
199 

-

5.4E-6 

5.9E-6 
-
-
-
-
-

Waste 
Management 
(WASH-1248) 

-
-
-
-
-
-
-
-
-

[0.005m] 
-
-

-

-
-
-
-
-
-

Transportation 
(NUREG-0116) 

-
-
-
-
-
-
-
-
-
-
-
-

-

-
-
-
-
-
-

H 
Fuel Cycle 

Transportation Totals 
(WASH-1248) (NUREG-0116) (WASH-1248) 

Solids (buried onsite) 
Other than high level 

(shallow) 
TRU & HLW (deep) 

74.5 
0.02 
0.02 
0.034 
18.1 
400 
1.3 
0.83 
[0.18] 
[0.023] 
24 
0.14 

74.5 
0.02 
0.02 
[0.034] 
16.7 
350 
0.0024 
0.024 
1.0 
0.01 
-
-

2.1 

5.9E-6 
0.0034 
0.0015 
0.01 

2.1 

0.0034 
0.0015 
0.01 
2.5 
0.15 

0.52 [10,700] 
1.1E+7 

[11,300] 601 
1.1E+7 

Thermal (b i l l i ons of Btu) 75.5 61 1.0 0.014 0.03 3,462 3,360 



2.2 Cross Referencing of Comments and Responses 

The Task Force carefully analyzed each comment that was received. This analysis proceeded 

paragraph by paragraph and sometimes line by line. Each statement, question, or assertion was 

studied to see first whether a response was required and second what the response should be. 

Where no response was required, reasons ranged from the fact that the comment was "no comment" 

to the fact that the comment was pointing out an erratum, which would be noted in Appendix E. 

The reasons for making no response to particular comments fell into ten classes, which are 

listed in the following table. The code for each of these classes is shown in the margin next 

to the paragraph or sentence in the incoming comments given in Appendix B. 

In some cases where a number of commenters raised a similar issue, the Task Force felt 

that one of the several generic responses given in Section 3.1 would apply, and AppeiYdix B 

so indicates. In most cases, however, a specific response is given for each comment. These 

specific responses comprise Sections 3.2, 3.3, and 3.4. In the margins of the incoming comments 

shown in Appendix B are marked the appropriate sections in which specific responses to each 

comment are to be found. Comparably, within Chapter 3 each response is keyed by a code to the 

comment which it addresses. Each comment is identified by the initials of the commenter, plus 

the page in Appendix B where it can be found. Example: SC B-57 means that the comment is by 

the Sierra Club, and can be found in its original form on page 57 of Appendix B. 

Through this dual cross-referencing, and the marginal notations with regard to cases where 

no response was prepared, the commenters and readers may see the Task Force's rationale laid out 

in detail. All of this is in keeping with the Commission's charge to the Task Force that each 

and every comment be given careful consideration. 
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KEY TO COMMENTS FOR WHICH NO RESPONSE WAS REQUIRED OR GIVEN 

AI Added Information: additional information given by the commenter which does not 

change the analysis or the conclusions reached by the Task Force. 

BD Background^: background information or discussion which does not bear directly on the 

analysis or conclusions of the Task Force. 

CON Conclusion: summary conclusion statement which is answered through responses to 

detailed points made by the commenter in support of his concluding statement. 

ER Errata: errors in NUREG-0116 which are noted and included in Appendix E. 

FOR Format: comments directed at the format of the rule (which has already been upheld by 

the court). 

NC No Comment: the commenter states merely that he has no comment. 

GR-# Generic Response Number #: generic responses which appear in Section 3.0.1. 

R Repetition of Task Force views: the commenter is merely reiterating or paraphrasing 

conclusions or statements of the Task Force in NUREG-0116. 

SOC Statement £f Considerations: issues which should be addressed by the Commission in 

its own statement of considerations. 

SV Statement of Views: statements of views, unsupported assertions, statements which 

cannot be addressed without additional information from the commenter, etc. (These 

were noted but no response was made.) 

PR Procedural: comments which addressed procedural issues in the rulemaking. 
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3.0 DISCUSSION OF COMMENTS RECEIVED ON NUREG-0116 

In October 1976, the Task Force Report, "Environmental Survey of the Reprocessing and Waste 

Management Portions of the LWR Fuel Cycle," NUREG-0116 (Supplement 1 to WASH-1248) was completed 

and made available for public inspection. The NRC formally requested comments from interested 

persons in a notice published in the Federal Register on October 18, 1976 (41 FR 45849). 

In response to this request, the correspondence listed below was received. The correspon

dence appears in Appendix B on the pages indicated. 

Originator (Commenter) 

Edison Electric Institute 

Mr. Peter Roper 

Mr. Terry Crawford 

Ms. Janet Sgt 

Maryland - Department of State Planning 

Georgia - State Clearinghouse 

Pennsylvania - State Clearinghouse 

Louisiana - Governor's Council on Environmental 

Quality 

Geothermal Energy Inst i tu te 

I l l i n o i s - Executive Office of the Governor 

Kansas - Department of Administration 

Oklahoma - State Grant-In-Aid Clearinghouse 

Department of Agriculture - Research Service 

North Dakota State Planning Division 

Department of Transportation - Materials 

Transportation Bureau 

Idaho - Division of Budget, Policy Planning and 

Coordination ID B-15 

Kentucky - Department for National Resources and 

Environmental Protection 

Atomic Industrial Forum, Inc 

Tennessee Valley Authority 

Alabama Power Company 

Wisconsin Legislature 

Shaw, Pittman, Potts & Trowbridge 

Sierra Club 

Westinghouse Electr ic Corporation 

Mr. Peter Sinclair 

Mrs. Mary Sinclair 

Department of Housing and Urban Development 

Abbreviation P 

EEI 

PR 

TC 

JS 

MD 

GA 

PA 

LA 

GEI 

ILL 

KAN 

OKLA 

AGR 

ND 

DOT 

ippendix B Location 

B-2 

B-4 

B-4 

B-5 

B-5 

B-6 

B-6 

B-7,8 

B-8 

B-10,153 

B-ll 

B-12 

B-12 

B-13 

B-13, 72, 111 

KY 

AIF 

TVA 

APC 

WIS 

SPPT 

SC 

W 

PS 

MS 

HUD 

B-15 

B-16 

B-19 

B-22 

B-23 

B-30 

B-43 

B-53 

B-55 

B-58 

B-63 
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Originator (Commenter) 

Hunton & Williams 

Mr. Thomas Milne 

LeBoeuf, Lamb, Lei by & MacRai 

Allied-General Nuclear Services 

North Carolina Department of Administration 

Critical Mass 

Natural Resources Defense Council, Inc. 

California - Office of Planning and Research 

Mid-America Coalition for Energy Alternatives 

New York State Department of Environmental 

Conservation 

Oregon - Intergovernmental Relations Division 

South Dakota - State Planning Bureau 

Carolina Power & Light Company 

Florida - Department of Administration 

Department of Commerce 

California Energy Resource Conservation 

and Development Commission 

Commonwealth of Virginia 

Wisconsin - Department of Justice 

New York - Department of Law 

Indiana - State Clearinghouse 

Department of the Interior 

Texas - Office of the Governor 

Environmental Protection Agency 

Advisory Committee on Reactor Safeguards 

Mississippi - State Clearinghouse 

Abbreviation 

HW 

TM 

LLLM 

AGNS 

NC 

CM 

NRDC 

CAL 

MACEA 

NYSDEC 

OR 

SD 

CP&L 

FLA 

DOC 

CEC 

VIR 

WIS 

NYDOL 

IND 

DO I 

TEX 

EPA 

ACRS 

MIS 

Appendix B Location 

B-64 

B-66 

B-68, 165 

B-72 

B-74 

B-75 

B-93 

B-105 

B-106 

B-107 

B-110 

B-112 

B-112 

B-113 

B-114 

B-115,135 

B-117 

B-119 

B-127,149 

B-140 

B-141 

B-145 

B-154 

B-176 

B-177 

The Task Force consideration of the comments received is reflected in the following 

discussion. The responses which follow reference particular comment(s) through the use 

the originator abbreviations listed above. 
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3.1 Generic Responses 

A large number of comments received regarding NUREG-0116 touched upon issues that are 

generic in nature with regard to the entire rulemaking proceeding or to specific subjects of 

that rulemaking. The Commission had established boundaries within which the rulemaking would 

take place, both in the subject matter to be considered and the relevance of a number of issues. 

Thus, while many of the points raised by commenters are important in their own right, their 

appearance in this context represents a misunderstanding of the scope of intentions of this 

particular proceeding and its supporting documentation. The Task Force has not prepared 

individual responses to each of these comments but instead offers the following set of generic 

responses. 

Generic Response Number 1 

Comment: The report is based on theoretical extrapolation rather than actual experience. 

Response: In lieu of definitive data from operating experience, the Task Force was obliged 

to use extrapolations from existing data to estimate the impact from anticipated future 

operations. The rulemaking process in which NUREG-0116 plays a part is the environmental 

impact assessment of or related to the licensing of an individual uranium-fueled light-water-

moderated reactor. The rule is relevant to reactors presently being licensed and those to be 

licensed in the future. Thus, the fuel cycle facilities and operations which require analyses 

are those that will support the reactors being and to be licensed. 

In Appendices D and E of NUREG-0116 is given a very brief synopsis of the history of both 

reprocessing and waste management in the U.S. These appendices are included to demonstrate 

the trends in the technologies used in the parts of the fuel cycle treated in NUREG-0116. 

To calculate environmental impacts for future reactors and reactors presently undergoing 

licensing proceedings on the basis of environmental impacts of technologies outdated by these 

historical trends would be to give unrealistic estimates of the environmental impacts to be 

attributed to these new reactors. The Task Force believes that the impact estimates presented 

in NUREG-0116, although generally less than those from older technologies, are consistent with 

past releases when extrapolated to more modern technology. 

Generic Response Number 2 

Comment: NUREG-0116 did not address some important waste management issues and/or issues in 

other parts of the nuclear fuel cycle. These include military waste; waste and 

operational performance at the Nuclear Fuel Services plant in West Valley, New York; 

foreign spent fuel, and/or waste from mining and milling. 
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(3.1 Cont'd) 

Response: The present proceeding and the documents supporting it (WASH-1248, NUREG-0116, and 

NUREG-0216) are intended to be strictly in support of a licensing action for an individual LWR 

which will be used commercially for the generation of electricity. In addition, NUREG-0116 and 

this document (NUREG-0216) were developed to provide an adequate record with regard to two 

parts of the fuel cycle only: waste management and reprocessing. Because of these limits on 

the present proceeding, a number of issues raised by the commenters are not addressed herein. 

Waste resulting from military operations or operations outside the licensing control of the 

USNRC (i.e., foreign countries) cannot be attributed to the operation of an individual licensed 

LWR. Thus, military wastes, the waste tanks at NFS (a facility no longer active), waste from 

foreign sources, and impacts from any facilities which no longer operate are not relevant to the 

calculations of impacts attributable to the fuel cycle supporting an individual LWR. 

Nonetheless, where experiences gained by the management of military wastes or at other 

facilities were relevant to the calculation of impacts attributable to the operation of an 

individual LWR, those experiences were taken into account. The NRC recognizes both the impor

tance of these issues and the role of the Commission in decisions relating thereto, and these 

will be the subjects of other proceedings, though not relevant herein. 

While a number of good points were made by many commenters with regard to mining and 

milling and impacts attributable to those operations, these too are not a part of the present 

proceeding, in that they were dealt with in parts of the original rulemaking proceeding which 

did not come into question under the Court's ruling. It may be recalled that the court found 

that "[r]egarding most phases of the fuel cycle...the underlying Environmental Survey represen

ted an adequate, even admirable job, of describing the processes involved." Accordingly, the 

Supplement only addressed those points which the court found to be in need of additional support. 

However, a revision of the entire table has been initiated and this revision will re-examine 

impacts from mining and milling as well as other operations in the fuel cycle. 

Finally, several commenters suggested the treatment of alternatives such as the tandem 

fuel cycle. While other fuel cycles are important in generic considerations and other decisions 

within the purview of the NRC, the rule supported by the present documents is intended for the 

present generation of light-water reactors and reasonable expectations for their supportive 

fuel cycle facilities over the next decade. Should fuel cycles other than those analyzed in 

NUREG-0116 be developed and implemented, additional analyses of the environmental impacts 

associated with those cycles would have to be performed to determine whether amendment of the 

rule would be required. 

Generic Response Number 3 

Comment: The analyses in NUREG-0116 were overconservative. 

Response: It is not clear that the analyses are overconservative in all cases or even overall, 

given the extrapolations required in some instances and the inherent uncertainties in such 

extrapolations. It has always been and continues to be the policy of the NRC that analyses 
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carried out regarding releases of radioactive materials and/or exposures shall be performed in 

such a way that, allowing for uncertainties, the estimates are not likely to substantially 

understate the consequences. Because some fuel recovery and waste management processes have not 

been fully carried out on a commercial basis in the past, and because fundamental rulemaking 

and licensing decisions with regard to the safety of these facilities have not been completed 

by the Commission, it is the Task Force's view that a high degree of what appears to be conser

vatism is necessary in assessing the environmental impacts of these parts of the nuclear fuel 

cycle, to allow for the uncertainty. When better information is derived from future proceedings, 

this "conservatism" can reasonably be reduced, but for now, decisions can best be based upon 

conservative analyses of the environmental impacts of these activities. If the cost/benefit 

balance in an individual reactor licensing case is tipped toward licensing with a conservative 

analysis, it will certainly be so with a more realistic analysis. 

Generic Response Number 4 

Comment: Cumulative impacts should be calculated for the nuclear fuel cycle and particularly 

for waste management and reprocessing. 

Response: While the cumulative impacts of the entire nuclear industry (all LWR's and the LWR 

fueT cycle) need not be computed to determine the environmental impacts attributable to the 

operation of an individual LWR, they do provide helpful contextual information in judging the 

importance of impacts from individual plants. Because of the possibility that some cumulative 

effects from reprocessing and waste management could be related to an individual LWR, the Task 

Force addressed these impacts to the extent discussed below. The Task Force found no cumulative 

impacts which would alter its conclusions regarding the environmental impacts attributable to 

reprocessing and waste management of an individual LWR. 

To derive cumulative impacts one cannot simply multiply the impacts of an individual reactor 

by some normalization constant; instead an integration across a growing fuel cycle for some 

number of years is necessary to provide realistic cumulative impacts. This was done in GESMO. 

Therefore, portions of GESMO Summary Tables VIII (A)-5 and VIII (A)-6 relevant to the fuel 

cycles examined by the Task Force were included in Appendix G of NUREG-0116. The calculations 

in GESMO are based on fuel cycle facilities comparable to those used in NUREG-0116, and thus 

these tables provide appropriate information surrounding the environmental impacts attributable 

to a single LWR as included in the rule and in NUREG-0116. 

Generic Response Number 5 

Comment: The Task Force did not completely analyze all alternatives in preparing NUREG-0116. 

Response: In keeping with the guidance provided, the Task Force gave in-depth treatment to only 

one set of alternatives for waste management and reprocessing. This was considered adequate for 

illustrating and illuminating the issues involved, which was the Task Force's charter. The 
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report was not intended to be a generic consideration of all alternatives or a selection among 

them, in terms of policy. However, the Task Force did make explicit its reasons for selecting 

particular technologies for particular steps in the waste management sequence. The generic 

reasons for the selection of these technologies were articulated in NUREG-0116 on page 1-4. 

Generic Response Number 6 

Comment: NUREG-0116 fails to consider economic costs of reprocessing and waste management. 

Response: Economic costs of reprocessing and waste management are beyond the scope of NUREG-0116. 

The Task Force agrees that economic costs are an important factor in the cost/ benefit analysis 

inherent in any licensing action. However, WASH-1248 and NUREG-0116 (a supplement to WASH-1248) 

comprise an environmental survey of the uranium fuel cycle with the expressed intent of developing 

and providing information on environmental impacts of that cycle attributable to the licensing 

of an individual light-water-moderated reactor (LWR). A complete statement of how Table S-3 is 

used in reaching the cost/benefit balance will be made in each individual LWR licensing proceeding. 

Neither the original Survey nor the Supplement was intended as an analysis of alternatives, 

costs, and benefits of the entire uranium fuel cycle; i.e., it was not intended to be a complete 

environmental impact statement on the LWR fuel cycle. 

The Task Force notes, however, that the costs of reprocessing and waste management are 

included (to the best capability to predict) in the costs of operating the reactor. Fuel costs 

reflect costs associated with operations not only in the front end of the fuel cycle (i.e., 

mining, milling, conversion, enrichment, and fuel fabrication) and reprocessing, but also waste 

management operations (i.e., spent fuel storage, transportation, and waste disposal). Therefore, 

fuel cycle costs are considered in environmental impact statements prepared for individual 

LWRs. 

Generic Response Number 7 

Comment: At several places in NUREG-0116, uncertainties and the unavailability of information 

were delineated by the Task Force. This lacking information is critical to the 

estimation of environmental impacts. 

Response: NEPA requires only that available information be put on the record, and that any 

information that is lacking be noted. It does not require governmental inaction simply because 

fuller data will eventually be available in some areas; if that were the case, few actions 

could be taken in any sphere of governmental activity. Rather, NEPA requires thorough and 

conscientious analysis of the best data available. To this end, the Task Force made a special 

effort to note and explain uncertainties inherent in the information available for the 

assessment of environmental impacts of waste management and reprocessing. 
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Uncertainties and lack of information are noted throughout Chapter 4 of NUREG-0116 and 

summarized at the end of Chapter 2 (p. 2-18), where four cases are cited in which this lack of 

information was such that judgments had to be made by the Task Force regarding the magnitudes of 

the impacts of the four parts of the waste management sequence. In instances where commenters 

cited a lack of information and made a suggestion regarding further information that could be 

applied to the analysis, the Task Force has attempted to be responsive. 

Generic Response Number 8 

Comment: Because it relied heavily on GESMO (NUREG-0002), the analysis in NUREG-0116 cannot be 

considered final until the information in GESMO has been validated in the course of 

hearings on that document. 

Response: The calculations and models used in NUREG-0116 are those developed or preferred by 

the NRC staff, and were used in GESMO. Because the GESMO hearings are far enough along that 

important issues with regard to models should by now have been raised, the Task Force believes 

that GESMO provides an adequate basis for the parts of NUREG-0116 which relied upon it. 

Generic Response Number 9 

Comment: Table S-3 should more clearly describe the various impacts by presenting the dose 

commitments and their resulting health effects. 

Response: The Commission has decided to keep the format of the new interim rule completely 

consistent with the original Table S-3, and therefore does not include dose commitments and 

health effects in the new table. That information is now available in this document, which 

may be used in individual actions as a "legislative history," illuminating the backgound and 

context of the values in the table. In addition, the Staff has undertaken a complete calcula

tion of doses from releases of radioactive materials presented in NUREG-0116 for waste manage

ment and reprocessing activities in support of an individual LWR. These values are given in 

tables at the end of App. C which are meant to replace Table 2.11 of NUREG-0116. 
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(NOTE: The remainder of Chapter 3 contains the Task Force's responses to specific 
conments received regarding NUREG-0116. Each comment is linked to the original 
comment by the initials of the commenter and by the page in Appendix B where 
the original comment appears. 

Section 3.2 contains responses to comments on specific technologies used in NUREG-0116. 

Section 3.3 responds to comments received on long-term risks of disposal, sabotage, and 

health effects. 

Miscellaneous comments that do not fall under the subjects of earlier sections are responded 

to in Section 3.4.) 

3.2 Technology 

3.2.1 Mining and Milling 

Comment (EPA B-156, 161): Impacts from decommissioning of uranium mills were not included in 

decommissioning impacts. The statement "little or no waste results from mine opera

tions" is questionable. In-situ solution mining should be considered in relation to 

groundwater pollution. Mill tailings should be more accurately characterized. 

Table 2.10 does not reflect the revised values published in the Federal Register on 

September 20, 1976. 

Response: In NUREG-0116, the Task Force adopted the definitions of waste management and repro

cessing originally used in WASH-1248. "Waste management," for example, as used in both docu

ments, refers to the handling of wastes from post-fission operations in the fuel cycle, or other 

operations from which wastes arise and are shipped to some storage or burial facility (see 

p. ii of NUREG-0116). In WASH-1248, environmental impacts from the front end of the fuel cycle, 

particularly mining and milling, appeared in separate columns of Table S-3A and in separate 

discussions; not in those of reprocessing and waste management. All waste generated at uranium 

mills, including those associated with decommissioning, were considered to be handled on-site. 

Therefore a discussion of mining and milling impacts, as suggested by the EPA, is beyond the 

scope of NUREG-0116. 

While many of EPA's comments with regard to mining and milling are well taken, they are not 

relevant to the calculation of values for the reprocessing and waste management columns of 

Table S-3A, and therefore are not relevant to NUREG-0116. Many of the wastes noted by EPA would 

be classed as effluents rather than wastes to be managed in the usual sense. No attempt was 

made in NUREG-0116 to re-evaluate the entire fuel cycle and its impacts. Thus, Table 2.10 did 

not reflect the revised values published in the Federal Register on September 20, 1976. A 

total reassessment of Table S-3, as provided in GESMO, is underway (see p. A-3 of Appendix A 

of this Supplement). 
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3.2.2 Reprocessing 

3.2.2.1 General 

Comment (EPA B-159): Environmental impacts from the GESMO model FRP should be compared to 

data from actual NFS and ERDA reprocessing plants. 

(A similar comment was made by LLLM B-168.) 

Response: See Generic Responses #1 and #2. Many environmental impacts from NFS and ERDA repro

cessing facilities are well documented; however, these plants were designed before the AEC 

regulations were amended to require a finding of ALARA (as low as reasonably achievable) for 

the exposure of persons to radiation and for the release of radioactive materials in effluents. 

Thus these plants do not represent the current state of the art. Neither the Barnwell nor the 

proposed Exxon plants will have radioactive material released in liquid effluent, which was a 

major source of contamination to groundwater at NFS and ERDA reprocessing plants. 

Comment (NYSDEC B-109): An impression is left that GE may modify and operate the MFRP. 

Response: In July 1974, the General Electric Company notified the NRC that it did not plan to 

operate the MFRP. At the same time, GE submitted the "Midwest Fuel Recovery Plant Technical 

Study Report," outlining problems with the plant and reasons for not operating it. In that 

report it was stated that four years would be required for engineering, construction, and startup, 

at a cost of $90 to $130 million, to make the MFRP operable. GE also stated that a decision 

would be made in the future as to the disposition of the plant. 

Comment (MS B-58): Despite statements in NUREG-0116 that it is based on a mature industry 

using technology now available, GE's Morris plant was declared a design failure, and 

malfunctions were one reason for the closure of NFS, indicating that considerable 

engineering problems remain to be solved at FRP's. 

Response: See Generic Response #1. Purex process plants for reprocessing of irradiated reactor 

fuel have been operated successfully by the AEC and ERDA for over 20 years. The NFS West Valley 

plant was shut down for modifications to increase its capacity and make process improvements. 

The GE's Morris plant was unsuccessful principally because of the necessity of operating uranium 

conversion equipment remotely, thus demonstrating the importance of careful plant design and 

review. 

Comment (NYSDEC B-107): What final disposition will be made of the various waste forms at 

NFS? What are the radiation levels and Pu content in the reprocessing cells? What 

waste volumes will result from decommissioning and dismantling the FRP and how do they 

compare with the model plant? 

(A similar comment was made by SC B-52.) 
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Response: See Generic Response #2. Because the present proceeding and the documents supporting 

it (WASH-1248 and NUREG-0116) are intended to provide information on the environmental impacts 

associated with the licensing of a future individual light-water reactor, the disposition of the 

wastes and materials at West Valley, N.Y. is beyond the scope of this statement. 

Though the information is not relevant to NUREG-0116, the Task Forces offers the following 

notes. 

Four parties (NFS, the State of New York, ERDA, and NRC) have under discussion the disposi

tion of the NFS facilities, financial responsibilities, and a future rulemaking regarding 

disposition of wastes in the tanks at West Valley. 

The spent fuel in storage at West Valley will remain there pending a decision on its final 

disposition. The fuel is stored under the provisions of NRC license CSF-1. Final disposition of 

HLW is also to be determined. Title 10 CFR 50, App. F, requires among other things that HLW be 

solidified and transferred to the repository within 10 years after reprocessing. Para. 6 of that 

appendix further states, with respect to reprocessing plants already licensed (such as NFS), that 

application of the policy specified in the appendix to existing wastes, as well as to wastes 

generated before the installation of solidification equipment, will be the subject of a further 

rulemaking proceeding. 

3 
Radiation levels in reprocessing cells currently range from 0.7-1.8 x 10 R/hr in the 

general purpose cell down to 0.5 mR/hr in the plutonium product and uranium product cells. The 

transferable activity level in the plutonium product cell is <50 alpha disintegrations per 
2 2 

minute (dpm)/100 cm and 500 beta-gamma dpm/100 cm .* Decontamination at the NFS facility was 

largely aimed at reducing radiation levels to permit construction associated with the modifica

tion program. There has been no decommissioning or dismantling at West Valley and no information 

is available on its decontamination waste. 

A discussion of the adequacy of escrow funds for covering costs is beyond the scope of this 

statement. 

Comment (CM B-76, 81, 91): "The report does not include any discussion of impacts from spent 

fuel storage at the reprocessing plant prior to reprocessing lack of discussion 

of this important step is not explained ... Ithisl is a separate step requiring 

separate licensing." 

Response: The fuel receiving station (called Fuel Receiving and Storage Station at BNFP) is 

considered part of the FRP and would be expected to be included in the FRP application and 

license. In the case of the MFRP and BNFP, the need for irradiated fuel storage caused the 

applicant to apply for a license for receipt and storage only under the provisions of 10 CFR 

Part 70. In the revision of Table S-3, irradiated fuel storage was treated as part of the FRP 

*See p. 3, letter from R. E. Brooksbank (0RNL) to Robert Bernero (NRC), dated Nov. 19, 1976. 
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although the impacts would not be significantly different at other locations. The NRC staff is 

preparing a Generic Environmental Impact Statement on the Handling and Storage of Spent LWR 

Power Reactor Fuel (40 FR 42801-2). 

Comment (AGNS B-73): "If indeed the Task Force did use the Barnwell Plant as the basis for 

their projections, then release numbers, especially with regard to krypton, tritium, 

carbon-14, and iodine, should be consistent with testimony developed during the course 

of hearings on the Docket No. 50-332 on the Barnwell Plant (but they are not)." 

Response: The data presented in NUREG-0116 are based on the values of NUREG-0082, the Draft 

Supplement to the Final Environmental Statement, Barnwell Nuclear Fuel Plant. The values 

presented in NUREG-0116 are consistent within rounding errors. The value in Table 2.10 of 

NUREG-0116 for 1-129 is due to the total release assumed in the Waste Management Section. 

Comment (CM B-83): Regarding the values in WASH-1248, "24 Ci of Carbon-14 per RRY has also 

been added. Again no explanation is offered for these massive changes. Furthermore, 

our experience is that other materials may be emitted besides those in the tables 

which ought to be evaluated individually." 

Response: Carbon-14 is produced through a nuclear reaction (neutron bombardment) from the 

nitrogen present in the uranium oxide reactor fuel. The significance of the carbon 14 had not 

been recognized at the time WASH-1248 was published. We are unaware of any other materials 

which might be released. However, if other materials are found to be present in FRP releases 

they will be evaluated. 

3.2.2.2 The Model 

Comment (SC B-49, 50): "...the Supplement states that 0.5% of the uranium and plutonium that 

was initially in the spent fuel is lost to the high level waste. However...the loss 

of plutonium at operating facilities indicates a much higher loss to the HLW If the 

Supplement believes that model reprocessing plants can do so much better than past 

experience, then it must show this in detail." 

Response: See Generic Response #1. Estimates presented in NUREG-0116 reflect reasonable improve

ments in Pu recovery based upon large-scale continuously operating plants handling a consistent 

feed stream. Specific differences include (1) plant capacity, (2) plant operation (continuous 

vs. batch), (3) feed uniformity, and (4) operational improvements. All should contribute to the 

expected improved recovery rate. Details may be found in the references cited for Section 4.1 

of NUREG-0116. 
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Comment (EPA B-159): "...the summary tables [for reprocessing] indicate that no [liquid] 

radiological effluents are expected. At the Hanford reprocessing plant, however, there 

was a discharge of tritium to the underlying ground water that created a large contami

nated plume that extended several miles from the plant The report should indicate 

what method is being considered for tritium disposal which will prevent this kind of 

discharge." 

Response: As indicated in Table 2.1 and elsewhere in NUREG-0116, the model FRP design does not 

include any radioactive liquid effluents. Tritium-bearing water will be evaporated to the stack 

and released with other low-level gaseous activity. 

Comment (EPA B-159): "...Table 2.1 on the reprocessing environmental impacts for the 'U-

recycle only' mode specifies 21.9 metric tons (MT) of NO gaseous emissions per 

reference reactor year. When this figure is adjusted for the reference fuel repro

cessing plant...we find that the model plant will discharge approximately 1250 MT/year 

of N0X- Thus, the plant appears to be a major stationary source of nitrogen oxides. 

In addition, at ERDA's Hanford Facility where a Purex process fuel reprocessing plant 

was operated, there was a sizeable non-radiological discharge of nitrates which created 

a nitrate contaminated plume in the underlying ground water that extended several miles 

from the plant The report should mention whether there have been improvements in the 

Purex process which would eliminate the nitrate discharge." 

Response: The NO release given in Table 2.1 for the FRP amounts to approximately 1250 tons per 

year or about 5.8 lbs/min. This is a gaseous loss from the waste concentration and acid recovery 

operations. 

The liquid nitrate discharge from the Hanford Purex reprocessing operations was the result 

of that plant discharging both low-level radioactive material in liquids and nonradioactive 

wastes to the ground. The model plant would discharge only very small amounts of chemical waste, 

primarily water treatment chemicals, to surface waters. At Hanford, the bulk of the nitric acid 

was recovered and recycled to the process. 

The model plant will not release nitrates to ground water since it is designed to evaporate 

to the atmosphere all N0X not retained in radioactive waste or recovered for recycling to the 

process. 

Comment (NYDOL B-127, 128): The effluents and occupational exposures predicted in NUREG-0116 

are based on conclusory assumptions contained in the Barnwell Separations Facility 

FSAR. Testimony provided at the Barnwell proceeding does not provide support for these 

numbers. 

(A similar comment was made by AGNS B-73.) 

Response: The primary sources of information for fuel reprocessing in NUREG-0116 were: 
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(1) NUREG-0002, Generic Environmental Statement on Use of Recycle Plutonium in Mixed Oxide Fuel 

for Light Water Reactors (GESMO). 

(2) Final Environmental Statement Related to Construction and Operation of Barnwell Nuclear Fuel 

Plant, Docket No. 50-332, January 1974. 

(3) Draft Supplement to the FES Related to Construction and Operation of Barnwell Nuclear Fuel 

Plant, NUREG-0082, Docket No. 50-332, June, 1976. 

The values presented in NUREG-0116 are consistent within rounding errors. New information 

developed since the BNFP proceeding is presented in NUREG-0082. 

Comment (CM B-82): "A cursory examination of Table 2.10 shows that gaseous releases are 

generally higher and result primarily from reprocessing. A footnote suggests the 

increases are due to differences in the models. But we are not told what the differ

ences are or why they were made There are several off-gas treatment systems. The 

one on the TRU incinerator is described in some detail in the TRU section. In contrast, 

there is little or no discussion of the off-gas system for the separations facility or 

possible accidents there. Since p. 4-50 indicates 90% of the Iodine volatilizes in the 

dissolver, we should see more discussion." 

Response: The ventilation and off-gas systems for-the FRR model are designed to confine and 

channel any airborne radioactive particulate matter to treatment systems (filters) and away from 

personnel. This is done by channeling air from clean zones to zones of successively higher 

potential contamination. After being filtered through HEPA filters the gaseous waste stream is 

exhausted through a 100-meter stack. 

It is desirable that fission-product iodine be volatilized in the fuel dissolution opera

tion. The mercuric nitrate scrubber system, backed by silver zeolite adsorbers, removes iodine 

with high efficiency. Iodine remaining in the dissolver solution is processed through the waste 

treatment and acid recovery system. Iodine containment devices may be required for the off-gases 

of these systems. Evaluations of the fate of iodine in fuel dissolution and reprocessing were 

based upon conservative assumptions that 90% of the iodine is volatilized. Ongoing laboratory 

work indicates that an even higher percentage is volatilized; possibly above 98%.* 

The flow diagram (Figure 4.1) was intended only to show the various operations involved in 

fuel reprocessing. In addition to the dissolver off-gas systems, all process vessels vent 

through the vessel off-gas system. Both systems, together with the building ventilation, 

discharge through the stack. 

*See 0RNL-TM-5447, "LWR Fuel Reprocessing and Recycling Program, Quarterly Report, Period 
January-March, 1976", May 1976. 
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The model FRP and its effluent releases are discussed in detail in GESMO (NUREG-0002). The ^ H 

plant is discussed in Ch. IV, Sec. 2.0 (Model Fuel Reprocessing? lant); effluents are discussed 

in Ch. IV, Sec. 2.1 (Potential for Reducing Radioactive Effluents from Reprocessing Plants). The 

plant impact data in Table 2.1 of NUREG-0116 are taken from Table IV E-8 of GESMO, normalized to 

a reference reactor year. The reprocessing data for WASH-1248 were obtained by an averaged model 

using data projected for three plants: Nuclear Fuel Services at West Valley, N.Y.; Midwest Fuel 

Recovery Plant, Morris, 111.; and Barnwell Nuclear Fuel Plant, Barnwell, S.C. The GESMO model 

examined the components of the FRP and conservatively chose radioactive effluent releases 

"...based on the lower range of the expected performance for each component in the overall 

effluent treatment system." This estimation may result in higher effluent release values than 

would be expected using present technology. (See Chapter IV, Sections 2.2 through 2.5, of NUREG-0002 for a 

detailed discussion). 

Comment (W B-55): "The selection of 9 x 10 as the decontamination factor (DF) for two (2) 

stages of filters is overly conservative. Since these filters have an assured effi

ciency which can be verified by in-place testing, we believe a higher DF could be 

assumed." 

Response: See Generic Response #3. The Task Force selected DF values which they considered to 

be reasonably conservative. Since the incinerator off-gas is potentially wet and may adversely 

affect the efficiency of the filters, this conservatism is warranted. 

Comment (W B-54): The document states that the impacts shown in the tables are derived from 

the model fuel cycle facilities used in GESMO (NUREG-0002). The GESMO model repro

cessing plant assumes total release of H-3, C-14, and Kr-85 to the atmosphere. How

ever, these isotopes may be retained in actual practice, as described in GESMO, Pages 

IV E-25 and IV E-26. 

Response: The Task Force assumed the projection of current practices for the reprocessing plant 

model. In any event, the total release of H-3, C-14, and Kr-85 constitutes a small increment of 

the total effluents to atmosphere from the model FRP. 

Comment (CM B-89): "It is interesting to note that the authors express concern over the 

pyrophoricity of the cladding hulls as a waste disposal problem but no mention of this 

property is made in the discussion of the FRP." 

Response: Pyrophoricity is a problem in the handling of zircaloy fines. In the model FRP (based 

on the BNFP) all fuel disassembly will be accomplished by shearing, which produces a minimum of 

fines. Provision is made for adding sand (which inhibits ignition) to the hull canister simul

taneously with the hulls. 
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3.2.2.3 Tank Storage of HLW 

Comment (SC B-50): The pans which hold the storage tanks at NFS are not equipped with in-place 

pumps for transfer of leakages back to the tank, as is implied in NUREG-0116. "The 

Supplement contains no discussion of earthquake criteria for the site " 

Response: Reference to the NFS facility is irrelevant to the Table S-3 supplement (see Generic 

Response #2). Reference 3 of NUREG-0016, Section 4.2.1, "Alternative Processes for Managing 

Existing Commercial High-Level Radioactive Wastes" (NUREG-0043), p. 20, states: "The pans are 

equipped with level detectors and connected to pumps which can either return any waste leakage 

collected in the pan back to the storage tank or transfer any uncontaminated condensate within 

the pan or vault to the Lagoon No. 1 for treatment in the Low-Level Liquid Waste Treatment 

Facility." This information is confirmed on p. 3, item (2), of a paper, "High Level Radioactive 

Waste Management Program at Nuclear Fuel Services, Inc.", by James P. Duckworth, presented at 

American Chemical Society, 167th National Meeting, Los Angeles, California, March 31 - April 5, 

1974. 

Concerning seismic design, fuel reprocessing facilities and associated waste-handling 

facilities are required to be designed to withstand the largest credible earthquake in the site 

region. 

Comment (CM B-83): Effluents from HLW tank storage are lumped with FRP effluents in the 

tables. "Although the principal concern is with leakage and accidents, we are not 

permitted to examine even the normal contribution to FRP effluents made by them as it 

is not set out separately the way that of the solidification facility is." 

Response: In the model plant chosen for this study, the normal effluents from HLW tanks are 

off-gases. The waste-tank off-gas system is part of the overall reprocessing facility off-gas 

system. A small vacuum with respect to atmosphere is maintained in the HLW tank by the off-gas 

system to minimize leakage from the tanks. In NUREG-0116, HLW tank gaseous effluents are 

included in separation facility gaseous effluents. But because of the DF caused by evaporation 

within the tank, the tank's contribution to the overall facility gaseous effluents is small. In 

the Task Force's judgment, this small contribution does not warrant it being set out separately 

as suggested. 

Accidents and sabotage conditions are discussed in Sec. 4.10 of NUREG-0116. Staff 

responses to comments regarding sabotage of HLW storage tanks appear in Sec. 3.3.2.2. 

Comment (DOI B-144): A tank of waste in 24 hours generates heat equivalent to 4.3 tons of 

coal. NUREG-0116 does not discuss alternative uses for this heat, or research required 

to determine the feasibility of harnessing this energy source. 

Response: The intention of NUREG-0116 was to establish certain generic environmental impacts 

that could be included in the cost/benefit analysis for the licensing of an individual reactor. 
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One of the constraints in providing these impacts was that the technologies explored and 

addressed in the supplement must be feasible and available. Technologies suggested by the 

Department of Interior for harnessing the heat from waste storage tanks are not now available, 

nor are we aware of any research underway to provide these technologies. 

Among the problems involved in use of heat generated by HLW are its relatively low tempera

ture (< 100 degrees C) and the capital costs involved in recovering heat equivalent to a few tons 

of coal per day. Further, the Task Force was constrained to the use of available technologies 

and conservative assumptions which in this case led to assumed release of decay heat. 

It is also pertinent to note that there is a trend toward fewer and smaller storage tanks, 

which would further reduce the economic incentives to use heat from such sources. 

Comment (NYSDEC B-109): The idea of solidifying liquid waste immediately after generation, 

thus eliminating the need for storage, should be supported by a regulatory requirement. 

Response: Regulations at the present time do not require immediate solidification of liquid HLW. 

However, the GE-MFRP plant was designed for immediate solidification while the AGNS-BNFP plant 

provides for a period of liquid storage. The length of this storage period will depend on comple 

tion of the waste solidification facility and possible construction of additional waste storage 

tanks at the BNFP. The proposed Exxon plant also plans prompt solidification. 

Comment (EPA B-159-160): The report should note that the new Hanford tanks are less than 8 

years old, whereas the old tanks at Hanford leaked after 6 years of use; represen

tations about the worth of the new tanks need additional support. 

Response: The first case of confirmed leakage in a Hanford tank occurred in 1958, approximately 

13 years after the first HLW tanks were placed in service (Appendix E). The first tanks designed 

and built after the observed leakage were placed in operation about 1964. The first double-

walled tank at Hanford was placed in service in 1971. No leakage has been observed in these 

tanks. 

Comment (CM B-92): "High-Level Waste tanks on Government reservations now have a history of 

considerable leakage. Over 100,000 gallons leaked in one incident. Over the long 

term, these tanks are failing. The possible impact of HLW tank leaks of any size have 

not been considered in NUREG-0116." 

Response: See General Response #2. The statement confuses experience in the federal sectors 

with that expected in the commercial area. Federal wastes are caustic and are stored in mild 

steel tanks, both single and double walled. Commercial waste is acidic and is to be held in 

stainless-steel tanks. Recent experience in the federal area is considerably improved and 

significant engineering changes (double walls and stress relieving) in the tanks will undoubtedly 

serve to improve performance at federal sites. 
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3.2.2.4 Intermediate Level Liquid Waste 

Comment (SC B-48, 50): What will be the final disposition of miscellaneous liquid waste? 

Can it be restrained from the environment over the millions of years required? Who 

will pay for this waste management? 

Response: Processing of these wastes is not explicitly discussed, but it is assumed (and 

stated in GESMO) that all waste streams from FRP's will be solidified and disposed of in the 

federal repository. The Barnwell plant plans to incorporate the ILLW with the HLLW for solid

ification. The mechanism for accomplishing this will depend on the solidification process 

chosen. Techniques for solidification of ILLW are discussed in ERDA 76-43, Section 6, and for 

solidification of miscellaneous low-level waste in Section 12 of the same document. After 

solidification, both will be transferred to the federal repository. 

Economic costs are not considered in this document (see Generic Response #6). 
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3.2.3 Low-Level Waste 

Comment (NRDC B-96, 99): "The Task Force Report's analysis of potential impacts (of low-level 

waste burial) is based totally on theoretical extrapolation and virtually not at all 

on the wealth of actual experience and historical data..". Effluents have come from 

low-level waste burial sites at a number of locations and the report does not give 

adequate indications that this situation will change to become consistent with the model 

site discussed. Further indications or additional source terms for these effluents in 

Table S-3 should be considered. 

In addition, there is a need for a change in regulatory authority for waste manage

ment and criteria with regard to wastes consigned to shallow land burial. 

(Similar comments were made by SC B-44, 51, 52; MS B-60; CM B-76; NYSDEC B-108; EPA B-158) 

Response: The intent in NUREG-0116 and NUREG-0216 was to estimate the impacts from shallow 

land burial when done with proper site selection, design and operation. We conclude from this 

estimation that shallow-burial can prevent releases of harmful concentrations during the 

hazardous lifetime of the waste, which is a few hundreds of years, assuming that concentrations 

of long-lived isotopes are carefully controlled. The model site is not idealized, but reflects 

experience at operating sites such as Barnwell. 

The primary mechanism for potential radionuclide release from burial sites is water move

ment. In the case of Maxey Flats and West Valley the water movement of concern appears to be 

surface rather than ground water although the latter cannot be completely ruled out. Barnwell 

and Sheffield have not demonstrated radionuclide migration. The control and management of surface 

water by proper site selection is not a difficult technical problem. The combination of experience, 

growing concern for the public safety, and new regulatory programs that will control waste form, 

site selection, and operating practices should prevent the recurrence of surface-water management 

problems at new shallow land burial sites. Further information about experience at existing sites 

is contained in Appendix H. 

Appendix H also presents the results of calculations of possible doses to humans from 

releases caused by radionuclide migration via groundwater. Several parameters in the model are 

varied to demonstrate the variance in potential human exposure. The calculations are conservative 

in that they use one fixed conservative parameter (saturated soil) and use conservative values 

for the variable parameters. However, at operational sites resembling the NUREG-0116 model site, 

migration has not been observed and was considered zero for the purposes of Table S-3. 

A special Task Force has studied the programs used by the NRC and state governments to 

regulate disposal of commercial low-level radioactive waste. The NRC Task Force findings are 

presented in a report now available in PDR, and under consideration by the Commission. The 

underlying issues in the report are federal and state regulatory authority and roles for 
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commercial radioactive waste burial grounds. Needs for research and development, a 

comprehensive set of standards and criteria, a national plan for LLW management, and perpetual-

care funding are also discussed. 

The importance of similarly disposing of both high-level <nd low-level wastes when they 

include long-lived isotopes such as plutonium-239, suggested by one commenter, is a tenet of the 

waste-management programs of both ERDA and NRC. The LLW disposal program for ERDA-generated 

wastes has, for the past few years, forbidden shallow land burial of wastes contaminated with 

long-lived transuranic elements. In 1974 the AEC proposed a rule for the commercial nuclear 

industry prohibiting shallow burial of transuranium-contaminated wastes. While this rule has not 

been promulgated, the NRC and ERDA are actively working to establish limits for transuranium-

contaminated wastes which can go to shallow land burial. (See response to EPA B-159). 

Comment (NYSDEC B-109): To be conservative the report should consider the possibility of 

limiting future low-level waste disposal sites to arid sections of the country. 

This limitation would increase the transportation of low-level waste. The increased 

transportation costs might result in an increase in the discharge of low-level waste to 

air and water at the point of production. 

Response: We agree with this observation, in that, the present releases, particularly from 

reactors and other major plants producing radioactive wastes, are governed not only by specific 

envirnmental release standards, but by the ALARA concept. Increased costs could lead to addi

tional releases at the source and such an event should be guarded against in developing future 

regulations concerning the disposition of low-level wastes. 

We also agree with the implication that LLW burial sites located in arid zones might have less 

offsite migration. However, information in Appendix H indicates that siting in humid zones, with 

proper management during early operation, can be acceptable. Extra risks resulting from 

humid-zone siting would have to be balanced against extra risks that might arise from extra 

transportation made necessary by siting exclusively in arid zones, since exposures from either 

transportation or a properly managed LLW burial site are expected to be quite small for the 

purposes of this document. Neither assumption would be expected to significantly alter the 

conclusions regarding effluents from LLW management. 

Comment (NYSDEC B-109): The indication that the trenches are filled to within five feet of the 

surface is misleading. Such a limitation has advantages and should be considered as a 

criterion for low-level burial sites. However, the practice has been to fill the trenches 

with wastes up to the surface. 

The Bases for Impacts is a model site that NRC considers representative of those in 

the humid eastern states. There are substantial differences between some of the 

existing sites and the model site. If the model site is to be used on a conservative 

basis for evaluating impact from future sites, then NRC should establish the significant 

criteria used for the model site as regulatory requirements for all future sites. The 

analytical overview of possible impacts from natural phenomena refers to the movement 
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of nonradioactive materials into the environment. This overview should include both 

radioactive and nonradioactive materials. 

Response: See Generic Response #5. Technologies discussed in NUREG-0116 do not represent NRC 

policy. They neither offer guidance as to which technoligies will be acceptable in the future, 

nor do they represent NRC criteria for siting or operating facilities for waste management and 

reprocessing. Details about depths of burial or site characteristics do not represent policy 

statements by the Commission. The model was selected to illustrate and illuminate the issues 

involved in shallow land burial. 

The NRC does intend to establish policy on these issues, and to this end, using recent 

reports and the staff's own analysis, has undertaken a program to evaluate alternatives to 

shallow land burial and to provide criteria for the siting and operation of future burial sites 

Radioactive wastes whose inherent chemical toxic or hazardous properties are judged to be 

greater than the radiological hazard are generally excluded from the commercial burial grounds. 

However, chemical toxicity in the long-term, will have to be considered in determining the 

length of site dedication. (See response to ACRS B-176.) 

Comment (NYSDEC B-199, 110): It would be possible to have some small increases in direct 

radiation above natural background through the trench cover. Little data are 

included in the report from commercial burial sites such as the New York and Kentucky 

operations or the ERDA site at ORNL, concerning releases to the environment. An 

ongoing study at the New York site has confirmed that radioactive gases generated in 

the trenches are escaping. 

Response: There will be very small increases in direct radiation over natural background at 

the surface above commercial burial sites. The increase can be approximately calculated as 

follows: if it is assumed that the allowed direct radiation from the surfaces of shipping 

containers is 200 mr/hr, that the minimum burial depth is 1 meter, and that the earth cover has 
3 

a density of 1.5 g/m , the attenuation will be about .001. Hence the direct radiation from 

buried waste will approximate 0.2 mr/hr at the trench surface. Normal direct penetrating 

radiation (mainly cosmic rays) is about 4 x 10 mr/hr. Section 20.105 of 10 CFR Part 20 

provides that levels in unrestricted areas should be such that an individual could not receive 

more than 2 mr/hr, or 100 mr in seven consecutive days. 

Even during operation, direct radiation exposure to workers from finished trenches is 

small, and is one portion of the occupational exposure of the workers. Data on occupational 

exposures at operating sites are given in Appendix H. 

While operating experience at existing sites is not always relevant to the calculation of 

environmental impacts from the model site, considerable information about the operation and 

performance of existing sites is given in Appendix H. 

As of this writing, the results of the "ongoing study" at NFS have not been made available 

to the NRC staff or the Task Force. However, radioactive gases are likely to be generated 

primarily as a result of decomposition of plant and animal organic material containing tritium 
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or radioactive carbon. These generally derive from non-fuel cycle sources and are thus not 

attributable to operation of an LWR during one RRY. Further, releases from properly designed 

operating sites should be low. Any new data and analyses will be reviewed as they become available. 

Comment (DOI B-142): Solid radioactive wastes other than high-level, buried onsite (shallow) 

would contain 4,700 curies, the transuranic contaminants and high-level wastes 

buried on site (deep) would contain 11 million curies. A footnote to Table 2-10 on 

pages 2-31 and 32 states that these wastes would not be released to the environment. 

Water intrinsically connects the biosphere and geosphere, but the proposed table does 

not acknowledge the potential environmental impact of this interrelationship on the 

burial of radioactive wastes. The discussion of shallow and deep burial of wastes in 

the Supplement makes it clear that this is not the intention but the proposed table 

does not reflect this. 

Response: Releases by migration from burial sites are expected to be negligible; therefore, 

they are shown as zero in the radiological effluents summary in the table. The bulk of the 

nuclides buried either shallowly or in the deep repository are not released to the biosphere, 

and thus are properly included in the lines so designated. 

An analysis of potential releases from groundwater transport from shallow land burial is 

presented in Appendix H. Adverse conditions of saturated wastes and soil from the trench to a 

river 1 km away were assumed, and exposures of less than 20 man-rem per RRY were projected for 

silt or clay soils. Such saturation conditions are not expected to occur. The potential has 

been noted in a revised footnote inserted as an erratum to Table 2.6. (Appendix E). 

Comment (DOI B-142, 143): No discussion is presented which reveals: (1) how the potential 

for accidental leakage for the sites has been reduced through improved containeriza-

tion/storage techniques, and (2) how the potential for sabotage/unauthorized intru

sion to burial grounds has been reduced. While we expect detail to be lacking on 

this latter point, a statement is needed to indicate any changes in past procedures, 

such as the improvement of surveillance. 

The Supplement should more adequately describe "water collection facilities" in the 

waste disposal trenches and explain the rationale of allowing water to remain in the 

trenches where it will leach radionuclides. The model stipulation of requiring a 

depth of at least 50 feet to groundwater does not seem sufficient, especially if 

vertical permeability is sufficient to allow subsurface drainage of precipitation at 

appreciable rates. Below the organic soil zone, except perhaps in very fine uniform 

silt or clay, permeabilities might normally be expected to move to groundwater 

before sufficient decay had occurred. Some system should be considered to prevent 

accumulation of water in the trenches. For example, a gravel-packed underdrain 

system immediately above an impermeable and adsorptive clay liner and underlying a 

thin-gravel trench floor might avoid problems that have been reported, permit 

efficient monitoring, avoid damage to packaging, and ensure that radionuclides would 
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be kept immobilized or would be retarded in downward movement to permit the desired 

radioactive decay. Fluids intercepted by the underdrain, after analysis, could be 

treated, recirculated, or solidified for disposal. 

Response: No credit was taken for any reduced potential for accidential leakage which might 

result from improved containerization/storage techniques. For reasons of conservatism, both 

past analyses and the NUREG-0116 model assume immediate disintegration of the container in 

which the waste is buried. This conservatism is justified because little is known about 

actual container disintegration over long periods. 

At the one site (Beatty, Nevada) where unauthorized acts involving radioactive materials 

have occurred, steps have been taken to reduce the potential for repetition of such events. 

While these events, strictly speaking, were neither sabotage nor intrusion by people foreign to 

the site, they are similar in nature. Security at Beatty has been increased by improved inventory 

procedures, increased inspection, improved physical security, and closer cooperation among govern

ment agencies. Since problems of sabotage and unauthorized intrusion are administrative and not 

technical in nature, administrative solutions with small impacts on the operation such as those 

mentioned above can be instituted as needed. 

Water-management techniques at several existing burial sites are discussed in Appendix H. 

Trench design features for water collection of water have been used at two sites. In South 

Carolina, a meter of sand covers the entire bottom of the clay trench, affording drainage 

space, allowing monitoring of water collection, and permitting the pumping of water if necessary. 

In Illinois, a channel down the center of the trench, filled with brick or rock, serves the 

same purposes (see Table II, Appendix H). No additional clay layers or liners are used and no 

uniform requirement exists that all sites use such techniques. Whether vertical or horizontal 

migration would result in lower potential population exposure pathways is to a large extent 

site-specific. However, such water management engineered features could be included in the 

ongoing NRC review of alternatives to shallow land burial, and perhaps in requirements for these 

alternative designs. 

The 50-foot depth to groundwater was selected based on rules of thumb rather than hard 

data with regard to vertical permeabilities and subsurface drainage. However, the calculations 

in Appendix H, which assume immediate contact between the wastes and the water, and water flow 

through the wastes, indicate that 50 feet may be more than is needed to provide long-term 

containment under the stated conditions. However, if 50 feet proves to be less than should be 

required, then again the model selected herein was conservative. 

Comment (CM B-88): Low-level wastes are defined in NUREG-0116 as "all solid radioactive 

wastes other than High Level and TRU wastes." But the label "low-level" should 

not be misconstrued as meaning low hazard. One particular complication with LLW 

is the variety of materials involved, indicating that it may be necessary to seg

regate LLW types for separate disposal. The treatment and disposal practices for LLW 

need more study and analysis. 
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Recent studies at LLW disposal sites in Kentucky and New York show embarrassing 

experiences. New sites may be needed sooner than expected if the old sites begin 

leaking too much. New sites will have to meet new, more stringent criteria for 

security, monitoring, labeling, etc., only now being established. 

Because of the generally wide dispersal of contaminants in LLW, it is not considered 

particularly hazardous, but individual items may be considerably more hazardous or 

toxic. Here again, as in transportation, averaging can conceal individual danger. 

Impacts of treatment and shipping of LLW from reactors are is not included in the 

assessment. 

(NYSDEC B-109): The discussion of repositories for transuranic wastes refers to two 

categories. Shallow land burial will be used for low level wastes if the transuranic 

content is "sufficiently low." A specific limit is needed to determine when low-level 

wastes containing small quantities of transuranics may be placed in shallow land 

burial. 

(EPA B-159): At this time one of the six commercial sites, West Valley, is closed 

and Maxey Flats has imposed a usage surcharge on out-of-state waste, which has greatly 

reduced the amount of material it handled. The Sheffield site is nearing its 

limit, and the Beatty site was closed once during the past year due to management 

problems. With all of these occurrences limiting the availability of LLW sites, 

EPA does not believe the above statement presents an adequate assessment of disposal 

availability. 

Response: We agree that the term "low-level" does not necessarily mean "low hazard." In terms 

of risk (consequences times probabilities of events leading to those consequences), the number 

of curies involved are an important factor. For example, while consequences of an event 

involving LLW would be low because of the low amount of radioactivity involved in that event, 

the probable number of events would be higher because of the larger quantities and number of 

shipments moving through the system. 

In a proposed rulemaking just prior to its dissolution, the AEC explicitly stated that 

long-lived (transuranic) nuclides should not be buried in shallow burial ground in the future 

because of the longevity of the hazard involved. The salient feature of materials consigned to 

LLW burial is not necessarily the level of hazard involved at the time of burial, but the 

relatively short time over which the hazard persists. Delay in final implementation of the 

rule has been due in part to the lack of an adequate, practical, and technically sound waste 

classification system. Efforts are underway by NRC and ERDA to improve waste classification 

(see Appendix C of NUREG-0116). In NUREG-0116 it was assumed that the limit of radioactivity in 

shallowly buried wastes would be 10 nanocuries per gram, as imposed by ERDA in its shallow land 

burial program. (Also see the response to the first comments in this section, and Appendix H). 

The Task Force and the NRC staff have noted, and several federal agencies have specified 

in their program planning, the need for additional study and analyses of LLW disposal practices. 

The staff is now undertaking such studies. These efforts notwithstanding, the NUREG-0116 
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model is reasonable for burial grounds or for practices to be instituted for reactors to be 

licensed. This assertion is borne out by the calculations and analyses in Appendix H. 

While NUREG-0116 included experience at LLW disposal sites primarily by reference it was 

explicitly noted that performance at past sites is less than should or will be required. 

The Task Force and the NRC staff have both noted the need for additional criteria for siting, 

design and operation of LLW burial grounds. Thus, the model used in NUREG-0116 may prove quite 

conservative. 

Admittedly, the practice of averaging, as done for LLW, does not highlight individual 

exposures. But since shipping packages in which commercial wastes are buried are designed to 

provide shielding and containment during transportation and handling, hazards from individual 

packages are averaged over a narrow spectrum. Once a given container is in a trench, and 

mixed with other wastes and earth fill, averaging is not an unreasonable approach since hazards 

would primarily be from events involving all of the trench or site contents, not just individual 

packages. 

Impacts from treatment and shipping of LLW from reactors are not included in this assessment 

because they are contained in other documents (WASH-1238 and environmental impact statements 

for individual reactors). 

With respect to the need for new sites, brief survey of the performance of existing com

mercial sites (Appendix H) shows that they are performing adequately to protect the public 

health and safety. Expansion of these sites may yield additional capacity until specified 

criteria are formulated. However, collective experience gained from ad hoc site evaluation 

and site operation, as well as studies in progress, could be used to assess an additional site 

if the need arose. It is important not to allow proliferation of multiple sites before uniform 

national standards can be developed. 

Significant questions also remain regarding the volumes that burial sites will have to 

accommodate (see response to comment EPA B-158 at the end of this section regarding volumes). 

Even if a new site were established, it would be selected on the basis of experience to 

date, and expected impacts would not be altered since the new site would be expected to 

perform as well as the better ones now in operation. 

Comment (DOI B-144): It is stated on page 4-128 that "Present policies prohibit the burial 

of plutonium" and a footnote adds "Except at the Hanford site." However, discussion 

of waste management at Hanford in Appendix D makes no mention of management of 

plutonium-bearing waste at that site. Further explanation or elaboration of any 

environmental impacts or problems related to this action would be helpful. 

Response: In this instance the term "Hanford site" refers to the commercial disposal site at 

the Hanford reservation. The discussion of the Hanford site in Appendix D refers only to the 

ERDA facilities there. Since it is anticipated that hazardous concentrations of TRU waste will 

not be buried at any LLW burial site in the future, it is not considered relevant to the scope 

of this document. 
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Comment (TEX BT146-147): It has been the recent experience of several radiation control agencies 

that near-surface LLW sites do not always operate as intended and frequently do release 

small concentrations of radioactive material to the environment with which humans have 

contact. Moreover, this type of disposal facility requires "perpetual" care by a 

governmental agency for periods in excess of several thousand years. 

Response: We agree that releases have occurred and those releases are discussed in Appendix H. 

In addition, the NRC is initiating a study to identify and evaluate alternative methods for LLW 

disposal. (See response to EPA B-156/159.) 

Regarding perpetual care, we have assumed that operations conducted at the model site would 

be for a few hundreds of years rather than thousands of years, since prohibition of long-lived 

nuclides is anticipated. For existing sites in which long-lived materials have been buried, 

hazard analyses on a site specific basis may be required to determine long-term requirements. 

It is recognized that better administrative and fiscal programs for long-term care are required 

and long term needs are included in present program planning efforts. 

Comment (NYDOL B-151): The containment capability of the "model" burial site must be 

evaluated for hundreds of years. After only a decade of use, the burial trenches at 

West Valley, N.Y. and Maxey Flats, Ky. have been found to be leaking radionuclides to 

the environment. These operations supply the longest and largest data base for 

commercial burial sites. Significantly improved evaluations of this type of burial 

must be undertaken before projections for such "model" facilities can be relied upon. 

Response: Regarding the short-term performance of existing sites, see response to comments 

B-96 and B-99 and the analysis of monitoring data in Appendix H. Appendix H also presents data 

from model calculations for groundwater releases from shallow burial. We agree that additional 

evaluations are needed; more detailed calculations will be performed as part of NRC's ongoing 

program to evaluate shallow land burial and alternative disposal methods. 

Comment (NYDOL B-151): NUREG-0116 does not state whether environmental surveillance would 

be carried on for the 300 year lifetime of a burial site nor how much such surveil

lance would cost over a long period of time. 

Response: Although not specifically stated, it was presumed that such surveillance would 

continue during the hazardous lifetime of wastes placed in the burial site ( a few hundreds of 

years), taking into account the credible exposure pathways. See Generic Response Number 6. 

Although control of the site is assumed for a few hundred years, the need for active 

surveillance during the entire control period would depend on confidence in the site gained 

during the earlier phase of the surveillance program. If, for example, after 100 years from 

burial, surveillance ceased, the probable worst-case scenario would be flooding and overflow 
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of the trenches. If it is assumed that the waste was in saturated soil from the time of burial, 

will continue to be in direct contact with water from the time of flooding, and that the high 

leach rates given in Appendix H apply, the total curies per RRY that could be available for move

ment by surface and ground water would be 484, or 4.5% of the original quantity. If low leach 

rates apply, the numbers would be 36 and 0.3% respectively. (The balance of the activity will 

decay before leaching). This scenario is the bounding case, and more realistic assumptions would 

result in lower calculated releases. 

Comment (NYDOL B-151): It is indicated that if a low-level waste site is found to be defi

cient, several options are available, "ranging from minor action like surface grading 

and drainage modifications to complete exhumation of the waste. Experience indicates 

that the latter, while possible, poses many problems of potential environmental 

contamination." To our knowledge no exhumation studies have ever been undertaken on 

wastes interred for appreciable amounts of time (in excess of 5 years) in saturated 

soils. 

Response: The original text refers to exhumation studies conducted at ERDA's Idaho site, and 

it is felt that the only major difference between those conditions and those to be encountered in 

saturated soils is the presence of water. Removal of that water through pumpage or appropriate 

drainage facilities would make the exhumation problem roughly comparable to that of an unsaturated 

site. Although such saturated conditions might increase the extent of migration away from 

containers, thus increasing the volume of waste to be exhumed, it should not substantially affect 

mechanical and technical problems related to exhumation. 

We agree that exhumation involves potential environmental hazards. In fact, a recent report 

of the National Academy of Sciences* emphasizes that exhumation may pose more hazard to man and 

his environment than leaving the wastes in place. Consequently, each corrective action would 

require careful analysis and planning. 

Comment (NYDOL B-152): Slow compaction of waste material buried in the NFS trenches 

occurs with the disintegration of drums and decomposition of waste materials. This 

factor will lead to the need for continuing work to keep the burial grounds' surface 

convex in shape so that pools do not form over the wastes and percolate into the trench. 

*"The Shallow Land Burial of Low-Level Radioactively Contaminated Solid Waste," Panel on Land 
Burial, Committee On Radioactive Waste Management, Commission of Natural Resources, National 
Research Council, National Academy of Sciences, Washington, D.C. ISBN 0-309-02535-4, 1976. 
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NUREG 0116 does not mention this problem. NUREG-0116 fails to discuss the costs of 

and Specifications for cap maintenance in temperate climate zones. Serious problems 

such as groundwater infiltration and water treatment now plaguing the West Valley site 

were not projected at the time that site was opened as a "model facility." 

Response: Measures which may be necessary to assure adequate site performance over the hazardous 

lifetime of the wastes range from routine maintenance to exhumation of wastes. Routine mainten

ance expected to be performed by the operator include regrading trench caps, reseeding, fence 

repair, and erosion and animal control. These activities have been considered likely to continue 

after decommissioning and are within the planning base of existing perpetual care funds. More 

extensive measures such as trench pumping and water treatment, and contingency measures such as 

land acquisition for buffer zones or exhumation, have only recently been recognized as necessary 

or possible measures. These issues are addressed in Appendix B of a recent state task force 

report.** 

Review of perpetual care funds in recent years has shown that 1) contingencies are not 

covered, 2) long-term care criteria are needed, and 3) remedial technologies are not fully 

developed and demonstrated. A program to address site engineering technologies is outlined in a 

recent ERDA plan.*** Thus, we agree with the comment in principle in that long-term care is an 

area that is just beginning to receive proper attention and in which new problems have surfaced. 

These considerations are primarily financial, not environmental. 

Comment (NYDOL B-152): A complete analysis of the environmental impact of LLW burial is not 

possible without information on the contribution of facility decommissioning in the 

future. If decommissioning volumes are not ascertained, analysis of this subject will 

remain incomplete. 

(EPA B-158): The volume estimate for reactor decommissioning in Table 4.30 appears 
3 

to be underestimated. EPA has estimated one to three million ft of radioactive solid 
3 

wastes while the estimate in the table is only 370,000 ft . 

Response: Since the publication of NUREG-0116, an AIF study on decommissioning has been 

completed and provides bases for a low-level waste decontamination source term. This source 

term has been included as an erratum to Table 4.29 and in model calculations in Appendix H. The 

impacts have been incorporated as errata to NUREG-0116 (see Appendix E). 

In terms of curies, decommissioning waste constitutes about 13% of total LLW. The volume of 

decommissioning waste is dependent on the packaging and shielding methods used. The volume 

**"Task Force Report on Bonding and Perpetual Care of Licensed Nuclear Activities," Conference 
of Radiation Control Program Directors, April 5, 1976. 

***"The ERDA Plan to Develop a Technology for the Shallow Land Burial of Solid Low-Level Radio
active Waste," Steering Committee on Land Burial, June 1976. 
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Projected in NUREG-0116 is not changed, but is conservative in comparison to material volumes 

in the AIF report. Decommissioning waste contains Ni-63, which has a half-life of 92 years and 

will be the dominating nuclide after a few hundred years. However, the Ni-63 will be present as 

a component of structural materials (mostly stainless steel) and will not present a significant 

hazard unless the structural materials are recovered and rework is attempted. 

Comment (EPA B-156/159): EPA believes the report does not adequately reflect difficulties 

experienced in the shallow land burial of LLW, especially in humid zones, and that 

it is necessary to develop site-selection criteria for shallow land burial sites. The 

report does not investigate alternatives to shallow disposal for low-level nuclear 

waste. EPA believes that discussing only one method of LLW disposal is not adequate, 

except where the feasibility of alternative procedures has been conclusively ruled out. 

The approach taken by the NRC staff is that all material entering a low-level nuclear 

waste management system will come from uranium-fueled LWR's. This may cause an under

estimation of the impact of the system. The radioactive material from research, 

medical uses, and other sources should be included in making estimates concerning 

the projected capacity of LLW burial sites. In addition, many of these wastes are 

organic compounds that interact chemically with the reactor-produced wastes so that 

the actual material in the burial area may be substantially different in chemical 

form and leachability than that originally deposited. 

Response: See Generic Response #5. Difficulties encountered with present sites are discussed 

in Appendix H (also see response to comments CM B-96 and B-99). Programs exist at EPA, NRC, 

and ERDA, to develop site-selection criteria which, however, are not within the scope of this 

document. The intent of this document was to discuss the impact from one disposal mode, rather 

than to compare impacts from alternatives. We agree that future study might disclose feasible 

alternative disposal methods which further protect the wastes from man and surface phenomenon 

than shallow land burial, and we are initiating an in-depth study of alternatives. See response 

to comments CM B-88/NYSDEC B-190/EPA B-159 in this section and Generic Response number 2. 

Relating to the interactions of radioactive materials with leachates from organic wastes, 

Appendix H contains a sensitivity analysis indicating the impacts of varied transport parameters 

on the containment capability of burial sites in general. The interactions mentioned in the 

comment can in part be simulated by variations in these parameters (see response to comment ACRS 

B-176). Additional studies of the interactions between wastes, packaging, and the trench environ 

ment are needed, and one such study is underway at NRC. The results of such studies will 

provide the data base for more quantitative treatment in future analyses of expected site 

performance and potential occurrences. 
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Comments (EPA B-157): Several tables summarize environmental impacts normalized to an annual 

fuel requirement for a 1000 MWe reactor. Some of these tables include land commit

ments, but do not indicate whether the commitments include the land requirements for 

burial of low-level wastes. 

Response: Table 2.6 on page 2-27 identifies the land acreage required for LLW disposal. That 

total is included in the subsequent summary table. 

Comment (LLLM B-168 and B-54): Table 4.29 presents LLW volumes from the fuel cycle without 

taking credit for volume reduction technology. 

Response: See Generic Response #5. Volume reduction is one of many technologies that could be 

used in optimizing waste management. However, the approach of NUREG-0116 was to analyze an 

available technology, not to optimize it. There are also uncertainties in volume projections 

(see response to comment EPA B-158), and the use of volume reduction by industry is limited 

at present. Therefore, taking credit would be inconsistent with the conservative but balanced 

approach followed in NUREG-0116. The failure to use volume reduction maximizes land-use 

impacts and allows unexpected increases in waste volume to be offset by new technologies. 

Comment (ACRS B-176): The discussion of low-level wastes is inadequate. The potential for 

short-term impact owing to the migration of radionuclides (such as H) that have 

moderate half-lives may warrant attention. The possible migration of long-lived radio-
59 129 

nuclides (such as Ni, I, and certain of the transuranics) from shallow low-level 

burial sites needs evaluation. Attention should be directed to chemical changes which 

can lead to variations in rates of migration of specific radionuclides and the 

availability of such nuclides for plant and animal uptake. Sensitivity analyses of 

the impact of such changes should also be performed. 

Additional subjects in need of evaluation include the potential for accidents at 

shallow low-level waste burial sites, better documentation of occupational exposure 

data at such facilities, and the relationship of site location, size, and character

istics to the potential for associated environmental and public health impacts. 

Response: The potential groundwater migration of moderate and long-lived radionuclides is 

addressed in Appendix H of this document. The calculations and source term data in Appendix H 

show that: 

With saturated clay or silt soils, nuclide transport by groundwater is sufficiently 

slow to allow the decay of all but very long-lived radionuclides before they can 

migrate over one kilometer. 

For those soils, leach rate from the containers is not a significant parameter. 
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Possible chemical changes of the waste would be balanced by the conservative assumptions 

(saturated soil and small distribution coefficients) of the model calculations. Because of the 

slow migration of the nuclides, (less than 4 x 10" of the nuclides travel a distance of one 

kilometer before decaying in saturated silty soil; for saturated clay the fraction would be 

10 ) the dose uptake by plants or animals in the area from the trenches to the river in the 

direction of groundwater movement would be small. More detailed calculations will be performed 

in the coming months. 

The potential for accidents, and operating experience with respect to accidents, are also 

addressed in Appendix H. No incidents or releases of excessive concentrations of radioactive 

material have been reported to the NRC or Agreement States. 

The results of an ERDA analysis of the radiation dose from a postulated fire in a burial 

trench was assumed to represent but overstate the critical accident case. Values quoted for 
_g 

50-year whole body dose commitments included 9.4 x 10 person-rem external and 9.2 person-rem 

from inhalation. 

The historical record for over 60 years total experience at commercial burial grounds does 

not contain evidence of significant accidents or accidents comparable to those at ERDA sites 

referenced in NUREG-0116. The model analysis was therefore conservative. 

Experience regarding occupational exposures at the sites is discussed in Appendix H. 

In general, the experience has been good. Only a few exposures over regulatory limits have 

occurred and those were only slightly higher than quarterly limits. From the data available, 

annual individual whole body exposures range from 0.5 to 1.9 rem/year. The person-rem per 
-5 -5 -5 

cubic foot of material buried ranged from 2.5 x 10 to 7.4 x 10 and averaged 3.9 x 10 . The 
-5 -3 -4 

person-rem/curie ranged from 2.1 x 10 to 1.2 x 10 and averaged 3.4 x 10 . Extrapolating 

these values from actual experience to the wastes per RRY (that is 38,500 cubic feet and 11,000 

curies, including decommissioning activity) we would project 1.5 or 3.7 person-rem, respectively 

The analysis of environmental data in Appendix H shows that with proper site selection, 

trench design, and operations, there is negligible impact on public health from radiological 

releases from existing commercial sites. Within this context, whatever radiological impact 

may exist will be proportional to the total amount of waste to be buried (number of RRY's), and 

will depend on proximity of population, biological pathways, soil types, and geological features 

Detailed site-specific analysis would be required to determine the optimum combination of the 

number and location of burial sites. 

Major environmental impacts from shallow land burial will be land usage (amount of land 

and length of time the land is to be dedicated) and impacts from transportation (nonradio-

logical). The amount of land used is related to the volume of waste to be buried. Efficient 

use of land depends on factors such as trench depth and spacing (determined to a large extent 

by site characteristics), waste placement, and trench design. The assumptions used for the 

model and land use calculations are consistent with present practices and did not assume 

optimizing of site features and operations, or volume reduction of wastes. 
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The duration of burial site dedication will be determined by the amount and concentration 

of the critical nuclides. For the source term used in Appendix H, the controlling nuclide 

would be Ni-63 contained in structural materials from reactor decommissioning. A detailed 

cost benefit analysis may show another disposal method to be more appropriate for structural 

materials that have been exposed to the high neutron flux in reactor cores. The duration of 

land dedication may also be influenced by the chemical properties of buried materials, since 

at some point in time chemical toxicity (no decay) will exceed radiological hazards. 

Consideration will have to be given to the chemical properties of the waste, including decay 

scheme daughters. Analyses will be performed of site location vs. transportation requirements 

and how to best serve regional needs and other environmental impacts, as part of the NRC waste 

management program and resulting environmental impact statements. 

In summary, site location, size, and characteristics have some bearing on potential impacts. 

Site location can increase nonradiological impacts from transportation to remote sites and the 

population subject to potential radiological exposures. The size of suitable area determines, 

in part, the need for additional committed sites or added transportation to remote sites. Site 

characteristics are coupled with operational parameters and the two are critical to adequate 

containment, and influence the amount of land used. However, consideration of these relationships 

does not alter the conclusions of this analysis -- namely that impacts are small. 

Comment (EPA B-158): The use of one year's monitoring results from the best managed com

mercial humid zone site (page 4-125) is not representative of the actual experience 

concerning detection of movement of radioactive materials from trenches by air or 

surface water. 

Response: Appendix H presents onsite and offsite monitoring data from all commercial sites in 

humid locations and for periods of several years. The results of several recent studies, 

which analyze the data, are also included. The design of the monitoring systems, while not 

ideal, appears sufficient to detect significant releases or problems. Data from South Carolina 

and Illinois do not indicate that releases are occurring. Data for Kentucky and New York do 

not indicate that subsurface migration is occurring or that long-term problems exist. The data 

from operational practices at New York and Kentucky are presented to allow assessment of short-

term problems, which are being corrected. 

Comment (EPA B-158): "Estimates are made in Table 4.29 of the amounts and activities of 

low-level waste destined for burial from various LWR fuel cycle operations The 

total fuel cycle volume estimates appear to be somewhat lower than that estimated 

by EPA...." 

Response: The figures presented in Table 4.29 are a summary of estimates from Table 3.3. 

Values for average annual fuel-cycle requirements for a model 1000-MWe LWR over its lifetime 

are given in Table 3.2. Annual waste quantities from fuel-cycle facilities operating at 

full capacity are shown in Table 3.1. When these are scaled to reflect the data in Table 3.2, 

average annual waste-generation levels for a model LWR (Table 3.3) are obtained. 
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We recognize that projections of waste volumes from the LWR fuel cycle differ between 

studies currently available due to variations in basic assumptions such as facility capacities, 

annual throughputs, and waste treatment systems. The basis for such variations in assumptions 

is in part the lack of adequate operating experience. The NRC is therefore preparing to 

develop or refine a model to project volumes and activity levels of all wastes including LLW 

generated annually and accumulated through the year 2000. This model will permit revisions of 

parameters which sensitivity analyses indicate are significant, in order to periodically 

assess nuclear waste disposal needs. 

Although differences do appear in individual volumes estimated by EPA and those shown 

in Table 4.29, total volumes of LLW generated annually in support of a 1000-MWe reactor are 
3 

equivalent at 1102 and 1100 m , respectively. Therefore, no revisions in the assumptions of 

NUREG-0116 appear necessary at this time. 
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3.2.4 Facilities and Large Equipment 

3.2.4.1 Decontamination 

Comment (W B-54, 55): "Decontamination (or dismantling) is conservative in that it is the most 

costly, has the greatest environmental impact in terms of waste generated, and results 

in the highest radiation exposures to both plant personnel and the public. The 

decommissioning cost estimate of 10% and 20% of original plant cost may be too high." 

Response: See Generic Response #3. We agree that the Task Force cost estimate for reactor 

decontamination/dismantlement of 10 to 20% of original facility costs is conservative. 

Decontamination/dismantlement involves remote-controlled cutting of highly radioactive structures, 

control of radioactive dust and radioactive cleanup solutions, and the use of extensive shielding 

to reduce exposure to workers. Other decommissioning alternatives involve no cutting of highly 

radioactive components, generation of less radioactive dust, and reduced exposure problems for 

workers. 

Comment (CM B-76, 89, 90): "Decommissioning impacts assume much radioactive material already 

removed but the amount is not known and thus cannot be evaluated. Cost estimates 

presented are too low." "No large reactors or other commercial facilities have ever 

been decommissioned. What the environmental impact and costs will be and who will 

bear them are not known." "...p. 4-132 gives 'costs of performing the operations' as 

an environmental effect of decommissioning. This anomaly is not explained. The 

costs listed are among the lower estimates." (Similar comments were made by CEC B-138 

and NYD0L B-150.) 

Response: The cost estimates by the staff for decontamination/dismantling are much higher ($80 

to 160 million for an $800 million nuclear power plant) than estimates in a recent report (AIF, 

NESP-009, November 1976) by the Atomic Industrial Forum of about $30 million. The costs are 

conservative because 1) experience indicates that alternatives less costly than decontamination/ 

dismantling will usually be selected for decommissioning a reactor; 2) new equipment and 

dismantling techniques should result in cost reductions for decommissioning; 3) environmental 

reports from licensees and the Atomic Industrial Forum also indicate that licensees will usually 

select layaway/mothballing or protective storage, both of which are less costly than 

decontamination/dismantlement, and 4) recent analyses by staff and contractors are leading to 

uniformly lower estimates. The cited paragraph on page 4-132 has been deleted on the errata 

sheet. 

Comment (SPPT B-36): "Although it is stated in Para. 2.3.2 (p. 2-8) that size reduction after 

decontamination of failed equipment would reduce the land requirement impact over that 

of handling the bulk equipment items, no credit is taken for such action." 

Response: Since size reduction is likely to be required for economic rather than health, safety 

or environmental reasons, the conservative choice is justified. 
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3.2.4.2 Decommissioning Procedures and Standards 

Comment (GEI B-9): "The NRC staff takes the position that plans and procedures for decom

missioning need not be developed at the time of initial licensing. Since a licensee 

must show it has the financial ability to cover the costs of decommissioning in order 

to obtain a license (10 CFR 50.33), this attitude seems questionable at best. At worst 

it raises serious questions as to whether decommissioning of large units or energy 

parks is practical at all." 

Response: The NRC position continues to be that mothballing/layaway, entombment, or dismantling/ 

decontamination can be used to decommission nuclear power facilities. To date, all licensed 

power plants that have been decommissioned have chosen mothballing/layaway, primarily because of 

lower cost but also because there was less environmental effect and worker exposure than if the 

plant had been dismantled/decontaminated. 

Decommissioning of power reactors in energy parks would generally cost less than at an 

isolated location. Layaway/mothballing would most likely be selected, as the continued radiation 

monitoring, inspections, and access control could be done by employees of operating plants in 

the same park. 

The NRC Staff has undertaken studies to evaluate decommissioning alternatives and to develop 

criteria and standards on the scope of decontamination in connection with plant design objectives, 

plant decommissioning, and licensing termination. The studies are developing comprehensive 

engineering information on the technical status, safety status, and costs connected with the 

decommissioning of nuclear reactors and fuel cycle facilities. The study program includes the 

following: 

I. Generation of reference information that will incorporate the basic facility characteristics 

and other information needed to establish decontamination criteria and benefit and cost data 

for various decommissioning alternatives. 

II. Study of decommissioning methods that will: 

a. Develop safe base decontamination criteria for decommissioning. 

b. Identify and evaluate decontamination processes for decommissioning. 

c. Define and develop plans for decommissioning modes. 

III. Development of decommissioning safety analyses that will: 

a. Assess radiological and chemical consequences associated with decontamination and 

decommissioning facilities and sites. 

b. Evaluate safety factors relevant to the working force, the general population, and 

environment resulting from actions taken to decontaminate and decommission facilities 

and sites. 
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c. Evaluate the long-term safety effects upon the general population from decommissioned 

facilities and sites. 

IV. Assessment of benefits and costs derived from decommissioned facilities by various deposi

tion modes. 

V. Development of R&D requirements that will define the need for new processes, techniques, 

procedures, products, equipment, and structural designs to facilitate the decommissioning of 

facilities and sites. 

These studies are scheduled for completion in FY 1978. 

Comment (GEI B-9): "Will untested decontamination procedures jeopardize the integrity of the 

primary system?" 

Response: Decontamination of the primary system with corrosive fluids is generally not required 

in reactor decommissioning. If an alternative were used which involved long-term on-site storage, 

all liquids would be removed, but the residual fixed contamination in the primary system could 

be retained, as would be the activated components. If dismantling were accomplished, primary 

system integrity following decontamination would be irrelevant. 

In general, untested decontamination procedures will not be used since the licensee is 

required by regulations (10 CFR Part 50) to provide information to NRC on proposed procedures for 

site decontamination. The licensee must provide reasonable assurance that dismantling of the 

facility will be performed in accordance with regulations and will not be inimical to the health 

and safety of the public. 

Comment (GEI B-9): "Are procedures adequate to insure that a licensee will responsibly decom

mission a reactor after 40 years of operation and that it will have the financial cap

ability to do so?" 

Response: Section 50.82 of 10 CFR Part 50 states that the reactor licensee must provide the 

Commission with proposed procedures for the disposal of radioactive material and decontamination 

of the site, and must provide reasonable assurance that the dismantling of the facility and 

disposal of the component parts will be performed in accordance with regulations and will not be 

inimical to the health and safety of the public. Guidelines are presented in NRC Regulatory 

Guide 1.86, "Termination of Operating Licenses for Nuclear Reactors." Section 50.33(b) of 10 CFR 

50 requires the applicant for an operating license to show he possesses, or has reasonable 

assurance of obtaining, the funds necessary to cover the estimated cost of operation for the 

period of the license or for 5 years, whichever is greater, plus the estimated costs of 

permanently shutting the facility down and maintaining it in a safe condition. It has been the 

Commission's judgment that these requirements are adequate, given that license termination is the 

proper time for detailed consideration of the exact procedures. To prepare for these events, the 

Commission has a study program underway (see first comment in 3.2.4.2 (GEI B-9)). 
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Reactor Dismantling 

(SC B-52): "While decontamination has been demonstrated at the Elk River Reactor, and 

small test reactors, it has not been demonstrated at a commercial-size reactor. The 

Supplement should consider this alternative in much greater detail, since it is not the 

method proposed by any utility in this country with which we are familiar. Because of 

the quantities of Ca-45 and Co-60 which build up, it may not be feasible to immediately 

dismantle a reactor. Rather, the mode now preferred is entombment for 100 years 

followed by dismantling . . . . The undiscounted costs for this decommissioning mode 

would be greater than the figure '10 to 20% of original facility costs', cited on 

p. 4-131." 

Response: The Task Force is not aware of any insurmountable technical problems in decommissioning 

a reactor shortly after shutdown. High radiation levels make technically sophisticated procedures 

necessary. Procedures used for exposure control, control of radioactive releases, and shipment 

of radioactive wastes will be generally the same as those already in effect at the plant for 

normal operation and maintenance activities. These might include remote underwater cutting of 

vessel internals, remote in-air cutting of the reactor vessel, and controlled explosive demoli

tion of heavily reinforced activated concrete. Experience gained in dismantling the Elk River 

reactor indicates that remote operation of a plasma arc torch is a feasible technique for cutting 

heavy steel. However, the technique needs further development for application to large reactors 

having steel components two to three times thicker than those at Elk River. The technology 

exists, but tooling and larger torches must be demonstrated. Controlled explosive demolition of 

activated reinforced concrete, including control of contaminated dust, concrete separation, and 

rebar cutting, has also been adequately tested at Elk River. Although large reactors will have 

many times the quantity of concrete to remove, techniques developed for the Elk River biological 

shield will be applicable. Decommissioning by partial entombment/protective storage for 100 

years would appear to cost less than dismantling immediately owing to lower radiation levels at 

that time. A recent report by the AIF (NESP-009, November 1976) indicates that this alternative 

costs about half as much as immediate dismantling and has less environmental impact. 

Because there has been little experience in decontaminating commercial facilities, a wealth 

of detail is not available, but the dismantling mode was chosen to be conservative with regard to 

identifying environmental impacts. 

Comment (SC B-52): "Because of the presence of Ni-59, the reactor vessel and internals would 

have to remain at the Federal Repository for periods on the order of 1 million years." 

(A similar comment was made by CM B-90.) 

Response: It is agreed that because of N1-63 and Ni-59 activation products, certain reactor 

components may have to remain isolated for a very long time to allow their activity to decay to a 

low level. However, Ni-59 will not make dismantling impossible, either immediately after shut

down or at some later date, as it would contribute very little (<100 mr/hr) to the overall 

radiation levels from the reactor vessel or internals. 
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Long-lived wastes from dismantling may require disposal at the federal repository similar to 

that required of HLW. ERDA's waste management program includes demonstration of the technology 

required for the safe storage or permanent disposition of commercial wastes that may be identi

fied by NRC regulations as requiring transfer to federal custody. 

As the flow diagram at the head of each section of Chapter 4 of NUREG-0116 shows, wastes 

from decommissioning will be dealt with as either LLW or TRU. The Task Force assumed the reactor 

parts went to shallow land burial rather than to the federal repository. Were the assumption 

changed, only land commitments would change, and these would nearly balance, as those for the 

federal repository would increase and those for land burial would decrease. 

Comment (CM B-89): "P. 4-135 says public exposure from decontamination of facilities will be 

slight. It is hard to see how radioactive dusts will be prevented from becoming air

borne during the cutting and disassembly of pipes and valves coated inside with years 

of accumulated radioactive sludge that will by then have dried out. The disassembly of 

the off-gas systems would certainly yield such dusts." 

Response: Experience with dismantling the Elk River reactor has demonstrated that radioactive 

dust produced during dismantling activities can be controlled adequately with containment 

structures. 

Procedures for dismantling radioactive structures require containment of airborne radio

active particles to protect the health and safety of the general public, as specified by NRC 

regulations. Personnel working in contaminated areas will wear respirators and protective 

clothing. The removal sequence of highly radioactive structures from inside the containment 

vessel proceeds from the inside out. The first structures that should be removed are components 

within the reactor vessel, then the pressure vessel itself, and finally the outer thermal shield 

and the concrete biological shield. At this point the containment vessel is decontaminated after 

dismantling. A similar procedure would be used in dismantling pipes and valves inside the 

confinement structures of fuel-cycle plants. 

Comment (GEI B-9): Can large amounts of irradiated materials be properly dismantled and safely 

stored for thousands of years at a reasonable cost? 

Response: Large amounts of contaminated material can be properly and safely dismantled, as 

demonstrated at Elk River. To ensure that dismantling is conducted in a proper and safe manner, 

detailed procedures must be submitted to the NRC before the start of any dismantling (10 CFR 

50.82). 

Long-lived wastes from dismantling may require disposal at the federal repository, as is 

done for HLW. ERDA's waste management program includes demonstration of the technology required 

for the safe storage or permanent disposition of commercial wastes that may be identified by NRC 

regulations as requiring transfer to federal custody. For costs see Sec. 3.2.4.1. 
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Decommissioning Impacts 

(WIS B-29): "The staff states that there has been little experience with decommis

sioning commercial fuel-cycle facilites. This lack of a data base for predicting 

environmental impacts resulting from decommissioning operations is a further example of 

the type of speculation and extrapolation that is occurring in the Supplement to arrive 

at the impact figures that have been revised in S-3." 

(A similar comment was made by NYDOL B-153.) 

Response: See Generic Responses #1 and #7. The Task Force used all the information presently 

available in estimating environmental impacts. This includes: 

a. Experience gained on decommissioning of reactors and government-owned facilities. 

b. Preliminary results from Battelle Pacific Northwest Laboratories decommissioning studies for 

NRC. 

c. Information from industry personnel knowledgable in operation of various facilities. 

While the Task Force agrees that the information is scant, it believes that it is adequate 

to support the estimates in NUREG-0116. 

Comment (DOI B-142): Table 4.30, which itemizes impacts for decommissioning, indicates 

greater totals than those indicated for liquid wastes in Table 4.31. The discrepancy 

should be explained. 

Response: The proposed revised table shows liquid radiologic effluents from waste management 

as 5.4E-6 Ci of uranium and 5.9E-6 Ci of mixed fission products and activation products. These 

quantities are the same as those indicated for liquid wastes from decommissioning shown in 

Table 4.31, p. 4-134 of NUREG-0116. However, Table 4.30 on page 4-133, which itemizes the 

impacts of decommissioning, indicates greater totals. 

The values shown in Table 4.30 are stated to be on a per-facility basis, while those in 

Table 4.31 are a summary of per-facility data normalized to an RRY. Since the facilities cited 

in Table 4.30 service a reasonably large number of reactors per year (for reprocessing, for 

example, 57), the values summed in Table 4.31 may still appear small compared to those in 

Table 4.30 for the impacts considered. 

3.2.4.5 Decontamination of HLW Storage Tanks 

Comment (NYDOL B-150): "It is stated that decommissioning is not a technical problem. At 

least one exception to this statement is easily found: 'The internal structure of the 

high-level radioactive waste storage tanks will make decontamination by flushing 

difficult. Dismantling may require special techniques which have not yet been 

3-38 

3.2.4.4 

Comment 



(3.2.4.5 Cont'd) 

demonstrated' (ERDA 76-43, Vol. 2 of 5, p. 15.11). An accurate assessment in 

NUREG-0116, Table 4.30, p. 4-133, of worker exposure, costs, and deconmissioning 

impacts cannot be made before the necessary technology is developed." 

Response: Preliminary results of the NRC study of a model large commercial reprocessing plant 

(see response to GEI B-9 in 3.1.4.2) indicate that there are no unresolved technical problems in 

the decommissioning of HLW tanks. Some of the techniques to be used have not been demonstrated, 

but are all available, and secure enough to support the estimates made in NUREG-0116. More 

accurate estimates will be available after the technology is demonstrated. 

3.2.4.6 LLW Impacts Produced by Decommissioning 

Comment (NYDOL B-152): "The contribution of facility decommissioning in the future to the 

radioactive solids buried as LLW has not been determined. Section 4.8 of NUREG-0116 

. . . . does not even explain what such activities would involve. A complete analysis 

of the environmental impact of LLW burial is not possible without such information." 

(DOI B-144): "The proposed revised table does not include consideration of the radio

active solids that would result from decommissioning. This is not spelled out in 

Table 2.10. A footnote to Table 2.6 states that the radioactivity contribution of 

other-than-high-level solids due to decommissioning has not been estimated. Table 4.30 

also indicates that there would be sizable volumes of TRU-contaminated wastes, but 

provides no estimate of the quantity or species of those radionuclides. The proposed 

table should either supply such estimates or state why they have been excluded." 

(EPA B-158): "The volume estimate for the reactor decommissioning in Table 4.30 

appears to be underestimated." 

Response: Experience with decommissioning of test reactors and small power reactors (Saxton, 

Fermi 1, and Peach Bottom 1) indicate that long-term layaway/mothballing or protective/storage 

will be the options selected for decommissioning large power reactors. A recent report from 

industry (Atomic Industrial Forum, HESP-009, February, 1977) confirms this. This report indi

cates that these alternatives have less environmental impact, cause less exposure to workers, 

result in less radioactive waste, and cost less than immediate decontamination/dismantlement. 

After about 100 years of storage onsite, residual activity would contribute a relatively small 

volume (reactor vessel and its internals), which would not take up much room at waste disposal 

facilities. 

The total volume expected to be sent to waste repositories was estimated (Table 4.30) on the 

basis of dismantling soon after reactor shutdown. Table 4.30 would appear to be conservative 

because possible alternative decommissioning actions comprising long-term on-site storage, 

followed by dismantling after most of the radioactivity has decayed, would result in less radio

active waste (approximately 1500 Ci/RRY) and less volume. 
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3.2.4.7 Worker Safety and Exposure 

Comment (GEI B-9): "Can workers safely decontaminate, disassemble, relocate and store large 

amounts of radioactive materials? Are transportation systems adequate?" 

Response: It has been demonstrated at Elk River and at several small test reactors and critical 

assemblies that workers can safely decontaminate, disassemble, and relocate large amounts of 

radioactive materials. Future operations of a similar nature should proceed with an adequate 

safety record, using experience as a guide. 

Comment (NYDEC B-109): "The Dose Commitment estimate of 37 Person-Rem for decommissioning may 

not be conservative if it is based on level of radiation and quantities of material 

removed during the Elk River Reactor dismantling. Reference to actual levels of radia 

tion in the head end cells at NFS and comparison with the levels at Elk River and the 

relative quantity of material with high radiation levels should be provided to support 

the conservatism of the 37 Person-Rem dose commitment." 

Response: The Staff considers 37 person-rem/RRY to be conservative. It is based on an evalua

tion of the Elk River reactor decommissioning experience and as noted in NUREG-0116, most of the 

occupational exposure from decontamination operations is postulated to result from periods of 

time spent in relatively low-exposure areas ( 1 - 1 0 mrem/hr). Operations in high-exposure areas 

(particularly in FRP's) can be performed remotely using manipulators or long-handled tools. 

Chemical flushes and portable shielding can also effectively reduce occupational exposures. 

The NFS case is not relevant to the impacts attributable to a reactor and its supportive 

fuel cycle facilities, which will have features substantially different from the NFS plant. 

3.2.4.8 Decommissioning After Accidents 

Comment (DOI B-144): "While accidents are discussed in several instances in the supplement 

there is no discussion of their effects on quantities of radioactive waste requiring 

disposal . . . . This should be discussed in the Supplement and it should be specified 

in the table whether or not waste management requirements due to abnormal operations 

have been included." 

Response: Table 4.30 environmental impacts are for the decommissioning of nuclear fuel cycle 

facilities that are shut down after normal operation. Decommissioning of facilities that have 

been involved in accidents severe enough to warrant shutdown and decommissioning rather than 

repair have not been considered in this survey. While such information would be valuable for 

context, accidents were judged by the Task Force to add negligibly to the totals attributable 

to a RRY because the events leading to such drastic measures are of such a low probability. 
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Comment (EPA B-159): "The comments of the National Academy of Science Panel on Land Burial (6) 

especially concerning the need to design and operate reactor complexes in a way that 

minimizes the volume of radioactive waste that must be disposed of upon decommissioning 

should have been assessed ..." 

Response: While the Staff agrees that such a requirement would be an added assurance of the 

safety of decommissioning, it has not yet been imposed; therefore the conservative assumption is 

that such design changes will not be made. This is consistent with the charge to the Task Force 

to use only available technology. 

3.2.4.9 Decommissioning Plans for Facilities in Layaway Mode 

Comment (CM B-90): What plans are there for the required further decommissioning of the 

facilities listed on page 4-131, NUREG-0116, as being in layaway? 

Response: Original licensees of decommissioned reactors now in a layaway/mothballed status are 

required by license conditions to maintain adequate access control, to continue radiation and 

environmental monitoring, to inspect the facility on a scheduled basis, and to maintain it in 

adequate condition to prevent release of radioactivity. The licensee is required to continue 

these practices until residual activity is removed or has decayed to levels that will permit 

unrestricted access. 

3.2.4.10 Impacts of Materials and Chemicals Used Before Decontamination 

Comment (CM B-89): "Where do we find the impacts of the removal, shipment, treatment, and 

disposal of feed and product materials and process chemicals mentioned on p. 4-136?" 

Response: The removal of feed, product, and process chemicals is considered the final step of 

normal facility operation and not part of facility decommissioning. These materials will be 

removed from the facility before it is decontaminated, for possible reuse in another facility or 

for disposal. The resulting environmental impacts are expected to be minor and similar to feed, 

product, and process chemical movements during normal plant operations, which are included in the 

facility environmental impact statement. 

3.2.4.11 Leaking Spent Fuel Casks at Repository Decommissioning 

Comment (WIS B-29): All fission-product gases in spent fuel elements are assumed to be 

released while the spent fuel is disposed of in the repository. When this happens and 

the casks need to be removed because of water approaching the repository, the problem 

of decommissioning the repository will become immense, and the environmental impacts 

and doses received by workers and population high. These issues need assessment before 

the NUREG-0116 environmental impact figures can be accepted. 
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Response: Current ERDA plans are that during the pilot-plant phase of provisional storage, most 

high-level waste or spent-fuel canisters could be emplaced with retrievability sleeves, elimina

ting most canister/salt interactions. This could effectively contain most fission-product gases 

in spent-fuel canisters for the retrievability time period. Waste retrieval during provisional 

storage therefore involves a situation where most canisters are intact. For canisters which are 

not (some may be emplaced directly into the salt for experimental purposes), overcoring or 

remotely operated mining equipment could probably be used for retrieval, thereby minimizing the 

doses received by workers and the general population. After conversion to permanent storage, 

including backfilling of the underground areas, decommissioning of underground disposal areas is 

not anticipated or planned. 

3.2.4.12 Decontamination of Waste Solidification Facility 

Comment (WIS B-29): "How does one take apart a waste solidification facility that has been 

contaminated with the highest levels of radiation one can find in the fuel cycle, or 

the core of a nuclear reactor?" 

Response: Waste solidification is one of many radiochemical processes that takes place in a fuel 

reprocessing facility which comes in contact with HLW. Decontamination and dismantling proce

dures for all such process steps are expected to be similar. (See earlier response to NYDOL 

B-150, concerning disposition of HLW storage tanks.) 

3.2.4.13 On-Site Waste Handling Systems 

Comment (GEI B-9): "On-site waste handling systems are apparently inadequate and are not 

designed to handle radioactive decontamination solutions." 

Response: Experience with test and small power reactors, and the Atomic Industrial Forum Report 

AIF/NESP-009 (February, 1977), indicate that decontamination of piping and reactor internals with 

corrosive solutions is not required as part of decommissioning. If layaway/mothballing or pro

tective storage were selected as the decommissioning alternative, the residual contamination 

would be left in the primary system. If a reactor facility were dismantled, the contaminated 

piping would be cut up and sent to a radioactive waste disposal facility. 

Comment (CM B-92): "Natural events, such as tornadoes, earthquakes, and ice storms can play 

havoc with safety designs. Their potential is inadequately considered." 

Response: For a decommissioned facility such events would have negligible effect on safety. If 

the facility were in a layaway/mothballed or protective-storage status, all fuel and liquids 

would have been removed from the site. Residual activity would be primarily in the form of large 

activated components (pressure vessels, their internals, and shielding) and therefore could not 

readily be dispersed. In addition, since a facility is designed to withstand natural phenomena 

during operation it would be expected to withstand these same events after decommissioning when 

plant safety did not depend on operating equipment. Finally, if a natural event did damage the 
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decommissioned (mothballed or protective storage) facility the licensee would be required to 

repair any damage that 1) could potentially cause a radioactive material release or 2) might 

result in decreased access control. 
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3.2.5 TRU-Contaminated Wastes 

3.2.5.1 Adequacy of Evaluation 

Comment (EPA B-157): "In the absence of a final rule-making on the disposition of TRU wastes, 

including a definition . . . many aspects of various evaluations in NUREG-0116 may be 

premature. It is quite possible that, should the rule-making be reopened, some of the 

definitions and practices concerning TRU waste management may be changed. The report 

should at least indicate such possibilities and outline how changes might affect 

current impact assessments." 

(Similar comments were made by AGNS B-73 and NYSDEC B-109.) 

Response: The volumes of TRU-contaminated solid wastes projected in NUREG-0116 are based upon 

the 10 nCi/g limit of ERDAM-0511 (a regulation similar to ERDAM-0511 was proposed by the AEC for 

commercial sites), which is the selected dividing point between TRU-contaminated wastes and 

others. If this limit were changed to virtually zero to include material suspect of very low-

level TRU-contaminated waste, the volume of miscellaneous wastes - paper, trash, and small 

noncombustibles - would substantially increase. The volume of cladding hulls already defined as 

a major waste stream would not be affected; nor would the volume of large pieces of process and 

laboratory equipment such as cell liners and glove boxes, also already defined as TRU waste. 

These two categories of waste require a disproportionately large amount of space for processing 

compared to miscellaneous waste. 

Changing the definition of TRU waste to include suspect waste could increase the volume of 

miscellaneous waste by up to a factor of 2.7. This ratio is derived from comparing volume data 

in Table 4.5, pp. 4-41 and 4-42 of NUREG-0116, with the UFg, Fuel Fabrication, and FRP Spent Fuel 

Storage waste volumes in Table 4.29, p. 4-117 of NUREG-0116 (LLW buried per year that night be 

classed as suspected of plutonium contamination). The fraction of FRP-MOX plant space committed 

to these waste management operations would double (from 5-10% of the committed space to 10-20%). 

Effects on environmental impacts would be negligible because the increased amount of waste 

requiring treatment would be, practically speaking, clean waste. The effect of interim storage 

in the model plant described in NUREG-0116 would be that the 100 55-gallon drums generated per 

year would increase to ^250. Space requirements would increase proportionately, but a storage 

facility one acre in size would provide space for the model 20-year storage period. Ventilating 

air requirements would increase from 10% to 25% of the flow required for the model FRP. Radio

logical impacts would not change substantially because the curie content of the total waste would 

for practical purposes remain constant. 

Transportation requirements and environmental impacts for the increased volume of treated 

wastes would change little because the increase in shipments to the federal repository would be 

balanced by a decrease in shipments to the burial ground. 

Space requirements in the federal repository would increase from the 20% allotted for TRU 

waste (p. 4-79 of NUREG-0116) to 30%. Radiological environmental effects would not change. 
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Therefore it is concluded that a change in the limit of 10 nCi/g downward would not signi

ficantly affect the analyses done in NUREG-0116 or the modified values in Table S-3. 

Comment (SC B-48): "On p. 3-11, the Supplement estimates a loss of 0.1% Pu02 throughput, 

citing GESMO, Table IV D-9. There is not sufficient basis in GESMO for the numbers 

cited. The NRC GESMO Staff has not done an independent analysis of this number, but 

has accepted the Westinghouse estimate." 

Response: The statements are based on the data in GESMO, Table IV D-9, and were obtained by a 

team at LASL during an independent review of the proposed Westinghouse Recycle Fuels Plant waste 

characteristics and generation rates. This review, by J.M. Graf, LASL, is included in a memo

randum to J. Koelling, LASL, September 18, 1976, and is available in the GESMO Freedom of Infor

mation Act file. It also includes an independent assessment of wastes to be generated in the 

AGNS-BNFP plutonium conversion facility. 

Comment (NYDOL B-129, 130): "The fifth assumption of Table 4.11 concerns the maximum fractions 

of FRP beta-gamma activity, FRP plutonium activity, and MOX-FFP plutonium in TRU waste. 

The respective values for these quantities (0.001, 0.003, 0.001) are not referenced. 

Discussions with NRC staff have indicated that these values are based on 99.9%, 99.7%, 

and 99.9% throughput of TRU materials to product or HLW. No additional bases for these 

values have been provided." 

Response: The fission-product fraction of 0.001 in FRP TRU wastes is based on the routing of 

over 99.9% of the fission products to the HLW (ERDA 76-"3, Vol. 2, p. 6.2), leaving only 0.1% or 

less to ascribe to other waste streams. Sources of the plutonium loss fractions are described in 

Section 3.2.5.5 below. These numbers are included in Table 4.5, pp. 4.41 and 4.42 of NUREG-0116. 

Significantly higher waste loss fractions could be assumed without affecting the conclusion that 

relatively small amounts of radioactivity are released by waste treatment operations in com

parison with major plant operations. 

Comment (WIS B-27): "No description is provided for treatment of failed equipment for fuel-

cycle facilities. The supplement states that treatments for failed equipment are 

decontamination and size reduction but does not describe what processes would be used 

to remove the problem equipment or fix it. Most importantly, no worker dose levels are 

given, although reference of worker exposure at Nuclear Fuel Services, West Valley 

reprocessing plant could have been provided. ..." 

Response: Most of the treatment operations for failed equipment, referenced on pp. 4-55 and 

4-57, are similar to routine maintenance operations. The degree of worker exposure depends 

largely on the design and operating philosophy of the plant, but in any case does not exceed the 

limits set by federal regulations. Modern plants are designed so that equipment can be decon

taminated and removed by remote methods that involve little if any personnel exposure. See 

Generic Response #2. 
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3.2.5.2 Environmental Impacts 

Comment (CM B-88): "P. 4-39 says. . . . 'environmental impacts of TRU waste management are 

relatively minor increments of those generated by the major process functions producing 

TRU wastes.' However, they are not insignificant." 

Response: Detailed comparisons were made on pp. 4-49 to 4-51 of NUREG-0116 to allow the reader 

to make his own judgment about the significance. Our phrase "relatively minor increments" was 

intended to introduce the concept of comparing the effluents from TRU waste management to the 

effluents from major plant operations and to give the reader some perspective of the impacts 

without judging their significance. 

Comment (CM B-82, 83): "Some explanation seems due for the nearly 6 times greater emission of 

transuranics listed in Table 2.10 as coming from reprocessing." 

Response: Differences in TRU emissions are caused primarily by varying assumptions on release 

fractions, off-gas cleanup systems, etc., used by different individuals. Agreement within a 

factor of six can be considered excellent, considering the conservatism applied in the present 

calculations. 

Comment (NYDOL B-130): "Estimated site boundary concentrations are calculated with X/Q 

dispersion factors for Barnwell and Westinghouse-Anderson. The two values used differ 

by 1000 and significantly affect the conclusion of Table 4.11. The analysis should 

have been done for most conservative value of X/Q. Better justification must be 

provided for use of these values by the NRC staff." 

Response: The Barnwell and Westinghouse-Anderson X/Q values differ by a factor of 400 because 

FRP's discharge their off-gases through -vlOO-m stacks whereas FFP's discharge theirs at roof 

level -- essentially a ground-level release as far as atmospheric dispersion characteristics are 

concerned. 

3.2.5.3 Effluents 

Comment (NYDOL B-129): "The first assumption used in Table 4.11 is a 'fractional release of 

radioactivity as an aerosol entering the ventilation system' of 0.01. The bases and 

documentation for this figure should appear along with estimates of the magnitude of 

possible errors, however, staff has stated that documentation for this figure does not 

in fact exist." 

Response: Table 4.11 was not intended to illustrate the actual quantity of radioisotopes 

released, but to show that the concentration at the site boundary for a typical facility would be 

well below the limits presented in 10 CFR Part 20. 
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The assumed fractional release of 0.01 is considered conservative since most of the treat

ment operations discussed have little tendency to produce aerosols. However, increasing the 

fractional release by a factor of 10 would still result in a site-boundary effluent concentration 

several orders of magnitude below the current 10 CFR 20 MPC for air. 

Comment (NYDOL B-129): "The second assumption used in Table 4.11 involves a fractional release 

through the filtration system. No references or bases are provided for this figure in 

the text. Discussion with the staff failed to provide more substantial justification 

for this figure." 

-4 
Response: An aerosol fractional release of 1 x 10 was assumed for a roughing filter, and a 

HEPA filter series. Roughing filters retain about 90% or more of impacting aerosols and indi

vidual HEPA filters have a retention rating, confirmed by testing, of 99.97% of 0.3-pm aerosol 

particles, which is the most difficult size to retain. The combination in series would appear 

to be capable of limiting the release fraction to 3 x 10 . A recent review of HEPA filter 

performance in fuel cycle applications (ERDA Report ANL-75-78, W. B. Seefeldt, W. J. Mechan, and 

M. J. Steindler, Characterization of Particulate Plutonium Released in Fuel Cycle Operations, 

May 1976) gives experimental results showing that single-stage HEPA filters have a typical 

penetration factor of less than 10" for the size of particles with maximum penetration (0.1 to 

0.6 ym). Particles outside this size range are filtered more efficiently. 

Comment (NYDCL B-129): "Concerning the third assumption used in Table 4.11 reference is made 

to Nuclear Fuel Recovery and Recycling Center Preliminary Safety Analysis Report 

. . . A careful reading of this group of 9 large volumes failed to reveal the basis 

for assumption 3." 

_5 
Response: The fractional release of 1 x 10 assumed for the Exxon NFRRC is quoted in several 

places in Chapter 7 (e.g., p. 7.2-37) of NUREG-0116. The cited system contained a roughing 

filter and two HEPA filters in series. The release fraction is very conservative, based on 

experimental data cited in ANL-75-78. This reference cites experimental data showing fractional 

filter penetrations as low as 2 x 10" for two HEPA's in series for 0.3 ym particles. Extended 

performance could result in somewhat higher penetration fractions through deterioration of the 

filter medium. 

Comment (NYDOL B-130): "The effluent releases utilized in Table 4.11 should be linked to the 

various types and treatments of TRU contaminated wastes discussed in Section 4.3. No 

apparent use is made of those conclusions in Table 4.11 and it is unclear how the TRU 

contaminated wastes are released into the atmosphere through HEPA filters in the first 

place." 
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Response: Table 4.11 was intended to indicate the order of magnitude of radioactive material 

that might be released as a result of aerosols generated during the treatment and solidification 

of TRU wastes. The results of these calculations were used in Table 4.10 and incorporated in the 

summary tables of Section 2. 

Standard design practice for plutonium facilities such as the facility for processing of 

TRU-contaminated noncombustible waste is to equip individual unit operations with a roughing HEPA 

filter series. An estimated 0.01% of the incident Pu is assumed to penetrate the series into the 

building exhaust plenum. This exhaust system in turn is passed through two HEPA filters before 

discharge to the atmosphere. An estimated 0.001% of the Pu in this airsteam is assumed to 

penetrate and escape to the environment. 

Comment (CM B-83): "Either a lot of gaseous radioactivity is released to the atmosphere or it 

is trapped on filters which become Low-Level Waste (LLW). But how low-level will the 

filters be with all these added inputs?" 

Response: HEPA filters used to prevent release of particulate (not gaseous) radioactive material 

will indeed become contaminated with radioactive material. They are monitored both for radiation 

level and for pressure drop (dust loading), and are replaced when limits for these parameters are 

approached. Filters used in plutonium processing operations will contain plutonium aerosols, and 

the quality of plutonium collected is considered in the decision whether to replace and dispose 

of the filters as waste. 

Comment (NYDOL B-132): "Strontium-90 and Cs-137 are the greatest contributors to population 

dose when all exposure pathways are ccisidered." The radiological effluents column of 

Table 2.10 does not include Sr-90 and Cs-137. It appears that they are lumped under 

fission products. A complete discussion of the projected and actual retention factors 

for these two isotopes during reprocessing and waste solidification is needed. 

Response: The quotation used by the commenter refers to liquid effluents discharged from NFS. 

The NUREG-0116 and GESMO reference model FRP's differ from NFS in that they do not have any 

radioactive liquid effluents; hence the concern does not apply. 

Comment (CM B-89): Will filters designed to remove specific elements function with their 

stated effectiveness when the elements are in compounds or entrained in large mole

cules? What are the consequent releases if they do not? 

Response: The model dual-chamber incinerator is designed to efficiently convert large organic 

molecules to their oxidized elemental forms (e.g., C02, H20, S0 2). Any large molecules surviving 

the 879°C to 1100°C temperatures of the secondary chamber must pass a series of trapping 

devices -- a quench column, a venturi scrubber, a packed-column scrubber, a condenser, and a mist 
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eliminator — before reaching a prefilter and two HEPA stages designed for particulate removal. 

If the system malfunctioned to the point that large organic molecules such as tars reached the 

particulate filters, the principal effect would be prefilter pluggage or restricted air flow 

through the filters. This effect could require a shutdown for repair. It is not expected that 

there would be a significant increase in radioactive material released to post-filter exhaust air 

in such a sequence. 

3.2.5.4 Incineration and Compaction 

Comment (CM B-89): "P. 4-43 says we have over 25 years of experience incinerating combustible 

nuclear wastes and that recent technological advances have eliminated most earlier 

system deficiencies. What has been the impact of the releases due to these earlier 

deficiencies? Which deficiencies are still uncorrected?. . . Combustion of filters 

creates particulates, aerosols and gases which are treated in the air filtration 

system which presumably collects the material -- on filters which would then be 

incinerated. Where does this material end up?" 

Response: Ref. 8, a review of over 50 radioactive waste incineration facilities, indicates that 

most system deficiencies have resulted in inefficient operation rather than the release of radio

active materials. Therefore the Task Force is unaware of any adverse health or safety impacts 

caused by system deficiencies at these facilities. 

A production-scale controlled-air incineration process, the basis for the process described 

in NUREG-0116, is being constructed as part of an ERDA demonstration program. This system was 

designed to eliminate the historical deficiencies (incomplete combustion, clogged off-gas systems, 

and corrosion) enumerated in Ref. 8 (NUREG-0116, Section 4.3.1). Testing in 1977 with radio

active materials will identify required process changes. 

Air filters are not incinerated (see p. 4-55). As stated on p. 4-45, spent liquid filtra

tion cartridges (plastic) are incinerated. The particulates trapped on these filters are 

expected to agglomerate, and therefore will remain with the ash when recycled through the 

incinerator. 

Comment (EPA B-158): "On page 4-43 the controlled-air incineration was chosen as the base 

case, because it represents 'state-of-the-art' waste management technology. However, 

there is insufficient information to substantiate this statement, particularly from the 

environmental standpoint." 

Response: References 1, 2, 8, and 9 (NUREG-0116, Section 3.1.2) are current reviews of solid 

radioactive waste management technology. The controlled-air concept has recently been applied at 

several facilities. The heart of the process currently being demonstrated by ERDA and the basis 

for the process described in NUREG-0116 is a commercially-available controlled-air incinerator. 

This and other similar incinerators were recently developed to meet non-nuclear industrial waste 
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disposal needs and EPA particulate emission requirements (see F. L. Cross, Jr., "Controlled Air 

Incinerators," Pollution Engineering, December 1973, p. 30-32, and N. P. Phillips and R. M. Wells, 

Final Report, Solid Waste Disposal, Radian Corporation, EPA650/2-74-033, May 1975). 

Comment (CM B-76): "The study fails to reveal the problems experienced in transuranic-

contaminated (TRU) waste incineration and compression." 

Response: Examples of the potential effects of abnormal occurrences were presented on pp. 4-51, 

4-52, 4-59, and 4-62 (Table 4.12) of NUREG-0116. Though the discussions may not have covered all 

problem areas, they did address what we considered to be representative most-severe events. 

On page 4-33, deficiencies of incomplete combustion, clogged off-gas systems, and corrosion 

are cited and referenced. Deficiencies in compaction experience are not discussed, perhaps 

because the relative simplicity of this step has not generated a comparable set of critical 

literature that would be useful in evaluating the adequacy of an integrated solid waste manage

ment facility (see WASH-1167, "Compaction of Radioactive Solid Waste," June 1970). Historically, 

unsatisfactory experiences with compaction of wastes fall into two classes; either the small 

volume reduction factors achievable (the NUREG model claims only a factor of two to four) makes 

the gain seem not worth the trouble, or abortive attempts were made to press inexpensive commer

cial models into service without adequate engineered contamination control systems to support the 

simple unit operation. 

Comment (CM B-89): "Assuming a volume reduction factor of 20, the ash from incineration should 

have a concentration of about 1.36 million curies per cubic meter. At this concentra

tion, heat generation within containers such as the 55 gallon steel drums combined with 

irradiation could cause breaching of the container in a fraction of the required period 

of containment." 

Response: Miscellaneous TRU wastes are widely varied. Only a fraction of these are treated by 
3 

incineration. The assumption that the 69,000 Ci/m derived from Table 3.3 ends up concentrated 

in the ash is an error. A large part of the activity is contained in the fuel cladding hulls. 

As stated in Table 4.5, NUREG-0116, the combustible trash contains a much smaller portion of the 

activity. 

3 
Additionally, the figure suggested by the commenters -- 1.36 million Ci/m -- appears to be 

incorrect. On p. 4-50, NUREG-0116 states that the FRP combustible waste contains 0.04% of the 

fission products processed. The reference fuel (ERDA 76-43) has 2.1 x 10 Ci/MTHM. The refer-
3 

ence reactor discharge is 35 MTHM/RRY, and the ash volume (Table 4.5, p. 4-41) is 0.7 m /RRY. 
Thus, the ash contains 

(0.0004) (2.1 x 106 Ci )(35 MTHM) (RR1 ,) = 42,000 Ci/m3 

MTHM RRY 0.7 m° 
This number in turn has a large degree of conservatism built-in because combustible wastes are 

usually generated in support of contact maintenance operations where high contamination levels 
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are not encountered; i.e., the combustible waste should contain considerably less than 0.04% of 

the fission products processed. The actual TRU content of the ash will be in the range of 1000 

3 

aCi/m . At this concentration, heat generation is not likely tD be a factor in limiting con

tainer integrity. Should pressurization beyond container limits for the projected storage period 

be indicated by the radiolytic gas generation rate, an alternate waste form would be selected. 

An example of an alternative to the cement storage form for the ash would be incorporation of 

the ash into a borosilicate glass matrix, utilizing the technology outlined in the model process 

of NUREG-0116 for the fixation of HLW. 

Comment (CM B-89): Compression of some TRU wastes will result in an increase in radioactive 

concentration. "A fourfold compaction would take wastes at 18g Pu02/cu. ft.. (630 g/cu. 

m.) and produce wastes at 72g Pu02/cu. ft. (2.52 kg/cu.m.). Some filters will have up 

to 500 mR/hr levels before compaction meaning 2,000 mR/hr afterwards." 

Response: Waste management operators would presumably have the option not to compact wastes if 

the process or its results would be hazardous. They also have the option of removing filters 

from service at lower radioactivity loadings if this is advantageous. Filters or other wastes 

with high plutonium loadings can also be treated for plutonium recovery before disposal. Thus, a 

number of options exist to reduce the radioactive concentration of wastes if economically or 

environmentally warranted. None of these significantly affects the conclusions of NUREG-0116. 

Comment (AGNS B-73): "In NUREG-0116, extensive efforts are put forth in defining the methods 

by which waste will be handled. In a number of cases, the handling methods are not at 

all supported with justification for including same. One example of this is Section 

2.3.1 and Section 4.3.1, indicating that combustible TRU waste would be incinerated. 

AGNS is not aware of any instance where a packaged combustible waste has ignited with 

any risk to the health and safety of the public. In Section 2.3.3, the concept of 

mixing leached hulls and associated hardware with sand is defined. Again we are 

unaware of any instance in which the pyrophoricity of zircaloy has resulted in any 

consequential effect on the public health and safety. Indeed, further in Section 

2.3.2, it is stated about such waste handling methods, seme of these are conservative 

in that they tend to maximize on-site environmental impacts (e.g., size reduction for 

failed equipment). The adverse off-site consequences of such operations as incinera

tion are not adequately assessed in NUREG-0116." 

Response: Adverse offsite consequences of incineration and size reduction were addressed in 

Sections 4.3.1 and 4.3.2 of NUREG-0116. Justification for including in NUREG-0116 such waste-

handling techniques as incineration and compaction was not made on the basis of safety of 

environmental findings per se. The comment that these operations will ultimately be justified 

on economic grounds is probably well-founded. However, operating under the rule of thumb that 

every additional operation is likely to lead to some small low-level release of radiation to the 

environment, the Task Force believed that the most conservative approach to the assessment of 
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environmental impacts from managing these classes of wastes was to assume that the maximum number 

of operations would be performed. Inclusion of these technologies and their assessment in 

NUREG-0116 is not to be interpreted as an endorsement of the use of those technologies for health 

and safety reasons. 

3.2.5.5 Management of Plutonium-Bearing Waste 

Comment (DOI B-144): "It is stated . . . that 'Present policies prohibit the burial of 

plutonium' and a footnote adds 'Except at the Hanford site'. However, the subsequent 

discussion of waste management at Hanford in Appendix D makes no mention of management 

of plutonium-bearing waste at that site. A further explanation or elaboration of any 

environmental impacts or problems related to this action would be helpful." 

Response: Burial of plutonium-contaminated solid waste is continuing at the commercial burial 

ground at Richland, Washington, on land leased to the state of Washington from the original 

Hanford reservation and subleased for commercial burial ground operation to the Nuclear Engi

neering Company (NECO). Negotiations are in progress between the state of Washington, NECO, and 

ERDA to change this burial practice to conform to the 20-year retrievable storage criterion cited 

in ERDAM-0511 for plutonium waste at ERDA burial grounds. For implementation at a commercial 

burial site, retrievable storage requires development of a new charge schedule that will provide 

funds needed for the retrieval operation. A recommended charge schedule is being prepared so 

that these negotiations can be concluded and this practice ended. 

It may be appropriate to point out also that the terse statement leading off this footnoted 

sentence ("Present policies prohibit the burial of plutonium . . .") may be confusing to the 

reader. While a federal regulation (ERDAM-0511) prohibits burial of plutonium at ERDA (federal) 

burial sites, there is no applicable federal policy prohibiting such burial at commercial burial 

grounds. However, policies of five of the six states in which there are commercial burial 

grounds (with the exception of the state of Washington) prohibit further burials of plutonium, 

and a regulation similar to ERDAM-0511 has been proposed by the AEC (NRC) for commercial sites. 

The footnote should be more explicit, as follows: ". . . except at the commercial burial 

ground on the original Hanford reservation" rather than "except at the Hanford site." Appendix D 

is a brief philosophical treatment of the evolution of waste management policy and practice. 

Reference to the Hanford Waste Management Program occurs because early tank storage of HLW was 

standard operating practice at that time for this category of nuclear waste. Being outdated, 

this practice is not appropriate for elaboration in Appendix D. 

Comment (SC B-48): ". . . the Supplement states that the wastes will contain about 0.3% of the 

plutonium throughput, and that 0.2% plutonium throughput would be lost at the plutonium 

conversion facility, or 0.5% total. An additional 0.1% may be lost on the fuel hulls 

and hardware. No experimental basis is cited for these statements." 
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Response: The plutonium content of wastes is taken from GESMO, Section H 2.93, pages IV H-19 and 

IV H-20. The total reprocessing plant plutonium loss in TRU wastes in this reference is 0.3%, of 

which 0.2% is derived from the plutonium conversion step. Other plutonium losses identified were 

0.5% in the HLW and 0.1% in the fuel cladding hulls (Table IV H-12 and Section 2.92, page IV 

H-19). The total of 0.9% is about 2 to 3-fold below measured losses in two well-documented cases 

at NFS (USAEC reports SR0-123, Reprocessing of Dresden Reactor Fuel at Nuclear Fuel Services, 

Inc., West Valley Facility, and SRO-124, Reprocessing of Yankee Reactor Fuel at Nuclear Fuel 

Services, Inc., West Valley Facility, dated October 14, 1968, and October 21, 1968, respectively.) 

Losses in AEC (ERDA) facilities, however, have historically been much lower. Plutonium losses 

from the Hanford Purex Plant were typically about 0.02% in the combined intermediate and high-

level waste stream (USAEC report ARH-2362, Purex Chemical Flowsheet for Processing N Reactor 

Fuels, June 27, 1972). Operational upsets, such as those cited in the SR0 reports, can lead to 

higher losses. 

It should also be noted that the facilities at NFS and at Mol, Belgium, are not comparable 

to the model plants projected in the Supplement and GESMO in several particulars. Post-

operational experience in the commercial sector has been limited to relatively small-scale plants 

operating below capacity on non-uniform fuel types. Our estimates reflect reasonable improve

ments in Pu recovery based upon large-scale continuously operating plants handling a consistent 

feed stream. The estimates also reflect experience from the defense program. 

Comment (NYDOL B-130): "No bases have been provided for the . . . specific activity of 

plutonium, stated to be 0.5 aCi/g. No discussion was presented as to why only the 

specific activity of alpha radiation and not beta as well was used for this calculation 

. . . . We have not been told why the 17.43 8 Ci/g value was not used in line with the 

'most conservative' estimation procedure purportedly used throughout NUREG-0116." 

Response: Plutonium alpha activity was used because its release limit is more restrictive than 
-12 

that for beta activity. The latter is derived from Pu-241, which has an MPC air of 3 x 10 

Ci/m for soluble Pu, compared with 6 x 10" Ci/m from the predominant Pu alpha-emitting 

isotopes (10 CFR 20 Appendix B, Table II, Column 1). For the reference plutonium mixture, nearly 

50% more Pu-241 would be required to equal the inhalation hazard of the alpha-emitting Pu iso

topes. In practice, both a and 6 activities are considered in environmental impact evaluations, 

but use of this calculation method did not appear warranted for this table. 

3.2.5.6 Miscellaneous 

Comment (EPA B-160): "More information is needed on the projected quantity of cladding hulls 

which are to be treated, packaged and either stored or disposed [of]." 

Response: Cladding hulls are included with Fuel Bundle Residues in Table 4.5, p. 4-41 of 
3 3 

NUREG-0116. The volume corresponds to 15 ft /MT of fuel, of which about 12 ft /MT is the hull 

fraction. This figure is documented in Ref. 4 and Table 7.1-9 of Ref. 10 in Section 4.3.2. The 

characteristics of hulls are also described and referenced on p. 4.54. 
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Comment (NYDOL B-152): An Argonne National Laboratory report, cited in NUREG-0116, is only 

in draft form and unavailable to the public. Without such documents it is impossible 

to ascertain the existence or validity of the support for Table 2.10. 

Response: The authors apparently have not issued the Argonne report; however, the pertinent 

information on pyrophoricity of zircaloy fines is included in Reference 19 of Section 4.3.2, 

NUREG-01T6, by the same authors. 
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3.2.6 High Level Waste 

3.2.6.1 General 

Comment (EPA B-160): "The document should indicate the basis for the 0.5% figure (page 4-11) 

for the U and Pu ending up in the high-level waste stream." 

Response: The BNFP PSAR indicates a uranium process loss of about 0.3% and a Pu process loss 

of about 0.2%. The 0.5% loss to HLW is an order-of-magnitude estimate used in 0RNL-TM-3965 and 

elsewhere to provide a reasonable estimate of fuel materials ending up in HLW. Higher losses 

have been reported at NFS, but lower losses are routinely obtained in ERDA facilities. (See 

Sec. 3.2.5 above regarding our response to SC B-48). 

3.2.6.2 HLW Solidification 

Comment (SC B-49): There is no discussion of the HLW solidification facility in NUREG-0082. 

The entire documentary support for radioactive releases from the HLW solidification 

facility can be traced to one single unpublished letter from Oak Ridge. The radio

active effluents due to the HLW solidification facility in NUREG-0082 are based on 

this unpublished reference. GESMO effluent releases due to the HLW solidification 

facility are based on those from NUREG-0082. The releases posited in the Supplement 

are based on those from NUREG-0082 and GESMO. "Thus, these ponderous reports rest on 

a very shaky foundation, one unpublished letter. This defect alone should require a 

rewriting of the Supplement." 

Response: GESMO's discussion of the waste solidification facility was based upon work at INEL, 

ORNL, and BNWL as presented in the Draft Supplement to the Barnwell FES (NUREG-0082). This 

document used as one of its principal references the "single unpublished letter" referred to by 

the Sierra Club. That letter, published later than NUREG-0082, is available as ORNL/NUREG/TM-67 

(published November 1976). TM-67 analyzes the same solidification technology as was used in 

NUREG-0016. The Task Force reviewed other documents, such as BNWL-1582, "Spray Solidification 

Performance During Final Radioactive Tests in Waste Solidification Engineering Prototypes," 

June 1971, and concluded that the data in TM-67 are conservative and appropriate for use in 

NUREG-0116. Similarly, in the Task Force's opinion, NUREG-0082 presents a thorough but conserva

tive assessment of the releases from a waste solidification facility. 

Comments (SC B-45, 49, 50): "The Supplement discusses solidification of HLW from calcine into 

glass as if it were an ongoing process on a commercial scale. It is not. HLW liquid 

is calcined at Idaho; the environmental releases burn-up for the fuel processed at 

the Idaho facility are not known. The design of the calcine and vitrification stages, 

including the containment systems, rests on very little experimental data concerning 

radioactive releases." "There is no discussion of the HLW solidification facility." 

"On p. 4-19, the Supplement described the spray calcine method of HLW solidification 

We are most concerned with the volatilization of Cs, Ru and I from the high level 

3-55 



(3.2.6.2 Cont'd) 

wastes. The Supplement does not quantify the amount of material which will be 

volatilized, other than assuring us that the radionuclide volatilization will be 

inhibited." 

(A similar comment was made by WIS B-26.) 

Response: The commenter is apparently not acquainted with the WSEP (Waste Solidification 

Engineering Prototype) Program that was conducted at Hanford. In this program HLW was solidified 

by three different processes at a rate of 1 MTU/day--20% of the model. Radioactive releases 

were measured for this specific system.* The Ru-106 releases were less than It and those of 

Ce-144 were less than 13% of the values in Table 4.3 when compared by the same process rate. 

The reference cited in NUREG-0116 was used since it was the most conservative value identified 

for normal operation. Material volatilized in the spray calciner and fine particulates represent 

the sources of release shown in Table 4.3 after passage of the material through the off-gas 

cleanup system. Iodine is released in the reprocessing plant and is not part of the HLW stream. 

Comment (NYDOL B-128): "The NRC and USERDA possess between them all records of on-site and 

off-site effluent releases, occupational exposure, consumption of resources, and 

waste material production for all federal and commercial separation facilities. It 

is unbelievable that no mention whatsoever was made in NUREG-1016 of these huge 

long-term data bases." 

Response: See Generic Response #2. The comment is correct in stating that additional data on 

effluents and exposure exist. Publications relevant to this matter were reviewed as part of 

the literature search made in preparing NUREG-0116. Since each system behaves differently, 

Ref. 16 was selected because it most closely matched the spray calciner/in-can melter system. 

Comment (NYDOL B-131): "There is no basis for the Task Force assumption that the total 

impacts of glassification will be less than those of calcination where no supporting 

operational data exists and/or is provided." 

Response: The Task Force conservatively assumed that 1) glassification would produce the 

greatest environmental impact for the solidification activity since both calcination and melting 

are involved, and 2) a calcine waste form would produce the greater impact after solidification, 

during handling, transportation, and disposal, since it is in a dispersible form. 

Comment (WIS B-26): "Page 4-21: One reference is used to substantiate that an accident 

involving high level waste in the form of a glass will produce only minimal effects. 

No dose levels are given to support the claim. 

*"Spray Solidification Performance During Final Radioactive Tests in Waste Solidification 
Engineering Prototypes," Waste Solidification Program, Vol. 8, p. 5.5, BNWL-1582, June 1971. 
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"Page 4-21: One reference is used to substantiate the claim that accident involving 

the liquid or unvitrified materials would be more severe than an accident involving a 

glass high level waste form. No description of the types and quantities of radioactive 

materials are given to provide an indication of the impact of an accidental release 

involving these forms of radioactive materials." 

Response: No references were given to support the fact that accidents with glass would be less 

severe than with calcine or liquid. Reference 1, which compares calcines and glasses for 

releases by leaching and air dispersion, states that glasses have lower releases by factors 
5 

from 100 -- 10 depending on respective condition. Based on worst-case conditions within a hot 
3 

cell, glass releases would be at least a factor of 10 lower than calcine. A major release of 

calcine was analyzed in Ref. 19 of NUREG-0116 and reported in Section 4.2.2.4. 

Comment (CM B-83): "Since the various solidification techniques have only been demonstrated 

on a modest laboratory scale with batch processing, the effluents listed are rather 

speculative. Larger scale and continuous process tests may reveal unique problems." 

Response: The scale of research that has been performed on solidification is much beyond 

laboratory scale. Engineering-scale tests have been performed, both radioactive and otherwise. 

(See-response to the Sierra Club comments above for more detail.) Full-scale remote systems 

are being designed for cold verification. 

Comment (CM B-83): "Perhaps of greater importance is the reliability and efficiency of the 

facility. The calciner, pumps, piping, furnace, filters and associated mechanics 

need analysis. These will be subjected to a very erosive environment of thermal 

stresses, irradiation and corrosion. How long will these devices function without 

failure? What are the consequences of failure? What would repair or replacement 

involve (time, cost, exposure etc.)? What impacts will result from this? The 

technology for such activities has been developed to meet the needs of the small 

scale batch process tests according to p. 4-55. Will they work at full scale? There 

is no discussion." 

Response: Equipment reliability is more a problem of economics than of radioactive material 

release. Facilities are designed to allow remote replacement of high-failure-rate items. 

Emphasis in hot-cell design is on simplicity and reliability. Equipment failures are anticipated 

and components are replaceable. 

Ref. 1. W. K. Weingardener; "Preliminary Comparison of Calcine and Glass/Ceramic Waste Forms, 
Quarterly Progress Report, Research and Development Activities, Waste Program," 
BNWL-1893, February 1975. 
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Comment (CM B-83, 85): "We are also not told directly how much volume reduction can be 

expected (4X). This is surprising since volume reduction and conversion to a less 

easily released form are the two principal reasons for solidification. Neither is 

the history of volume reduction discussed in these terms. The factor of four must be 

deduced from a careful reading of the charts and text." 

Response: The volume of liquid high-level waste, as produced, is roughly 63 times greater than 

the volume of solidified glass product. There are approximately 1200 gallons of liquid HLW pro

duced per metric ton of fuel processed. This is concentrated to roughly 150 gallons/MT for 

storage as a liquid. Finally, approximately 19 gallons of glassified waste is produced per 

metric ton (Ref. 7, Section 4.1, NUREG-0116). 

COMMENT (EPA B-160): "It appears that glass should not be the only solidification agent con

sidered (page 2-4). Additional rationale are needed for selecting the glassification 

technique and for using the combination of calcination and glassification as an environ 

mentally acceptable method for waste solidification." 

Response: NUREG-0116 was neither intended nor required to be a comprehensive study of all types 

of solidification systems. This will accomplished in a generic environmental statement being 

prepared by ERDA, and through rulemaking by the NRC. The requirement in NUREG-0116 was to 

examine one system which could convert HLW liquid into a solid, and to calculate its environ

mental impact. This was done. See also Generic Response #3. 

Comment . (MS B-58): "No decision has been made to date as to how to solidify the highly 

radioactive liquid wastes in order to reduce the risk for accidental releases." 

Response: The comment is correct but a number of remarks are warranted. First, no reprocessing 

plant is presently on line or complete to the point that would justify making such a decision. 

Second, 10 CFR Part 50, Appendix F, requires high-level liquid radioactive wastes to be converted 

to a dry solid, placed in a sealed container, and transferred to a federal repository. As noted 

several times recently (for example, see testimony for the Joint Committee on Atomic Energy, 10 

through 12 May 1976), the NRC is in the process of developing criteria for solidification of HLW 

from reprocessing plants. Further, as discussed in NUREG-0116, a number of solidification 

processes are available for immediate application to commercial plants. While none of these 

processes has undergone licensing review, the Task Force sees no insurmountable problems with 

the technologies. 

3.2.6.3 Solidification Process 

Comment (NYSDEC B-108): "The evaluation of accident scenarios using the more conservative 

dispersible calcine should not unduly influence the selection of the solidification 

system since the glass product has significant environmental advantages." 
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Response: The use of calcine in the analysis of accident sequences in NUREG-0116 is not, and 

was not intended to be, an endorsement of calcine as a waste form. In fact, the solidifcation 

procedure used in NUREG-0116 was that which produces glass. Calcine was used in the accident 

scenarios because it is dispersible, giving a more conservative analysis of environmental 

impacts, as the commenter noted. The Commission has specified in policy statements regarding 

this proceeding that the technologies selected in NUREG-0116 were not endorsed by the Commission 

nor were they necessarily licensable in Commission proceedings. Answers to these issues will 

be provided in future rulemakings and licensing procedures. (See p. 1-4, NUREG-0116.) 

3.2.6.4 Interim Storage of HLW at the FRP (Water Basin Concept) 

Comment (CEC B-138): "The environmental impacts of extended water basin storage of spent 

fuel are based primarily on slow leakage of volatile fission products contained in 

the fuel itself. Since the no-reprocessing option will require more fuel assemblies 

to be in storage at any time, closer spacing and storage can be achieved by the use 

of neutron absorbing partitions in the storage rack, implying the potential for a 

criticality event if those partitions were violated. Given an assumed extended time 

of storage and the potential for criticality, it would seem necessary to include in 

the impact assessment of water basin storage an accident analysis which would envision 

events such as the loss of pool water, accidental dropping of heavy equipment onto 

the fuel held in the racks and criticality events stemming from the inadvertent 

removal of neutron-absorbing materials. Such accidents do not appear to have been 

considered." 

Response: 

a. Criticality -- The potential for a criticality event in a spent fuel basin and the resultin 

environmental impact is discussed in Refs. 2, 3, and 4. Excerpts from these references are as 

follows: 

Criticality Accident (Ref. 2) 

A criticality accident is unlikely in a separation facility or PuO~ conversion facility, 

because equipment and process limitations are designed to prevent such incidents. Safe spacing 

is achieved in storage basins by physically spacing the fuel elements in racks in a safe array. 

Process systems and controls are designed to prevent an unsafe condition. Nevertheless, a 
19 criticality accident of 10 fissions is assumed. The dose commitment would be essentially the 

same for U02 fuel or MOX fuel. 

The dose commitment to the thyroid (56 mrem to an individual; 629 person-rem to the popula

tion) dominates the dose commitment to other organs. 
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Criticality safety during the transfer and storage of irradiated nuclear fuel assemblies 

is assured through the use of geometrically favorable storage baskets with fixed neutron 

poisons included as necessary to maintain K f, below 0.95. 

Fuel assembly spacings within the PWR, BWR, and damaged fuel storage baskets were established 

assuming an infinite array of baskets. Individual baskets are designed to maintain established 

minimum fuel assembly spacings even if accidentally tipped over. Equipment for handling individ

ual fuel assemblies is designed to preclude the handling of multiple assemblies by the fuel 

assembly design configuration and by establishing fuel handling equipment load limits. 

Criticality (Ref. 4) 

Inasmuch as there have been no criticality accidents in fuel pools, it is difficult to 

assign probabilities and consequences to such occurrences. However, in a quarter century, and 

some 500 plant-years of experience, there have been four criticality accidents, none of which 

involved spent fuel storage pools. Two of these occurred in plutonium scrap recovery operations 

and two in highly enriched uranium operations, the last one of which was in 1964. The magnitude 
17 19 

of these accidents ranged from 1.3 x 10 to 4 x 10 fissions, and in no case has the release 

been of an explosive nature. 

In view of the poisoned nature of the fuel and the low concentration of fissile material 

under consideration, the geometric restraints imposed by the fuel assemblies and racks, the 

applicant's design analyses and implementations, and the administrative constraints employed in 

handling and storing the fuel elements, a criticality accident is deemed to be a low probability 
-5 18 

event. Certainly, given the above, a frequency of 10 per year and an excursion of 10 

fissions is highly conservative. The consequences of a criticality accident were computed on 

this basis, assuming the fuel to be at the bottom of the pool. The total release of radioactivity 

to the environment proved to be much less than the annual releases. 

Ref. 2. NUREG-0002, Vol. 3, "Final Generic Environmental Statement on the Use of Recycle Plu
tonium in Mixed Oxide Fuel in Light Water Cooled Reactors," NRC, August 1976, p. IV, 
E-40. 

Ref. 3. XN-FR-32, "Preliminary Safety Analysis, Nuclear Fuel Recovery and Recycling Center," 
Exxon Nuclear Company, 1976, p. 6.2.1-9. 

Ref. 4. NUREG-0008, "Environmental Statement for Barnwell Fuel Receiving and Storage Station, 
Allied-General Nuclear Services," January 1976, NRC, p. 7-3. 
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b. Loss of Cooling -- The likelihood of loss of water and prolonged loss of cooling from a 

water storage basin is discussed in Refs. 5 and 6. Excerpts from these references are as 

follows: 

Prolonged Loss of Cooling (Ref. 5) 

Temporary loss of basin water cooling capability could result from many different system 

failure conditions. Included in the equipment or systems whose failure could cause loss of 

cooling are electrical power, water supply pumps, primary cooling loop, and secondary cooling 

loop. Equipment failures such as these could be corrected or otherwise compensated for before 

increasing waste temperatures could adversely affect confinement capability. The sequence of 

events which would occur during extended loss of cooling is shown in Table 7-11 of Ref. 5. 

The prolonged Toss of cooling capability for water-cooled concepts could result only from 

a loss of primary and emergency water sources. 

The plant design would include features which minimize the frequency of temporary loss of 

cooling, as pointed out in other accident analyses in this section. Moreover, a fully redundant 

emergency water supply system would be included in the design to provide water in case the 

primary water supply were to become inoperable. 

Loss of Cooling (Ref. 4) 

Some comments raised concern that the BFRSS was not designed to withstand an earthquake, 

which could be expected in the Barnwell area, or that an earthquake or other event of magnitude 

greater than the design basis would rupture pool walls or the cooling system. The seismic 

design basis is covered in the Safety Evaluation Report for the BFRSS. Due consideration was 

given to a variety of accidents that might affect the BFRSS, as constructed. None of these 

resulted in loss of coolant that could not be made up from onsite water supplies. Loss of 

cooling is possible, but it should be pointed out that with 400 MT of design-basis fuel, a 

detailed analysis shows that the pool water would not boil for at least three weeks, and would 

never boil if the pool water level were maintained. 

c. Dropping of Heavy Equipment Onto the Fuel -- Storage basin systems can be designed to 

physically prevent the dropping of heavy equipment onto fuel in the water basin. As an example, 

the heavy shipping cask which is loaded and unloaded under water can be placed in its own cask 

well, which is then connected to the main basin by a narrow water channel for movement of the 

spent fuel elements between the two areas. Hence, it is unlikely that the shipping cask would 

ever be in a position where it could fall into the main water basin. 

Ref. 5. ARH-2888 REV, "Retrievable Surface Storage Facility Alternative Concepts, Engineering 
Studies," Atlantic Richfield Hanford Company and Kaiser Engineers, July 1974, 
Chapter 7. 

Ref. 6. Ref. 3, p. 12-3. 
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With a properly designed fuel storage basin, the only objects that might be dropped onto 

the fuels would be those only heavy enough to cause, at the most, minor cracks in the spent 

fuel rods. As a result of such cracks, the water in the storage basin would become contaminated, 

but could be cleaned up by the water treatment systems provided. 

3.2.6.5 Interim storage of HLW (RSSF) 

Comment (DOI B-144): "On page 4-35 of the report it is stated that the heat released from 

the RSSF during the year 2005 was calculated to be 72 MW/year, based on solid storage 

of the waste from 507 model LWR's. However, on pages 2-29 and 4-9 of the report the 

thermal effects of disposal of long-lived wastes and a reprocessing plant (respectively) 

are given in BTu's." 

12 3 
Response: The 72 MW/year is equivalent to 2.2 x 10 Btu/year or 2.2 x 10 thermal/year (thermal 
equals 109 Btu's). This represents the waste heat output of 507 model LWR's, or 1929 RRYs, at 

year 2005. 
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3.2.7 Spent Fuel 

3.2.7.1 Impacts 

Comment (NYSDEC B-108): "The basis for the 70 curies of solid waste resulting from both 

storage and packaging of spent fuel is not clear." 

Response: The 70-curie value is found on p. 4-110 of NUREG-0116, where it is stated to be 

based on 35 MTHM from the model reactor stored for 10 years, and is referenced to the NUREG-

0002 Table IV-K-1 value of 200 ft3/yr per 1000 MT, and 1 Ci/ft3. 

200ft3/yr X 35 MT X 10 yr X 1 Ci/ft3 = 70 Ci/RRY 
1000 MT RRY 

Comment (WIS B-28): "The disposal of spent fuel, without reprocessing, as a waste has never 

received referenced analytical study. Consequently, the situation that existed for 

Plutonium as a waste exists for spent fuel as a waste. The problems of amount of 

land required, effluent release, interaction of disposal medium with waste canister 

are all issues that must be studied to acquire a basic understanding of spent fuel as 

a disposed waste. In the boundaries of the Supplement an analysis covering these 

areas would take place within a bedded-salt repository. However, these studies 

should be conducted in the other waste disposal environment options." 

(CM B-76): "Not enough studies have been done to assure that bedded salt is an 

acceptable medium for waste storage, that the proposed technologies for packaging and 

disposing of the wastes are adequate, or that suitable salt bed sites can be found 

which will remain undisturbed." 

Response: See Generic Response #7. The need for a basic understanding of the mechanisms 

involved in spent fuel disposal prior to such disposal, and the lack of referenced studies of 

spent fuel disposal in geologic formations, were recognized in NUREG-0116. However, burial of 

spent fuel assemblies in bedded salt has been tested for short periods of time (0RNL-4555). 

These tests were sufficient to determine the active land requirements (but not buffer zone 

requirements), to indicate that interaction of canisters with the disposal medium is an area of 

concern, and to demonstrate successful emplacement methods and equipment. 

Additionally, spent CANDU fuel storage has been analyzed extensively by the Canadians and 

several tests of retrievable storage with spent fuel have been performed. These are discussed 

in Ref. 3 for Section 4.6 of NUREG-0116. 

Comment (CEC B-136): "On page 2-13 of the Supplement, it is stated that the disposal of 

spent fuel poses the additional problem of a long-term heat load above the high-level 

waste generated in a uranium recycle case. However, waste from reprocessing spent 

fuel will have essentially identical heat output as unreprocessed spent fuel. The 

heat output from spent plutonium fuel is higher than the heat output of spent uranium 
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fuel. If the plutonium recycle option is adopted, there will be higher heat producing 

characteristics in the spent fuel than under either the no recycle or the uranium 

recycle option." 

Response: The uranium-plutonium recycle option is treated in detail in GESMO and is beyond the 

scope of the WASH-1248 supplements (NUREGs 0116 and 0216). The following table, derived from 

ERDA 76-43, Tables 2.4, 2.18, and 2.19, shows that the decay heat from spent U02 fuel is higher 

than from the waste derived from the fuel. This difference was recognized by the Task Force and 

was judged to be insufficient to significantly affect the S-3 tables. The tabulation below also 

shows that the decay heat from plutonium-bearing mixed-oxide (MOX) fuel is indeed higher than 

from U02 fuel but, as stated, the differences do not significantly affect the values in S-3. 

DECAY HEAT, KW/MTHM* 

U02 MOX HLW From HLW From 
Fuel Fuel UP? Fuel MOX Fuel 

1 Year 9.4 10.2 8.5 8.0 

10 Years 0.9 1.5 0.8 1.3 

25,000 MWd/MTHM; 35 MW/MTHM 

The total heat produced by spent fuel, integrated over ^jery long times (e.g., 10 years), 

far exceeds that from HLW. However, heat generation rates are very small at that time. 

3.2.7.2 Fission-Product Gas Releases 

Comment (SPPT B-34, 35): "NUREG-0116 assumes that all contained volatile fission products in 

the fuel assemblies are released to the environment (see, e.g., p. 4-114). While the 

elapsed time between discharge of the fuel from the reactor and release of the 

volatile fission products is not stated, it appears from the level of releases cited 

that about 5 years is assumed. Such a time period appears to be assumed also in 

GESMO, which treats releases from waste repositories in terms of five-year old waste." 

The assumption of total release appears unreasonable. The source of the assumption 

is not stated. 

Response: This comment illustrates why release of fission-product gases from spent fuel in 

repositories will, in the actual case, be delayed. An additional conservatism is the assump

tion that C-14 will be in gaseous form. However, in the absence of data from which to generate 

more realistic source terms, total release after 5 years was used as representing an upper 

bound for release of volatile fission products. For comparison, total release after 100 years 

would reduce doses by a factor of 2.6 over those shown in NUREG-0116 (Table 4.28) to the whole 

body, and by a factor of 15 to the skin, but only by a factor of 1.05 to the thyroid. 
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Comment (CM B-90): "Spent Fuel may be more Teachable than s o l i d i f i e d HLW . . . Much o f the 

gaseous rad ionuc l ides may be released dur ing the 10 year pool s torage. We are not 

t o l d what the experience has been o f fue l rod f a i l u r e . " 

(EPA, B-156): The "no- recy le " case should include an add i t i ona l d iscussion regarding 

the experience to date w i th long-term storage in spent fue l pools . This should 

include d e t e r i o r a t i o n o f c ladding and consequent problems ( i . e . , the possib le need 

f o r packaging of spent fue l elements). 

Response: Regarding l e a c h a b i l i t y , i t could as eas i l y be said t ha t spent f u e l ' s l e a c h a b i l i t y 

may be be t te r than or equal to g l a s s i f i e d HLW. Spent fue l has been shown by recent B a t t e l l e 

Northwest s tudies to be a c t u a l l y somewhat less leachable than s o l i d i f i e d HLW. Indeed some 

gaseous rad ionucl ides may be released dur ing 10-year pool s torage, and the e f f e c t of these 

aging pools i s given on p. 4-110 of NUREG-0116, where i t i s stated to be based on an assumed 1% 

release of Kr-85 from the f u e l . Experience w i th s t o r i ng uranium d iox ide fue l f o r several years 

at Savannah River Plant and an i n i t i a l survey of reactor basins by B a t t e l l e (TC-668-2, "HEDL 

Cont r ibu t ion to SRL-LWR Fuel Recycle Program", Quar ter ly Report, July-September 1976, p. 25) 

i nd i ca te tha t much fewer than 1% o f the fue l rods a c t u a l l y release f i ss ion -p roduc t gas dur ing 

storage. 

Evaluat ion of two app l i ca t ions a t two reactor spent fue l storage systems (Main Yankee and 

Point Beach--see Refs. 8 and 9 f o r Section 4.6 o f NUREG-0016) ind icated tha t the t yp i ca l qaseous 

release would be about 1 Ci of Kr-85 per MT of fue l s to red . The release ra te would be higher 

fo r fue l stored b r i e f l y than f o r long-term storage (GESMO, p. IV-K-9) . Experience w i th pool 

storage o f fue l assemblies a t both reactors and a t MFRP has been good. Fuel c ladding designed 

to operate a t reactor temperatures and pressures i s under l i t t l e corros ion s t ress a t pool 

temperatures. 

Comment (CM B-90): "The no recyc le opt ion would r e s u l t in 11 times as many cannisters shipped 

and disposed o f as uranium recyc le . A l a rge r repos i to ry would there fore probably be 

needed, besides aging pools. As noted be fore , the f i gu res are not provided to a l low 

a comparison o f amounts, concent ra t ions , and impacts o f the two recyc le o p t i o n s . " 

Response: Repository s ize i s based l a r g e l y on decay heat cons idera t ions , which are the same 

f o r both the no-recycle and uranium recyc le fue l cycle opt ions (see Table 2 .8 , SUMMARY OF 

ENVIRONMENTAL IMPACTS OF DISPOSAL OF LONG-LIVED WASTES AT A FEDERAL REPOSITORY PER RRY, E f f luen ts 

Thermal). Comparison of both fue l cycle opt ions f o r Waste Management i s made in Table 2 . 9 , 

SUMMARY OF IMPACTS OF MANAGEMENT OF WASTES DURING ALL OPERATIONS PER RRY. 
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Comment (AGNS B-74): "Both in GESMO and in NUREG-0116, it is proposed that spent fuel be 

disposed of in salt mines, and . . . it is accepted that over a period of time, there 

would then be virtually total release of contained volatile fission products to the 

environment. . . . However, there is not any indication that questions such as 

employee exposure of thDse working in the salt mine in disposing of fuel, or signi

ficant changes in the design of a salt mine to mitigate such exposures, have been 

addressed. It is difficult to perceive any difference required in handling unprocessed 

spent fuel, as compared to waste in a well-encapsulated stable form, that would not be 

more costly both economically and environmentally. No such comparison is made in 

NUREG-0116 or in NUREG-0002. Such costs would be and should be evaluated in considerably 

more detail than is evident in the published documents." 

(NYSDEC B-109): "The relative dose commitments for Reprocessing versus Spent Fuel as 

a waste may again be misleading because of the conservative assumption that all of the 

gaseous fission products escape from the Spent Fuel during storage. The total person-

rem of 370 for spent fuel storage and disposal is greater than the 330 person-rem/RRY 

for Reprocessing. The conservative approach for establishing an upper limit of environ

mental and health impacts is desirable but should be used with caution in comparing 

and selecting the waste management alternative for the nuclear power industry." 

Response: The comment correctly states the position taken in NUREG-0116 with regard to spent fuel 

disposal in salt mines. One of the points made by the Task Force (p. 2-18) is that there is no 

detailed information available about spent fuel disposal. Until such information is developed 

through conceptual designs and/or theoretical analyses, it is prudent to assume that volatile 

fission products would escape. The Task Force assumed that all would. 

Page 4-113 points out that modification of HLW repositories would be required but that 

successful emplacement techniques have already been demonstrated with irradiated fuel. 

Employee exposure differences between HLW and spent fuel disposal are expected to be 

minimal during normal operation, but are acknowledged (p. 4-115) to be higher for spent fuel in 

the unlikely event of a container and fuel cladding failure during loading into the repository. 

Finally, while no comparison between the disposal of spent fuel and high-level waste was 

intended for the purpose of decision-making, given the uncertainties found by the Task Force, 

the assertion that disposal of spent fuel is inherently more dangerous and costly is simply not 

borne out. The Task Force agrees that considerable additional analysis of these issues would 

be required if a decision was to be made between the options rather than simply an estimate 

of environmental impacts of disposal attributable to an individual LWR. 

The assumption in Sec. 2.6 that all gaseous fission products escape from the spent fuel at 

the repository if the spent fuel is disposed of as waste is likely to give an upper limit on 

the effects. Analysis of the escape of these gases over long periods of time was beyond the 

state of present capabilities. Therefore, only the upper limit could be calculated, and this 

was done. The much more likely case is that once buried, the gases will stay within the 
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geological formation at least until they decay to low levels. Such a conclusion could not be 

confirmed by analyses in the literature, and therefore the upper limit was used. 

Comment (NYSDEC B-109): "The technology described for packaging of spent fuel involves 

sealfng the spent fuel in steel canisters backfilled with helium. A report by US 

ERDA referred to a packaging concept using lead in the canister rather than helium. 

The basis for selecting the helium filled canister as a model should be noted and the 

effect of this choice on the assumption that all gaseous radionuclides would be 

released in a short period of time should be discussed." 

Response: ERDA-76-43, p. 17.19, discusses several alternative filler materials including zinc. 

NUREG-0116 assumes immediate release of fission gas from the geological repository. Encasing 

the fuel in a solid metal matrix would, theoretically, increase the time before fission gases 

are released. In the actual case, gas retention times are expected to be very long because the 

gas is expected to be retained by the double cladding until encasement in solid rock salt occurs. 

In the actual case with metal filling, it would be necessary to show that low-melting metals 

such as zinc or lead remain solid at storage temperatures, that material compatibility problems 

do not cause faster release, and that the addition of 5 MT of Pb per MT of fuel does not have a 

net detrimental environmental effect. Thus it seemed prudent to assume the helium-filled 

canister as our model. 

3.2.7.3 Accidents Involving Spent Fuel 

Comment (CEC B-139): ". . . the most severe accident postulated for storage of spent fuel at 

a waste repository is the rupture of the spent fuel container and the cladding of 

some of the fuel rods. Why is the rupture of 50% to 100% of the fuel rods or the 

dropping of two canisters not a reasonable assumption to be included in the Supplement? 

Response: The entire paragraph on page 4-115 of NUREG-0116 must be read in context. The purpose 

of this paragraph was to demonstrate that the postulated rupture of any number of spent fuel 

canisters of contained fuel rods without reprocessing would not differ significantly from the 

same number of failures of fuel rods in storage with reprocessing. It would not be improper to 

replace the word "canister" with "canisters" and the words "some rods" with "rods". This would 

not significantly alter the meaning or conclusions. 

Comment (NYDOL B-151): Evaluation of the risk of criticality over geological times is crucial 

in the Task Force considerations. 

Response: See Generic Response #7. The commenter correctly quotes the Task Force report with 

regard to the status of our present knowledge of such criticality incidents as might result 

from reassembly of fissionable components of spent fuel. One of the areas noted by the Task 

Force (p. 2-18) in which the information was inadequate for a detailed estimate of risks of 
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impacts was in the disposal of spent fuel or plutonium as a waste. However, the Task Force 

judged that impacts of such events would add negligibly to the total environmental impacts in 

the tables of NUREG-0116. This judgment was based on some analyses which are indicative but 

not comprehensive. While there would be added fissionable material available for criticality 

if the uranium or plutonium reassembled into a proper geometry, such reassembly would require 

massive geologic movements or extensive dissolution of the salt. As described in Section 4.4.2 

of NUREG-0116, such events are considered highly unlikely even in the long detoxification 

periods involved. 
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^^k 3.2.8 Plutonium 

^ ^ 3.2.8.1 Information Base 

Comment (CM B-76): Treatment and storage of plutonium and spent fuel as wastes have not been 

studied as much as is warranted. 

Response: See Generic Response #7. The expanded ERDA Commercial Waste Management budget (FY76 

$12M, FY77 $60M, p. B-4, NUREG-0116) will allow relevant studies to be started. The Office of 

Waste Isolation is starting a system study of spent fuel disposal (Ref. p. 7-3, Y/OWI/TM-11/1, 

"National Waste Terminal Storage Program Information Meetina," December 7-8, 1976, Volume I). 

Comment (CEC B-136; WIS B-28; EPA B-156): There is insufficient information with reqard 

to disposal of plutonium from the uranium-only fuel cycle, and this information 

is necessary in this analysis, before adoption of the rule. 

Response: The Task Force did not conclude that an estimate of environmental impacts was 

impossible for these activities, but rather that some judgment had to be exercised in making 

that estimate, and that information was not available for a detailed quantitative calculation. 

This judgment was made and noted on pp. 2-18, 4-100, and 4-101. 

Plutonium has always been considered a valuable resource and therefore no money has been 

allocated in the past to studying the disposal of this material. The Task Force felt, however, 

that the handling of plutonium up until the time of disposal was well within the bounds of 

past practice in the weapon programs, and was being dealt with in some detail in the GESMO 

proceedings. Thus, these aspects of plutonium as a waste were not difficult to analyze and 

were, in fact, analyzed. Information was lacking on disposal itself. 

The Task Force did analyze to the best of present ability the disposal of plutonium and 

spent fuel as wastes (Sections 4.5.5 and 4.6.3). These materials present similar problems 

in the long term with regard to criticality and heat loading. With the analysis thus provided, 

it was possible to derive estimates of the environmental impacts of such disposal, and these 

are included in NUREG-0116. 

3.2.8.2 Disposal 

(CEC B-138): "On Supplement page 4-101, it is noted that under the uranium-only recycle 

option, plutonium quantities on high-level wastes would be increased by a factor of 

200. This statement is misleading, since it would be true over long periods... 

Furthermore, the statement overlooks the contributions of Am and Cm decay which are 

significant over long periods, especially since certain Cm isotopes decay by way of 

Pu-240 and 239 The supplement should provide an assessment of total transuranic 

alpha activity over time [which] should then be the basis for comparison with the 

uranium-only recycle option." 

Comment 
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Response: NUREG-0116 is not intended to demonstrate the relative impact of full recycle vs. 

no-recycle, but to determine the impact of either no-recycle (i.e., disposal of spent fuel), or 

the recycle of only uranium, with disposal of the generated Pu. While these two options are 

essentially equivalent in terms of long-term impact, they do pose a significantly more serious 

environmental question in requiring disposal of larger quantities of Pu. 

The point raised about the impact of other TRU isotopes relative to Pu isotopes has been 

recognized by the Staff. It is well documented that in the Pu or full-recycle option a 

significant quantity of curium and other elements of high atomic number are generated. These 
5 

isotopes are long-lived and eventually (̂ 10 years) dominate all other elements in total activity. 

However, this activity level is approximately 1/1000 of the original activity ascribed to the 

TRU elements and is thus small (but not necessarily negligible) relative to the base case. 

Comment (EPA B-160): "The effects of large amounts of Pu on repository size were mentioned, 

but there was no statement of increased isolation time. Section 4.5.5 should identify 

the time period of which geologic integrity of a repository should be maintained and 

should discuss any differences due to plutonium storage." 

(A similar comment was made by DOI B-144.) 

Response: At present it is not possible to specify a minimum containment time for a geologic 

repository. To do so requires the definition of an acceptable level of risk to future world 

societies and a complete, realistic risk assessment of the geologic repository. We presently 

have neither of these. On a relative basis the required containment time might have to be 

somewhat longer for a geologic repository containing large amounts of plutonium (spent fuel or 

plutonium as a waste) than for one containing smaller amounts of plutonium. 

If ten half-lives and plutonium as the element of concern are used as a basis, an isolation 

period of 250,000 years results. On this basis there would be no difference between the various 

wastes to be disposed of, since plutonium has a half-life of 24,000 years regardless of the 

quantity in the repository. However, the Staff does not necessarily endorse such a time limit. 

On p. 4-92 of NUREG-0116 a graph is presented showing the hazard index over time for HLW 

from two fuel cycles. In the Task Force response to a comment in Section 3.3.1.2 below, a similar 

chart has been added showing the hazard index for all three kinds of HLW (high-level waste, 

spent fuel, and plutonium plus HLW). 

Since an acceptable level of hazard has not been established, this chart does not necessarily 

give a cut-off time for repository isolation. It does, however, provide a basis for comparison 

among the several high-level wastes. For one possible comparison, the Task Force included the 

hazard index for uranium ore as compared on a volume-to-volume basis and averaged across the 

entire volume of the repository. 

While such information is not relevant to the calculation of environmental impacts attribut

able to the operation of an individual power plant, the Task Force did feel that it adds important 

contextual matter for the understanding of long-term risks for a repository. 
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In addition, simple analyses indicate that the major portion of the instantaneous potential 

hazards of radioactive wastes is present during the period in which the fission products are 

radioactive, i.e., the first 600 years. This would represent a minimum containment time. Beyond 

600 years the total radioactivity of the repository decreases much more slowly and the potential 

impact of the more subtle changes in the constituents of the radioactivity (radioactive daughter 

products) is only assessable by means of more difficult, complex analyses. 

3.2.8.3 Plutonium Criticality 

Comment (TWQ B-148): "...can an easily understood illustration be constructed to represent 

criticality dangers in disposal of plutonium as a waste from the uranium only recycle 

and spent fuel modes compared to those incurred in recycling plutonium with only 

recovery losses going to disposal?" 

(A similar comment was made by EPA B-160.) 

Response: Dangers from potential criticality incidents in a disposal facility decrease rapidly 

with decreases in quantities of plutonium placed in the facility. The effects of a criticality 

incident (large energy release) could be similar to those attending faulting. This might lead 

ultimately to water penetration into the repository and consequences similar to those discussed 

in Section 4.4.2 of NUREG-0116. 

Without spent fuel or plutonium as a waste in the repository there would not be a sufficient 

concentration for criticality, and it is highly unlikely that such a concentration could be 

achieved by natural processes. With spent fuel or plutonium as a waste, the concentration of 

plutonium would be considerably higher. New Figure 4.12 (see errata) gives an indication of the 

size and concentration of plutonium necessary to achieve criticality in salt. However, since 

plutonium was not previously considered as a waste, natural processes that might result in the 

concentration of critical masses of plutonium have not been identified and examined. Therefore 

it is not possible to construct an illustration of criticality dangers. 

3.2.8 .4 Securi ty/Safeguards 

Comment (PS B-57): The d r a f t repor t of the Task Force says tha t independence from the p o l i t i c a l 

system should be par t o f the philosophy o f waste management. Yet the problem has the 

po ten t ia l o f intense p o l i t i c a l repercussions. NUREG-0116 does not t r e a t the possible 

impact on c i v i l l i b e r t i e s o f a f u l l - s c a l e plutonium fuel cyc le . I t seems u n l i k e l y t ha t 

the implementation o f a nuclear fue l c yc l e , and p a r t i c u l a r l y a plutonium fue l c y c l e , 

can be f u l l y independent o f p o l i t i c a l e f f e c t s . 

Response: See Generic Response #2. NUREG-0116 does not consider implementation of a plutonium 

fue l cycle (see pg. i i i o f NUREG-0116). In the two cycles considered, uranium-only recycle and 

no recyc le , the plutonium generated by LWR operat ion i s disposed o f as a waste (see Sees. 2 .5 , 

2 . 6 , 4.5 and 4 . 6 ) . Regulations have been establ ished requ i r i ng NRC l icensees to submit physical 

secu r i t y plans to NRC f o r review and approval . In genera l , an i nd i v idua l does give up some 
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freedom and privacy to work with radioactive materials. Congress has empowered the NRC to 

investigate people who work with plutonium to guard against loss or diversion. A security 

clearance program is under development for individuals who may have access to plutonium or 

other strategic SNM. Whether politics will affect the operation of a nuclear fuel cycle 

because of its impact on the individual remains to be determined. For further information, 

see the supplement on Safeguards, NUREG-0002. 
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3.2.9 Disposal 

3.2.9.1 The Disposal Model 

Comment (MS B-61, B-62): "If the n-waste management program is to base its decisions and 

actions on assessments of all impacts on both present and future physical, human 

and societal environments as the Task Force Report claims, then a good deal more 

care and thoroughness in research and documentation will have to be exercised than 

is evident in NUREG-0116." 

"The report claims that only technology that is available will be considered, yet 

section 4.4 suggests a host of areas where much more research will be needed even 

to set reasonable parameters for an experimental repository, let alone a permanent 

disposal site." 

Response: See Generic Response #7. Sections 4.4.1 and 4.4.2 of NUREG-0116 state in a number of 

places (4-75, 4-76, 4-77, 4-88, 4-94, 4-95) that both site-specific and site-independent research 

is needed to help design and analyze risks from a repository. Appendices B and C discuss the 

scope of the enlarged ERDA and NRC waste management programs. Additional details of the ERDA 

program can be found in the Office of Waste Isolation documents Y/OWI-4, Y/0WI-8, and Y/OWI/TM-

11, Vols. 1 and 2. 

Comment (WIS B-27): "It would seem that any attempt at analysis of the environmental 

impact associated with radioactive waste disposal would take into account all major 

alternatives. The choice of bedded-salt over investigating other alternatives such 

as: ice-sheet isolation, seabed isolation, and deep continental geologic isolation 

limits the attempt at providing an adequate assessment of the impact of waste 

disposal." 

Response: See Generic Response #5. The scope of r!UREG-0116 is defined in the first paragraph on 

p. 1-1. The document was not intended as a thorough analysis of all options. Its intent is to 

delineate the environmental impacts that might be expected from a reasonable set of technologies 

in the supportive fuel cycle for an individual LWR. 

Comment (DOI B-143): "Plans call for initial test emplacement of wastes in the 

mid-1980's; only after successful completion of a test period of unspecified length 

would the waste be considered permanently in place as noted on page B-2 of the 

Supplement. It is unlikely that complete quantitative assessment could anticipate 

the completion of a test period, and this would be unlikely to be before the next 

century." 

Response: The current Office of Waste Isolation program plan calls for orovisional storage 

operations (conceptual mode) to begin in 1935 (Figure 1.6 of Y/OWI/8, "National Waste Terminal 

Storage Program Progress Report For April 1, 1975 to September 30, 1976"). These data, combined 

with a provisional storage time estimate of 20 to 30 years (NUREG-0116, p. 4-79), predict 
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operational permanent disposal in the 2005 to 2015 time frame. More recent thinking (i.e., 

the President's message of Oct. 28, 1976) may lead to earlier actions and thus a shorter 

time. It is anticipated that monitoring and testing of the repository during the retrievable 

phase will, along with other data available at that time, provide a basis for making a judgment 

regarding safe, permanent storage. 

Comment (EPA B-160): "The discussion at the bottom of page 2-11 indicates that, since bedded 

salt is plastic and under high pressure, it would logically be expected to self heal 

any intrusions or imperfections and thus prevent gradual dissolution by groundwater 

intrusion or other slow natural processes. The discussion needs to account for the 

fact that there are bedded salt deposits known to be undergoing gradual dissolution 

from various causes, for example, the Hutchinson formation near Lyons, Kansas, which 

was previously abandoned as a prospective HLW site for this and other reasons." 

Response: The perimeters of all salt beds near enough to the surface to be useful for disposal 

are undergoing gradual boundary dissolution. For example, the boundary dissolution rate for 

the proposed Lyons site was estimated to be 2 to 5 miles per million years (Ref. 56 of Sec. '1.4.1 

NUREG-0116). Both lateral and vertical erosion and dissolution rates have been estimated for 

a bedded-salt formation in southeast New Mexico. The estimates are 100-150 meters per million 

years vertical and 9.5 to 13 km (6-8 miles) per million years lateral (see USGS Open File Reports 

74-194 (1974), 4339-4 (1973), and 4339-7 (1973)). The assumption in NUREG-0116 was that the 

repository would not be placed at the perimeter or near potential solution-mining sites. Site-

selection criteria are referenced and briefly discussed on p. 4-73 of NUREG-0116. Ref. 56 of 

Sec. 4.4.1 discusses vertical isolation of the wastes from aquifers, boundary dissolution, and 

existing borehole effects in Sees. 1.6, 3.3, and 4.3. 

Comment (CM B-87): A potential path for leakage of the repository exists through the test 

boreholes necessary for site evaluation. 

Response: Site-evaluation techniques are discussed in Ref. 58, Sec. 4.4.1 of NUREG-0116, 

including boreholes needed for testing. Plugging of boreholes in each rock type is the subject 

of studies at ERDA's Office of Waste Isolation, and is discussed in Ref. 97, Sec. 4.4.1 of 

NUREG-0116. 

Comment (EPA B-160): "It is stated on page 4-163 that the probability of human intrusion 

in a repository has been assessed as falling between 10" and 10" (Sec. 4.4.2). 

This statement does not indicate whether the probabilities are per year or over all 

time. If per year as indicated in Section 4.4.2, then the statement is incon

sistent with the citation on page 4-87 that ...the probability of violation of 
-4 

repository integrity as a result of random wildcat drilling is 4 X 10 per 

year... which, because probabilities of human intrusion by other means must be 

added, then serves as a lower bound which is greater than the larger figure on 

page 4-163 by a factor of 4." 
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Response: It must be noted that the probability indicated in one case was derived from an 

assessment and represents a range, while in the other case was of random wildcat drilling, which 

is entirely unexpected. Drillers do not drill randomly, and sites can be selected to avoid 

planned drilling. Thus, the two statements are not inconsistent. It is also noteworthy that a 

factor of 4 in the calculation of a probability of such an unassessable event as human intrusion 

in a repository should be considered quite excellent; further, the adding of an event with a 
-6 -4 

probability of 10 to one with a probability of 10 hardly makes a difference. Finally, the 

probabilities quoted do not represent results from in-depth studies, and therefore have been used 

by the Task Force only as an approximate range. 

Comment (EPA B-160): "The discussion on page 4-81 of the disposal of excess salt is-

insufficient. The effects on the land of stockpiling of salt at the repository 

site should be discussed, including the potential for salt contamination of local 

surface runoff water and near-surface ground water. The estimate of Table 4.15 of 

only 5 lb/yr of salt particles to the air appears to be small, thus a more detailed 

explanation of this would be desirable." 

Response: A report finished since the preparation of NUREG-0116 (Y/0WI/SUB-76/16506) states 

(p. V-9) that all material stored on the site at the surface will be protected from weather to 

reduce pollution of surface water sources. Runoff from the salt storage and handling area will 
3 

be segregated and monitored. The 5 lb/year of salt particles is based on 5 mg/m salt-particle 

concentration in the mine exhaust (Magill, Air Pollution Handbook, McGraw-Hill, 1956), combined 

with ventilation rates and filtration. 

Comment (CEC B-137): "The discussion of potential hazards from waste repository failure 

beginning on Supplement page 4-86 leads to the consideration of basically only two 

cases of waste disposal. One is a very slow process of leakage and transport 

through the soil, and the othei—although of a very low probability—involves 

a more rapid dispersal by the impact of a meteorite falling directly on the 

repository. This discussion seems to overlook some intermediate but potentially 

significant cases. For example, it is recognized on Supplement page 4-87 that 

intrusion by drilling may violate waste repository integrity. Because of the 

buildup in the repository of radon and tritium gases, the result of such drilling 

is likely to be the rapid release of such gases. The calculation of the impacts to 

this release does not appear in the document. Also, a group of events which could 

potentially cause repository failure owing to stimulation by the radiation or heat 

output of the waste canisters themselves is recognized. While the Supplement 

states that no serious problems arising from radiolytic or thermal effects in the 

repository were recognized which could not be counteracted by modification of the 

design or operation of the repository, it is acknowledged that the possible effects 

have not been completely evaluated. (Supplement page 4-87.) Further, reports from 
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the Asse Mine in Germany indicate that high heat loads can cause major distortion 

of the salt, even buckling and cavern failure. Could such events lead to repository 

failure and release of wastes?" 

Response: Intrusion into the repository by drilling might result in the release of some gas 

in addition to that already in the area from natural sources. Detailed analyses of consequences 

of this specific release have not been done, but the following observations can be offered. 

The tritium in the repository has a half-life of 12.3 years, whereas radon is not 

present in the repository in significant amounts before 10 years. (Radon is a daughter 
3 

product of several transuranic nuclides having half-lives of the order of 10 years.) 

The migration of either of these gases through natural bedded salt is not well understood, 

owing to uncertainties regarding the permeability and porosity of bulk bedded salt (gas 

migration in salt is discussed on p. 4-77, Sec. 4.4.1.1 of NUREG-0116). Since solid-state 

diffusion of noble gases through unfractured pure salt is very slow, the possibility that large 

quantities of radon gas could be trapped in voids in the salt cannot be excluded. Unless the 

gas were under pressure, the diffusion up a long drill hole would be too slow to add measurably 

to background radiation. 

There is no mechanism for tritium production in the waste except for a very small amount 

produced by spontaneous fission. 

The comment cites German experience with distortion of salt by heat loads. Because salt 

flows plastically under pressure, increased temperatures will accelerate the flow of salt. 

Therefore, during the operational phase (waste emplacement) of the repository, care has to be 

exercised in the design and mining of the facility to prevent buckling or cavern failure. 

The Asse Mine was not designed or mined for a waste repository; therefore such a problem 

could arise there. 

After backfilling and sealing of the repository there will be, over long time periods, 

some subsidence resulting from the lower density of the salt used as backfill. Design of the 

repository will include attention to minimizing potential subsidence. Subsidence is discussed 

on p. 4-82, Sec. 4.4.1.3 of NUREG-0116. 

Comment (EPA B-160): "There should be a projection of total quantities of waste to be 

buried at a federal repository before determining the amount of acreage needed for 

development and the total years of operation at a disposal site. The statement on 

page 2-10, that 2.0 acre per Reference Reactor Year (RRY) is the commitment of land 

for waste disposal needs further justification." 

Response: As noted in Ch. 3 of NUREG-0116, the projections are derived from GESMO and ERDA 

76-43, which are the best available today. Table 4.14 and discussion in the first full para

graph of Sec. 4.4.1.3 provide details of the data used to calculate 2.0 acres/RRY. 
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Comment (NYDOL B-150): "Statements such as 'site-dependent operational accidents, such as 

mine flooding, require site-dependent data for analysis, and these are not currently 

available' (NUREG-0116, p. 4-81), point up the dangers of using plug-in numbers as 

found in Table 2.10 of NUREG-0116. Many environmental impacts are site specific 

and need to be evaluated for each nuclear facility. The studies supporting Table 

2.10 of NUREG-0116 do not accomplish this task." 

Response: Site-specific data are needed for site-specific operational characterization. 

NUREG-0116 mentions the need for site-specific experiments on pp. 4-76, 4-77, and 4-81. 

Generic estimates have been made with Project Salt Vault and other data from Lyons salt (for 

example, 0RNL-4555, ORNL-4751, 0RNL-TM-3717, and Refs. 2, 9, and 13, Sec. 4.4.1, NUREG-0116). 

Major differences in operational characteristics between bedded-salt sites are not expected. 

NUREG-0116 was not intended to be an evaluation of site-specific issues or to replace site-

specific environmental impact evaluations. 

Comment (CM B-76): "Not enough studies have been done to assure that bedded salt is an 

acceptable medium for waste storage, that the proposed technologies for packaging 

and disposing of the wastes are adequate, or that suitable salt bed sites can be 

found which will remain undisturbed." 

(A similar comment was made by NYDOL B-131.) 

Response: Project Salt Vault, described in 0RNL-4555 (Ref. 9 in Sec. 4.4.1 of NUREG-0116), 

when combined with the experimental and analytical work summarized in ORNL-4751 (Ref. 2 in 

4.4.1), provides a significant data base for bedded-salt provisional storage. Data collected 

and analyzed during provisional storage will be used to evaluate whether a particular site 

should be converted to permanent disposal. The Task Force agrees that information adequate 

for a licensing proceeding is not yet available. However, the existing data base is more 

than adequate for reaching an estimate of environmental impacts to be attributed to the 

operation of an individual LWR. 

Comment (CM B-86): "...p. 2-10 states, an impact that is unique to the repository (among 

fuel-cycle facilities) is alteration of the topography due to intermediate thermal 

expansion and to subsidence of the backfilled mine. A shallow surface depression 

of a few feet is anticipated ultimately. In areas of any substantial rainfall, a 

lake could be expected to form in such a depression and percolating water would 

eventually dissolve a path down through the salt. The weight of the lake would 

accelerate the subsidence. Examination of this problem must await site selection." 

Response: Certainly any potential effect of long-term subsidence on salt dissolution must be 

included in site-selection studies. This includes the possibility of change of groundwater 

aquifers as well as change in their isolation from the disposal horizon (see Sees. 1.6, 3.3, 

and 4.3 of 0RNL-TM-4219, which is Ref. 56 of Sec. 4.4.1, NUREG-0116). 
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Comment (CM B-89): " principal reliance is placed on continued integrity of the final 

repository. However, consequences of early release in the repository are not 

analyzed in NUREG-0116 to determine if its integrity might be breached in the 

process." 

Response: Consequences of early release from the repository were analyzed in NUREG-0116. 

Leaching of wastes from the repository 100 years after emplacement is considered and the 

results of the analysis are given in Table 4.19. The consequences of a meteorite impact 1,000 

years after emplacement are displayed in Table 4.23. These events at earlier times are 

believed to have the largest potential consequences. 

The design and siting of a geologic repository will be performed to minimize the 

probability of events that might lead to containment failure and to maximize the radionuclide 

retention capabilities of the surrounding geology. Other characteristics of the repository 

that are optimized to reduce potential hazards to future populations are waste form, lack 

of water, capability of geology to restrict water movement, and depth of waste replacement. 

Reliance for repository integrity is not placed on any one characteristic. 

Comment (CM B-91, 92): The accidents selected for discussion are "low-consequence (high 

probability) accidents", and "are always less than the worst possible by a good 

margin". Repository accidents are "barely hinted at". 

Response: Throughout Chapter 4 of NUREG-0116 accidents are discussed. In general, the most 

severe accident is addressed. On p. 2-18 of NUREG-0116 the Task Force states that impacts 

from accident sequences other than those analyzed were judged to be negligible, based on 

analyses of representative accidents. 

Section 4.4.2 of NUREG-0116 discusses potential consequences (pp. 4-89 and 4-93, with 

Tables 4.19 through 4.24) of hydrologic failure of a repository and the potential consequences 

of a large meteoritic impact upon a repository. In the opinion of the Task Force these 

accidents are representative of "worst possible" repository accidents. (See also the Staff 

responses to NRDC's comments B-98 and B-99, in Section 3.3.1.2 below.) 

Comment (EPA B-160): "EPA believes that the operational facility for deep mine storage is 

not like the retrievable surface storage facility (RSSF) as indicated on page 2-9. 

An extensive amount of waste handling would have to be used in a deep mine before 

the adequacy of the emplacement methods could be verified. For example, 

retrievability considerations are much different for a deep mine than for an 

RSSF operation." 

(A similar comment was made by WIS B-29.) 
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Response: While retrieval would indeed be different between a deep mine and an RSSF, the 

surface operational facilities mentioned on p. 2-9 of NUREG-0116 and cited in the comment are 

similar to RSSF facilities, and serve similar functions. We therefore assume that the 

impacts would be similar. 

The operational facilities mentioned on p. 2-9 would be equivalent to the receiving 

facilities at the RSSF*, where waste shipments are received by rail or truck. The shipping 

casks are unloaded in the receiving cell by removing the HLW canisters one at a time. Each 

canister is inspected, decontaminated if necessary, overpacked if necessary, and transferred to 

the weld and test cell. Facilities and equipment are provided for decontaminating the shipping 

cask and for collecting and safely disposing of the decontaminants. Facilities are also pro

vided for handling failed overpacks, so that these can be opened and HLW canisters removed and 

re-overpacked. These types of operational support facilities would also be needed at a federal 

repository. 

The Task Force assumed that the environmental impacts attributed to a single reactor 

operation should be based on the mine in which the disposal would actually take place. Only 

a few canisters will likely be taken into or out of an unsuccessful mine, and if plans are made 

ahead of time for these retrieval operations, the impacts will be small and will add a very 

minor increment to each RRY. 

Comment (CM B-85): "There are serious problems with each of the possible geologic options. 

It may be that none of the present concepts is adequate. Available evidence 

indicates this." 

Response: Although the discussion in Sees. 4.4.1 and 4.4.2 of NUREG-0116 suggests the need 

for both generic and site-specific experiments and analyses, available evidence suggests that 

nuclide diffusion will be of limited extent, and that the radiation and thermal characteristics 

of HLW, while requiring analysis and limited emplacement density, will not result in significant 

radionuclide dispersal. 

Comment (WIS B-28): "Discussion of operational accidents is very briefly mentioned. The 

prospect of mine flooding on a site dependent basis is mentioned, and concluded 

that not enough data was available to provide for an analysis of this situation. 

The possibility of any salt mine flooding must be considered prior to adoption of 

any ruling on environmental impacts of waste management, especially if salt disposal 

is the only selected option studied, due to the possiblity of polar ice cap melt." 

(A similar comment was made by TM B-67.) 

*ARH-2888 REV, "Retrievable Surface Storage Facility, Alternative Concepts, Engineering 
Studies," Atlantic Richfield Hanford Company and Kaiser Engineers, July 1974, pp. 5-10 to 5-12. 
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Response: Mine flooding from the cause suggested by the commenter is highly improbable, and 

during the operational phase, flooding from any cause can be made unlikely. Even complete 

melting of the polar ice cap, which has never happened, would raise the sea level only about 

100 meters.* Thus, almost all the salt beds presently being considered are well above any 

flooding that might result from polar ice cap melt. Further, historical evidence shows that 

sea level has varied only tens of meters in geological times.* Thus, melting of the polar ice 

cap would not seem a mechanism that would breach the repository or flood a salt mine. Since 

the time scales of global cycles are of the order of tens of thousands of years, it seems 

highly unlikely that a salt mine during its operational phase (when flooding might be a problem) 

would be affected by any changes in sea level. However, the Task Force considers mine flooding 

during the operational phase to be an event against which precautions must be taken. The 

assumptions by the Task Force (although tacit) were that site selection would be such that 

mine flooding during the operational phase would be avoided. 

3.2.9.2 Radiolytic and Thermal Effects on Salt 

Comment (MS B-61): "NUREG-0116 considers the unlikely event of a meteorite strike as the 

most prominent accident scenario for accidental release of stored radioactive waste 

to the environment. Yet other means of release are much more probable and should 

have been identified long before this. The brine inclusions in Permian salt beds 

are mentioned, for example, but the possibility of their causing a thermal explosion 

or of fracturing the salt beds is not adequately discussed in NUREG-0116. Yet an 

Oak Ridge study (Bradshaw, et al.) states that salt mass that contained brine 

inclusions fractured with considerable violence when heated to 280°C. It also 

defined three possible mechanisms for fracturing, including (a) unequal thermal 

expansion along the crystal axis, (b) chemical reactions such as the combustion of 

organic materials, and (c) the pressure effects of brine inclusions. It seems that 

a followup of findings on each of these critical questions should be a part of this 

report." 

Response: Fracturing caused by heating of a brine pocket and the surrounding salt is an 

example of a Group Three process (stimulated by the thermal source) discussed on pp. 4-43 and 

4-87 of NUREG-0116. Section 2.2 of ORNL-4555 (for more details see Ref. 9, Section 4.4.1 of 

NUREG-0116) indicates that small (1 to 2 pounds) unconfined specimens of bedded salt will 

fracture when heated to 250°C. This section of ORNL-4555 then cites data and concludes that the 

fracturing is primarily caused by brine vapor pressure at elevated temperatures and the 

larger thermal expansion of brine when compared with salt. In a repository, the bulk of the 

salt is in a confined state and at temperatures below 250°C, conditions which will keep 

fracturing from occurring. Local fractures may occur as a brine pocket migrates to the 

surface of the emplacement hole immediately surrounding a HLW canister. Thermal design 

criteria (Refs. 65 and 66 of 4.4.1) have been selected to minimize (< 1% of the volume of a 

unit cell) the amount of salt at temperatures above 250°C, and the thermal power decay will 

limit the time during which brine will migrate to the test emplacement hole. Thus, the potential 

for fracturing will be minimized. 

*Glacial Geology and the Pleistocene Epoch, Richard Flint, John Wiley & Sons, 
New York, New York; 1947. on 
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Comment (MS B-61) "More thorough documentation is needed on the effects of radiation on salt, 

particularly the intensely high levels that will be present in the highly condensed 

solidified commercial wastes, and what the combination of radiation and thermal 

effects on the salt beds and their container and containment should be more complete 

than is given in NUREG-0116." 

Response: Refs. 14, 63, 64, 73, and 74 of Sec. 4.4.1 of NUREG-0116, describe stored energy, 

radiolysis, and hydrolysis effects in the geologic medium. 

Comment (CM B-85): "Although it is not discussed at any other stage, the problem of residual 

fission is mentioned in the spent fuel discussion on p. 4-116. Some neutron 

irradiation will occur producing activation products in the salt. No analysis is 

presented of the effects this will have in the repository or elsewhere. The effect 

may be small enough to be of no concern at most stages except for the repository 

where cumulative effects over geological time spans may be greater." 

Response: Activation products in salt and impurities of salt would result from neutron 

irradiation. The neutron source results from spontaneous fission of the transuranics and (a, n) 

reactions in the inert material of the waste. The magnitude of the neutron source is fairly well 

known for a given waste composition. The neutron source is small and it is believed that the 

effects of neutron irradiation would not be important relative to the gamma source which will 

be present in the HLW. However, no detailed and documented analyses of salt activation 

products have been performed. 

Comments (CEC B-137): "While the Supplement states that no serious problems arising from 

radiolytic or thermal effects in the repository were recognized which could not be 

counteracted by modification of the design or operation of the repository, it is 

acknowledged that the possible effects have not been completely evaluated." 

(CM B-85): "Perhaps the major problem area with bedded salt is the effects on the 

salt and its impurities (and inclusions) of emplaced HLW. Some of the properties of 

bedded salt that make it an attractive medium for a repository change under 

irradiation and high thermal loads. Solidified commercial HLW will be considerably 

hotter in both senses than materials used in tests during Project Salt Vault." 

Response: Further information is required for detailed analysis and some of this may require 

laboratory tests or field experiments. However, substantial information is included in the 

references to Section 4.4. While such information for detailed analysis is not available today 

for inclusion in NUREG-0116, it is the judgment of the Task Force that on the basis of available 

information, the maximum impact of radiolytic and thermal effects in the bedded-salt disposal 

concept would be considerably less than the consequences of other incidents resulting in water 

penetration to the repository, such as faulting, earthquakes, etc. Such events are discussed in 

some detail in the literature and are summarized in Section 4.4.2 of NUREG-0116. 
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Comment (WIS B-27, 28): "Metal canisters, packages, and sleeves that may be used in geologic 

final storage will be subject to oxidation and or corrosion in amounts dependent 

upon the metal alloy used, the compositions of the gasses and or liquids in contact 

with the metal, local stresses, and temperature. Analysis of environment on 

canisters and canisters on the environment are basics prior to ruling on environmental 

impacts. 

(Similar comments were made by CM B-85, 86, and NYDOL B-150) 

Response: As noted by the commenter, NUREG-0116 recognizes these problems (pp. 4-75 and 

4-77). During the provisional storage period techniques exist to protect the container from 

the medium (retrievability sleeves and overpacks). Repository monitoring would identify 

unexpected conditions, and actions ranging from overpacking to retrieval could be implemented. 

During actual long-term disposal, the container need not provide complete waste isolation since 

that is furnished by the geologic medium. 

Comment (CEC B-137): "On Supplement page 4-76, it is stated that interaction of wastes and 

salts in a repository could lead to the generation of explosive mixtures of hydrogen 

and oxygen or chlorates or perchlorates. It is not entirely clear that such events 

were included in the calculations of the consequences of repository failure beginning 

on Supplement page 4-86. If it has not been included, such events should be." 

(NYDOL B-150): "There is a need for site-specific, in situ experiments before the 

normal operation of a geological repository can be characterized. Two examples -

information is needed on the identities and amounts of radiolytic and thermal 

reaction products around a waste canister. Such products include possible explosive 

mixtures of H„ and 0~, chlorates and perchlorates (NUREG 0116, p.4-76) - 'Site-

specific in-situ data are needed for bulk bedded-salt permeability' (NUREG 0116, 

p.4-77) so that gas migration in the geological repository can be predicted. Table 

4.16 (NUREG 0116, p. 4-48) is unreliable without such experiments." 

Response: The discussion and calculation of consequences of repository failure are independent 

of many of the specific initiating events. 

If there were a chemical explosion in the repository as a result of radiolytically gene

rated gases, it might open a pathway by which water could penetrate the repository. The 

consequences would likely be similar to those caused by water penetrating as a result of 

faulting or fracturing from seismic activity, etc. Therefore the consequences discussed in 

Sec. 4.4.2 of NUREG-0116 also cover this situation. 
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Comment (WIS B-27): ". . . .This statement clearly points out the need for analysis to be 

completed on effects of disposal medium on containers of radio-active waste at a 

test pilot level prior to issuance of environmental impact projections. The effect 

of medium on container is basically unknown. Release of radionuclides into the 

environment may occur that were never expected." 

Response: The Task Force noted that such effects "must be understood and characterized before 

operational safety can be evaluated" (emphasis added). The Task Force cited a considerable 

amount of information regarding medium/waste-container interactions, including over 20 

references on page 4-76 alone. The Task Force did not find that such effects needed to be 

completely understood before environmental impacts could be estimated.-
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3.2.10 Transportation 

3.2.10.1 General 

Comment (DOT B-72): "...the report didn't include reference to DOT regulations which must be 

complied with to transport these materials." 

Response: DOT regulations are cited four times on p. 4-147, and on the same page, a section of 

GESMO is cited which summarizes all relevant regulations, including those of DOT. 

Comment (CM B-76): "The study does not discuss the full spectrum of possible transportation 

accidents or explain the assumed worker exposures given." 

Response: For each type of waste transported (low-level, TRU, and high-level) a spectrum of 

accident scenarios, including very severe accidents and the expected consequences, is discussed. 

Even considering very severe accident scenarios, it is concluded that radiological risk to the 

environment and humanity is small. 

Comment (CM B-92): Regarding occupational exposures in transportation, the hazard for drivers 

and other workers is inadequately defined. 

Response: Worker exposures estimated in NUREG-0116 are based on Sec. 4.9.3 (External Radiation 

Levels), p. 4-147, and exposure of workers to that radiation is delineated in Sec. 4.9.4 (Radio

logical Impact—Normal Transportation), p. 4-149. This information is based on the literature 

cited in the respective discussions. 

Comment (CM B-87): NUREG-0116, as did WASH-1248, assumes there will be no environmental 

radiological impact from transportation of wastes under normal (non-accident) condi

tions. It should be noted that average figures do not tell the whole story. Substan

tial infrequent exposures to individuals can occur and not be reflected in average 

statistics. 

"Estimates of average population density along transportation routes may not hold 

for specific locations nor may the assumed average residence times of the wastes. If 

a shipment were to become disabled or caught in traffic in a denser than average area, 

the impact could be significantly greater than calculated on an average basis. Perhaps 

more importantly, those persons nearest the vehicle longest (such as auto passengers 

caught in traffic or train repairmen) could incur substantial individual exposures. 

It should not always be assumed that the total impact is spread evenly over the total 

affected population." 

Response: Radioloqical impacts from normal transport are not assumed to be zero; they are 

calculated in the subsection titled, "Radiological Impact - Normal Transportation," on pp. 4-149 

and 4-151, and are summarized in Table 4.36. Maximum expected individual exposures from 
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radioactive shipments to and from a reactor were estimated in WASH-1238 and summarized in Table 

S-4 of 10 CFR Part 51. Because the conditions for an individual shipment of spent fuel (which 

causes the highest individual exposure) are essentially the same as for high-level and TRU waste, 

the estimate of WASH-1238 is valid for the waste shipments considered here. Individual exposures 

were estimated to range from 0.01 to 300 mi H i rem, the upper bound resulting from exposure of 

truck drivers transporting spent fuel. Since the maximum individual dose is below the recom

mended Federal Radiation Council (FRC) limit, the environmental impact may be measured by the 

population dose. Implicit in the population dose calculation are averages over situations where 

transport is slower or faster than normal and where population density is higher or lower than 

normal. Thus, although slow shipments through densely populated areas may tend to increase the 

average population dose, fast shipments through sparsely populated areas counterbalance the 

effects of such shipments. It is not assumed that individual doses are uniformly distributed 

through the population at risk, but since individual doses are well below recommended limits, 

population dose (computed by summing nonuniform individual doses) appears to be an appropriate 

measure of environmental impact. 

Comment (CM B-88): "In addition to truck, rail and barge shipments, the use of helicopters and 

modified 747 aircraft has been considered in the industry and plutonium oxide in 

kilogram quantities has been shipped by air internationally. These options present 

greater hazards for obvious reasons." 

Response: Because air transport is unlikely to be used for waste and if used, is unlikely to be 

a major transport mode, analysis of air transport would be significant only if the impact were 

out of proportion to the small expected number of shipments. The risk of air transport appears 

to be proportionately less than the risk of other modes because of lower accident rates, and the 

continuing regulatory program is expected to reduce the risk even further. 

Because of the Scheuer amendment, shipments of plutonium by air are not allowed in the U.S., 

except for research and certain medical purposes. However, NRC is in the process of developing 

and certifying a plutonium package capable of surviving the crash and explosion of a high-flying 

aircraft. This new package is considerably more rugged and crash-resistant than packages now 

licensed. When the certification program is complete, and these packages are licensed and used, 

the hazard posed by air shipments containing plutonium is expected to be very small; in fact far 

less than the hazard posed by shipment of plutonium by other transport modes. Shipments of 

waste by air are not likely because of the Scheuer amendment, other regulatory issues, and 

shipment size, weight, and cost. The most likely modes are truck and rail, as analyzed in 

NUREG-0116. 

3.2.10.2 Transportation of Spent Fuel 

Comment (CM B-87): "The treatment of impact from spent fuel shipments is inadequate One 

would naturally like to compare the projected dose rates in evaluating the two recycle 

options but we are not given the figures. It should be noted that initial shipments of 

3-85 



(3.2.10.2 Cont'd) 

spent fuel from reactors constitute the greatest transportation risk since the spent 

fuel is hottest then, still contains gaseous fission products (about 20% of the fission 

product total), and travels the greatest distance." 

Response: A primary goal of NUREG-0116 is to determine the environmental impacts of waste 

disposal in the nuclear fuel cycle and to modify Table S-3 of 10 CFR Part 51.20 to reflect the 

pro-rata impact for each reactor that would result from waste disposal activities. Table S-4 

of 10 CFR Part 51.20 describes the environmental impact of transportation of fuel and waste to 

and from a given reactor. Since transportation of spent fuel is considered there, those shipments 

need not be included in Table S-3 since the impacts thus would be counted twice. The environ

mental survey (WASH-1238) analyzes the impact of spent fuel shipments, and is the basis for 

Table S-4. Consequently, spent fuel shipments are not analyzed, nor do Tables 4.33, 4.34 and 

4.35 of NUREG-0116 refer to these shipments (the no-recycle case is the only one in which 

irradiated fuel is considered "waste"). The exclusion of spent fuel shipments from consideration 

in NUREG-0116 is stated in Sec. 2.9, p. 2-15, and in Sec. 4.9.2, p. 4-144. Some confusion may 

arise because impacts of shipments of irradiated fuel are included by reference (p. 4-149), but 

they are not quantified in any tables, for the reason stated above. 

Comment (EPA B-157): "Sec. 4.9.2 states that transportation impacts to and from reactors are 

described in WASH-1238...and, therefore, not considered. However, WASH-1238 was 

published in 1972, and the solid waste volumes assumed are significantly lower than 

those revealed by current operating data." 

Response: WASH-1238 was the basis for Table S-4 of 10 CFR Part 51.20. The purpose of NUREG-0116 

was to complete the regulatory record containing the basis for decision-making, so that the 

record, recently judged incomplete, would sufficiently treat waste disposal impacts. The adequacy 

of other parts of the regulatory record is not at issue. WASH-1238 was based on the best 

information available at the time, and is adequate to support licensing decisions. 

NRC is undertaking a review of its regulations related to transportation. On the basis of 

this review, the impacts in Table S-4 will be either verified or modified as required. 

3.2.10.3 Transportation Accidents 

Comment (CM B-92): Transportation accidents are conceivable which could create serious hazards 

even if considered improbable. 

Response: As stated regarding shipment of waste by air, the generally accepted criterion for 

evaluating the safety of an activity is the risk, not the hazard, associated with that activity. 

Hazard is defined as a real or potential condition, characteristic, or set of circumstances 

which can cause injury, death, or property damage, or can cause an event producing such losses. 

Risk is defined as the probability that the hazard of an activity will result in events or 

conditions leading to losses; it is a measure of the expected losses resulting from an activity. 

Society accepts finite risk for many activities, though the hazard involved in such activities 
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^ ^ may be great; the risk of using an automobile for transportation is accepted by nearly everyone, 

even though an automobile accident could result in death. For transport of fuel-cycle waste, the 

rate of occurrence of transportation accidents is small, and of those accidents occurring only a 

very small fraction will pose a serious threat to people or property. Since the frequency of 

occurrence of accidents posing a serious hazard is so small, risk resulting from such accidents 

is small. Activities involving small risks may be deemed acceptable even though a serious hazard 

may result infrequently. 

Comment (CM B-92): The incidence of shipping container leakage is not given. 

Response: The majority of waste is shipped in solid form, so that leakage from shipping con

tainers is expected to be small. The incidence of leakage from low-level waste packages is 
4 

discussed on page 4-151; it is estimated that one in 10 packages may be improperly closed; some 
radioactive material could escape from such a package, but minimal radiological consequences are 

likely. High-level waste is to be vitrified and sealed in packages with two containment 

barriers. The mechanism of leakage of radioactivity from HLW packages is difficult to visualize; 

the incidence of such leakage is expected to be exceedingly small, if indeed it ever happens. 

Since transport of spent fuel is incorporated by reference in this report, leakage of coolant 

from spent-fuel casks is not considered, but is treated in WASH-1238 and GESMO. 

Comment (CM B-92): Shipping accidents are not discussed in NUREG-0116 and the discussion in 

the references does not cover all the possibilities. 

Response: Shipping accidents are discussed on pages 4-151 and 4-152. It is impossible to 

analyze the worst possible accident. No matter how severe an accident is selected for treatment, 

a worse case can be postulated. What is required to perform an adequate risk analysis is that 

very severe incidents be considered to a degree sufficient to ensure that the contribution to the 

total risk of high-consequence, low-probability events is properly accounted for. More severe 

accidents than those considered in NUREG-0116 need to be treated only if it can be demonstrated 

that this probability of occurrence is high enough to significantly alter the total risk esti

mate. For transportation accidents, WASH-1238 and NUREG-0002, upon which this treatment is 

based, discuss very severe, highly improbable accidents. The contribution of such accidents to 

the overall transportation risk is negligibly small. Consideration of accidents with higher 

consequence and more improbability is believed unnecessary. 

Comment (CM B-92): "Natural events, such as tornadoes, earthquakes, and ice storms can play 

havoc with safety designs. Their potential is inadequately considered." 

Response: In considering the impact of waste transportation, the accident rates used are based 

on general transportation conditions, including transport during periods when natural hazards 

^^fc prevail and accident rates may increase. Since waste transport may be discontinued when environ-

^ ^ mental conditions reduce safety, transport risk estimates are likely to be conservative. 
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3.3 Risks and Impacts 

3.3.1 Long Term Risks 

3.3.1.1 The Model 

Comment (CEC B-135): "As acknowledged in the Supplement, no in-depth study of high-level 

waste repository failure has been completed." 

(WIS B-28): "On the subject of high level waste disposal in regard to the assessment 

of long-term risk, the staff states: 'Although rigorous verification of long-term 

risks for waste repositories is not possible, a methodology exists, and has been 

used, for estimating these risks.' This statement implies that the staff has over

stepped its speculative bounds." 

Response: See Generic Response #7. A proper risk assessment must be performed as realistically 

as possible. This means that physical processes must be understood and correctly modeled, and 

uncertainties properly taken into account. Such a realistic, complete assessment of the deep 

geologic disposal of radioactive wastes has not been completed. However, indicative but not 

comprehensive calculations have been performed and it is believed that results from these 

calculations represent upper limits of potential consequences from natural or man-made failures 

of a deep geologic repository. 

Realistic, complete risk assessments, as mentioned in App. C, NUREG-0116, will give the 

NRC a better understanding of the risks associated with deep geologic disposal and an indication 

of the parameters of the disposal system that are important for estimating the risks. 

The difference between ability to perform an analysis and the ability to verify results 

must be clearly distinguished. Risk analysis can be done using related information, and with 

reasonable confidence in the results obtained. The range of results may be fairly broad 

(e.g., two orders of magnitude) because of uncertainties in input information, but it is the 

level of the range (e.g., the order of 10 ) that is the indicator of risk magnitude. The 

staff would be remiss in not doing such evaluations when possible, even though results cannot 

be verified in the usual engineering sense. 

Comment (DOT B-14): NUREG-0116 should include pertinent information on research programs 

underway directed at final waste disposal and with risks from a long-term repository 

failure. 

Response: Such information was included briefly in Appendices B and C of NUREG-0116; additional 

information is provided herewith in Appendix F, and is available in transcripts of annual 

Congressional budgetary hearings. 

Comment (CM B-82): "Only 400 tons of reactor fuel has been reprocessed in the world. 

Twelve 1,000-MWe reactors produce that much each year." 
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Response: See Generic Response #2. As written, the comment understates the quantity of reactor 

fuel processed at NFS (over 600 tons) and does not include the thousands of tons processed in 

Europe (primarily in England and France) and the tens of thousands of tons reprocessed in ERDA 

facilities at Savannah River, Hanford, and Idaho Falls. 

Comment (CM B-76): "The report does not appear to be a forthright presentation of known 

risks and uncertainties." 

Response: See Generic Response #7. Access to detailed information on risks and uncertainties 

is provided via the references. The document itself attempts to summarize as succinctly and 

clearly as possible the risk issues and categories (p. 4-86) and the results of prior evalua

tions. The fact that past work does not fully cover risk situations that should be explored is 

clearly stated on page 4-94. 

Comment (TM B-67): "As I interpret WASH-1400, the entire spectrum of accidents at the chosen 

nuclear power plants was considered, together with their consequences and probabilities 

of occurrence. It is stated in the report that the main contributors to the overall 

societal risk are the family of core-melt accidents with severe consequences. (Class 

9 accidents I presume). The summary figures in WASH-1400, and as reprinted in other 

publications...show only plots of probability versus consequence. Such a plot obscures 

the significant variable, which is risk (probability times consequence)....The 

startling realization is that the past discussions of risks to society from postulated 

accidents...ignores these class-nine accidents and instead treats only the much less 

severe accidents which...make a negligible contribution to overall societal risk. In 

short, the AEC's assurances all these years that class-nine accidents were too 

improbable to worry about, turns out to be wrong. They are, in fact, the leading 

contributor to accidental risk to the public and to property." 

Response: Unfortunately, the reviewer misinterpreted and misused the information contained in 

the Reactor Safety Study (WASH-1400). This has led him from the statement contained in the RSS 

report, "This study concluded that risks from reactor accidents were dominated by those potential 

accidents that lead to melting of the reactor core," to his conclusion given in the Appendix to 

his letter that "...risk to society is dominated by low-probability but high-consequence 

accidents." His conclusion is incorrect. 

The reviewer incorrectly quotes the RSS report as stating that "...the main contributors 

to the overall societal risk are the family of core-melt accidents with severe consequences." 

The reviewer equates core-melt accidents with large consequences. The two are not synonymous. 

In fact, as given in the main report of the RSS (pp. 8-9), the most likely consequences of 

a core-melt accident are quite small. 

To support his conclusions, the reviewer uses a probability curve of early fatalities to 

construct a risk curve. Unfortunately the curve is a complementary cumulative distribution 
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function (CCDF) for early fatalities. A CDDF is a plot of the probability of equalling or 

exceeding a specified value versus the specified value. To perform what the reader has at

tempted to do he must use a probability density distribution of early fatalities. The conclu

sion obtained from doing it correctly is that the risk is dominated by low-consequence accidents 

Using the RSS methodology, it is possible to show that the estimated probability of exceeding 
_5 

10 CFR 100 radiation dose limits is approximately 10 /reactor year. 

Comment (NRDC B-98, 99): "Failure of a high-level waste repository represents one of the 

most serious scenarios one can imagine that would produce substantial environmental 

impact....Nowhere does the Commission attempt itself to assess the probabilities or 

to state whether it agrees or disagrees with the references " 

Response: See Generic Response #7. The inventory of radioactive fission products from the LWR 

fuel cycle at the end of the century would be substantial enough to pollute the waters of the 

world to concentrations approaching (within factors of 10) acceptable levels for drinking 

water. However, there is no known mechanism to achieve such a dispersion. The rate of release 

from a failed repository is likely to be of such low magnitude that even local concentrations 

would not approach disastrous levels. Only failure by a rapid event, such as a meteor impact 

or a volcano (both considered in NUREG-0116), would give rise to local concentrations of 

serious magnitude. The probability of a meteor impact of sufficient magnitude to release waste 
-13 

from the repository is quite small (̂ 10~ /year). By careful siting, it is possible to minimize 

the likelihood of a volcano appearing in a repository. The most complete analysis performed to 

date of radionuclide migration from a failed repository (discussed in Sec. 4.4.2, NUREG-0116) 

shows that local concentrations can produce potential radiation doses above background, but not 

at disastrous levels. 

3.3.1.2 Hazard Index 

Comment (CEC B-138): "In Figures 4.9 through 4.11...it appears the dilution volume of water 

is for the high-level waste averaged over the repository volume rather than for 

wastes concentrated in their original locations. We could not check the assumptions 

since the German reference for the figures was not made available. If, in fact, the 

high-level wastes were assumed to be averaged over the entire repository volume, the 

figures used in the Supplement would seem to understate the longevity of the hazard. 

This should be clarified." 

Response: The hazard index used in Figures 4.9-4.11 is independent of waste concentration. For 

one particular radionuclide, the hazard index is defined as the total quantity of radioactivity 

(curies) divided by the maximum permissible concentration of the radionuclide in drinking water 

(see equation, p. 4-88, NUREG-0116). Therefore, the total hazard index is determined by the 

quantity of wastes in the repository and not by their average concentration. In Figures 4.9-

4.11 the wastes considered are composed of all fission products and M of the actinides from 1 

MT of equilibrium-enriched uranium fuel discharged from a large pressurized LWR with a burnup 
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of 34,000 MW.. days. Therefore, the curves represent an overestimate of the HLW hazard index 

because several f ission products (e .g . , 1-129, H-3) w i l l not readily follow the HLW stream in a 

reprocessing plant. 

Comment (DOI B-143): "Figure 4.11...suggests that the radioact iv i ty and hazard index of 

wastes would decrease about 100,000-fold between the age of 10 years and one mi l l ion 

years. But because of the very high i n i t i a l radioact iv i t ies and large quantities 

involved, the repository apparently would s t i l l contain about 100,000 curies of 

radioact iv i ty after one mi l l ion years, within a volume of about 70,000 cubic meters. 

I t would be helpful to c la r i f y whether these figures are correct." 

(TWQ B-148): Does the "uranium fuel recycle" trace on Fig. 4.11 signify the hazard 

from disposing of a l l plutonium, or is the plutonium recovered and stored? I f not 

the former, what would such a trace look like? Can the hazard of spent-fuel disposal, 

without reprocessing, be represented on the figure? 

Response: Both the radioact iv i ty and the hazard index of HLW would decrease by about a factor 
5 

of 10 between 10 years and one mi l l ion years. I n i t i a l l y the repository would contain of the 

order of 10 curies. Therefore, over a mill ion-year period the total radioact iv i ty of the 
c 

repository would decrease to about 10 curies. Most of this radioactivity would probably be 
7 3 

distributed in a volume of 5 x 10 m of the original repository emplacement medium. This 

volume is defined as the area required for 4000 RRY (1250 acres on p. 4-79 of NUREG-0116) times 

the thickness (10 meters) of the portion of the geologic medium containing the wastes. 

3 
It is not clear what the volume (70,000 m ) cited in the DOI comment refers to. Most 

probably it is the waste volume emplaced in the repository. However, over a time period of one 

million years it is not meaningful to describe the waste volume in terms of the original 

canisters and packages. 

Figure 4.11 provides a scaling function for estimating the relative hazards of HLW and 

uranium ore. Relative positions of the curves will depend on actual quantities of wastes and 

ore; the basis for the curves is the waste from 1 MT of spent fuel and the uranium-ore (0.2%) 

of 505 MT, which corresponds to the associated volume of 1 MT of spent fuel and the surrounding 

geology. The shape of the curves (i.e., as a function of time) is independent of quantity. 

The statement that the figure implies a hazard comparison between fuel reprocessing waste 

and uranium ore is correct. However, the comparison is only as valid as the assumptions 

underlying the use of the hazard index as a risk indicator. As stated in NUREG-0116, the index 

is only one measure of potential hazard due to existence of radioactivity; it does not take 

into account dynamic phenomena such as different relative rates of migration of various nuclides 

through soils and different biosphere pathways that can significantly affect actual risks. 
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The "uranium fuel recycle" trace signifies the wastes from the reprocessing of 1 MT of 

fuel. In reprocessing, 1% of the plutonium present in the spent fuel is lost to the wastes. 

The separated plutonium (99%) is recovered and stored. If the plutonium were not recovered, 

but remained in the waste, the trace would be shown in Figure 4.11a. 

The hazard of spent fuel disposal can indeed be represented on Fig. 4.11, and is shown in 

Figure 4.11a below. 

Comment (DOI B-145): "Figures 4.10 and 4.11...suggest but do not state that the wastes in 

the case of the uranium fuel recycle option would be roughly as hazardous after one 

million years as they would be after 100,000 years. 

"No specific discharge rate has been provided for curium-247 in Appendix A. This 

information would be desirable because its radioactivity is evidently great enough, 

and its half-life of 40 million years is sufficiently long, that after 100,000 years 

it would be a major contribution to the overall radioactivity level of certain 

portions of the waste." 

Response: To postulate that wastes are as hazardous after one million years as after 100,000 

years requires the assumption that different chemical elements behave similarly in the environ

ment. As explained in NUREG-0116, the hazard index is only a measure of potential hazard due 

to radioactivity, and does not take into account dynamic phenomena such as different relative 

rates of migration of various nuclides through soils and different biosphere pathways that can 

significantly affect actual risks. 

As explained at the beginning of Appendix A in NUREG-0116, nuclides with a specific 

activity of less than 0.001 Ci/MT of fuel 150 days after irradiation time are left blank. The 

specific activity of curium-247 would be about 10" Ci/MT of fuel and would remain essentially 

constant over the first million years of decay. It is not likely to be a significant contri

butor to the overall radioactivity, or hazard, of the wastes. 

Comment (DOI, B-143): "According to our understanding of the Supplement, this most highly 

concentrated 15 percent of the waste (HLW) would be 10 to 20 times as radioactive as 

the remaining 85 percent of the wastes...It would be helpful to provide an evaluation 

of how the initial radionuclide content would affect the long-term activity of the 

four major classes of wastes requiring disposal in a Federal repository...for 

example after 500,000 years and one million years." 

Response: The four classes or groups of wastes listed (spent fuel, high-level waste, transuranics, 

and hulls) have comparable levels of contamination, as far as the TRU elements are concerned. 

The table below summarizes the relative degree of Pu or TRU content. 
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Figure 4.11a— Summary of Hazard-Index Components From a 1000-MWe PWR 
(Wastes from 1 Metric Ton of Fuel at 34,000 M W T H D) 
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Spent Fuel 

High- level Waste 

TRU Wastes 

Hulls/Hardware 

Pu (as a waste) 

Pu_ 

100 

0.5 

0.5 

0.5 

98.5 

TRU ( less Pu) 

100 

95 

negl i g i b l e 

n e g l i g i b l e 

5 

A significant, portion of our conservatism in assessing repository performance is that afte» 

conversion to permanent disposal, no credit or allowance is taken for the nature of the canister 

or container in which the waste is held. The basic design criterion for the repository is that 

the geologic structure itself is adequate to retain the wastes. 

Comment (EPA B-157): "EPA questions the use of the so-called relative hazard index (RHI) in 

Section 4.4 and elsewhere. In the past, several such indexes have been used in 

assessment of the hazards posed by radioactive materials by various authors. However, 

a certain amount of confusion has resulted due to the fact that several different 

definitions exist, and there is no general agreement in the scientific community 

concerning the acceptability of the RHI." 

Response: The Staff recognizes the lack of general agreement on the applicability of a hazard 

index to radioactive wastes. Section 4.4.2.2.1 clearly points out the shortcomings of the 

hazard index. Nevertheless, the index is one of the few easily understood ways of graphically 

displaying some time-dependent properties of the wastes. 

Comment (EPA B-155): "The report provides much data and information, but does not adequately 

justify various assumptions, calculations and radiological doses. For example, the 

use of a relative hazard index (RHI) is not widely accepted by the scientific community 

Response: The comment cannot be answered generically since the Task Force clearly felt its 

assumptions regarding the use of the RHI were adequately justified. The example selected is 

irrelevant since the relative hazard index was used only to illustrate information with reqard 

to long-term risks. 

3.3.1.3 Accident Scenarios 

Comment (CEC B-135): "The Supplement states that overall, we find experience and experi

mental data adequate for the assessment of impacts of normal operation of all parts 

of the system. (Supplement page 2-2). However, abnormal occurrences have only been 

analyzed for parts of the system and not all accident sequences have been analyzed." 
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Response: Not all accident sequences for waste management and reprocessing have been analyzed 

in the literature, as observed by the Task Force and quoted by the commenter. In spite of 

this lack of information, the judgment of the Task Force was that environmental impacts could 

be estimated for a range of values adequate for use in the licensing of an individual reactor. 

Comment (TM B-66): "The most serious flaw is the failure (with one exception) to discuss 

large-consequence accidents and acts of sabotage, even though these large-consequence 

events may well be the major contributors to public risk It seems likely that this 

will also be true of risks (consequences times probability) in the reprocessing and 

waste management portions of the fuel cycle, but the limited scope of NUREG-0116 does 

not allow a judgment to be made. Consequently, the proposed interim rule lacks 

credibility until the full spectrum of contributors to risk have been presented and 

documented." 

Response: In fact, large-consequence events are subjects of considerable discussion in 

NUREG-0116, both in individual sections on technologies with regard to accidents, and in an 

entire section devoted to sabotage. While the Task Force concluded (p. 2-18) that information 

available about such events in the literature does not provide the basis for reaching a detailed 

conclusion, they did find that it was possible from available information to reach a reasoned 

judgment that these events contributed negligibly to the totals of environmental impacts in 

Table S-3. 

Comment (CM B-76, 78, 83, 92): "Abnormal events and accidents are not realistically or 

thoroughly examined. Only lower-consequence events are mentioned." 

"Natural events, such as tornadoes, earth quakes, and ice storms can play havoc with 

safety designs. Their potential is inadequately considered." 

Response: The Task Force noted (p. 2-18) that not all accident scenarios are calculated or 

evaluated in the available literature. Accidents that have been calculated range from very 

low-consequence to very high-consequence events. A number of each are mentioned throughout 

NUREG-0116. In most cases, the one calculated was an event which was judged to be both 

of reasonable probability and of significant consequence. For example, at the disposal and 

handling facilities the most serious but still unlikely event was the dropping and breaching of 

a cask during handling. This was calculated in terms of the effluents from such an event. In 

the long term at the repository the event of the highest consequence that the Task Force could 

conceive of was one that had been treated in the literature, namely a meteor impact. This 
-13 event, however highly improbable (10 /yr), was therefore dealt with in the discussion. 

Regarding natural phenomena, the structures, systems, and components that confine radio

active materials are designed to withstand the effects of such phenomena. 
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3.3.2 Sabotage 

3.3.2.1 General 

Comment (CM B-76, 83, 90): "Sabotage has not rea l i s t i ca l l y been considered for any of the 

steps covered." 

Response: Both potent ial ly large-consequence events, such as explosive penetration of a spent 

fuel or HLW shipping cask or rupture of an underground l iqu id HLW storage tank, and potent ial ly 

small-consequence events such as p i l f e r i ng , have been considered. No claim is made that our 

treatment of sabotage is exhaustive or does not admit a l iberal amount of judgment, but an 

attempt was made in NUREG-0116 to discuss the subject rea l i s t i ca l l y . 

Comment (CM B-91): " I t should immediately be pointed out that a discussion of 'features and 

procedures' designed to reduce the r isk of sabotage, in no way exhausts the subject. 

The weaknesses of those features are not brought out." 

Response: Our purpose was to describe the present situation and not necessarily to assess the 

rules and regulations governing that s i tuat ion. Such assessment is a subject of constant inquiry 

by the NRC. An evaluation of present regulations regarding transportation, including packaging, 

of radioactive materials was in i t ia ted in an advance notice in the Federal Register of June 2, 

1975. An environmental statement wri t ten as part of th is evaluation (NUREG-0170) is scheduled 

for release on or about February 22, 1977. This statement contains an analysis of protective 

features and procedures for transportation safety and security. Other studies of f ixed-si te 

vulnerabi l i t ies to acts of sabotage exist outside the public domain. 

Comment (CEC B-139): I t is unclear whether sabotage impacts have been included in the revised 

Table S-3. 

Response: The risks of sabotage are judged to be negligible and therefore no entry is given in 

Table 2.10 in NUREG-0116. This judgment is based on the required protective measures of physical 

securi ty, in t r ins ic protective features of containment systems required by regulations, and 

assessment of radiological consequences of given successful acts of sabotage. The NRC is con

ducting consequence studies of postulated sabotage events in a l l fuel-cycle f a c i l i t i e s to assess 

current regulations and possible regulatory improvements as part of i t s continuing review of the 

adequacy of present safeguard measures. 

Comment (TM B-66): "The most serious flaw is the fa i lure (with one exception) to discuss 

large-consequence accidents and acts of sabotage, even though these large-consequence 

events may well be the major contributors to public r i sk . " 

Response: With respect to sabotage, the true risks are not understandable unt i l more information 

is acquired about probabi l i t ies. However, since sabotage constitutes directed human behavior, 

3-96 



(3.3.2.1 Cont'd) 

intrinsic probability information is not obtainable. A study concerning sabotage of nuclear 

reactors concludes that "for many credible sequences of events sufficient time is available after 

initiation for a plant damage control team to nullify or mitigate the consequences of the attack" 

(SAND-75-0504). Some parallels can be drawn for waste management and reprocessing facilities, 

since a considerable time lag occurs between the initiating event and the release. Both low and 

high-release categories of sabotage events at such facilities have been considered (Ref. 38, 40; 

Sec. 4.10, NUREG-0116). 

The NRC Safety and Safeguards programs take into account and are directed toward the pre

vention of acts that might lead to significant consequences, as well as toward the mitigation of 

effects that any attempts at sabotage may have. Subjective judgments of risk or probabilities of 

occurrence are made separately. 

Comment (EPA B-161): "EPA believes that the quote on page 4-161 from the Reactor Safety Study 

should not be considered applicable to sabotage, as it has not been established that 

the population and weather are independent." 

Response: The Task Force agrees that a saboteur could arrange for a release, the worst weather, 

and the worst population conditions to occur simultaneously, but this arrangement would not 

guarantee a large consequence because of several other factors. In the report "Safety and 

Security of Nuclear Power Reactors to Acts of Sabotage," SAND-75-0504, the following statement 

expands this assertion: "Many factors influence the consequences: the sabotage option chosen, 

the operating status of the engineered safety features, the containment failure mode, the time 

and space variation of the wind and meteorological conditions, the site population distribution, 

and the extent of emergency response by on-site and off-site personnel. Control of all these 

factors is well beyond the capabilities of a credible sabotage operation." 

3.3.2.2 Sabotage of High Level Waste Storage Tanks 

Comment (TM B-66): ". . .no reference is made to the rather awesome consequences of a nuclear 

weapon dispersing the contents of a high level liquid waste storage tank." 

Response: Use of nuclear weapons has been considered, but was not included in the NUREG-0116 

document because the effects of a weapon itself would dominate those of scattered radioactive 

wastes, at least in the near term. In addition to the Chester study (0RNL-4413) regarding HLW 

tanks, a Sandia study (SAND 76-0002) is publicly available which addresses nuclear attack on an 

RSSF. This study indicates the packaging will remain intact for the explosion of a kiloton 

device, such as might be conceived for an act of sabotage. 

Comment (TM B-67): "Other examples of failure to consider large-consequence accidents or 

sabotage can be cited, such as the failure of containment, due to loss of cooling 

and/or explosion of H« in a high level waste tank." 

(A similar comment was made by EPA B-162.) 
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Response: Effects of cooling-system incapacitation (low-release category) and of breaching of 

tank, tank vault roof, and earth cover with cooling-system incapacitation (high-release category) 

as might result for example from a hydrogen explosion, have been calculated (Ref. 38, Sec. 4.10 

of NUREG-0116). Our text on th is subject contained a typographical error, indicating Ref. 30 

instead of Ref. 38. This correction is noted in the errata to NUREG-0116 (Appendix E of the 

present document). 

Comment (NYSDEC B-110): "In discussing the environmental effects of sabotage the report 

includes the High Level Liquid Waste Storage Tanks. The evaluation is based on assum

ing the l iqu id high level waste is caused to boil and escape through the pipe tunnels 

over a period of f ive days. I t is suggested that NRC evaluate the effects of the 

rupture of the tanks and concrete vault and the release of the high level l iqu id 

wastes to the environment, part icular ly any nearby stream, r iver or lake." 

Response: Consequences to public health and the extent of land contamination are considered in 

Ref. 38 (Section 4.10, NUREG-0116) for rupture, as might be caused for example by a large explo

sive charge at an underground storage tank containing l iqu id HLW. For release of short- l ived and 

long-lived radionuclides, decontamination costs for a part icular land-use scenario are analyzed 

for transportation accidents in the NRC "Environmental Statement on Transportation of Radioactive 

Materials by Air and Other Modes" (NUREG-0170), which is scheduled for release on or about 

February 22, 1977. This information is not d i rect ly applicable to releases from l iqu id HLW 

storage tanks, but is helpful in ascertaining environmental effects. The NRC is conducting 

additional consequence studies of sabotage events as part of i t s continuing review of safeguards 

measures to protect public health and safety. 

The effects of release of l iqu id HLW to bodies of water, such as nearby streams, r i vers , or 

lakes, have not been evaluated. However, effects of released radioact iv i ty from upper-bound 

accident scenarios, which would presumably be smaller than the effects of l iqu id HLW releases, 

have been considered for reactors ("Draft Liquid Pathway Generic Study," NUREG-0140, September 

1976). Such information w i l l be developed in the course of the consequence studies mentioned 

ear l ie r . 

Conment (CM B-91): "The HLW tanks are obvious targets readily breached by widely available 

weapons. The hypothetical incident analyzed is far from the worst case." 

(A similar comment was made by EPA B-162.) 

Response: Consequences of rupture by a large explosive charge of an underground storage tank 

containing HLW are analyzed in Ref. 38, Sec. 4.10, NUREG-0116. Such an event is one of several 

that are possible but not l i ke l y , and represents a serious event that would result in greater 

radiological emissions than can be precipitated by a high-explosive pro jec t i le . Simi lar ly, the 

effects of such a project i le on spent-fuel storage pools, although constituting an unprecedented 

act of domestic U.S. peacetime violence, would not precipitate an o f fs i te release of radiation 

greater than that dealt with in NUREG-0116 because optimum placement of an explosive charge to 

crush the spent fuel was the situat ion considered. 
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Comment: (EPA B-162): "As stated on page 4-162, 'a tank content of waste accumulated over half 

a year of reprocessing' was assumed in calculating total number of effects due to a 

sabotage in i t ia ted release from a high-level l iqu id storage tank. In our opinion this 

[ i s ] not rea l i s t i c since wastes may be stored 5 years before so l id i f i ca t ion . (In addi

t i on , the reference to 'Ref 30' appears to be in error, as i t apparently was published 

5 years before the f ina l WASH-1400)." 

Response: The quantity of waste in a storage tank considered in Ref. 38 (the text contained a 

typographical error , incorrectly pointing to Ref. 30 instead of Ref. 38; the correction is noted 

in Appendix E) is that produced by reprocessing 1000 MTU of spent fue l . From Table 3.3 on p. 3-15, 

this amount represents half the annual output of the model plant. As explained on p. 4-12, the 

reference tank holds 300,000 gallons of waste. Using a concentrated waste volume factor of 300 

gallons per MTU of spent fuel reprocessed, the quantity considered corresponds to a f u l l storage 

tank. The fu l l storage tank at the NFS f a c i l i t y (discussed on p. 4-14) is di f ferent because i t 

contains 600,000 gallons of waste. However, this waste is not self-heating and the release from 

a similar sabotage event would be substantially less than in the case considered in Ref. 38. 

The conment then becomes a question of whether releases from one (representing a half-year 

of reprocessing) or up to ten (representing a five-year accumulation) storage tanks should have 

been considered for rea l is t ic assessment. In our opinion, a catastrophic event of the kind 

described in Ref. 38 is unlikely in i t s e l f . I f more than one tank is ruptured, the consequences 

increase l inear ly but the probabi l i ty is commensurately decreased. 

3.3.2.3 Sabotage/Reprocessing and Waste Management 

Comment (EPA B-161): "The discussion of the potential for sabotage should include the poten

t i a l consequences of blockage of coolant flow of a number of RSSF containers. The 

potential consequences of venti lat ion stoppage at a bedded salt repository should also 

be discussed." 

Response: Section 3.2.7.1 of NUREG-0116 discussed the reference design of the canister. Using a 

canister 12 inches in diameter and 10 feet long, containing waste aged 10 years which occupies 
3 

2 f t per metric ton of heavy metal, we can estimate the temperature effects of airf low stoppage 

on a storage uni t . * For PWR-U fue l , the following temperatures would be attained: 

Canister 730°F 

Cask 640°F 

Inner Shield 59Q°F 

The canister is fabricated from 304L stainless s teel , so no signi f icant corrosive or strength 

fai lures would result from a temperature of 730°F. The cask is fabricated of 2-inch-thick carbon 

*D. E. Larson, "High Level Waste Canister, Thermal Characterization for the Sealed Storage Cask 
Concept" (ARH-LD-104), December 1974, p. 50. 
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steel, so no significant corrosive or strength failures would result from a temperature of 640°F. 

The inner shield is fabricated from reinforced concrete, and at a temperature of 590°F some 

spalling might be expected. However, the shield is 38-40 inches thick, and the amount of con

crete that might spall should not be more than 1-2 inches in depth. 

After such an air-flow stoppage,the storage unit would be retrieved and inspected for 

damage. The storage cask and the inner shield could either be replaced and/or repaired as deemed 

necessary. 

In an underground repository, the bedded salt serves as the medium for transferring heat 

away from the stored HLW canisters. Current plans by ERDA's Office of Waste Isolation indicate 

that during provisional storage, most of the HLW emplacement rooms would be closed to ventilation 

air except during inspection or retrieval. If ventilation were stopped in other areas of the 

repository, underground activities, including mining and waste emplacement, would cease and 

personnel would be evacuated until ventilation was restored. 

Comment (EPA B-161): "Page 2-17 mentions consequences of sabotage and also the consequences of 

transportation accidents; if they are related in some way, it should be indicated." 

Response: The sentence in question should be corrected to read: "The most serious consequences 

calculated are about one early death and up to 300 latent cancer deaths from the most serious and 

improbable transportation sabotage events, and ten early deaths and 400 latent cancer deaths for 

the highly unlikely sabotage of a high level waste storage tank." This correction is noted in 

the errata (see Appendix E). 

Comment (WIS B-29): "A specific deficiency that needs to be addressed is the environmental 

impact on contamination of farm land and urban areas due to terrorist activities which 

result in the release of radioactive materials." 

Response: Costs of decontaminating farm land and urban areas depend on the concentration and the 

chemical and physical forms of radionuclides in the released material. Extensive discussion of 

decontamination is available in the Reactor Safety Study (WASH-1400, Appendix VI, Appendix K). 

Consequences to public health and the extent of land contamination are considered in Ref. 38, 

Sec. 4.10, NUREG-0116 for rupture by a large explosive charge of an underground storage tank 

containing liquid HLW. An analysis of decontamination costs for transportation accidents in a 

variety of land-use environments is included in the NRC "Environmental Statement on Transportation 

of Radioactive Materials by Air and Other Modes" (NUREG-0605), which was not available at the 

time of publication of NUREG-0116. This document is scheduled to be available on or about 

February 27, 1977. The results are presented as tabulated decontamination costs for standard 

releases of 600 Ci of both short-lived and long-lived radionuclides, a graph of areas contaminated 

vs activity released, and a graph of decontamination costs vs activity released. 
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For perspective, sabotage of a spent-fuel cask might result in a release as large as 10,000 

Ci of long-lived radionuclides (considering 30-year h a l f - l i f e cesium to be a long-lived radio-
8 2 nuclide). This analysis indicates that such a release might contaminate 4x10 m to a value of 

? 
0.65 pCi/m or greater, not necessarily uniformly. This area could be decontaminated, but at 

some cost. 

3.3.2.4 Motivation for Sabotage 

Comment (CM B-91): "The l i s t of speculative saboteur motivations on p. 4-154 omits symbolic 

destruction and, obvious as i t i s , power disrupt ion." 

CEPA B-161): " . . . the indirect threat to the public relations aspect of the nuclear 

industry of plutonium dispersal would seem real and the cause and effect quite apparent, 

so that such threats might seem to have u t i l i t y to a t e r ro r i s t . " 

Response: Discussion of these motivations certainly has a place in national debates over the 

economics of the power industry or other u t i l i t i e s . The effects of such sabotage might include 

economic loss, industry embarrassment, or adverse publ ic i ty . However, the NRC's role in 

regulating the nuclear industry is to protect public health and safety, and the common defense 

and security. Only i f sabotage, whatever i t s motivation, impinged upon these areas would i t 

become of concern to the NRC. 

Power disruptions could conceivably lead to degradation of health, safety, or defense 

because of our society's dependence on electr ic power for health-care and security systems. But 

because emergency power sources are provided for c r i t i ca l elements in these systems, sabotage 

affecting the areas under NRC's responsibi l i ty would require acts larger than disruption of the 

power output from a single nuclear power plant. 

Comment (EPA B-161): "Section 4.10 asserts that the existence of motivation to sabotage 

nuclear f a c i l i t i e s has not been proven. The fe l l i ng of the meteorological tower at 

Montague, Mass., and bombings of various f a c i l i t i e s in Europe appear to argue to the 

contrary. I f they do not, explanation of the correct interpretation of such events 

should be provided." 

(A similar comment was made by TM B-67.) 

Response: The intended meaning of the statement that the existence of motivation to sabotage 

nuclear f a c i l i t i e s has not been proven (NUREG-0116, p.4-153) can be expressed more clear ly. Two 

orders of threat are recognized, according to whether public health and safety or common defense 

and security are jeopardized by a deliberate act of sabotage through the release of radioactive 

material or by an increase in radiation f ie lds . I f not, the threat is of the same order as and 

might be categorized with hoaxes, threats of violence, actual or attempted break-ins, arson, 

bombing of a f a c i l i t y in the construction stage, or contamination of a symbolic target. Such 

threats are discussed on p. 4-155 of NUREG-0116. Many threats of this lower order have been 
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recorded. The statement on p. 4-153 is intended to apply only to threats of a higher order whicri 

jeopardize public health and safety, or common defense and security. Such threats have not been 

ident i f ied and no such domestic threat has occurred. 
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3.3.3 Health Effects 

3.3.3.1 General 

Comment (MS B-58): "...the testimony of Dr. Robert 0. Pohl of Cornell University at the Barn

well reprocessing plant revealed that the expected or allowed release rates during 

normal operation of some of the most dangerous radioactive pollutants from this plant 

have not even been established, although some of them could cause world-wide health 

hazards." 

"...MPC's do not take into consideration the bioconcentration mechanisms." 

(Quoting from Dr. Edward Radford) "'Another limitation of 10 CFR 20 is that it does not 

deal with the question of selective buildup of most radionuclides in the tissues of 

living organisms....As matters stand now, the Maximum Permissible Concentrations given 

in the Code of Federal Regulations dealing with radiological protection are calculated 

on the basis of a radiation dose three times as great as the maximum gonadal dose 

recommended by the ICRP for exposure to large populations, and this dose is applied 

individually to each of the nuclides listed.' '...the Atomic Energy Commission has 

fallen back on the idea of allaying fears of the amounts actually being released...by 

giving them as percentages of the MPC values. Usually these are said to be less than 

1% for most radionuclides and thus too small to worry about '" 

Response: The relationship between exposure concentrations and individual dose is known for all 

radionuclides expected to be released from an FRP such as Barnwell. Maximum allowable exposure 

rates to members of the general public, as stated in Title 10, CFR Part 20, are based on recom

mendations of the Federal Radiation Council. It can be stated unequivocally that the NRC will 

not allow any nuclear fuel cycle facility to operate in violation of these regulations. It is 

also required that licensees operate as far below these allowable exposure rates as is reasonably 

achievable in accordance with Title 10, CFR Part 50. 

Although it is true that the MPC's do not take into consideration biological concentration 

mechanisms, 10 CFR Part 20.106(C6) explicitly states that reconcentration mechanisms must be 

considered in determining individual doses. 

In contradiction to Dr. Radford's testimony, maximum individual doses are calculated by the 

NRC in accordance with the recommendations of the ICRP. These recommendations include summing 

the contributions from each radionuclide and requiring the total dose to be within the guidelines 

of the ICRP. If the number of exposed individuals represents a suitable sample of the popula

tion, the guideline maximum dose is divided by three, in accordance with ICRP recommendations. 

When the NRC (or AEC) stated that the releases of radionuclides from reactor facilities were 

less than 1% of 10 CFR Part 20 values, the reference was to the sum of the doses from each 

radionuclide, not the MPC for each radionuclide. In fact, Appendix I to 10 CFR Part 50 estab

lishes design objective effluent quantities for all LWR's. These effluent quantities should 

result in individual doses no greater than about 1-2% of the ICRP individual dose limitations. 
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Comment (CM B-80): "For example, on page 2-11 it is claimed that '...modeling can be done of 

the transport of nuclides through the geosphere and biosphere, ingestion by man, and 

dose to man.' Without going into the faults of modeling, this statement is typical of 

the ecological naivete of the nuclear industry. There are literally billions of vastly 

differing food chains only a miniscule [sic] few of which have been studied at all. 

Reliance on models based on those few is foolhardy." 

Response: Transport of radionuclides through the biosphere and geosphere has been the subject of 

investigations for over 30 years. Contrary to the comment, much information has been gathered 

concerning the environmental behavior of most radionuclides. This information is used in our 

dose models. In addition, in areas where there is uncertainty about the environmental behavior 

of radionuclides, assumptions are made which are expected to overestimate the actual effects (see 

Appendix C). 

Comment (CM B-76, 92): "There is no discussion whatever of radiological impacts on biota other 

than man This omission constitutes a major failure to comply with NEPA." 

Response: Under the heading "Effects on Biota Other than Man," NUREG-0116 deals with this area 

on pp. 4-172 through 4-175. Radiological effects on these biota are not significant or even 

observable when radiological effluents meet requirements for ensuring the safety of human beings. 

Commonly cited references supporting this fact are: 

Auerback, S. J.; "Ecological Considerations in Siting Nuclear Power Plants. The Long Term 

Biota Effects Problems," Nuclear Safety, 1_2, 25, 1971. 

"The Effects on Populations of Exposure to Low Levels of Ionizing Radiation," Report of the 

Advisory Committee on Biological Effects of Ionizing Radiations, NAS-NRC, 1972. 

Blaylock, B. G. and J. P. Witherspoon, "Radiation doses and effects estimated for aquatic 

biota exposed to radioactive releases from LWR fuel-cycle facilities," Nucl • Safety, 17:351-361, 

1976. 

Comment (NYDOL B-132, 133): "For C-14, GESMO assumes 25 grams nitrogen/MTHM in fresh fuel." 

The basis for this assumption along with the magnitude of ...[not readable] estimates 

must be discussed. Considering that the relationship between nitrogen and C-14 was 

only recently discovered, we are not convinced that other radioactive daughter products 

may not be produced from other gases dissolved in uranium fuels, and therefore may not 

be predicted by the Origen code." 

(A similar comment was made by EPA B-158.) 

Response: The question of the presence of C-14 has been raised over the past year or so. Its 

source is hypothesized to be No adsorbed on or contained in fuel pellets. The quantity of N2 
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estimated to be present depends upon various fuel production parameters such as process gas 

composition and pressure and similar fuel-rod fill-gas data. All of these differ among the 

various fuel fabricators, and the value presented in NUREG-0116 is an upper limit of these data. 

It is to be noted that C-14 has not yet been detected in spent fuel and so its possible hazard 

has not been verified. 

Since the types of gases associated with the processing of fuel are quite limited, addi

tional possible hazards are equally limited. No further problems are presently foreseen. 

The accuracy of fission product data for long-lived volatiles is considered quite good; 

i.e., to within 1%. 

Comment (EPA B-158): "Appendix A of Chapter IX of the Final GESMO (the model used in NUREG-

0116) indicates that the C-14 population dose commitment was calculated by diluting 

the C-14 curies released into the volume of the world's atmosphere. Also, carbon-14 

is assumed to be removed from the environment with a removal half-life of six years. 

The specific references indicating the applicability of these assumptions to C-14 dose 

commitment projections should be presented. The six-year removal half-life apparently 

only accounts for removal of C-14 from the troposphere to the mixed layer of the 

oceans. Return from the mixed ocean to the troposphere as well as exchanges to and 

from other environmental reservoirs are not even considered. Therefore, the concen

tration of C-14 in the troposphere is underestimated by the pathway model presented. 

EPA believes that the preferred model for world transport of carbon-14 is the one 

developed by Machta." 

(A similar comment was made by SC B-46.) 

Response: The Staff used the Machta model in its evaluation of C-14 releases. The reference to 

the six-year half-life was to indicate turnover rates in the environment, and therefore reflects 

only transfer from the troposphere to the mixing layer of the ocean. This discussion in the 

Final GESMO is unclear; the six-year transfer rate should not have been shown as associated with 

an 'environmental sink.' 

For more information, refer to App. C. 

Comment (SC B-44): "Occupational exposures are not discussed in the Supplement." 

(Similar comments were made by CM B-92 and NYDOL B-123, 131.) 

Response: The Staff agrees that the genetic effects of occupational exposures should be 

discussed as they were in GESMO I. The Sierra Club is directed to Table IV J-14 in GESMO I for 

genetic risks for the entire fuel cycle. In addition, we have prepared an estimate of the 

occupational exposures from the fuel cycle for a RRY (see App. I). 
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Comment (WIS B-26, 27) : "The comparison o f doses to i nd i v i dua l s r e s u l t i n g from occupational 

exposure or populat ion exposure are compared to background rad ia t i on exposure. An 

accident s i t u a t i o n i s described where an i nd i v idua l receives a 1st year bone dose of 

85 mrem. I t i s then stated (wi thout a desc r ip t i on of the resu l t s of the dose) tha t 

the whole-body dose received by tha t i nd i v i dua l i s wel l below tha t received annual ly 

by the general pub l ic from background exposure. The statement f a i l s to c l a r i f y the 

po in t o f concern - - what i s the normal bone dose, and what was the whole-body dose 

received by the i n d i v i d u a l ? " 

(A s i m i l a r comment was made by EPA B-160.) 

Response: As noted in the Errata sect ion of t h i s document, the 85-mrem bone dose i s a c t u a l l y a 

50-year dose commitment ra ther than a f i r s t - y e a r dose commitment. The corresponding f i r s t - y e a r 

bone dose i s 4 mrem. A t y p i c a l average annual bone dose from var ious sources of natura l back

ground r a d i a t i o n in the United States (excluding f a l l o u t from past nuclear-weapon t es t i ng ) i s 

about 120 mrem (Ref. 1 ) . As i s t rue o f whole-body doses, the bone doses o f s p e c i f i c i n d i v i d u a l s 

from natura l background r a d i a t i o n vary widely as a func t ion of t h e i r spec i f i c locat ions and 

other environmental f a c t o r s . 

For t h i s same acc ident , an i nd i v i dua l 1,000 meters from the f a c i l i t y stack would receive an 
_5 

external whole-body dose o f about 4 x 1 0 mrem and a f i r s t - y e a r i n te rna l ( i nha la t i on ) whole-

body dose o f 0.6 mrem. These values are wel l below normal v a r i a t i o n in natural background 

whole-body r ad i a t i on exposure, which i s est imated at 100-250 mrem per year throughout the United 

States (Ref. 2 ) . 

Comment (CM B-79): "A key quest ion tha t near ly s l i p s by i s whether there are other important 

rad ionuc l ides released tha t are not l i s t e d in the J a M e s . The book says the l i s t e d 

ones are released but i t does not say ' on l y . ' " 

Response: Radionuclide releases are based on 0RIGEN tabu la t ions and a l l s i g n i f i c a n t isotopes 

tha t are released have been inc luded. 

3 .3 .3 .2 Environmental Dose Commitments 

Comment (ACRS B-176): The Committee recommends tha t the s t a f f do an independent analys is and 

c a l c u l a t i o n o f the doses from the fue l cycle which should be a t t r i b u t e d to the opera

t i o n of an i nd i v i dua l reac to r . 

Response: The S t a f f has acknowledged the lack o f t h i s contextual in format ion in NUREG-0116 and 

has ca r r i ed out such a c a l c u l a t i o n , the r esu l t s o f which are included in Appendix C to t h i s 

r epo r t . 

Ref. 1 - Natural Background Radiat ion i n the United Sta tes , Mational Council on Radiat ion Pro
t e c t i o n and Measurements, Report No. 45, November 15, 1975, p. 108. 

Ref. 2 - Environmental Statement, Management o f Commercial High-Level and Transuranium-
Contaminated Radioact ive Waste, WASH-1539 (DRAFT), AEC, September 1974, p. A l - 8 . 
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Comment (SC B-49): "The Supplement does not discuss the occupational exposures due to repro

cessing. . .occupational exposures should be considered an environmental impact 

Table S-3 should therefore be amended." 

Response: The point has been raised since the original rulemaking and the original survey 

(WASH-1248), therefore, occupational exposures were not included in the original rule. The 

Staff agrees that they should be discussed; they have been calculated and are included in 

Appendix I to this document. 

Comment (SC B-43, 44, 46): "We find that the health effects, for certain radionuclides, will 

be orders of magnitude greater than stated in the Supplement because the Supplement 

does not recognize the commonly-accepted definition of radiation dose commitment." 

Response: While it is unclear which radionuclide dose commitments are being questioned, the 

Staff assumes the question is related to so-called environmental dose commitments from long-

lived radionuclides such as carbon-14 and thorium-230. The Staff dose commitment for the 50 

years following an exposure i_s_ the commonly accepted definition of radiation dose commitment. 

The NRC staff does not claim that these terms are synonymous. There are no_ commonly accepted 

definitions of environmental dose commitment, since there is no consensus regarding the biological 

meaning of integrating population dose commitments beyond the span of a human lifetime. 

Philosophical arguments are based upon a methodology that includes integration of extremely low 

average radiation doses and dose-rates to large numbers of persons over thousands of years. The 

meaning of this analytical procedure is unclear. An assessment of when incremental risks, such 

as those associated with radiation exposure, do not significantly affect the risks of living and 

functioning in the real world can be used for comparative purposes. 

For example, using EPA's estimate of the dose to the bronchial epithelium from naturally 
3 

occurring radon-222, it can be shown that at a typical concentration of 100 pCi/m of radon-222, 

the bronchial epithelium will receive about 400 millirem per year. Thus, the U.S. population 

dose would average about 8.7 x 10 person-rem per year. This compares with EPA's estimate of 
5 

1.5 x 10 person-rem per year from the uranium mill tailings piles which would result from 

enough uranium mining to produce 4000 GWy(e) of power (approximately what industry hopes to 

produce from nuclear power plants in the period 1975-2000). This incremental dose from the 

tailings piles would account for about an 0.18% increase in the lung dose over natural background 

if rj£ uranium were mined at all. 

If we use cancer death risk estimates based on the BEIR recommendations, the risk of death 

from lung cancer due to background radiation would be: 

22 2 lung cancer deaths x 8 3 x 1 Q7 person.lung.rem/year 

10 person-!ung-rem 

3 
• 1.8 x 10 lung-cancer deaths/year 
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5 

This compares with a total of 3.5 x 10 cancer deaths per year for all types of cancer out 

of a total of 1.97 x 10 deaths per year from all causes. Thus, natural radon-222 emanation 

accounts for 

3 
1.8 x 10 lung-cancer deaths per year ,QQC/ 

3.5 x 10 cancer deaths per year 

= 0.52% of the total cancer death rate. 

Comment (SC B-47, 48): "...the Supplement states that the milling wastes are discussed in 

detail in GESMO, WASH-1248 and will be the subject of a generic environmental state

ment, and are not discussed further in the Supplement neglecting mill tailings omits 

one of the largest environmental impacts of the fuel cycle, the health effects due to 

total radon emissions will be over one hundred thousand times larger than that listed 

in Table 2.10. The omission is therefore serious." 

Response: Since the added radiation dose commitment from mill tailings represents a 0.18% 

increase in the risk from background radon-222 emission, then the incremental risk of dying from 

cancer is (0.0018)(0.0052) = 9.4 x 10"6. In other words, there is about one chance in 100,000 of 

dying from lung cancer caused by all the mill tailings produced from mining all of the uranium 

needed for electric power generation for the rest of this century. This risk is approximately 40 

times lower than the risk of electrocution from using the power generated, whether by coal, oil, 

nuclear, solar, or other means (see Section 3.2.1). 

Comment (EPA B-157): "EPA believes that Table 2.11 is confusing because some doses are to 

individuals and some to populations. EPA does not feel that the numbers reflect the 

true long-term impact adequately, particularly where carbon-14 is concerned. In the 

report, the population dose commitment for long-lived radionuclides was apparently 
g 

calculated to be the dose to a world population of 5 x 10 people exposed for one year 

to a radionuclide concentration which is projected to exist after 40 years of buildup. 

We believe this method does not reflect the total environmental impact. The potential 

total environmental impact in subsequent years is best estimated, in our opinion, by 

calculating the 'environmental dose commitment' (3) which is the sum of all doses to 

individuals over the entire time period that the radionuclide persists in the environ

ment in a state available for interaction with humans, rather than just an annual 

dose." 

(A similar comment was made by SC B-46.) 

Response: The staff's analysis of population dose should be viewed as the "environmental dose 

commitment" associated with the releases attributed to one reference reactor year. The "environ

mental dose commitments" presented are incomplete because of difficulties in projecting popula

tion growth, as noted above. Limitations in knowledge about environmental transfer processes are 

additional considerations in formulating "environmental dose commitments." The Staff concluded 
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that the existing pathway models and l imitat ions in knowledge of transfer parameters placed a 

more severe constraint on the integration l im i t than uncertainties in population projection. The 

Staff recognizes that for some radionuclides (e .g . , H-3, C-14, and Kr-85) the integration l im i t 

may be imposed by the population consideration; however, the Staff considers i t desirable that 

i t s methodology be consistent in evaluation of a l l eff luent species rather than yield "environ

mental dose commitments" of various degrees of completeness. In considering these d i f f i cu l t i es 

the Staff used a 40-year integrated period. Thus the Staf f 's approach is similar to the EPA's. 

Appendix C contains addenda to Table 2.11 of NUREG-0116. 

Comment (EPA B-155): "The presentation of environmental impact is confusing since some doses 

are to individuals and some to populations. We believe that assessments should recog

nize the total environmental impact. In addit ion, the population dose commitment for 

long-lived materials does not appear to be an environmental dose commitment at a l l , and 

i t does not f u l l y provide the total environmental impact. Such a total impact would 

(1) incorporate the projected releases over the l i fe t ime of a f a c i l i t y (rather than 

jus t an annual release); (2) extend to several ha l f - l i ves , or 100 years, beyond the 

period of release; (3) consider at least qual i ta t ive ly or generically, the world-wide 

impacts; and (4) consider a growing exposed population." 

Response: See Generic Responses #4, #9, and Appendix C. The purpose of the rulemaking 

supported by NUREG-0116, supplement to WASH-1248, was to discuss environmental impacts a t t r i bu 

table to the operation of a single reactor for a single year. The environmental impacts summed 

within the rule do not necessarily represent annual releases from the individual f a c i l i t i e s . 

They do not include releases attr ibutable to operation of a single reactor for a single year. 

However, the Task Force did not believe that these considerations are important contextual 

material , and thus used the GESMO model and included tables from GESMO regarding the cumulative 

impacts at least with regard to eff luents involved. Assertions with regard to population growth 

and worldwide impacts are beyond the scope of the present rulemaking. (See also responses to 

SC B-44, 47 and EPA B-157 in th is section for related comments, part icular ly with regard to the 

long term.) 

Comment (TC B-4): " . . .your study stated that you underestimated the environmental impacts of 

nuclear fuel reprocessing and nuclear fuel disposal. For example, you stated that 

there would be a discharge of 541 times more radioactive iodine-129 and 34.6 times more 

radioactive iodine-131 than previously bel ieved.. . .iodine-131 is part icular ly hazardous 

to man because of i t s biological magnification in the food chains. Isotopes must be 

stored for periods of 10 to 20 times their ha l f - l i f e before they decay to safe levels." 

(WIS B-30): "...NUREG-0116 and GESMO document are completely inadequate in their total 

absence, taken together, of any discussion whatsoever of the consequences of the radio

active releases from reprocessing and waste management that are (a) calculated as being 

much higher in NUREG-0116 than were predicted in WASH-1248 and/or calculated as being 

s igni f icant ly higher than similar radioactive releases from other parts of the fuel 
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cycle NUREG-0116 fails to explain the increased emissions, the causes for the 

increases, and most significantly, fails to address the health impacts in any meaning

ful sense. There is no systematic comparison of radioactive isotopes one by one with 

natural background " 

Response: Radiological effects associated with radionuclide release may be more meaningful when 

stated in terms of doses to individuals or populations. In determining doses, concentration 

mechanisms in biota other than man and in specific body organs (such as the thyroid) are speci

fically evaluated. The magnitude of doses calculated using these considerations is then compared 

to the magnitude of doses received from naturally occurring radioactivity. In this way, the 

added risk from released radionuclides can be evaluated. 

The dose to the U.S. population associated with the estimated iodine-129 releases presented 

in NUREG-0116 is about 0.60 total-body person-rem/reference reactor year, and about 470 person-

thyroid-rem/reference reactor year. For iodine-131, the corresponding values are 0.32 and 180, 

respectively. For comparison, the U.S. population receives an annual total body and thyroid 

person-rem of about 21,000,000 from natural sources. Thus fuel cycle activities add approxi

mately 0.003% per RRY to the population dose from natural background. 

Table 3.3.3.1 below lists corresponding estimated radiological effluents from WASH-1248 and 

NUREG-0116. Also presented are population doses associated with these effluents. In every 

category, the resulting population dose is extremely minor when compared to the population dose 

caused in natural background radiation. Therefore, changes resulting from the updating of 

WASH-1248 are not regarded as significant. 

A comparison of population doses and associated risks provides a better basis for assessing 

impacts of fuel-cycle options than a "comparison of radioactive isotopes one by one with natural 

background." 

A detailed explanation of the dose models is given in Appendix IV J(A) of GESMO. 

TABLE 3.3.3.1 

FUEL CYCLE DCSE COMMITMENT TO U.S POPULATION 
(person-rem) 

Rn-22 
Ra-226 
Th-230 
U 
H-3 
Kr-85 
1-129 
1-131 
Fission products 
Transuranics 
C-14 

S-3 

9.3 
33 
0.39 
0.19 

180 
18 
0.1 
0.1 
8.4 
0.1 
--

S-3 and 
NUREG-0116 

9.3 
33 
0.39 
0.21 

200 
20 
0.6 
0.32 
0.18 
0.34 

110. 

Totals 250 370 
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Comment (EPA B-156): "The report depends heavily on health effect estimates from the Reactor 

Safety Study in EPA's opinion, the Reactor Safety Study's values must not be 

considered established thresholds for observed health effects as indicated by reference 

39 on page 4-162." 

Response: The word "established" should be deleted from the sentence on page 4-62 of NUREG-0116. 

The thresholds were defined by the medical advisors to the Reactor Safety Study on the basis of 

their analyses of available data. 

Comment (NRDC B-96): "The quantification of 'costs' that does exist in Table S-3 is meaning

less; it must be translated into health effects and put in a proper context." 

Response: Health-effect estimates are now included in the record (see App. C of this report). 

Comment (AGNS B-74): "There is not any indication that questions such as employee exposure of 

those working in the salt mine in disposing of fuel, or significant change in the 

design of a salt mine to mitigate such exposures, have been addressed." 

Response: Because of the current uncertainties in both waste form behavior and spent fuel 

repository design and operational procedures, no estimates are currently available for such 

parameters as repository employee exposure. The expanded ERDA Commercial Waste Management budget 

(FY-76 12M$, FY-77 60M$, p. B-4 of NUREG-0116) will allow relevant studies to be performed. For 

example, the Office of Waste Isolation is starting a system study of spent fuel disposal (p. 7-3 

of Y/OWI/TM-11/1). NUREG-0116 makes the environmentally conservative assumption of total release 

of fission product gases from spent fuel disposal in a salt mine repository (p. 4-114). This 

assumption is made because of a lack of definitive data concerning long-term "waste form" 

behavior for encapsulated spent fuel. During the provisional storage period techniques exist to 

protect the container from the medium (retrievability sleeves and overpacks) and repository 

monitoring could be used to identify fission product gas releases so that, for example, new 

overpacks could be installed. 
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3.4 Miscellaneous 

3.4.1 General Comments 

3.4.1.1 Staff Analysis 

Comments (NRDC B-95, SC B-44): "The information that is included in the report represents a 

hastily compiled potpourri of information from existing literature, from informal 

reports, from internal memoranda, and from rough estimates made by technical contri

butors to the report. At no point does it appear that the Commission staff analyzed 

the validity of the studies utilized, of the calculations made, of information 

provided, or of the technical support for the conclusions reached. Indeed, in many 

cases, the contributors were non-NRC personnel. (See Task Force Report at F-2.) And 

it is plain from the time table on which this Report was prepared that no independent 

assessment of this work could have been performed by NRC staff." 

Response: The report includes existing information compiled from sources aiven in the reference 

sections of the document. These include technical literature and other sources, includina 

formal reports and estimates made by the Task Force during assembly of the report. Personnel 

contributing to the report were all either NRC staff or under contract to NRC. All sources 

used were analyzed by the Task Force to select those which seemed to best represent environmental 

impacts from the particular technology discussed. In so doing, the Task Force analyzed the 

validity of the studies, of the calculations, and of the information provided, to determine the 

technical support for the conclusions reached. The criteria used in those judgments are laid 

out generically in the introduction to the report, and specifically in each section of Chapter 4. 

Comment (EPA, B-156): "The report needs more substantive information and data to adequately 

support the predicted environmental impacts of various operations...." 

Response: With this contention the Task Force disagrees on two bases: (1) no more substantive 

information exists today beyond that presented either explicitly or by reference in NUREG-0116, 

and (2) while the Task Force noted some areas where more substantive information was required 

in order to provide a "detailed estimate of risk of impacts," the present information was found 

adequate for estimating the impacts. 

Comment (SSPT B-39): "One factor which the Commission does not mention...is the need for an 

environmentally acceptable waste disposal system for the large volumes of radioactive 

wastes already produced in the nation's military programs and for the radioactive 

wastes and spent fuel previously generated in the commercial sector. At the present 

time, the volume of high level military wastes exceeds that from commercial reactors 

by a factor of 600 to 700. Even with the expansion of commercial nuclear power to the 

year 2000, the volume of military high level radioactive wastes would exceed that 
18/ 

generated by the nuclear power industry by rare than tenfold.—• One estimate indicates 

that it will take until the year 2020 for liquid high level waste from the commercial 

program to reach the volume of liquid high level waste already produced by the military 
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program; the amount of radioactivity in commercial high level wastes will not reach 
19/ 

the level in existing military wastes until the 1990's.—' Given these large existing 

quantities of high level radioactive waste and the amounts of unreprocessed spent 

fuel from currently operating reactors, the likelihood that an environmentally suitable 

method for waste management will be implemented must be considered to be very high." 

Response: The comment makes two arguments: (1) that there is motivation for finding an accep

table disposal means because of existing military high-level wastes, and (2) that commercially 

derived wastes are now and will continue to be a small increment of present waste volumes. 

With regard to increments imposed by the commercial industry, the volumes quoted are 

substantially correct. However, because volume is only one of the important factors, they may 

be misleading. Concern about high-level wastes must be based upon the hazard which they 

represent. 

To a first order, this hazard is proportional to the number of curies of the radioisotopes 

of concern. One measure of these curies is the inventory produced by a reference reactor year 

as used in NUREG-0116. On this basis it is possible to estimate one reference reactor years' 

worth of fission products (the major constituent of concern during the first hundreds of years) 

for the two kinds of waste materials. The inventory from the military program is contained in 

the high-level waste at three major sites. From the commercial sector the inventory of fission 

product nuclides (which will appear eventually in the wastes) is still almost entirely locked 

up in the spent fuel or in the cores of operating reactors. Thus, to compare military high-

level wastes and commercial wastes strictly on volume is to ignore the inventory of these 

nuclides. The facts are simple: (1) the existing inventory of fission products (on a reference 

reactor year basis and 10 years out of core) is approximately 1.5 times more in the military 

than in the commercial, which is to say they are roughly comparable; (2) every reactor licensed 

for 30-year operation commits itself to the production of approximately 15% of the present 

inventory; and (3) the present inventory of fission products will approximately double, due 

almost entirely to the commercial industry, in the next three to four years.* On this basis the 

arguments that only small increments are being made is simply not substantiated. 

With regard to the impetus toward finding an acceptable disposal technology provided by 

the existing wastes, the Staff merely notes the following: (1) existing wastes, because of 

their chemical form and past handling, will have a more limited set of options available to 

them for many waste management steps, perhaps including disposal; (2) the present inventory 

in curies of nuclides is only approximately 1/20th of what can be anticipated at the end of 

the century, and (3) the nature and implementation of a waste disposal system for the larger 

volumes and curie quantities of waste expected in the future should not be dictated by present 

inventories of high-level wastes. 

* 
Memorandum to Commissioner E. A. Mason from ".P. Bishop, Chief, Waste Manaoement Branch, NMSS, 
dated December 6, 1976. 

3-113 



(3.4.1.1 Cont'd) 

Comment (NRDC B-96, 99): "The Task Force Report's analysis of potential impacts is based 

totally on theoretical extrapolation, and virtually not at all on the wealth of 

actual experience and historical data related to reprocessing and waste disposal." 

"Despite this empirical base, the Report essentially disregards actual experience in 

favor of theoretical prediction, which the Report often bases on documents prepared 

by the nuclear companies that hope to profit from reprocessing." 

Response. See Generic Response #1. Specifically, there is no way of evaluating the impact of 

low-level solid waste disposal at Hanford; the monitoring systems are not yet sufficiently 

refined. The experience at Savannah River was used in part (Ref. 13, Section 4.7) The Maxey 

Flats and West Valley experience was acknowledged but not used in impact calculations, for the 

reason stated on pages 4-127 and 4-128 of NUREG-0116. 

Comment (NRDC B-97): The Task Force report fails to provide both critical information and 

the Commission's independent assessment of potential impacts. In many parts of the 

report, therefore, the analysis presented is acknowledged to be incomplete with no 

effort to fill the gap, apparently because the necessary analysis could not be carried 

out within the three weeks alloted to the Task Force to complete its assignment. 

(A similar comment was made by SC B-44.) 

Response. The issues cited by the commenter are those acknowledged by the Task Force The 

comment states that this lack of information is critical to the analysis qiven in the report 

and therefore that the analysis is deficient. The Task Force reached a different conclusion 

On page 2-18 we reported in summary that there were several areas where information was "not 

sufficiently complete for a detailed estimate of risk or impact." Except for the four areas 

cited on that page, the Task Force felt that available information was adequate for a detailed 

estimate of risks and impacts. Even in those four areas, it was felt that the information was 

adequate to make a judgment regarding the magnitude of the risks or impacts. In all of those 

cases, the Task Force judged that the risks or impacts added negligibly to the totals in the 

summary tables. 

Therefore, the Task Force and the Commission's staff do not agree with the comment that 

critical information is lacking for estimating environmental impacts. Further, the Task Force 

noted that a number of programs (see Appendices B and C of NUREG-0116) are underway that will 

provide much more detailed information for inclusion in further revisions of Table S-3. 

The inclusion of information by reference to other reports is accepted and acceptable. 

The Task Force was composed entirely of NRC staff or persons under contract to the NRC. 

Senior staff within the NRC reviewed the report several tines during its preparation and provided 

comments for inclusion in the final version. Thus, the Task Force report represents an NRC 

viewpoint with regard to environmental impacts associated with reprocessing and waste management 

activities that will accrue from operation of an individual reactor for one year. 

3-114 



t 

(3.4.1.1 Cont'd) 

Comment (WIS B-25): "The Supplement has two obvious gaps in its method of approach and its 

basis for drawing conclusions. The first is that the environmental impacts of the 

system chosen for analysis in the Supplement are expected to be similar to the impacts 

of a different system. The second is that the environmental impacts are based on 

model systems never employed in operation which necessitates a wide range of specula

tion in assessing the impacts of these systems." 

Response: See Generic Responses #1 and 5. The distinction between the calculation of repre

sentative environmental impacts and the selection of systems to be employed in reprocessing and 

waste management must be kept clearly in mind. Decisions as to the technologies to be employed 

and their safety assessment will come through a series of decisionmaking procedures, including 

rulemaking and licensing actions by the NRC as well as through programmatic decisions by ERDA 

and the industry. Where these actions are major federal actions they will be supported by 

environmental statements with complete cost/benefit analyses. What is intended in NUREG-0116 

and the original survey (WASH-1248) is a careful examination of the uranium fuel cycle to 

delineate expected environmental impacts from the operation of an individual uranium-fueled 

light-water reactor for one year. That this is not the procedure by which to select the 

technologies to be implemented or to judge them completely safe was never in contention. 

Comment (ACRS B-177): The Committee has noted that it would be useful "to include data pro

jecting the impact of the total nuclear industry at periodic intervals up to the year 

2000." 

Response: While information with regard to integrated scenarios is not required for the 

calculation of environmental impacts attributable to the operation of a single LWR, the staff 

agrees that such information is useful in providing context for judgments with regard to the 

significance and magnitude of such impacts. As the Task Force noted in NUREG-0116, the calcula

tion of such integrated scenarios by mere multiplication of the values of Table S-3 is misleading 

at best and incorrect at worst. Such integrated scenarios require the type of fuel cycle and 

growth models presented in GESMO (NUREG-0002). Therefore, the Task Force included tables from 

GESMO as Appendix G of NUREG-0116. Since the model fuel cycle facilities used by the Task 

Force were those used in GESMO, and since GESMO presents the growth including the timing of 

operation of the several fuel cycle facilities through the year 2000, these estimates provide 

exactly the sort of context mentioned in the comment. 

The utility of having calculations of impacts at intermediate times before the year 2000, 

given in the limited context of this proceeding, is unclear, particularly since the projections 

already in GESMO give startup times for the facilities noted by ACRS. However, the staff expects 

to include such information, if deemed relevant, in the revision of Table S-3 planned for the 

next couple of years. 
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3.4.1.2 Fuel Cycle Options 

Comment (CEC B-136): "Given the increasing attention accorded the no-reprocessing option, 

this option should be the subject of more analysis in this report. Further the 

stowaway option as a variant on spent fuel disposal should be included. . . . The NRC 

staff has been directed to examine the stowaway option carefully in an order of the 

GESMO hearings board of November 19, 1976, and the staff's findings should be included 

in this Supplement." 

(A similar comment was made by NYSDEC B-109.) 

Response: See Generic Response #5. NUREG-0116 was not intended as a thorough analysis of all 

options. Its purpose was to delineate and calculate the environmental impacts that might be 

expected from a reasonable set of technologies in the supporting fuel cycle for an individual 

light-water reactor. The "stowaway" fuel cycle would have been analyzed had the Staff aqreed 

that "significant impacts over the period of extended interim storage could be envisioned." 

The Staff did not reach such a conclusion. Since the completion of NUREG-0116, the GESMO board 

has expressed concern regarding the "stowaway" fuel cycle. Therefore, additional analysis of 

this fuel cycle is now available, and may be included in the record of final rulemaking. 

Comment (SPPT B-37): "One theoretical alternative to the uranium-only recycle and no-recycle 

options is the tandem fuel cycle. Although the tandem fuel cycle is no doubt too 

remote and speculative to justify consideration in NUREG-0116, recent references to 

it in testimony by a representative of the U.S. Arms Control and Disarmament Agency 

• and in the statement by the President on Nuclear Policy (October 28, 1976), could 

conceivably be interpreted to justify some limited discussion." 

Response: Other fuel cycles were not discussed in NUREG-0116 because the rule to be supported 

by that document was to be used in the licensing of an individual light-water reactor; it was 

further felt that the assessment should be based on reasonable expectations of technologies and 

fuel cycles to be implemented in support of the operation of reactors soon to be licensed. 

Consideration of such issues as the tandem fuel cycle, which requires considerable modification 

of present fuels and fuel management, did not seem within the scope of this treatment. 

3.4.1.3 Feasibility of Referenced Technology 

Comment (NRDC B-96, 99, 100): "The Report examines primarily the environmental impacts that 

will result if the technical system designed to minimize environmental impacts 

actually performs as predicted, or close to predictions. The Report, however, 

completely fails to analyze and present the potentially major consequences of a 

failure of the needed technology to materialize -- either for technical or non

technical reasons." 

Response: See Generic Response #7. One constraint imposed by the Commission upon the Task 

Force was that the technologies to be assessed should be those that, in the Task Force's judgment, 
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were available. All technologies discussed in the report meet these criteria. It is implicitly 

the Task Force's judgment that these technologies will materialize; to analyze their failure to 

do so would not seem warranted. 

NUREG-0116, p. 2-18, recognizes four areas where assessment methods are "not sufficiently 

complete for a detailed estimate of risk or impact" and states the bases for the Task Force 

judgments. In addition, Appendices B and C, NUREG-0116, and Appendix F of NUREG-0216 (the 

present document), discuss ongoing federal programs, some of which are directed at providing 

information which will assist in further assessments of risks and impacts. 

Comment (NRDC B-100): "The report never evaluates the consequences of nontechnolog'ical 

problems, and never evaluates implementation processes, and never considers the 

consequence of failure in these areas." 

Response: The Task Force was charged with estimating reasonably expectable environmental impacts 

of waste management and reprocessing activities in the LWR fuel cycle, and was also to deal with 

technologies which could reasonably be judged to be available. The Task Force was not asked 

to consider whether those technologies would be employed, nor was it asked to address the 

adequacy of implementational systems for the technology. 

Through the Energy Reorganization Act of 1974 and the Atomic Energy Act of 1954 as amended, 

as well as related legislation, the Congress of the United States has established both the prin

cipal authorities and the procedures through which implementation of waste management and 

reprocessing technologies may take place. It was not within the purview of the Task Force to 

question these assignments. 

The Task Force was aware, however, that the success of the implementation processes for 

waste management has been called into question within the last few years. The Task Force was 

further aware of several draft documents which bear upon the question, but which are not yet 

available for reference or quotation. While these documents question the adequacy of present 

implementation systems, none is pessimistic with regard to having a successful implementation 

system. The history of nuclear waste management (briefly surveyed in Appendices D and E of 

NUREG-0116) might be used to argue that the implementation system for waste management has not 

worked perfectly in the past. However, that system was changed by the Energy Reorganization 

Act of 1974 into a system intended to provide greater assurance of success. 

It is true that the Task Force did not address the consequences of failure of the imple

mentation system for waste management, it not being part of its responsibilities to do so. It 

is also true that trends in technology and action with regard to nuclear wastes indicate a 

direction that could be used as a basis for some confidence. However, such an argument was not 

made during the preparation of NUREG-0116. 

While it is clear that consideration of implementation systems for waste management belongs 

in the decision-making process leading to the selection and employment of a waste management 

3-117 



(3.4.1.3 Cont'd) 

system, it is not clear that it belongs in the calculation of environmental impacts from fuel 

cycle activities supporting an individual LWR, as intended herein. 

3.4.1.4 Conservatism (See Generic Response #3) 

Comment (NYSDEC B-109): "The relative dose commitments for Reprocessing versus Spent Fuel as 

a waste may again be misleading because of the conservative assumption that all of 

the gaseous fission products escape from the Spent Fuel during storage. The total 

person-rem of 370 for spent fuel storage and disposal is greater than the 330 person-

rem/RRY for Reprocessing. The conservative approach for establishing an upper limit 

of environmental and health impacts is desirable but should be used with caution in 

comparing and selecting the waste management alternative for the nuclear power 

industry." 

Response: Our conservative approach in establishing an upper limit for environmental and 

health impacts, as noted in the treatment of spent fuel disposal, is not intended to be used in 

selecting the technology that will be actually implemented. Aqain, the Commission has explicitly 

excluded these generic decisions from this proceeding. The Staff fully agrees with the com-

mentater that "the conservative approach ... should be used with caution in comparing and 

selecting the waste management alternative for the nuclear power industry." In fact the Staff 

would maintain that such a conservative approach is inappropriate for these purposes, and that 

a realistic approach should be used for such selection. 

Comment (SPPT B-34): "An examination of the basic assumptions stated in NUREG-0116 and of the 

methods of analysis and calculation presented reveals several areas of overconservatism, 

which are reflected in higher than reasonable impact values for gaseous radiological 

effluents in the total fuel cycle, as shown in the last column of Table 2.10." 

Response: The Staff concurs that certain assumptions are conservative. On one hand, the Task 

Force could not make the assumptions so restrictive that they became indefensible technically 

and prohibited effective operation of the industry. On the other hand the assumptions could not 

be so loosely drawn that they would not accurately reflect technical or scientific probabilities 

and again become indefensible. The Task Force feels that it has presented a series of assumptions 

that are representative of reasonably possible environmental effects but do not prevent actual 

operation of the industry. It is noted that in spite of this degree of conservatism, population 

dosages are far below any significant level. 

Comment (ACRS B-176): "To quantify the relationship of the conservative estimates by the Task 

Force to estimates based upon realistic approaches, there is a need for information on 

the magnitude of the impact of the associated conservatisms. Two examples are: (1) 

fuel irradiation assumptions and (2) reclassification of transuranic wastes." 
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Response: While the Task Force recognizes the need for a realistic approach in assessing 

alternatives and in selecting among them, in this instance the question was not the selection of 

alternatives, but of environmental impacts to be included in an environmental statement with 

regard to an individual light-water-moderated uranium-fueled reactor. Thus, a conservative 

approach is both warranted and desirable. This is borne out by the fact that the impacts 

calculated even from the conservative assumptions were small. 

Fuel irradiation assumptions were those commonly used in calculating growth rates, environ

mental impacts, and other parameters with regard to the nuclear fuel cycle. The staff is quite 

aware that changing such assumptions tends to shift environmental impacts from the front end to 

the back end of the fuel cycle or vice versa, and that it is possible that such a shift could 

change the magnitude of the overall impacts of the fuel cycle. However, the original rulemaking, 

using WASH-1248 as a basis, was based on particular assumptions, and NUREG-0116, intended to 

augment the record in that original rulemaking procedure, was confined to those original assump

tions. Further, since NUREG-0116 was confined to those two aspects of the nuclear fuel cycle 

involving waste management and reprocessing, alteration of the assumptions for those two parts 

would not be reflected in the rest of the fuel cycle in the course of this proceeding. Thus, 

the additional calculations recommended by the Committee, although quite useful in the decision

making process, are not relevant to this proceeding. (A brief discussion is included in App. G.) 

The Task Force notes, however (as it did in hearings before the Committee), that a complete 

update of Table S-3 is planned by the staff over the next several years. It is the Task Force's 

view that this revision will be the proper place for assessing impacts of the changing assump

tions on fuel irradiation, and not in the present proceeding. In fact, this could be a most 

important aspect of the next revision of Table S-3. 

As the Committee correctly notes, the limit applied to transuram'c content of radioactive 

wastes which can be sent to a low-level waste burial site is currently being reevaluated. In 

the course of that reevaluation and in support of a new rule in that regard, an environmental 

statement will have to be prepared which addresses the impacts of the imposition of a new 

limit. The analysis suggested by the ACRS would be an important aspect of those considerations. 

However, since only one limit has been suggested in the proceedings of the AEC or the NRC, it 

seems prudent for the Task Force to use that limit in the preparation of NUREG-0116. While 

this may or may not be conservative, there is presently no basis for a different assumption to 

be used in the calculation of environmental impacts attributable to the operation of an individual 

LWR. (See 3.2.5 above.) 

Comment (SPPT B-36): To establish a conservative upper boundary, NUREG-0116 takes maximum 

impact values from the two fuel cycles to be included in Table 2.10, thus producing 

unrealistically large impacts. 

Response: Because the Task Force could not predict which of the fuel cycles would be employed, 

it found it necessary to make the rule generic to either fuel cycle. Thus the maximum impact 

of any given parameter, independent of the fuel cycle, was included in the rule and therefore 
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in Table 2.10 of NUREG-0116. Because the impacts calculated are small, i t remains the Task 

Force feeling that this is a prudent way of making the result ing rule generic to the two uranium 

fuel cycles. 

Comment (SPPT B-35): "A heavy measure of conservatism is introduced into the Total Fuel Cycle 

Impact (NUREG-0116, Table 2.10), as well as into several of the sub-element to ta ls , by 

the methods used to summarize the impacts from sub-element contributions and from the 

reprocessing and waste management phases of the fuel cycle." 

Response: In the analysis of composite effects of the nuclear fuel cycle, extra conservatism 

was introduced by choosing the largest value for each ident i f ied contributor to the impact. 

This is done so that the table w i l l be generic to a l l possible uranium-only fuel cycles. 

Admittedly mutually exclusive impacts thus were included and summed in the table. Nonetheless, 

such a procedure was used in WASH-1248 and s t i l l seems reasonable to the Staff. 

3.4.1.5 Site Dependent Impacts 

Comment (EPA B-157): "On page 4-168 i t is stated that the character and magnitude of socio

economic impacts are s i te specif ic, and after l i s t i ng some of the parameters, states 

'Areas less remote from urban centers usually have an adequate labor pool, and impacts 

are of less consequence.' Some quantitative estimates of the pertinent character

i s t i cs of the expected sites based on projected s i t ing practice should have been 

included. In addit ion, the information should indicate whether or not s i t ing near 

urban centers is projected." 

Response: The type and magnitude of socioeconomic impacts are si te-speci f ic and are determined 

by the size of the local labor force and populations, the number of incoming workers relat ive to 

population size, and the capabi l i t ies of impacted f a c i l i t i e s . An estimate of worker require

ments for reprocessing and waste-related f a c i l i t i e s is presented in Table 4.36. Quantitative 

estimates of expected socioeconomic impacts given in a recent applicant's s i te-speci f ic environ

mental analysis associated with a reprocessing f a c i l i t y are presented in page 4-170. Physical 

characteristics such as land use requirements for fuel reprocessing and waste disposal are 

presented in Table 4.37, and land use restr ict ions relat ing to repository sites appear in 

Table 4.14. 

Specific locations of future waste burial and repository f a c i l i t i e s are not determinable at 

this time. 

Comment (NYDOL B-131, 132): "The discussion of socio-economic ef fects, section 4.11.1, is 

grossly inadequate in that i t f a i l s to recognize substantial differences in localized 

reactions to commercial nuclear power plants and reprocessing and waste related 

f a c i l i t i e s . . . problems in s i t ing reprocessing f a c i l i t i e s have been far greater than 

those associated with s i t ing nuclear power plants." 
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Response: The staff is unaware of any studies or analyses regarding community social stress 

relating to the NFS plant in West Valley or the proposed Barnwell plant that would support or 

fail to support the assertion that these experiences indicate problems "far greater" than those 

associated with the siting of nuclear power plants. 

3.4.1.6 Backfitting of Future Criteria 

Comment (NYSDEC B-107): "The report does not discuss how much backfitting will be necessary 

for past operations to conform the future criteria. Such backfitting is mentioned 

briefly on page D-3 where a public official at Idaho demanded the removal of all 

plutonium-comtaminated waste buried in the past. Backfitting will also be necessary 

for the plutonium-contaminated waste buried there." 

Response: The Task Force preparing NUREG-0116 was not directed to address these issues. 

Rather, its purpose was to identify the environmental impacts that might be associated with 

waste management and reprocessing portions of the fuel cycles of LWR's presently being licensed 

or to be licensed in the future. Both ERDA and the NRC are aware of the problems with existing 

waste management facilities and, pursuant to their responsibility for such facilities, are 

seeking solutions to such problems. As was noted earlier, this rulemaking is only a very small 

part of all ongoing waste management activities. Problems not addressed here are being addressed 

in other programs. 

3.4.1.7 Miscellaneous 

Comment (CM B-76): The report relies too heavily on references. More information from the 

reference should have been included. 

Response: The inclusion of information in a report by reference to other reports is a standard 

and widespread practice which has been used in the preparation of both environmental statements 

and supporting information. Inclusion of the verbatim information would have extended our 

report to many thousands of pages. 

Comment (NYDOL B-152): "Page 117...Footnote 1, regarding specifics of the low-level waste 

inventory is ascribed to a memo from Bell to Collins, Sept. 1976 (see page 4-189). 

Some other unpublished letters are relied upon for significant parts of the Table 2.10 

supportive study...." 

Response: All documents referenced in this comment are available for public inspection in the 

Nuclear Regulatory Commission's Public Document Room at 1717 H Street, N.W., Washington, D.C. 

Comment (CM B-76): Substitution of judgments and speculations for data should include some 

statement of their margins for error. 
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Response: Margins o f e r r o r can on ly be determined when de ta i l ed ca l cu la t i ons can be made. 

Where such ca l cu la t i ons could not be done, the Task Force used i t s expert judgment to es tab l i sh 

estimates tha t could be included i n the t a b l e . 

Comment (EPA B-156): "EPA has promulgated (Federal Regis ter , January 13, 1977) Environmental 

Radiat ion Protec t ion Requirements f o r Normal Operations of A c t i v i t i e s in the Uranium 

Fuel Cycle. These standards w i l l s i g n i f i c a n t l y r e s t r i c t the release to the env i ron

ment o f k rypton-85, iodine-129 and plutonium and other a lpha-emi t t i ng transuram'c 

elements w i th h a l f l i v e s greater than one year. Tables 2 . 1 , 2.10 and any other 

a f fec ted por t ions o f the subject document should be modif ied to r e f l e c t the requ i re 

ments o f the EPA standards (40 CFR 190) . " 

Response: The s t a f f was aware o f EPA's standard f o r the fue l cycle in 40 CFR 190. However, 

three fac to rs m i l i t a t e d against inc lud ing these standards in the present document. F i r s t , the 

EPA standard i s f o r the e n t i r e nuclear indus t ry and not f o r the environmental e f fec ts an t i c ipa ted 

from the operat ion o f an i nd i v i dua l LWR. Second, EPA's standards e x p l i c i t l y exclude waste 

management (which i s i n te rp re ted to mean waste d isposal ) and t h i s does not cover t h e i r release 

at the repos i t o ry . Major releases f o r krypton and other gaseous f i s s i o n products occur e i t he r 

a t the reprocessing p lan t or a t waste disposal f a c i l i t i e s , depending on the fuel cyc le . Thus, 

because conservatism demanded tha t we choose the la rger impact, independent of fue l cyc le , the 

numbers in the tab les must r e f l e c t a complete release per our model at the repos i t o r y . F i n a l l y , 

because o f the timed implementation o f the EPA standards, and the lack o f proven technology to 

meet those standards, conservatism also demanded tha t the tables r e f l e c t the higher re leases. 

When these issues are reso lved , the S-3 Table may be revised to r e f l e c t lower releases 

which conform to the EPA standards. The fo l l ow ing tab le shows the channes to Table S-3 values 

tha t would r e s u l t from such conformance. 

EPA NUREG-0116 

Kr-85 (Ci) 50,000 400,000 

1-129 (Ci) 0.005 1.3 

F i n a l l y , the EPA standard f o r 1-129 and Kr-85 has an e f f e c t i v e date f o r implementation of 

January 1 , 1983. The s p e c i f i c language i s : 

" (b ) The standards in 190.10(b) shal l be e f f e c t i v e December 1 , 1979, except tha t 

the standards f o r krypton-85 and iodine-129 shal l be e f f e c t i v e January 1 , 1983, 

f o r any such rad ioac t i ve mater ia ls generated by the f i s s i o n process a f t e r those 

da tes . " (Emphasis added) 

Reactors l icensed under the present S-3 r u l e before 1983 w i l l generate these iso topes, which 

could be l e g a l l y released in excess o f the standard. Thus, the present estimate r e f l e c t s what 

i s l e g a l l y requi red today, but the r u l e w i l l need rev i s ion by 1983 to c o r r e c t l y r e f l e c t the EPA 

standard. While i t nay be the resolve o f the NRC to l i m i t such releases even in advance of the 
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effective date, the restriction has not yet been imposed, and the Task Force has not prejudged 

the Commission in this regard. Thus the present rule reflects present restrictions. 

Comment (EPA B-160): "EPA believes that NRC should discuss the possibility and, therefore, 

the environmental impact of the U. S. burying spent fuel that is generated in foreign 

countries which use U. S. vendors as suppliers for the reactor and steam supply 

system and the core fuel." 

Response: See Generic Response #2. Because the purpose of this document is to delineate the 

environmental impacts from operation of a single licensed reactor in the U.S., a discussion of 

reprocessing and disposal of foreign-generated spent fuel or wastes is inappropriate. 

Comment (EPA B-157): ERDA 76-43 should not be the only key reference for technologies for 

this analysis. 

Response: The Task Force was aware of the many excellent reports surveying waste management 

technology. The use of ERDA 76-43 was motivated by one simple consideration, namely that ERDA 

76-43 is the assessment by the U.S. agency responsible for the development and (in part at 

least) the operation of those technologies. As the most recent analysis by that agency, it is 

the-proper basis for this document. 

3.4.1.8 GESMO Models 

Comment (TVA B-21): "The co r re l a t i ons between GESMO (NUREG-0002) fue l cycle f a c i l i t y models 

and those used in NUREG-0116 should be c l a r i f i e d . Because o f the use of d i f f e r i n g 

un i t s and assumptions, i t i s not easy to f o l l ow the NUREG-0116 evaluat ions tha t are 

based on NUREG-0002 m a t e r i a l . " 

(ACRS B-177): The Committee found i t d i f f i c u l t to understand the c o r r e l a t i o n of fue l 

cyc le f a c i l i t y models between NUREG-0116 and NUREG-0002. 

Response: The bases of the two studies were d i f f e r e n t and not eas i l y t r a n s l a t e d . Chapter 3 of 

NUREG-0116 lays out i n some d e t a i l the fue l cycle f a c i l i t y model used by the Task Force in 

preparat ion o f the document. With a few except ions, the model f a c i l i t i e s used were those in 

NUREG-0002. Where there were s l i g h t dev ia t i ons , these are noted in e i t he r Chapter 3 or A. 

Table IV-4-4 (p. IV-H-11) in GESMO and Tables 3 . 1 , 3 .2 , and 3.3 in NUREG-0116 can be used to 

compare model p lant capac i t i es . 

Comment (NYDOL B-133): "These data are needed to p red ic t releases o f rad io log i ca l e f f l u e n t s . 

Recent rev is ions o f t h i s tab le have resu l ted in changes of up to 26%. In l i g h t of 

these substant ia l changes, the discussion presented f o r the bases f o r ca l cu l a t i ng the 
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concentrations of radionuclides in spent fuel is inadequate. No discussion is 

presented that describes the present margins of error for these values." 

Response: ORIGEN and other more complex codes are designed to determine the f ission product or 

actinide content of nuclear fuels given specific i r radiat ion conditions such as total burn-up, 

time of i r rad ia t ion , and post- irradiat ion decay time. Al l these codes agree to within 1% for 

exposures and isotopes of commercial interest. They are based upon various physical or nuclear 

properties such as cross-section and h a l f - l i f e , and d i f fe r only in their mathematical complexity 

and the solutions to the relevant d i f ferent ia l equations. 

To determine the absolute accuracy of any code, i t is necessary to know the detailed 

i r radiat ion history of a fuel sample and to accurately analyze for the isotope of interest. 

This has been done. However, the uncertainties in i r radiat ion history are such that direct 

comparison with the codes is not possible. The data do not indicate any major difference with 

the codes and show that , within the l imi ts of the experimental data, the codes are representativ 

Comment (NYDOL B-134): "The assumption in GESMO, that the most conservative release of 

t r i t i um is to the atmosphere, is overly si te specif ic, i . e . , i t does not take into 

account va r iab i l i t y in atmospheric dispersion factors and stream di lu t ion and dis

persion characteristics of d i f ferent s i tes . " 

Response: The staf f concurs that the effects of eff luent releases are highly site-dependent. 

I t is for this reason that i t was assumed that a l l t r i t i um was released to the atmosphere, with 

no credit being taken for retention in other waste streams, such as in cladding hul ls. 

Comment (CEC B-136, 137): " I t is assumed that shortly after disposal there is complete 

release of krypton-85, carbon-14 and iodine-129 from the spent fue l . For the 

reprocessing case, approximately 75% of the iodine-129 is trapped at the reprocessing 

f a c i l i t y . Are there steps which can be taken to delay release from such fuel of the 

krypton-85, the carbon-14 or iodine 129?.. . I t would also appear conservative to 

assume i t s ultimate release. I f iodine-129 is assumed not to be released, the Staff 

should state the basis for that assumption." 

Response: Krypton-85 w i l l be released to the dissolver off-gas system when fuel is sheared and 

dissolved, and after treatment and f i l t r a t i o n w i l l be released to the atmosphere through the 

plant stack. Technology is available for separating krypton-85 from clean gas streams by 

several processes; however, none of these processes has been successfully applied for the 

dissolver off-gas. 

Krypton-85 recovery is discussed in NUREG-0082, Draft Supplement to the Final Environmental 

Statement, BNFP. 
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Carbon-14 would be recovered along w i t h krypton-85; however, a separate process f o r C-14 

does not e x i s t . In NUREG-0116 i t was very conservat ive ly estimated tha t only about 75% of the 

iodine would be re ta ined at the reprocessing p l an t . Most of t h i s w i l l be contained in a 

mercuric n i t r a t e scrubber so lu t i on tha t w i l l be sorbed on a dry s o l i d such as ve rm icu l i t e which 

w i l l be packaged and de l i ve red to the repos i t o r y . Recent experimental data i nd i ca te t ha t over 

90% of the iod ine w i l l be vaporized from the d isso lver and re ta ined by the scrubber and s i l v e r 

z e o l i t e system. 

In keeping w i t h the EPA standard (40 CFR 190), i t i s an t i c ipa ted tha t iodine-129 and 

krypton-85 w i l l be captured and re ta ined as a waste to be disposed o f . The processes f o r t h i s 

capture may also capture carbon-14. As noted elsewhere in these comments (see Section 3.4 .1 .7 

EPA comment, p. B-156), f o r three reasons the s t a f f d id not base i t s estimates o f releases of 

these gaseous f i s s i o n products upon the EPA standard. Because EPA's standard does not include 

waste management, and because i n one o f the fuel cycles these gases are released in waste 

d i sposa l , the Task Force conservat ive ly assumed the la rger re lease. 

Comment (NYDOL B-134): "Concerning the loss o f Ru-106, NUREG-0116 again re fe rs to GESMO. 

GESMO . . . s t a t e s t ha t . . . . l e s s than 10 E-5 of the t o t a l Ru w i l l enter t ha t process o f f -

gas treatment system. No references or j u s t i f i c a t i o n f o r t h i s v o l a t i l i t y is presented 

i n GESMO nor are there any such j u s t i f i c a t i o n s f o r the gaseous re ten t i on f a c t o r of 10 

E+4 to 10 E+5. Why do r e s u l t s o f t h i s treatment (which apparent ly r esu l t s in zero 

loss of Ru-106 (Table 2.10 ( f ) ) d i f f e r from those pro jected at Barnwel l , where the 

estimated annual release o f Ru-106 w i l l be 6.0 c u r i e s . . . a n d at NFS where s i g n i f i c a n t 

discharges o f Ru-106 a c t u a l l y occurred?" 

Response: There i s an e r r o r i n Tables 2.1 and 2.10. uhen data were taken from Table 4.2 f o r 

Table 2.1 and 2 .10(F) , the value f o r the release of ruthenium was omi t ted . This release ra te 

i s 0.14 Ci / re ference reactor year. When converted to a 2000 HT/yr reprocessing r a t e , t h i s i s 

i n agrement w i th the 6 C i / y r value f o r Barnwell i n NUREG-0082. 

Comment (NYDOL B-133): "Concerning releases o f gaseous 1-129 and 1-131, NUREG 0116, re fe rs 

to GESMO...and in GESMO no references are provided which j u s t i f y the re ten t i on f ac to r 

o f 40 which was u t i l i z e d in c a l c u l a t i n g the iod ine release values found in NUREG-0116, 

(Table 2.10 ( f ) ) . " 

Response: The re ten t ion f a c t o r o f 40 used in c a l c u l a t i n g iod ine release values in GESMO and in 

NUREG-0116 i s considered very conservat ive. Limited experimental data recen t l y published by 

0RNL* i nd i ca te t ha t iod ine v o l a t i l i z a t i o n in the d isso lver may be much h igher . I f t h i s is 

conf i rmed, re ten t i on w i l l be higher since iod ine v o l a t i l i z e d to the d isso lve r o f f -gas system 

w i l l be contained in the mercuric n i t r a t e scrubbers and the s i l v e r z e o l i t e adsorber. 

* 
0RNL-TM 5760, "LWR Fuel Reprocessing and Recycle Program, Quarter ly Report f o r the Period 
October 1-December 3 1 , 197b." 

3-125 



(3.4.1.8 Cont'd) 

Comments (TVA B-21): "Although the total equivalent fuel consumption has increased for the 

three phases of the nuclear fuel cycle addressed in Table 2.10, the resulting total 

effluents emitted has decreased in some cases. This is especially true of the 

reprocessing phase where the total SO and particulate effluents have decreased. We 

believe this decrease requires additional explanation. In most of the other cases, 

the percentage increase in nonradiological gaseous pollutants is small in comparison 

to the total fuel cycle emissions. 

Response: The values shown in WASH-1248 for electrical energy usage by spent fuel operations, 

and the concomitant consumption of coal, were in error. The values used in NUREG-0116 were not 

derived from WASH-1248, but from an independent analysis by the Task Force, and are correct. 

The errors in the earlier document did not have a significant effect on the total nonradiologica 

effluents attributable to the total fuel cycle because fuel reprocessing operations use less 

than about 1.5% of the electrical energy consumed by fuel-cycle industries. 
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3.4.2 Clarification 

3.4.2.1 Table 2.10 

Comment (DOI B-141): "Neither S-3 nor the supplement report from which it is extracted 

adequately discuss fuel processing or disposal of radioactive wastes. Table S-3 

omits any mention of high-level wastes and those other-than-high-level solid wastes 

resulting from the reactor operation, despite the fact that past environmental 

statements specifically included discussion of both low-level and high-level wastes." 

Response: In Table 2.10 of NUREG-0116 the last major entry (p.2-33) is Solids (buried on 

site), where the sites differ from the site of generation. Sub-entries are Other Than High-

Level (shallow), and TRU and HLW (deep). The values given are derived on the basis of 

discussions in Chapter 3. Disposal, mentioned in the comment as inadequately discussed, is 

discussed in detail in Chapter 4 of NUREG-0116. These were considered by the Task Force to 

be two of the major areas requiring discussion and were dealt with accordingly. Environmental 

impacts of wastes generated at reactors are discussed in each environmental impact statement 

for nuclear reactors. 

Comment (TVA B-21): "Table 2.10 footnote h should be clarified to indicate that the land 

committed to reprocessing is on a per reactor basis but not on an annualized basis." 

Response: The title of Table 2.10 states that impacts are on a per RRY (reference reactor 

year) basis. However, footnote h states: "The contributions to temporarily committed land are 

not prorated over 30 years " Thus the acreage given is per reference reactor and is not 

annualized. 

3.4.2.2 Comparison of NUREG-0116 and WASH-1248 Values 

Comment (HW B-65): "In the statement of considerations issued with the final interim 

regulations, we believe that the Commission should seriously consider including a 

declaration of its expert judgment as to (1) the relative significance of the various 

values attributed to reprocessing and waste management in NUREG-0116 compared with 

those reported in WASH-1248, and (2) the comparative importance of the entire range 

of fuel cycle effects attributable to use of the revised Table S-3, as compared with 

former Table S-3, in assessing the overall significance of such effects." 

Response: NUREG-0116 uses the GESMO model fuel reprocessing plant, which is conservative (see 

NUREG-0002, Vol. 3, Ch. IV-E, Sections 2.0-2.5) and results in generally higher releases than 

WASH-1248. Since WASH-1248 has no radiological releases for waste management (except for 0.005 

Ci for transuranics), NUREG-0016 is necessarily more conservative for these impacts, as well as 

for nonradiological impacts. 

Concerning the relative importance of the entire range of fuel-cycle effects attributable 

to the use of the revised Table S-3, the relative conservatism of NUREG-0116 impact values 
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for reprocessing and waste management as compared with WASH-1248 also applies. NUREG-0116 values 

for transportation are also generally more conservative. Since all other elements of fuel-cycle 

impact are the same for NUREG-0116 as for WASH-1248, it follows that, in terms of total fuel-

cycle impact, NUREG-0116 is generally more conservative than WASH-1248. 

3.4.2.3 Gaseous Release of Iodine 129 and Iodine 131 

Comment (TC B-4): The commenter expresses concern over the methodology used to calculate 

the releases of iodine-129 and iodine-131 to the environment. 

Response: Gaseous release of iodine-129 is dominated in NUREG-0116 by 1.3 curies per reference 

reactor year from Column G (Waste Management) of Table 2.10. This value is obtained by 

assuming the escape of all of the iodine-129 in spent fuel stored in federal repositories 

(No-Recycle Option). Examination of the totals columns in Table 2.10 for iodine-129 shows 

that for NUREG-0116 the value is 1.3 Ci/RRY from reprocessing. That figure divided by 0.0024 is 

approximately 541. 

Gaseous release of iodine-131 in NUREG-0116 is 0.83 Ci/RRY from column F (Reprocessing), 

while it is 0.024 Ci/RRY in WASH-1248. In NUREG-0116 and WASH-1248, different models have 

been selected for FRP's, although both models are based on the Purex process. The model for 

NUREG-0116 is that used in NUREG-0002 for the GESMO. The model for WASH-1248 assumed for 

effluent releases a composite model (capacity of 900 MTU/yr) using three FRP's. These were 

Nuclear Fuel Services, West Valley, N.Y.; Midwest Fuel Recovery Plant, Morris, 111.; and 

Barnwell. Nuclear Fuel Plant, Barnwell, S.C. The choice of different model plants and the 

stated conservatism in the GESMO model (see NUREG-0002, Vol. Ill, p. IV-23, Section 2.1) 

result in different effluent values. 

3.4.2.4 Terminology 

Comment (EPA B-157): "All terminology designated as small, minor, etc., should be avoided 

as it is difficult to assess the environmental acceptability based on these types 

of qualifications. The report should quantify whenever possible." 

Response: Terminology such as "small, minor", etc. is useful for the reader of a document 

such as NUREG-0116. The Staff agrees that quantitative values need to be placed into the 

tables. In fact, in most cases, words such as "small" and "minor" can be interpreted to mean 

zero when entered into the table. The report did quantify in all cases so that the tables 

could be constructed. 
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3.4.2.5 Location of Errata in NUREG-0116 Made in Response to Comments 

Topic Page 

Consequences of Sabotage and Transportation Accidents 

(EPA B-161) 2-17 

Table 2.10 

HC1 Effluents (TVA B-21) 2-32 

Uranium Bases (TVA B-21) 2-33 

Fission Product Gases (TVA B-21) (NYSDEC B-108) 2-33 

Transuranics (TVA B-21) 2-33 

Table 4.1 Footnote (NYSDEC B-109) 4-5 

Rocky Flats Fire (TM B-67) 4-160 

3.4.2.6 Figures 

Comment: (CM B-76, 81): Anomalies in the figures at the beginnings of each section of 

Chapter 4 of NUREG-0116 are not explained. 

Response: The anomalies noted are the deletion of the plutonium-as-a-waste line on most of 

the figures, and the deletion of the spent-fuelas-a-waste line on a few. The cause was a 

miscommunication with the draftsman which was not detected until just before printing of the 

document. Pu had been inadvertently deleted from all of the small figures. To quickly prepare 

additional figures for the sections discussing plutonium, the words "spent fuel" were simply 

replaced with the symbol "Pu" on the appropriate figures. This made no change in the information 

included in the text. 
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APPENDIX A 

NUCLEAR REGULATORY COMMISSION 

[10 CFR Part 51] 

LICENSING AND REGULATORY POLICY AND PROCEDURES 
FOR ENVIRONMENTAL PROTECTION 

Uranium Fuel Cycle Impacts From Spent Fuel Reprocessing and Radioactive Waste 
Management 

Pursuant to the National Environmental Policy Act of 1969 (NEPA), an environmental 

impact statement is prepared by the Commission in connection with issuance of a 

construction permit or operating license for each light water nuclear power reactor. 

These statements contain a detailed evaluation of the environmental impacts of 

construction and operation of the plant and a discussion of reasonable alternatives, 

as well as an overall assessment of the costs and benefits of the licensing action. 

In November 1972, a document entitled "Environmental Survey of the Nuclear Fuel 

Cycle" was published by the Directorate of Licensing of the Atomic Energy Commission 

(AEC). The purpose of that document was to establish a technical basis for informed 

consideration of environmental effects of the uranium fuel cycle in the environmental 

impact statements for individual light water power reactors (LWR's). In the Survey 

the nuclear fuel cycle was treated generically. This permitted an overview of the 

entire industry without the need to evaluate particular plants. To compensate for 

the consequent lack of specific site and design detail, estimates were made of 

effluent concentrations, radiation dose rates, and human population densities appro

priate to the model fuel-cycle facilities. This approach was necessary because it 

was not possible to trace the fresh and spent fuel for an individual reactor back or 

forward through the fuel cycle and thereby pinpoint environmental impacts at specific 

plants at specific points in time. 

Comments on the Environmental Survey were solicited, and an informal rulemaking 

hearing was held on February 1 and 2, 1973. The purpose of the hearing was to consider 

possible amendments of Appendix D of 10 CFR Part 50 which would, by rule, specify the 

assessment of costs and benefits in environmental impact statements for individual 

LWR's. Written comments were received in response to the Federal Register notice, 

and recommendations for improvement were offered during the hearings. After consider

ation of the written comments and the hearing record, the AEC promulgated the final 

fuel cycle rule (so-called Table S-3) on April 22, 1974 (39 FR 14188). It was intended 

that, with the inclusion of environmental impacts from Table S-3, the environmental 
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impacts statements for individual LWR's would represent a full and candid assessment 

of costs and benefits consistent with the legal requirements and spirit of NEPA. The 

AEC indicated in its decision that the rule and survey would be re-examined from time 

to time to accommodate new information.* 

The same Table S-3 is now included in 10 CFR Part 51. 

On January 19, 1975, the Atomic Energy Commission was abolished and its licensing and 

regulatory responsibilities transferred to the Nuclear Regulatory Commission (Commis

sion). On July 21, 1976, the United States Court of Appeals for the District of 

Columbia Circuit decided Natural Resources Defense Council v. NRC, a case involving 

judicial review of the fuel-cycle rule, and Aeschliman v. NRC, a related case involv

ing the exclusion of fuel cycle issues from an individual power reactor licensing 

proceeding. The Court approved the overall approach and methodology of the fuel 

cycle rule. It found that, "[regarding most phases of the fuel cycle... the under

lying Environmental Survey represented an adequate, even admirable job, of describing 

the processes involved." The Court noted that the survey assembled data on consump

tion of resources, discussed the risks of accidents and other hazards in detail, and 

provided numerous references to the scholarly literature and technical reports in 

support of the conclusions as to environmental impact. However, the Court found that 

the rule was inadequately supported by the record insofar as it treated two particular 

aspects of the fuel cycle--the impacts from reprocessing of spent fuel and the impacts 

from radioactive waste management. 

The Commission issued a General Statement of Policy (41 F.R. 34707, August 16, 1976) 

in response to the decisions. In that statement, the Commission announced its inten

tion to reopen the rulemaking proceeding on the environmental effects of the fuel 

cycle to supplement the existing record on waste management and reprocessing impacts 

and to determine whether the rule should be amended, and, if so, in what respect. 

The Commission directed the Staff to prepare on an expedited basis a well-documented 

supplement to the survey to establish a basis for identifying environmental impacts 

associated with fuel reprocessing and waste management activities that are attributable 

to the licensing of a model light-water reactor. 

The revised survey, "Environmental Survey of the Reprocessing and Waste Management 

Portions of the LWR Fuel Cycle," NUREG-0116 (Supplement 1 to WASH-1248) (hereinafter 

referred to as "supplement"), has now been completed and copies are available for 

*In this regard, the Nuclear Regulatory Commission Staff is initiating a study 
designed to examine information that has developed since promulgation of the fuel 
cycle rule in 1974 for the purpose of updating the rule in areas other than waste 
management and reprocessing. 
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public inspection at the Commission's Public Document Room at 1717 H St., NW., 

Washington, D.C. 20555. 

In the original fuel cycle rule the environmental impacts for the fuel cycle activi

ties necessary for the support of a LWR were summarized in a Table S-3. These effects 

were also displayed by type of activity in Table S-3A of WASH-1248, April 1974. In 

the supplement, only the environmental impacts that would fall under the columns 

entitled "Reprocessing" (Column F) and "Waste Management" (Column G) of Table S-3A of 

WASH-1248 (and related transportation - part of Column H) are addressed, consistent 

with the Court decisions and the Commission's General Statement of Policy. The Table 

set forth below shows proposed revisions to Table S-3 in light of the supplement. The 

format of Table S-3A is followed in order to show the separate impacts from reproces

sing and waste management. Both the old and new impact values are included to facili

tate review. Any final interim rule will revert back to the Table S-3 format. 

"Waste management," as that term was used in the fuel cycle rule and is used in this 

notice of proposed rulemaking, refers to the handling of wastes from post-fission 

operations in the fuel cycle, or other operations from which wastes arise and are 

shipped to some storage or burial facility. In the fuel cycle rule wastes disposed of 

at the sites of their generation (e.g., tailings from mills) were included in the 

impacts from those operations (i.e., in the other appropriate columns of Table S-3A). 

These wastes are mentioned in the supplement in the description of the fuel cycle, but 

since these aspects of the original survey were upheld by the Court, they are not 

addressed here. 

A complete understanding of the management of nuclear wastes requires a discussion of 

the operations through which wastes pass from the place and time of their generation 

to their disposal. Therefore, the supplement discusses the operations at each plant 

in which the wastes are treated, stored, and prepared for shipment to offsite storage 

facilities. The supplement also deals with the transportation of these wastes. 

In a reprocessing plant, the highly radioactive spent-fuel elements are chopped into 

short segments, the fuel is dissolved by strong acid, and the resultant solution is 

separated chemically to give (1) uranium in solution, (2) plutonium in solution, and 

(3) fission products and unwanted actinides in the waste stream. In this process, a 

number of other materials become contaminated and emerge as wastes of lesser radio

activity. All of these materials are made into a form suitable for shipment to the 

next step in the fuel cycle or to disposal. The impacts of all these processess are 

addressed in the supplement. 

In the recently issued report "Final Generic Environmental Statement on the Use of 

Recycle Plutonium in Mixed Oxide Fuel in Light Water Cooled Reactors, " NUREG-0002, 

(hereafter referred to as GESMO), five alternative fuel cycle options were evaluated, 

and three were reviewed in detail: no recycle, uranium-only recycle, and uranium and 

plutonium recycle. The fuel cycle rule, Table S-3, had as its base a modification of 
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the uranium-only recycle process in which separated plutonium was stored for possible 

later use, rather than being recycled or treated as a waste stream as in GESMO. This 

supplement considers the no-recycle fuel option in addition to the uraniun-only re

cycle option. For the l a t t e r , plutonium is treated as a waste. The uranium-plutonium 

recycle option is treated in detai l in GESMO and is beyond the scope of this proceed

ing. The individual entries in the revised Table which follows are maximized in that 

they are based on the uranium-only recycle process, or no-recycle, whichever produced 

the greater impacts. 

In the supplement the model fuel-cycle f a c i l i t i e s , in terms of capacities, waste 

generation rates, and types of waste produced, are drawn from GESMO, and the 

environmental impacts associated with reprocessing and waste management ac t iv i t ies 

are normalized to a model reactor corresponding to that in WASH-1248. 

The supplement represents a f u l l and candid discussion of spent fuel reprocessing 

waste management impacts, and is based on a thorough survey of the available data. 

Throughout the supplement there is frequent reference to the scholarly l i te ra ture 

and technical reports. Indeed, over 175 reports and papers were cited and reviewed. 

A l l these references are publicly avai lable.* In addit ion, copies of a pet i t ion for 

rulemaking, submitted by the Natural Resources Defense Council on August 10, 1976, 

relat ing to procedures and approach to the assessment of the environmental impacts 

of reprocessing and waste management, and public comments thereon, have been made 

available in the Commission's Public Document Room. 

In general, the supplement indicates that the available data is adequate for a 

quantitative assessment of impacts from normal operations of a l l parts of the reproces 

sing and waste management system. Accidents were analyzed for most components of the 

complete system, but the bases for these analyses in the l i terature were varied, and 

a l l accident sequences could not be analyzed. Sample events are analyzed for a l l 

system components, and for one part (transportation) data on accidsnts from normal 

commercial ac t iv i t ies is quite extensive. One of the goals of GESMO was to assess 

the cumulative impacts of the f ive fuel cycle alternatives. In Chapter V I I I of the 

document these cumulative impacts through the year 2000 were discussed and tabulated 

in de ta i l , including detai l in the format used in Table S-3A of WASH-1248. These 

adequately describe the cumulative impacts of reprocessing and waste management with 

regard to the present generation of l igh t water nuclear power reactors now under 

review or soon to come under review for licenses. 

In areas where information necessary for a complete quantitative assessment of environ 

mental impacts is lacking (r isks from sabotage, special risks from disposal of spent 

fuel or separated plutonium, and risks from fa i lure in the long term of the geologic 

repository for high level waste) Federal programs are underway to resolve existing 

uncertainties. 

*Those few which are not in commonly available l i terature have been made available 
in the Commission's Public Document Room. 
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With respect to risks from long term repository failure, representative studies have 

been done with varying degrees of depth and sophistication, but there are still 

uncertainties in areas such as the effect of waste presence on repository stability; 

the probabilities and consequences of various types of intrusive acts by humans; the 

availability of data to be used in modeling studies; the design and regulatory actions 

needed to minimize possibilities of repository failure; projection of future societal 

habits and demography, and, finally, the relative importance of the various potential 

initiating events. Research programs are underway which should resolve most of these 

uncertainties over the next few years. 

Where data necessary for a complete quantitative assessment of impact is lacking, the 

Commission's expert judgment must be brought to bear on the information available. 

Among the issues the Commission expects to be addressed in comments on the Supplement 

and this proposed interim rule and in future hearings is whether the judgments, and 

supporting reasons, set forth in the supplement regarding such situations are sound. 

Where contrary judgments are suggested, the bases for those judgments should also be 

provided. The supplement also includes a summary presentation of ongoing Federal 

programs directed at providing more complete information. While these programs are 

not expected to provide substantial new data for a year or more, new information that 

does develop through these programs or the Commission's continuing analyses in 

connection with this proceeding will be brought into the analysis. 

The revised interim table is being proposed by the Commission as an interim substitute 

for the waste management and reprocessing values presently set forth in Table S-3A. 

After receipt and analysis of comments received in response to this notice, a final 

interim rule may be promulgated for use as a basis for LWR licensing. As the Commis

sion's General Statement of Policy indicated after promulgation of such a final interim 

rule, a public hearing will be held in order to facilitate effective public partic

ipation on the question whether the interim rule should be amended for future use 

and, if so, in what respect. The time, place, and format for the hearing will be 

set forth in a separate Federal Register notice. The interim rule would be used 

for LWR licensing only during the period of time required for completion of the 

public hearing and proceedings thereon. In order to reflect the interim character of 

the rule, any rule adopted will be made effective for no longer than an eighteen 

month period. 

The Commission's present belief is that the supplemental survey can serve as an adequate 

foundation for such a rule. The supplement is based on a thorough survey of the 

available data on waste management and reprocessing impacts, and states to the extent 

now possible the uncertainties and risks associated with these impacts. While the 

court has required an acceptable substitute for the portions of Table S-3 which it 

found inadequately supported as the basis for the necessary environmental impact 

analyses, the obvious impacts of a lengthy cessation of licensing pending final and 

complete analysis of the questions at issue may be considered in passing on the 

interim licensing question. Cf. Union of Concerned Scientists v. A.E.C., 499 F.2d 

1069 (D.C.Cir. 1974) at 1081-1086. At the Commission's direction, a separate analysis 
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of the environmental, social and economic impacts of the use of an interim rule for 

licensing of LWR's has been prepared, entitled "Impacts of Later Reversing Decision 

to Adopt or Not to Adopt an Interim Rule Permitting Construction or Operation of Nuclear 

Power Plants," October 1976. Assuming that a final rule permitting construction or 

operation of LWR's to proceed is adopted, this study suggests that failure to promul

gate an interim rule would result in substantial increases in economic, social, and 

environmental costs. Substantial costs would also be incurred should construction or 

operation of LWR's proceed under an interim rule, and the final rule (when factored 

into individual impact statements) require that ongoing construction or operation 

cease. Such a cessation of construction or operation would, of course, only occur 

in this context if the present analysis of reprocessing and waste management impact 

proves to be dramatically in error. The Commission's present judgment is that 

such an outcome is unlikely. 

The Commission is aware of the several comments filed with it in response to its 

General Statement of Policy and to the August 10 NRDC petition for rulemaking in 

this matter. The procedural aspects of that Statement and petition, to the extent 

not addressed here, will be dealt with in a notice of hearing to be published shortly. 

Technical aspects of the comments, including NRDC's extensive presentation and the 

economic data supplied by electric utility groups, have been considered in developing 

both the supplement and the statement of impacts. Of course, the technical judgments 

in both documents remain open for further comment in connection with the proposed 

rule. 

The staff found the technical aspects of the NRDC comments, in the main, to state 

important elements in the area of waste management, but many were outside the scope 

of the present study. For instance, the staff relied on analysis of available 

technology (as suggested by NRDC) and dealt with some special waste types (such as 

spent fuel and plutonium) suggested for consideration. To the extent that some of 

the suggestions for inclusion were beyond present technology or are not contemplated 

by any of those responsible for the management of wastes, they were judged not to 

contribute to a reasonable projection of impacts and were not included in the survey. 

And, in declining to consider such matters here, the Commission does not imply any 

judgment regarding the appropriateness of these questions for future inquiry in 

other proceedings. 

This Notice of Proposed Rulemaking does not address several issues identified in the 

General Statement of Policy. These issues include the question whether the Commission, 

sua sponte, should initiate show cause proceedings against present holders of LWR 

construction permits, limited work authorizations, or operating licenses; whether 

circumstances revealed by the supplement warrant any change in the Commission's policy 

regarding show cause proceedings against present licensees initiated by others; and 

whether licenses may be issued in pending cases, and if so under what conditions, in 

advance of the adoption of an interim rule. Resolution of these questions, or some of 

them, may be affected by the action of the United States Court of Appeals for the 

District of Columbia last Friday, October 8. The court, in staying its mandate in 
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the proceeding which led to issuance of the General Statement of Policy, indicated its 

view that the Commission could continue licensing activities "on condition that [the 

Commission] shall make any licenses granted between July 21, 1976 and such time when 

the mandate is issued subject to the outcome of the proceedings herein." The Com

mission anticipates resolving these questions, in light of the supplement and the 

court's recent action, in the very near future. In particular, parties to existing 

show cause proceedings are being invited to submit views regarding the possible 

suspension of those show cause proceedings to the Secretary of the Commission on or 

before October 22, 1976. 

Accordingly, pursuant to the Atomic Energy Act of 1954, as amended, NEPA, the Energy 

Reorganization Act of 1974, as amended, and sections 552 and 553 of Title 5 of the 

United States Code, notice is hereby given that adoption of the substance of the 

following Table is contemplated as a revision to Table S-3 of 10 CFR Part 51. All. 

interested persons who desire to submit written comments or suggestions for consider

ation in connection with the proposed amendments, or to submit comments on the under

lying supplement to WASH-1248 or impact analysis, should send them to the Secretary of 

the Commission, U. S. Nuclear Regulatory Commission, Washington, D.C. 20555, 

Attention: Docketing and Service Section, by December 2, 1976. Copies of the supple

ment and impact analysis may be examined at the Commission's Public Document Room at 

1717 H Street, Washington, D. C. and at the Commission's local Public Document Rooms. 

Copies of the comments received in response to this notice will be placed in the 

Commission's Public Document Room in Washington, as received. Single copies of the 

.supplement and impact analysis may be obtained without charge, to the extent of 

supply, by writing the Division of Document Control, U. S. Nuclear Regulatory Commis

sion, Washington, D. C. 20555. (See. 161, Pub. Law. 83-703, as amended, 68 Stat. 

948, as amended [42 U.S.C. 2201]; Sec.102, Pub. Law. 91-190, 83 Stat. 853 [42 U.S.C. 

4332], Sec.201, Pub. Law. 93-438, as amended, 88 Stat. 1242, 89 Stat. 415, [42 U.S.C. 

5841 ].) 

FOR THE NUCLEAR REGULATORY COMMISSION 

Samuel J. Chi Ik 
Secretary of the Commission 

DATED at Washington, D.C. this 
13th day of October, 1976. 
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Table 2.10 

SUMMARY OF IMPACTS OF REPROCESSING AND WASTE MANAGEMENT PER RRY 
(Columns F, G, and H of Table S-3A) 

Hv 

Natural Resource Use Reprocessing 
(NUREG-0116) 

32h 

28.5 
3.5 

0.12 

0.1 

Reprocessing 
(WASH-1248) 

3.9 
3.7 
0.2 

0.03 

_ 

Waste 
Management 
(NUREG-0116) 

3.2 
2.9 
0.28 

2.6e 

0.0015 

'.laste 
Management 
(WASH-1248) 

-

0.2 

_ 

Transportation 
(NUREG-0116) 

-

-

. 

Fuel Cycle 
Transportation Totals ' 

(WASH-1248) (NUREG-0116) (WASH-TZ58~) 

5» 
I 

co 

Land (Acres) 

Temporarily Committed 
Undisturbed Area 
Disturbed Area 

Permanently Committed 

Overburden moved 
(mil l ions of MT) 

Water (mil l ions of gal.) 

Discharged to a i r 
Discharged to water bodies 
Discharged to ground 

Total Water 

Fossil Fuel 

Electr ical energy 
(thousand MW-hr.) 

Equivalent coal (thousand MT) 

Natural Gas (mi l l ion scf) 

6.6 
54.8 

61.4 

4.0 
6.0 

10.0 

0.38 
0.051 
0.96 

1.4 

0.13 
0.13 

0.26 

4.0 

1.5 

28.6 

J. 45 

0.15 

_ 

0.62 

0.22 

3.3 

.0077 

.003 

_ 

0.016 

94 
73 
22 

7.1 

2.8 

159 
11,090 

124 

11,373 

63 
45 
18 

4.6 

2.7 

156 
11,040 

123 

11,319 

321 

117 

124 

317 

115 

92 

Maximized for either of the two cycles (U-only and no recycle). 

i nc lud ing columns A-E of Table S-3A of WASH-1248. 

For wastes only. 

Differences between NUREG-0116 and WASH-1248 estimates of reprocessing impacts are attr ibutable to the use of a new model 
plant for this Supplement. 

eDisposal included here did not appear in WASH-1248. 

Not released to the environment. 
9Major radionuclide releases in the Waste Management column are attr ibutable to the disnosal of spent fuel (no-recycle option) and the 
conservative assumption of complete release of gaseous nuclides in the geologic repository. 

The contributions to temporarily committed land are not prorated over 30 years, since the complete temporary impact accrues regardless 
of whether the plant services one reactor for one year or 57 reactors for 30 years. 



Table 2.10 (Continued) 

Natural Resource Use Reprocessing 
(NUREG-0116) 

Reprocessing 
(WASH-1248) 

Waste 
Management 
(NUREG-0116) 

Waste 
Management 
(WASH-1248) 

Transportation 
(NUREG-0116) 

Transportation 
(WASH-1248) (NUREG-01167 

Fuel Cycle 
Totals 

(WASH-1248) 

Effluents 

Chemical (MT) 

Gases (MT) 

SOx 
N0X 

Hydrocarbons 
CO 
Particulates 

Other Gases 

F~ 
„ HC1 
i 

CO 

Liquids 

S0= 

NO" 

Fluoride 

Ca++ 

CT 
Na+ 

NH3 

Tailings Solutions 
(thousands) 

Fe 

Solids 

5.4 

1.9 

0.5 
0.5 
0.6 

0.05 
6E-4 

0.02 
-

6.2 

7.1 

0.02 
0.04 
1 .6 

0.11 

0.4 

0.9 

0.030 

0.031 

0.02 
0.007 
0.02 

0.013 

_ 

_ 

0.09 

< 0.02 

0.2 

5.3 

0.045 

0.62 

0.062 
0.38 
0.022 

2.6 

4,400 

1,190 

14 
29.6 

1,154 

0.67 
0.14 

9.9 

25.8 

12.9 

5.4 

8.5 

12.1 
10.0 

240 
0.4 

4,400 

1,177 

13.5 
28.7 

1,156 

0.7 

10.3 

26.7 

12.9 

5.4 

8.6 

16.9 
11.5 

240 
0.4 

0.42 91,000 91,000 



Table 2.10 (Continued) . 

Natural Resource Use Reprocessing 
(NUREG-0116) 

Reprocessing 
(WASH-1248) 

Waste 
Management 
(NUREG-0116) 

Waste 
Management 
(WASH-1248) 

H*-

Transportation 
(NUREG-0116) 

H 

Transportation 
(WASH-1248) 

Fuel Cycle 
Totals0 

(NUREG-0116) (WASH-1248") 

Effluents (Cont'd. 

Radiological (curies) 

Gases (including entrainme 

Rn-222 
Ra-226 
Th-230 
Uranium 
Tritium (thousands) 
Kr-85 (thousands) 
1-129 
1-131 
Fission Products 

> Transuranics 

i c - 1 4 

Liquids 
Uranium & Daughters 
Fission & Activation 
Products 

Ra-226 
Th-230 
Th-234 
Tritium (thousands) 
Ru-106 

Solids (buried onsite) 
Other than high level 

(shallow) 
TRU & HLW (deep) 

Thermal (billions of Btu) 

nt) 

0 
18 
400 
0 
0 
0 
0 
24 

-

-
-
-
-
-
-

0 
-

75 

-
-
-

000039 
1 

03 
83 
18 
023 

52 

5 

16.7 
350 

0.0024 
0.024 
1.0 
0.004 

2.5 
0.15 

0.0071 
5.3E-7 
5.3E-7 
7.9E-6 

149 
2909 n 

1.39 

0.003 
0.0014 

i9g 

5.4E-6 

5.9E-6 

61 

4,700 
1.1 E+7 

88 

74.5 
0.02 
0.02 
0.034 
18.1 
400 
1.3 
0.83 
0.021 
0.024 
24 

74.5 
0.02 
0.02 
0.032 
16.7 
350 
0.0024 
0.024 
1.0 
0.004 
-

2.1 

5.9E-6 
0.0034 
0.0015 
0.01 

2.1 

0.0034 
0.0015 
0.01 
2.5 
0.15 

5,300 601 
1.1E+7 

1.0 0.014 0.03 3,462 3,360 



APPENDIX B 

Comments Received on "Environmental Survey of the Reprocessing and Waste Management 

Portions of the LWR Fuel Cycle", NUREG-0116 (Supp. 1 to WASH-1248) 

INDEX OF COMMENTS 

Originator (Commenter) 

Edison Electric Institute 

Mr. Peter Roper 

Mr. Terry Crawford 

Ms. Janet Sgt 

Maryland - Department of State Planning 

Georgia - State Clearinghouse 

Pennsylvania - State Clearinghouse 

Louisiana - Governor's Council on Environmental Quality 

Geothermal Energy Institute 

Illinois - Executive Office of the Governor 

Kansas - Department of Administration 

Oklahoma - State Grant-In-Aid Clearinghouse 

Department of Agriculture - Research Service 

North Dakota State Planning Division 

Department of Transportation - Materials Transportation 

Bureau 

Idaho - Division of Budget, Policy Planning and 

Coordination 

Kentucky - Department for National Resources and 

Environmental Protection 

Atomic Industrial Forum, Inc 

Tennessee Valley Authority 

Alabama Power Company 

Wisconsin Legislature 

Shaw, Pittman, Potts & Trowbridge 

Sierra Club 

Westinghouse Electric Corporation 

Mr. Peter Sinclair 

Mrs. Mary Sinclair 

Department of Housing and Urban Development 

Hunton & Williams 

Mr. Thomas Milne 

LeBoeuf, Lamb, Lei by & MacRae 

Abbreviation 

EEI 

PR 

TC 

JS 

MD 

GA 

PA 

LA 

GEI 

ILL 

KAN 

OKLA 

AGR 

ND 

i 

DOT 

Appendix B Location 

B-2 

B-4 

B-4 

B-5 

B-5 

B-6 

B-6 

B-7,8 

B-8 

B-10,153 

B-ll 

B-12 

B-12 

B-13 

B-13,72,111 

ID B-15 

KY 

AIF 

TVA 

APC 

WIS 

SPPT 

SC 

W 

PS 

MS 

HUD 

HW 

TM 

LLLM 

B-15 

B-16 

B-19 

B-22 

B-23 

B-30 

B-43 

B-53 

B-55 

B-58 

B-63 

B-64 

B-66 

B-68,165 

B-l 



Originator (Commenter) Abbreviation Appendix B Location 

Allied-General Nuclear Services 

North Carolina Department of Administration 

Critical Mass 

Natural Resources Defense Council, Inc. 

California - Office of Planning and Research 

Mid-America Coalition for Energy Alternatives 

New York State Department of Environmental Conservation 

Oregon - Intergovernmental Relations Division 

South Dakota - State Planning Bureau 

Carolina Power & Light Company 

Florida - Department of Administration 

Department of Commerce 

California Energy Resource Conservation and Development 

Commission 

Commonwealth of Virginia 

Wisconsin - Department of Justice 

New York - Department of Law 

Indiana - State Clearinghouse 

Department of the Interior 

Texas - Office of the Governor 

Environmental Protection Agency 

Advisory Committee on Reactor Safeguards 

Mississippi - State Clearinghouse 

AGNS 

NC 

CM 

NRDC 

CAL 

MACEA 

NYSDEC 

OR 

SD 

CP&L 

FLA 

DOC 

CEC 

VIR 

WIS 

NYDOL 

IND 

DOI 

TEX 

EPA 

ACRS 

MIS 

B-72 

B-74 

B-75 

B-93 

B-105 

B-106 

B-107 

B-110 

B-112 

B-112 

B-113 

B-114 

B-115,135 

B-117 

B-119 

B-127 ,149 

B-140 

B-141 

B-145 

B-154 

B-176 

B-177 

KEY TO COMMENTS FOR WHICH NO RESPONSE WAS REQUIRED OR GIVEN 

AI Added Information: additional information given by the commenter which does not 

change the analysis or the conclusions reached by the Task Force. 

BD Background^: background information or discussion which does not bear directly on the 

analysis or the conclusions of the Task Force. 

CON Conclusion: summary conclusion statement which is answered through responses to 

detailed points made in support of the concluding statement. 

ER Errata: mistakes in the text of NUREG-0116 which are noted and included in Appendix E. 

FOR Format: comments directed at the format of the rule (which has already been decided 

and upheld by the court). 

NC No Comment: the commenter states merely that he has no comment. 

GR-# Generic Response Number #: generic responses which appear in Section 3.0.1. 

B-la 



KEY TO COMMENTS FOR WHICH NO RESPONSE WAS REQUIRED OR GIVEN (Continued) 

R Repetition of Task Force views: the commenter is merely reiterating or paraphrasing 

conclusions or statements of the Task Force in NUREG-0116. 

SOC Statement of Considerations: issues which are correctly addressed by the Commission 

in its own statement of considerations. 

SV Statement of Views: Statements of views, unsupported assertions, statements which 

cannot be addressed without additional information from the commenter, etc. (These 

were noted but no response was made.) 

PR Procedural: comments which address procedural issues in the rulemaking (this document 

addresses only substantive issues). 

B-lb 



EDISON ELECTRIC INSTITUTE 
SO PARK A V E N U E • NEW TORK lOOlfl • (918) » 

CD 

October 22, 1976 

Mr Samuel J Chilk 
Secretary of the Commission 
U S Nuclear Regulatory Commission 
Washington, D C 20555 

Attention: Docketing and Service Section 

Dear Mr Chilk: 

By notice in the Federal Register on Monday, October 18, 
the Commission indicated its intent to resolve three questions 
in the very near future. 41 Fed Reg 45849 (October 18, 1976). 
These questions are: 

^ 1- w h ? t h e r t h e commission, sua sponte, should 
initiate show cause proceedings against 
present holders of LWR construction permits, 
limited work authorizations, or operating 
licenses; 

2. whether circumstances revealed by the 
Environmental Survey of the Reprocessing and 
Waste Management Portions of the LWR Fuel 
Cycle, NUREG-0116, ("Revised Survey") 
warrant any change in the Commission's 
policy regarding show cause proceedings 
against present licensees initiated by others; 
and 

3. whether licenses may be issued in pending 
cases, and if so under what conditions, in 
advance of the adoption of an interim rule. 

The Institute has a great interest in these matters as the 
principal national association of investor-owned electric utility 
companies which supply electricity to 77.5 percent of all the 
electric service customers in the United States. Those members 
hold operating licenses, construction permits and limited work 
authorization for 135 nuclear power reactors. 

The Edison Electric Institute urges the CoaaUssiob «•. 
suspend all show cause proceedings already initiated and. to -
abstain from initiating, or allowing other* to initlata, further 
show cause proceedings at this time. The Institute also urges 
the Commission that it is in tha public interest to res rues nuclear 
power reactor licensing in advance of the adoption of the interim 
rule. 

In detail, the Institute considers that show can** pro
ceedings are not appropriate at this time to determine whether tfe* , 
.licenses already granted for power reactors should be oontlnoed. 
modified, or suspended due to the opinion of the United States 
Court of Appeals for the District of Columbia Circuit in Batnrai, 
Resources Defense Counsel, et al. v. NBC, (Docket Hos. 74-1385 
and 74-1586 (filed July 21, 1976)). Tne-mandate of the court he* 
not issued and several petitions for certiorari with respect to , 
that decision have been filed In the Supreme Court. IB this pro
cedural setting, the rule developed in RM-50-3 is still In effect ' 
and the show cause proceedings suggested by the Commission in It* 
General Statement of Policy (41 Fed Reg 34707, August 16, 1»7»» 
are premature and may never be necessary if the Supreme Court: ;• 
grants a writ of certiorari and reverses the decision of the Court 
of Appeals. Accord, City of Yonkera v. United States, 321 O S 
745 (1944); also, cf., Reserve Mining Co v. EPA, 514 F 2d 49*, 
540-41 (8 CirTT97TT. 

Regardless of the Supreme Court's disposition of the peti- '" 
tions, such show cause proceedings are premature for anotliar reamon-i 
The court did not vacate the Vermont Yankee license but only re
manded it "to await the outcome of further proceedings in the rule
making". Moreover, the court did not disagree with the Commission** 
previous decision not to reopen the Vermont Yankee proceeding be
cause the court agreed that the sum of the fuel cycle costs was 
"relatively insignificant". Slip Op 15 n.19. Thus, unless the 
, Commission were to conclude that the original Table S-3 subetan- • '-
tially understated the total environmental fuel cycle costs, there > 
would be no need to change the approach the Commission formerly 
took on prior licensing actions, that is, there would be no need 
to reconsider licenses formerly issued. The publication of the 
Revised Survey provides practical reassurance to the Commission that 
such show cause proceedings will be unnecessary sine* the recal
culation of the environmental costs of reprocessing and waste 
management, on the basis of even more conservative assumption* and 
more detailed information than explicitly used before, indicates 
that "the total values are not substantially different from those 
in WASH-1248." (Revised Survey, 2-17.) 

Further, the court's order of October 8, 1976, granting a 
stay of the mandate may be read to indicate that the decision doe* 
not have any retrospective effect. If the Commission so Interpret* 
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"the October 8 order, there would be no need to have show 
cause proceedings for any licenses issued before July 21, 
1976. 

the Commission should proceed to issue licenses in ' 
pending case* in advance of the adoption of an interim rule 
for several independent reasons. First, we suggest that tne 
abeence of finality in the court's decision and the pendency 
of petitions for certiorari allows the existing Table S-3 to 
be considered the valid and existing rule until either the 
matter is finally disposed of by the Supreme Court or the 
Commission issues a new rule, whichever occurs first. Second, 
the Commission indicated in the General statement of Policy, 
which was attached to the Commission's motion for stay of the 
mandate, that the grant of the stay by the court, supported by 
an impact appraisal of the court's decision and of the granting 
of a stay, "might also provide the basis for resumed licensing" 
the court granted that stay, without requiring the impact 
appraisal, on the condition that licenses issued after July 21 
ha 'subject to the outcome of the proceedings herein". The 
, motions for stay filed by Vermont Yankee and Baltimore Gas & 
Electric were not so conditioned, but were also quoted. In 
these circumstances, the stay at least constitutes approval 
to proceed with licensing on the condition stated. However, 
since a stay of the mandate was already in effect before 
October 8 by virtue of the Vermont Yankee petition for cer
tiorari filed in the Supreme Court on September 21, 1976 while 
its motion for stay of mandate was pending in the Court of 
Appeals (Fed R App P. 41 (b) (sentences 1 and 3); see. Fed R 
App P. 41 (a) (sentence 3)), there may be some doubt as to the 
Court of Appeal's jurisdiction to require such a condition; 
nonetheless, the Commission may, in its discretion, impose a 
condition. 

If the Commission does impose conditions on new 
licenses granted prior to the issuance of the mandate or the 
issuance of a new rule (whether that be pursuant to the de
cision of the court or the Commission's express intention to 
update the table in its original statement of consideration 
(39 Fed Reg 14188, April 22, 1974)), the condition should pro
vide for show cause proceedings to be held as to these 
licenses only in the event that (a) the Court of Appeal's 
decision becomes final by virtue of denial of the petitions 
for certiorari or affirmance by the Supreme Court, and (b) 
the new rule developed pursuant to the interim rulemaking 
shows that the costs estimated in the Revised Survey have 
been substantially underestimated. If the decision of the 
Court of Appeals is reversed by the Supreme Court or the 
interim rule does not find that the Revised Survey has sub
stantially underestimated the fuel cycle costs, there would 

' be no need to consider whether licenses issued during this 
period of time should be modified or revoked. Further, the 
Impact Statement issued by the Commission on October 13 
supports the substantial public interest in proceeding with 
< power reactor licensing. 

Sincerely yours, 

W Donham Crawford 
President 

WDC:jac 
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Nuclear Regulatory Commission ' • 
Office of the Assistant Director of 
Environmental Pro;ects 
Division of Nuclear Reactor licensing 
Washington, D.C. 20555 

Dear Sirs: 

I disagree rith your ap-iroval of issuing interim guidelines 
hich would reopen licensing of nuclear -slants -"ithin three months. 

ITy I remind you thrt your study stated that you underestimated 
't'-e environmental impacts of nuclear fuel reprocessing and nuclear 
fvel disposal. For example, you stated that there F'ould be a 
discharge of 5^1 tines more radioactive iodine-129 and 3^.6 times 
more radioactive iodine-131 than previously believed. After sone 
careful research, I found out that the half-life of iodine-129 is 
17 million years, and that this isoto-oe is ahsorbed by the thyroid 
-land -hich coul^ lead to increased cases of thyroid cancer to 
-leo-le living near the reprocessing slants or on the routes to the 
disoository sites, if an accident or terrorist act occured. Also, 
iodine-131 has a half-life of 8 days and it too is absorbed by the 
th'-roid gland, nhich, which again, if it became lose in the 
environment by accident, acts of god, or by terrorists, could cause 
serious damage to many people. And, to complicate this natter, 
iodine-131 is particularly hazardous to man- because of its biologies 
magnification in the food chains. Isotopes must be stored for 
periods of 10 to 20 times their half-life before they decay to safe 
levels. 

3o, as you can see, your commission 'ill have to do a better 
' job then you are currently doing if you e;:-iect nuclear po-er to be 
safe to humr-is. Nuclear fuel disposal and re->roceding are vital 
Ttrrra- is- t-ha nuclear fuel cycle and will have to be made 99.995? 
safe or else serious damage vill occur to both humans and his 
surrounding environment. 

'e are dependent on only 8 -ercent of our electricit-7 from 
i'icie?r po'ver, so now is the time to be absolutely sure ti-at there 
exists a safe and proven method of disnosal and reprocessing. If. 
°ny of the deadly radioactive materials escapes into the surrounSi'---; 
environment, it 'ill cost millions of dollars to clean up the mess, 
.alon~ -"itl- the illness associated v/ith the releases. 
; Remember, it has been stated by both the EPA and the Nations'' 
\ca-:e~iy of Science that there has never, and there is not now, any 

.evidence for a "SAFE" amount of radiation. _ , 
let's sto~i licensing nuclear plants until we have more clear 

evidence about the real dangers of the full nuclear fuel cycle. 
Thank you, 
Terry Crawford 
2063 Bellevue Dr. 

W^aat«Mj^tf &£$&&&> 

I31endale, California- 91201-
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MARVIN MANOEL 

MARYLAND 
DEPARTMENT OF STATE PLANNING 

SOt WEST PRESTON STREET 
BALTIMORE. MARYLAND 21201 

Y I L i r H O K C : 1 0 I - I . 1 - 2 4 1 I 
VLAMMIR A WAHBE 

October 20, 1976 

TO: Addressees 

IBCHi / warren D. Hodges 
T*' Chief, State Clearinghouse 

•jl&/ fjwrzvij 

Bet State Clearinghouse Project #77-10-379 Envixonnental Survey 
of the Reprocessing and Waste Hgt. Portions of the V,!R 
Fuel Cycle Q]S Huclear Regulatory Comnission) 

The State Clearinghouse has received the enclosed information on 
the referenced project. This material ic forwarded for your information 
and use. If you desire to review and consent on the project, please 
contact the Federal Agency direct and forward an information copy of 
your response to our office. 

Thank you for your attention* ' ~ 

Addresses: 

Donald Horen-EHA 
Henry Siltermann-ffi!R 
Gerald KcKinney-TCCS-Md. 
D of Kd.-CES 
Lois Gillian-US? 

Info Copy 
W. P. Bishop-IHC-'^ 
Bobert Tateo-rSC 

brb 
«a!wowl8d£id by 0;.-; idtfyjL 
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Mr. W. P. Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle 
and Material Safety 

U. S. Nuclear Regulatory Commission 
Washington, D.C. 2055S 

FROM. STATE CLEARINGHOUSE 
OFFICE OF PLANNING AND BUDGET 
INTERGOVERNMENTAL RELATIONS DIVISION 
270 WASHINGTON STREET, S.W. 
ATLANTA, GEORGIA 30334 

DATE: October 18, 1976 

SUBJECT:. RECEIPT NEGATIVE DECLARATION/ENVIRONMENTAL ASSESSMENT OR 
DRAFT/FINAL ENVIRONMENTAL IMPACT STATEMENT 

APPLICANT* Nuclear Regulatory Commission 

PROJECT: LWR Fuel Cycle, Environmental Survey of the Reprocessing and 
Waste Management Portion 

STATE CLEARINGHOUSE CONTROL NUMBER: 76-10-18-21 

OFFICE OF PLANNING AND BUDGET CONTACT: C. Badger/S. Williams 

The environmental information for the above project was received by the State Clear
inghouse on October 18. 1976 • 

The State-level review on this project has been initiated and every effort is being 
made to insure prompt action. The document will be carefully evaluated relative to 
its consistency with State economic, social, physical goals, policies, plans, objec
tives and programs. You may expect to be informed by the State Clearinghouse of the 
results of the initial review by November 26, 1976 "* * 

In future correspondance regarding this document, please include the State Clearing
house Control Number shown above. If you have any questions concerning this project 
please call us at (404) 6S6-38S5 or (404) 656-3829. 
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STATE OF LOUISIANA 
COMMISSION ON INTCHOOVMNMCNTAL. RCLATIONS 

SCMATOA MMMML H OKKEPB October 21 , 1976 

•ATOM R O O M . LOUISIANA 70«O4 

3 S Q - s e 6 4 

Mr. tf. P. Bishop, Chief ^OW£D RULE " " ' 5 / U W f i t * & % * & } 
Nuelcar Regulatory Coanlsslon 
Wasta Ksnagaatait Branch 
Washington, D.^C.' 20555 

RE: Environmental Survey of the Reprocessing and Waste Management 
Portions of the LWR Fuel Cycle. 

Dear Mr. Bishop: 

Us have reviewed the referenced environmental statement with respect to agency 
lapact and responsibility. 

APPLICABLE STATEMENTS ARE CHECKED BELOW: 

This Is to notify you that we concur with your selection of state agencies 
requested to review and comment on the document. We recommend no additions. 

A copy of the document has been forwarded for review and comment to the 
ĵ Q Louisiana state agencies listed on Attachment A. Any comments forth-

*M coming from these agencies will be forwarded to you by December 2, 1976 . 

We request that you forward a copy of the dccutrent for review and comment 
to the Louisiana state agencies listed on Attachment B. Any comments 
forthcoming from these agencies should be forwarded to you with a copy to 
IGR by . 

Additional Louisiana state agencies have been informed of the contents of 
i the document and notified vnere a copy may be obtained. 

A copy of the statement will be retained in our office and is available for public 
inspection, and a notice of availability will be published in our newsletter. 

Sincerely, 

DeWitt H. Braud, Jr. 
Environmental Coordinator 

DHB:dn 
Attachment: A ^ . ^ . . ^ i i / d W ^ 

H O U S E C O M M I T T E E G O V E R N O R * * C O M M I T T E E S E N A T E C O M M I T T E E 

J RKHMO l n u o KCHMCTM ftowcH Wru.iAM 0 Bmjw» 
R^acm F M U M I JOHH A Cox racocn-ca C*a*« 
T \(t HUMRHMCI OOMOOH FLW«* * O Klt«T»tC« 
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Cooaute Srmw O O M W W W I I U U W N RICWW 

Attachment A 

Agency List 

1. Governor's Council on Environmental Quality 

2. Joint Legislative Committee on Environmental Quality 

3. La. Wildlife and Fisheries Commission 

4. La. Geological Survey 

5. La. Department of Conservation 

6. La. Board of Nuclear Energy 
Division of Radiation Control 

7. La. Health and Human Resources Administration 
Bureau of Environmental Services 

8. La. Office of State Planning 

9. Coastal Studies Institute 
Louisiana State University 
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November 8, 1976 

DOCKET RUU8W PR-r/fr;^***^ 

Mr. Samuel J . Child 
Secretary of the Commission 
U.S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Attention: Docketing ! 

Dear Mr. Child: 

Service Section 

The copy of the Environmental Survey and Reprocessing and 
Waste Management Portions of the LWR Fuel Cycle has been 
received and reviewed by the staff of the Governor's Council 
on Environmental Quality. 

At th is point a no objection is offered; however, additional 
study i s being undertaken of th is project by this office. 

Thank you for allowing us to participate in th i s review. 

Sincerely, , . 
\ 

William J. Mollere 
Assistant Director 

Geothermal Energy Institute 
1000 NORTHPOINT. #1704 • SAN FRANCISCO CA 94109 

DONALD F X FINN 
MANAGING DIRECTOR 

PROPOSED RULE 

Nuclear Regulatory Commission 
Washington D. C. 20S45 REj NUREG-0116 

Gentlement 

W« enc lose comments on r e a c t o r and fuel cycle f a c i l i t y 

decommissioning. 

*->^^ S ince re ly yours , 

Donald F . X. Finn 

>. i... ^^v^ubms^. 

WM/cdh 

cc: Mr. DeWitt Brand, J r . - Environmental Coordinator 
Caimission on Intergovernmental Relations 

Acknwlidgatl by card JlilSlHi C^ 
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Decontamination and Decommissioning 

Waste management and sa fe ty procedures re la ted t o decontamination and 

decomissioning of nuclear reactors are important considerat ions because of the 

long-term radiat ion content created by 30 - 40 years of operat ion. 

The NRC Staf f takes the p o s i t i o n that plans and procedures for decomissioning 

need not be developed at the time of i n i t i a l l i c e n s i n g . Since a l i c e n s e e must show 

i t has the f inanc ia l a b i l i t y t o cover the cos t s of decommissioning i n order t o obtain 

a l i c ense (10 CFR 50.33) t h i s a t t i tude seems questionable at b e s t . At worst i t 

r a i s e s serious quest ions as t o whether decommisioning of large u n i t s or energy 

parks i s prac t i ca l at a l l . 

Only a few small reactors have decommissioned. A l l were l e s s than 100 MW. 

Tha Elk H i l l s (Minnesota) reactor involved the dismantling and d i sposa l of only 

830 tons of mater ia l . A 1973 est imate for complete restoration was $70 m i l l i o n . AEC, 

1973, Nuclear Fuel Supply. 

Annual maintenance charges have been estimated at $100,000. NUREG-75/078, 

The NRC does not require consideration of such c o s t s in construct ion 

_ l i cens ing proceduresr they are considered only in operating l i c e n s i n g proceedings. 

This would appear t o be evidence tha t the NRC has not taken a ser ious enough a t t i tude 

towards the problems of decommissioning. 

These problems have often been l e f t undiscussed when nuclear safe ty i s s u e s 

have been considered, Cf, e . g . , Varanini, E. E. e t a l . , 1975, Nuclear Waste Disposal 

and Transportation: Cal i fornia Assembly Committee on Resources; Warren, C. e t a l . , 

1976, Reassessment of Nuclear Energy in Cal i forniat Cal i fornia Assembly Committee on 

Resources. 

Decommissioning by "entombment" reportedly cos t up to $32/kw In the 1960*3 

and $120/kw in 1972 for small r e a c t o r s . Males, M. A. and Cooke, M., 1976, Analysis of 

Public Service Company's Project ions For Black Fox (Tulsa, OK) Nuclear Statat ions i 

Oklahoma City , OK, p . 10 . 

Future cos t s are projected at $80-300/kw. i b i d . Annual maintenance charges 

may addi t ional ly be incurred for thousands of years . 

P. 10-3. 

CON 

3.2.4.13 [_ 

3.2.4.3 [_ 

3.2.4.7 |_ 

3.2.4.2 [_ 

3.2.4.2 

' Males and Cook* argue that a bond should be required to assure that tha costs of 

decommissioning will be paid by those who benefit from tha electricity produced 

rather than by future generations who merely must be responsible for the wastes 

which shall be left behind. 

Assuming a 55% capacity factor a $50 million sinking fund for a 1X50 Mf 

nuclear reactor could be created by adding a 1 mill/kwh charge to consumers bills. 

A bond could be required for amounts over $50 million. 

"...criteria for the decommissioned site and facility 
should be factored into plant design and into operating 
and maintenance procedures. This planning for 
decommissioning is a drastic departure from present 
practice but until it is done, how can the public be 
convinced that nuclear monuments are not being built?" 

Lenneman. w. L. et al., 1975, Management of Radioactive 
Wastesi 17 IAEA Bulletin pp. 2 et seg. 

The real problem is whether decommissioning is practical at all. See, 

e.g.. Energy Policy Project (Ford Foundation), A Time To Choose, p. 210 (1974)» 

Hearings Before the Joint Committee on Atomic Energy, U. S. Congress, February 18, 

1976. 

Five principal problems must be considered i 

1.) On-site waste handling systems are apparently inadequate and are 
not designed to handle radioactive decontamination solutions. 

2.) Can large amounts of radiated materials be properly dismantled 
and safely stored for thousands of years? And at a reasonable cost? 

3) . Can workers safely decontaminate, disassemble, relocate and store 
large amounts of radioactive materials ? Are transporation systems adequate? 

4). will untested decontamination procedures jeopardize the integrity 
of the primary system ? 

5}. Are procedures adequate to insure that a licensee will responsibly 
decommission a reactor after 40 years of opsration and that it will 
have the financial capability to do so ? 

If we have to wait 40 years until these questions are to be answered 

by a licensee and regulations are to be developed by the NRC, one venders if they 

will ever be answered at all. 
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tha W Staff haa raeantly raoognlaad tha cloaa relationship batmen 

seaator deaign cad ooastroction g a c t l a u and dsmeiI .stoning procadurea. 

I t ajaclflnaUy raoognisad that advanoe planning can provide 

valoh lapaot on rtafwlialunliy at « • future data, e .g. , AdVoidanca 

af paaHeta aafl eraeka la i*ioh plutoniiai ean aocoanlate) use of oontainaant 

aaaaajdojea) tbmt piaaaal raleaae of plntoniua or radioactive aat .r i . l s under a l l 

tereeaabla nlrnaaaHiiiajs ao that exterior surfaeee of prooeas equipment and the 

land •arronadlng-a faci l i ty wil l not require special decontaaination or entosbaent. 

aTSOK-0002, Vol. 4, p. VH-14, Auguet 1976. 

Cf*, generally, R. B. chitwood, R.B., August 1975, Decontamination 

and DeceaadselaaiD.: of Licensed Puei Reprocessing Plantai EKDA and Aerojet 

Ljtoelaax Company Report no. COOT.750827. 

1 ' Conatruotlon licensing nrocecillngi should* therefore carefully 

' review deoontawl nation and deoaaaissioning plana and prooaduras aa wall as 

oparatlng licensing proceedings. 

STATE OP ILUNOia 
EXECUTIVE OFFICE OF THE GOVERNOR 
BUREAU OF THE BUDGET 

•miNOPISLO «ft70< 

November 4, 1976 

Mr. W. P. Bishop. Chief 
Waste Management Branch 
Division of Fuel Cycle 
and Material Safety 

Nuclear Regulatory Commission 
Washington. D. C. 20555 

RE: Environmental Survey of the Reprocessing and Waste Management Portions 
of the LWR Fuel Cycle. EIS #76-10-181 

Dear Mr. Bishop: 

'The Illinois State Clearinghouse, representing the State of Illinois, its 
Departments, Agencies, and Bureaus, requests more time to complete the 
review of the referenced report. An extent ion to December 12th is 
requested to allow for the drafting and submittal of comments. Also, 
please send three additional copies of the survey to the State Clear
inghouse, 524 South Second, Springfield, Illinois, 62706. 

Please notify the State Clearinghouse as soon as possible of your decision. 
Responses should be addressed to me at the above address or by calling 
(217) 782-3105. - -

Respectfully, * .- -

T. E. Hornbacker, Director 
Illinois State Clearinghouse 

TEH:mc 
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^Department of fc^S -Jfdminiitration 

DIVISION OF STATE PLANNING AND RESEARCH 
fth Fluor—Mill. Biulcnj 

109 W 9th 
Topdu, Kaiuu 66612 

November 8 , 1976 
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PROPOSED RUIiJ 

© 
• Pfcg/fo//%4OT-y») 

Mr. W. P . Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle and Material Safety 
U.S. Nuclear Regulatory Commiision 
Washington, D.C. 20555 

Re: Environmental Survey of the Reprocessing 
& Waste Management Portions of the LWR 
Fuel Cycle—No. 3612-66.998 

Dear Mr. Bishop: 

The referenced project has been processed by the Div i s ion of State Planning 
and Research under i t s clearinghouse r e s p o n s i b i l i t i e s described in Circular 
A-95. 

After review by i n t e r e s t e d s t a t e agenc i e s , i t has been found that the proposed 
project does not adversely a f f e c t s t a t e p lans . Enclosed are comments concern
ing t h i s project for your information and r e f e r r a l . 

S incere ly , 

WP:py 

Walter H P l o s i l a 
Assoc ia te Director 

Aeauu.wiajg.j, by card ffjj&fel ' card UJJS/7C(\(U 

9++-+U4rt\ 

S t a l l B C t A-»J TtaTBHTTTtt' 

Saturn to: 
Division of State Planning * Saaaarcb, Department of 

Kills Building, tosesa, Kansas eotlZ 

" "^1 

: » -— - . ' b ^ l i a . ^ ^ — '^tasllfif*' 
Environmental Survey-of cha Zeproceeaing and B e s t * D ••" " " " , w '™ 

PROJECT THXEi ijaaageaaat P o r t i o n . ofSChat LE2, Tool Cjtl* — fiTTtrt YirTlMllaM * " 

BATE REVIEW PROCESS STARTED 

October 1 8 , 1976 

DAZEBXVHW PROCESS raw 

-ebvember 7 , 1S76 

aalamtaaa , 

X l X a U m 

PAKE I Tirft^.-i Project, B o r l f l r a t i o n . Review (To b » coanlatad by 

The a t t a c h e d p r o j e c t has- b a e a eubantted. t o tha S t a r * n o a H n g a B a e a 
under- the p r o v i s i o n s o f that P e d a r a l 0B8 Circular; A-95 l a s l s a d . 
This form, p r o v i d e , n o t i f i c a t i o n , s a d opportuni ty f o r reviser o f 
t h i a i p r o j a c e t o t h e - a g e n d a * rnocVad be low . Plaeaa. f i l l , l a 
Tart I I a s d Part . TXT, b e l o w and return t o t h a S t a t e Cloarlaghoueo. 

IETIER l e a C B S 

• A g r i c u l t u r e 
• Budget D i v i s i o n 
• C i v i l R i g h t s Cflimtisslon 
Q Criminal AirTlTrt l t ra t lon t -
0 Econondc Development 
Q Education 
K* Health, and Environment 
g" H i s t o r i c a l S o c i e t y 

Q Buaaa aaaoarcaa 
D Park and aaaouroaa I I T I S I T I J ' 
O S o c i a l aad R a h s b m r a r f a a aaartfaaa \ 

Q Water t i n i i i i i i Board , TS/*A 
Q Regional CI i i r l e n b i i a a i - v ^ f l 

ZSSSSSKP 

PARI I I Hature o f Agency review ceaaaata (To ha completed by rev iew sganry aad ; 

Check one o r s o r e appropr iate b o n a . I n d l f s f a i 
i f n e c e s s a r y o r use ravarsa a i d e . 

Q Raqu.sc c l a r i f i c a t i o n o r a d d i t i o n a l I n f o . D Suggaatlooa tor iajproviaa; |>sjaa.jm»jc;: 
* * • 

COMMENTS: The project i s a review of e x l s t i n j data and a propoaed r e v i s i o n o f t e b l a S-.J entjJLft, 

CFR Pert 51. I t vould appear that the f i n a l d«t»rT»1n«MAn r,r y h . .J . - . , . . - , . „> n . . f — y — . 1 ..,•_,— 

rev i s i on w i l l r e s t with the court. This aaeucr •- -nfflnt reeerdlne m . f ^ i r t f . 

of the proposal or the backup report . Both art c l e a r . I - . H M . I - . ™A . . . •>>•» . . ~ ~ ~.*^A 

Part I I I I t would be recommended that t h i s ac t ion be continued withonf i i M l l f W * " <i»i«w *H , * * " 

a f ina l determiaatlon can be made. 

PARI I I I Reeot=anded S t a t e Clearinghouse Action-(To be completed by rev i ew agency i 
re turned to Clear inghouse) : 

Check one box o n l y : 
O Clearance of tha p r o j e c t ahould be 

granted 

D Clearance o f the p r o j e c t ahould be 
de layed u n t i l the la suea or q u e s t i o n s 
have been c l a r i f i e d by tha Appl icant 

Reviewer'a Na=e^-~-\ 
r . r . l 4 U i l l — r«J-

Q Clearance o f the p r o j e c t ahould mot b e 
delayed b u t the Appl icant ahould { l a 
tha f i n a l a p p l i c a t i o n ) addxaaa o r e l a x l 
tha quaat loaa or c o n c e r n , l a d i c a t a d abc 

Eeqnaet t h a opportun i ty t o raviaar r a a 
D f i n a l a p p l i c a t i o n p r i o r ao~awbaif aartaa t 

tha f e d e r a l funding ageaky 

o ^ a v f S g a f n . 
S a t * 

http://Raqu.sc
http://i-.hm.i


STATE OF OKLAHOMA 

State Grant-ln-Aid Clearinghouse 
5500 N WESTERN OKLAHOMA CITY OKLAHOMA 7311! 

OOC,ET HUHSCR 

PROPOSED RULE 

November 10, 1976 

Rmhrtn Phi *»f ^*»*^ Mr. W. P. Bishop, Chief 
Waste Management Branch 
Nuclear Regulatory Commission 
Washington, D.C. 20SS5 

RE. 19J601--Environmental Survey of the Reprocessing an< 
Waste Management Portions of the LWR Fuel Cycle 

Dear Mr. Bishop: 

The state clearinghouse has completed the review of a 
direct federal development project proposal recently submitted 
by your office. Any future communication regarding this 
proposal should be accompanied by the SAI number referenced 
above. 

Based on the information received by the state clear
inghouse and the response of reviewing agencies, the pro
posed project is, as of this date, consistent with and 
contributes to existing state plans and goals m the State 
of Oklahoma. This letter and comments from your areawide 
clearinghouse must be attached to your application as you 
apply for federal assistance. 

This project application is subject to review at the 
time of annual renewal or when a continuation is requested. 
Any application not submitted to or acted upon by the 
federal funding agency within one year of the date of this 
letter is subject to re-review by the State Clearinghouse. 

Sincerely 

Don N. Strain 
Director 

.t^kh^ 

^Sft. AGRICULTURAL WAS. NCTON, D C 
2 * 4 RESEARCH 20250 
Kttp- SERVICE 

UNITED STATES ^ ^ OFFICE OF ADMINISTRATOR 
DEPARTMENT OF 
ACRICULTURE (3) 

iKJu::r .'.ur̂ R-.* November 10, 1976 

NC 

Mr. W. P. Bishop 
Division of Fuel Cycle 
and Material Safety 

Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Bishop: 

In response to your letter of October 12 to Mr. Carlson/ 
we have reviewed the report entitled "Environmental Survey 
of the Reprocessing and Waste Management Portions of the 
LWR Fuel Cycle" and have no comments. 

We appreciate having the opportunity to review this report. 

Sincerely, 

/ r 
H. L. Barrows 
Deputy Assistant Administrator 

Vmwvi nj^jAs^M. 



NORTH DAKOTA S^ATrE PLANNING DIVISION 
STATE CAPITOL—FOURTH FkOOfl^SISMARCK, NORTH OAKOTA 58505 

74».,2!4-»18-' 

DOCKET RUM3ER 

PROPOSED RULE. ?R-&&/FM5W?\ 

November 5, 1976 

STATE INTERGOVERNMENTAL CLEARINGHOUSE "LETTER OF CLEARANCE" 
ON PROJECT REVIEW IN CONFORMANCE WITH OMB CIRCULAR NO. A-95 

00 

I 

OS 

To: U.S. Nuclear Regulatory Commission 

STATE APPLICATION IDENTIFIER: 7610209719 

Mr. W. P. Bishop, Chief 
Waste Management Branch . 
Division of Fuel Cycle and 
Material Safety 

U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Bishop:* 

Subject: A Task Force Report by the U.S. Nuclear Regulatory Commis
sion for an Environmental Survey of the Reporcessing and 
Waste Management Portions of the LWR Fuel Cycle. 

This report was received in our office on October 20, 1976. 

In compliance with OMB Circular No. A-95, our office has reviewed this 
report and hereby gives clearance to it without comment. 

Sincerely yours, 

Mrs. Leonard £. Banks 
Associate Planner 

LEB/ds iefcAQT/Uusad by o«r4 llJl&Sty* 

w 
DIRECTOR 

r w r r mv:,"! - -
PUOP0SED RULEj_ii 

DEPARTMENT OF TRANSPORTATION 
MATERIALS TRANSPORTATION BUREAU 

WASHINGTON. D C 20590 

0 
-SOMFVKWJ) 

Mr, W. P. Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle and 
Material Safety 

U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Bishop: 

" We have reviewed the report "Environmental Survey of the Reprocessing 
and Waste Management Portions of the LWR Fuel Cycle' which was for
warded with your letter of October 12, 1976. 

We have found no areas of disagreement in the portion dealing with the 
transportation aspects of the fuel cycle. The opportunity to review 
this report is appreciated. 

Sincerely 

/James T. CurtiV JrV, 

A«a«wltdgqj fay . m * -Jih60 



DEPARTMENT OF TRANSPORTATION 
REGIONAL REPRESENTATIVE OF THE SECRETARY 

I O O M 434 FEDERAL BUILDING 

601 EAST 12th STREET 

KANSAS CITY MISSOURI 

October 21 , 1976 

PRWOCT R L L : 

NC 

3.3.1.1 

Mr. W. P. Bishop, Chief 
Waste Management Branch 
Division Of Fuel Cycle and Material Safety 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Dear Mr. Bishop: 

*" We have reviewed the report entitled "Environmental Survey of 
the Reprocessing and Waste Management Portions of the LWR Fuel 
Cycle" which was forwarded with your letter of October 12, 1976. 
In our opinion, the survey is quite comprehensive and should 
satisfy the questions raised concerning the identification of 
environmental impacts associated with fuel reprocessing and waste 
management activities. 

We are also of the opinion that Supplement 1 to WASH-1248 should 
include pertinent information on the research programs that are 
under way to solve the final waste disposal problem dealing with 
the risks from long-term repository failure. This is an area of 
great concern. 

Thank you for the opportunity to comment on this report. 

Sincerely, 

R. R. Waesche 
RADM USCG (Ret.) 
Secretarial Representative 
Region VII 

A«kn«wladfa4 by card 

U ^ & c ! ^ * f f ' 5 c l e . v Mater ia l Safetv i, Safeguards , TT S N I I C I M T R«g„T.»Enry. r.-.mTw 

I APPLICATION D A T ! 

> I I M M l I M T L O Y I M 

DC [-20555 177.999 LLVs/Nuclear Regulatory 
r n r n m u i l f n . 

' iD..— '.Do, 

19 APPLICANT TYPE 

gsafars'te ^•v&ftvSsrvtAjimFiA «"» """•»•"»' 
PROJECT ABSTRACT ISO C h » c t * n P « r U m - S L I A H I ALSO Atuch 1 v ] P M P n i M S < j m i H Y F « F i M M 

1 Pusuant to the Nat ' l Environmental Policy Act ofl9&9, an environ. 
' menta l impact s ta tement is p repa red by the Nuclear Regulatory 
, Commiss ion in connection with issuance of a construction pe rmi t 

impacts of construct ion and operat ion of t a U , f fS. 
Statewide, Arizona 

] [ 01 02 03 04 ] 
;«-ME5Tcb"N7»cT îriii"oN Chief Waste 1 •> 'oontss - * . « . « P O •« Washingtbn, D. C. i.TSLEmor 
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STATE OF IDAHO 
uvtwoN or SUOOCT, POUCV njutNiNQ A N D COORDINATION 

•OlSt, IDAHO W720 H. W. TURNER 
ADMINISTRATOR 

wean isutsa. 

BHITED STATES REGULATORY COMMISSION 
Washington; D. C. 20555 

Att: W. F. Bishop, Chief, Waste Management Branch 

November 24, 1976 

• 

01 

Dear Mr. Bishop: 

The Idaho State Clearinghouse sent copies of the report entitled "Environ
mental Survey of the Reprocessing and Waste Management Portions of the LWR 
Fuel Cycle" to the following agencies: 

Department of Health .and Welfare, Dlv. of Environment 
Fobllc Utilities Commission 
Idaho Energy Office 

There were no comments received on the document. 

We appreciate the opportunity to review. 

Sincerely, 

Michelle Liebel , 
State Clearinghouse 

EQUAL OPPORTUNITY EMPLOYER 

R O S E . T O BELL 

COMMONWEALTH OF KENTUCKY 

DEPARTMENT FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION 

O F F I C E OF THE SECRETARY 

FRANKFORT KENTUCKY «oeo i 

TCLCVHOHC SOS) 3 6 * 33SO 

November 30, 1976 

Secretary 
United States Nuclear 
Regulatory Commission 

Washington, D.C. 20555 

Attn: Docketing and Service Section 

)SED RULE PR-3y&//g.4f f»»?) 
ucrcr 

D e a r S i r : PROPOSED 

This letter is written in response to a notice of your 
Commission which appeared in the October 18, 1976 Federal 
Register. 

The Commonwealth of Kentucky is presently evaluating and 
NC compiling comments on the proposed amendments to Table S-3 of 

10 CFR Part 51, and the various supporting documentation. 

We however have not as yet completed our analysis and 
the compilation of our comments We would therefore request 
an extension of time within which to file such comments. 
A period of thirty (30) days would be more than sufficient 
for our purposes and we would appreciate such an extension 
of time. 

Thank you for your cooperation. 

Sincerely, 

George L j Seay, J r . 
At torney 

GLS/cc 

M3SX1, /*Ji/?ll)6 



Atomic Industrial Forum, Inc. 
7101 Wisconsin Avenue 
Washington D C 20014 
Telephone (301)654 9260 
Cable Atomforum Washingtondc 

Carl Walska 
President 

December 2, 1976 © 
DOCKET f !U- - :ERpr j 

PROPOSES RULE ' i t fjLll&fMstn) Secretary of the Commission 
Attention: Docketing and Service Section 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Re: Proposed revisions to Table S-3 of 10 CFR Part 51 

Dear Sir: 

The comments set out below are in response to NRC's notice of October 13, 
1976, dealing with "Uranium Fuel Cycle Impacts From Spent Fuel Repro
cessing and Radioactive Waste Management". They are intended to convey 
a general industry overview with respect to the proposed S-3 revisions, 
having been drawn with the assistance of a broad representation of com
panies within the Industry, but do not reflect the specific views of 
our individual member companies, many of which are submitting separate 
responses. 

In our view, the Environmental Survey constitutes a reasonable assess
ment of the currently available data on the environmental impacts of 
waste management and reprocessing, as well as the risks and uncertain
ties associated with those impacts. From this assessment has flowed a 
highly conservative proposed Interim revision of the S-3 Table which 
wi l l not produce impact results for a typical nuclear plant significantly 
different from Impacts obtained via application of the current rule. 
Thus, the survey and revised table confirm the adequacy of NRC's past 
practices rather than reveal or suggest any substantial technical de
ficiencies in the suspended licensing process. They should therefore 
serve as the basis for an interim rule until a final rule to comply with 
the appellate court's interpretation of NEPA has been put 1n place, 
assuming that the Commission retains i ts confidence that Its staff 's 
present methods of analysis are not "dramatically 1n error." Use of 
the revised table as a basis for an interim rule wi l l not preclude any 
subsequently necessary modifications of permits, licenses or limited 
work authorizations. And f ina l ly , we concur 1n the Commission's findings 
that continued licensing on a conditional basis, using highly conserva
tive assumptions, wi l l lead to less severe social and environmental Im
pact than halting al l licensing act iv i ty. 

iriaMafaifrj h1mij^jgfafe 

Secretary of the Commission -2- December 2, 1976 

We would suggest, however, that NRC consider a few additional points 
in formulating an interim rule. First, the proposed decision that 
the interim rule shall 1n no event be effective for longer than eigh
teen months Is, though well intentioned, unduly Inflexible. While we 
share NRC's view that the proposed rule should be clearly understood as 
an Interim rather than permanent measure, the possible and perhaps pre
dictable protraction of the final rulemaking process through the agency 
and courts make an 18 month period, however hopefully adequate, some
what arbitrary. Rather than adopt a procedure which could lead to 
another possible licensing suspension for no other reason than the 
passage of time, we urge that the interim rule explicitly Indicate 
NRC's readiness to extend the 18 month period 1f matters remain unre
solved at the end of that period and no new circumstances compel a 
contrary course of action. 

Secondly, the Commission should consider formulating the interim rule 
1n a manner to Include not only the values for the S-3 Table, but a 
qualitative judgment concerning the significance of those values for 
the licensing process. Thus, the Commission should be able to con
clude that the extremely small environmental Impact differences be
tween the current S-3 Table and an Interim S-3 Table, and the negli
gible environmental Impact associated with either set of values, make 
appropriate a negative declaration that no further environmental assess
ment need be undertaken for those plants either previously licensed or 
possessing an environmental Impact statement based on the current S-3 
Table. The rule ought also, in addition to such a bottom line judgment, 
to set out the major foundations of that judgment including express 
recognition "f the highly conservative assumptions and approaches uti
lized by the staff and adopted by the Commission In an effort to put 1n 
place during an Interim period a rule whose uncertainties would not 
likely, when further resolved, produce any substantially different en
vironmental effects. 

Thirdly, based on the Commission's own assessment of the substantial 
Impact of further licensing delays, we caution that Implementation of 
the Interim rule should not be permitted to result 1n a backlog of 
pending licensing actions. Thus, the interim rule should be clearly 
self-Implementing. I f the Commission feels unable to activate all 
pending licenses via a negative declaration as suggested above, 1t 
should, on the basis of the Insignificant environmental Impact expected 
1n any given case from the revised S-3 values, consider directing that 
all pending licenses Issue within a short period of time unless a prima 
fade showing can be made that the new values wil l , in fact, t i l t the 



Secretary of the Commission -3 - December 2, 1976 

cost-benefit equation against the plant. Alternatively, the rule i t 
self should Include a Commission review of each cost-benefit balance 
then pending for resolution and an announcement as to which licenses 
are to Issue. We note that the Commission's November 5 Supplemental 
General Statement of Policy takes a different approach, calling for af
firmative steps for Implementation prior to an Interim rule's being in 
place. Experience with this procedure may shed l ight on whether the 
potential backlog problem 1s a serious one. In any case, a more real is
t i c rather than conservative approach would appear to be in order once the 
Commission has analyzed and applied the comments from al l interested per
sons directed at the staff survey. 

Final ly, 1n view of the Interim character of the proposed rule and the 
announced proceedings that wi l l get underway to reduce i t to f inal 
form, the Interim rule should make clear that no environmental assess
ment or impact statement wi l l be required or entertained in connection 
with promulgation of the Interim rule , unless determined by the Com
mission at the conclusion of the f inal rulemaking proceeding or 1n 
connection with further direction by the courts. 

Thank you for this opportunity to express our views. 

Sincerely, 

CW:pmw 

—tomic Industrial Forum, Inc. 
7101 Wisconsin Avenue 
Washington D C 20014 
Telephone (301)654 9260 
Cable Atomforum Washingtondc 

Emanual Gordon 
Nuclear Fuel Cycle 
Projects Manager 

December 3, 1976 

© 
PROPOSED RULE "\\~*5(////%ffflr) 

Secretary of the Commission 
United States Nuclear Regulatory Commission 
Washington D.C. 20555 

Attention: Docketing and Service Section 

Reference: Federal Register Notice, Vol. 41, No. 202, 
October 18, 1976 

Dear Sir: 

Attached for your consideration are comments on the document 
"Environmental Survey of the Reprocessing and Waste Management 
Portions of the LWR Fuel Cycle", NUREG-0II6 (Supplement I to 
WASH-1248). The comments which were prepared by the Subcommittee 
on Radioactive Waste Management of the Atomic Industr ia l Forum's 
Committee on Nuclear Fuel Cycle Services, re late to the con
servative technical approach taken by the task force in i t s 
preparation of NUREG-0II6. These technical comments are in 
supplement to the more general observations on Table S-3 
contained in Mr. Walske's l e t te r of December 2. 

Sincerely, 

^/£fa*-i>k>~-
EG-bc 
Attachment 

cc. El I is T. Cox 
Chai rman 
AIF Committee on Nuclear Fuel Cycle Services 

Acinar;!., i'j C£i .-d JAL 



Atomic Industr ia l Forum 
Subcommittee on Radioactive Waste Management 
of the Committee on Nuclear f>uel Cycle Services 

Comments on "Environmental Survey of the Reprocessing and Waste 
Management Portions of the LWR Fuel Cycle", NUREG-OI16, Federal 
Register, Volume 41 , No 202, October 18, 1976. 

The subject report has been reviewed by members of the Subcommittee on 
Radioactive Waste Management of the AlF's Committee on Nuclear Fuel 
Cycle Services The general conclusion from t h i s review is tha t the 
report meets i t s intended purpose and is well prepared, pa r t i cu la r l y 
considering the l imi ted time in which I t was developed However, for 
NRC considerat ion, there are some items of special in terest and potent ia l 
concern on which comments are provided. 

The main concern expressed is tha t the approach taken in the evaluation of 
environmental impact may be over ly conservative. I t is recognized that 
project ions of such a c t i v i t i e s so far into the future must include appropriate 
factors of conservatism and allowances for uncer ta in t ies. For the purpose 
of t h i s report in pa r t i cu la r , i t is necessary to be able to show that i n 
cluding the impacts of reprocessing and waste management in the to ta l Impacts 
a t t r i bu tab le to a single power reactor does not resu l t rn a substant ia l ly 
d i f f e ren t t o ta l value even when very conservative assumptions are used. 
This dominant o r ien ta t ion toward conservatism is noted in the report but 
reader in terest generally w i l l be in the f i na l numerical values presented 
and there Is no information included on what these values would be i f more 
consistent and r e a l i s t i c assumptions had been used There is concern that 
t h i s may lead to problems with acceptance of la ter evaluations that must be 
made by ERDA In preparing the generic programmatic environmental impact 
statement for commercial waste management and by NRC in developing regulat ions 
to cover the f u l l scope of fuel cycle a c t i v i t i e s , both of which caf l fo r more 
r e a l i s t i c bases and assumptions. 

An example of need for more realism is in regard to the cooling time of the 
fuel p r i o r t o reprocessing The assumption of 160 days resul ts in highly 
conservative estimates as to quant i t ies o f shor t - l i ved radionuc!irfes that 
must be dealt w i th . Because of the period fuel must be cooled p r i o r to 
shipping and the time required to move a batch of fuel with a f i n i t e number 
of shipping casks, an overa l l industry average of 160 days would be impossible 
even i f there was an excess of plant capacity. Considering the delays in 
commercial fuel reprocessing plant projects to date, the number of regulatory 
issues s t i l l to be resolved before addi t ional projects can be undertaken and 
the time required to br ing large increments of reprocessing capacity on l ine 
a f te r these issues have been resolved, I t is apparent that the average age 
of fuel reprocessed p r io r to the year 2000 w i l l be more nearly 5 years than 
160 days. 

An example of overlapping conservatism noted is the assumption that a l l 
the reprocessing plants placed in operation over the next 24 years w i l l operate 

with ear ly to mid-1970 technology and that performance at ta inable with 
such technology Is characterized by the evaluations contained In the 
Safety Analysis Reports and Environmental Impact statements that have 

.been submitted for spec i f i c p ro jec ts , in general, such submissions 
"p ro jec t conservative performance levels In order to assure la t i tude 
_to operate w i th in l icense condit ions u l t imate ly establ ished. I t is 
"no t c lear tha t quant i ta t i ve account can be taken of such compounded 

conservatisms, pa r t i cu la r l y of the improvements In processes and 
procedures that are sure to come wi th prac t ice , but I t Is apparent 
t ha t they resu l t in impact estimates which are un rea l I s t i ca l l y high 

„ In many cases. 

A f i na l comment on need for realism has to do with the del iberate 
G^ 7 inconsistencies in bases and assumptions noted in the t e x t of the 

• r epo r t . I t is f e l t tha t t h i s method of assuring conservatism Is 
l i ke l y to resu l t In confusion and misunderstanding, even though 
del iberate and noted. I t would be more " I l l um ina t ing" to derive 

Sv probable impact project ions from consistent and r e a l i s t i c bases and 
then to Indicate the e f fec t of uncertainty allowances and factors of 
conservatism on these pro jec t ions, as appropriate. This would provide 
a more useful and understandable basis fo r subsequent refinements as 
uncerta int ies are reduced or resolved. 

GR3 

BD 

SV 

" I t should be pointed out that the purpose of the foregoing comments is 
meant to provide useful input to the NRC in i t s ongoing e f f o r t s to 
establ ish regulatory po l i c ies and to Implement act ion plans re la t i ng 

. to reprocessing and radioact ive waste management. In the opinion of 
" the subcommittee, I t is f e l t t ha t NUREG-OI 16 represents a commendable 

e f f o r t . 

EG be 



830 Pgnr Building 
T E N N E S S E E VALLEY AUTHORI I 

CHATTANOOGA. TENNESSEE 37401 

D K a t « 2, 1976 

JOCEEI KUBKR 
?BOP0SS> RULE. ElLs&trKfew) 
Seeretery of tha Cu—1 salon 
V.t. nuclear Regulatory Commission 

DC 20555 

0°" Six: Attention: Docketing and Service Section 

la accordance with tha Oetobar 18, 1976, Fadaral Register notice 
( U lad. lag. 45M9-4MS3), tha Tennessee Valley Authority (TVA) 
la alaaaad to provide eommenta on propoaad rulemaking concerning 
Qraotaa Foal Cycle Impacts from Spent Fuel Reproceaaing and 
Radioactive Huta Management. 

"""We bellore I t i s Imperative that the Coaalaalon promptly adopt 
; as lBterlai tola allowing raanaptlon of licensing activit ies 
Lvatll a paKsMoaat role can ha adopted. Critical path conatrnetlon 

I aciflvltlee eaaaad at TYA'e Hartarllla nuclear Plants s i te on 
Ssmcamber 1, 1976. Aa a direct result of the Commission's August 13, 
lf7*, Oaaaral Statement of Policy, farther work, although euthorlzed 
by tha ASLB oa September 30, has not bean permitted by the NRC staff. 
This waxy osetly delay forms only a small part of tha Impact of tha 

'a policy nationwide In delaying the conatrnetlon and 
of ijeeitoil nuclear planta and should be viewed In the con-

af the Commission's own conclusion that a "halt In licensing 
[ aatarlt* la more likely to hare a severe social and environmental 
, tamaac ahmn nmirliaul licensing on the conditional basis the [U.S. 
Caere, a* aamaal for tha D.C. Circuit] suggests." 

—' •4iTi 
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. . , J* aeexly comanrvatlve In approach, the revised aurvey, 
~ Jj*anwsxowswn*tal Survey of tha Reprocessing and Waste Management 

'"' rextlome of the UK Fuel Cycle," NOVJ9G-0116, constitutes a raaaonabla 
aaaamaawsmt of tae aveUabla data on tha environmental Impacts of 

" waaca mmmmeeaemt and raprorooslng and aa each, TVA believes, can 
SOCE jaacva aa an adequeta foundation far an Interim rule. In addition, 

*"tha tailasil values for table S-3 propoaad here, although vary 
jmmjmarwatl**., are appropriate for an Interim rule. However, we are 
Tssxy eamjoacmad that tha mode of Implementation choaen by the Commission 
wil l emaaa further delay In tha orderly resumption of licensing 

jsyjl ettttattJaei and result In tha associated higher likelihood of severe 
" and environmental Impacts and tha certainty of extensive 

•c peneltlee. 

m . - ^ : L^- rJ^ /s^eT If? 

An Equal Opportunity Empld^er 
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That our fears of further delays are not ungrounded Is demonstrated 
by tha experience of the Hartsvllle proceedings under the Commission's 
November 5, 1976. Supplemental General Statement of Policy. Although 
the overall cost/banefit balance of tha Hartsvllle project Including 
tha Impact of the values of existing table S-3 was the focus of full 
and lengthy hearing procedures last fall; because the Commission 
stated that no new limited work authorizations may be Issued without 
a determination of the effect of the revised S-3 valuea, the staff has 
refused to Issue an amendment to the LWA which was authorized by the 
licensing board. An additional evidentiary hearing on the queatlon 
of tha Impact of the revised values on the cost/benefit balance may 
be ordered by the licensing board, despite tha fact that neither the 
interveners nor the NRC staff have alleged that the cost/benefit 
balance for Hartsvllle would in fact be tilted. Thus, the November 5 
policy rather than promptly leading to the Issuance of the construction 
authorization that has been fully heard has already resulted in an 
additional month of delay on this project. Indeed, no date has yet 
been set for a hearing because the NRC staff has been unwilling to 
agree to a prompt bearing date. Thus, for over three months no critical 

_ path construction has been permitted on this project and the total delay 
may be substantially longer. If the proposed rule Is adopted In its 

~ present form, similar additional delays can be expected while this 
process Is repeated. 

We recognize that the regulatory experience where a valid rule has 
been adopted should be different from the regulatory experience 
under a mere statement of policy and therefore such delays in theory 
should not be expected. However, if tha Interim rule Is adopted in 
its present form, the issues posed in licensing proceedings and the 
probability of needless evidentiary hearings may well be the same as 

— we are now experiencing. According to the November 5 policy statement, 
"" the "determination whether cost/benefit balance would be tilted, if 

tha revised values were used," Is fully at issue in licensing pro
ceedings. As we stated earlier this language has resulted in a 
substantial construction delay on the Hartsvllle plant even though 
the Commission has concluded that the revised values "will not produce 
results significantly different from those obtained under the current 
rule" and no factual allegation has been made that the cost/benefit 

_ balance reflected in the decision of the licensing board last April, 
p would indeed be tilted. If the Commission goes no further than 
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adopting tha interim rule in Its proposed form, this same issue can 
SV| b« raised again and contested In evidentiary hearings again even 

lacking, as hare, any reasonable grounds for contesting that Issue. 

SOC 

' In view of tha Commission's own conclusions that the cost/benefit 
balances struck using the revised valuea will not significantly 
differ from those struck using the current values and the Commission's 
conclusion that a halt in licensing activity is more likely to have 
a mora severe social and environmental impact than continued licensing 
on a conditional basis, we believe it is incumbent on the Commission 
to adopt an interim rule in a manner that will be self-implementing. 
In its November 5 statement the Commission In effect concluded that 
tha cost/benefit balances would not be tilted but then took the 
additional and needless step of placing this balance in issue in 
licensing proceedings. We believe it is necessary that the interim 
rule adopted by tha Commission contain a finding of fact under the 
National Environmental Policy Act (NEPA) that the revised values of 
table S-3 do not differ significantly from the existing values and 
where tha issues pursuant to NEPA in a licensing proceeding have 
bean decided in a partial initial decision, no further proceedings on 
this issue are required by NEPA subject only to the condition con
tained in the court's order of October 8, 1976. 

Two other matters merit general comment. First, mention was made 
earlier of the conservative approach utilized by the Commission in 
arriving at the revised values. For instance, the notice of pro
posed rulemaking states that the revised values "are maximized in 
that they are based on the uranium-only recycle [sic] process, or 
no-recycle, whichever produced the greater Impacts." Although such 
a conservative approach of upper bounding possible environmental 
effect* la arguably appropriate in the case of an interim rule, any 
final role should be baaed on a realistic, not conservative, assess-

_ meat of anvlronmenf 1 impacts. 

^Second, the proposal to make the interim rule effective for no 
longer then an 18-month period appears to us to be both too inflexible 
end, In view of the length of proceedings such as the GESMO proceedings, 
overly optimistic. Although we recognize that tha interim character of 
the rule must be reflected In its adoption, we suggest that the interim 
rule explicitly indicate NEC's readiness to extend the 18-month period 
If Betters pertaining to the final role remain unresolved at the time. 
Absent new circumstances compelling such a result, we believe it is 
clearly unwarranted to suggest another possible licensing suspension 
for no other reason than the passage of time. 

Secretary of the Commission December 2, 1976 

Enclosed are TVA's comments of a more technical nature on the pro
posed Interim rule. 

Very truly yours, 

I J. E. Gilleland 
Assistant Manager of Power 

Enclosure 
CC (Enclosure): 

Executive Secretary 
Advisory Committee on Reactor Safeguards 
U.S. Nuclear Regulatory Commission 
1717 H Street, NW. 
Washington, DC 20555 

Mr. R. A. Szalay 
AIF, Inc. 
7101 Wisconsin Avenue 
Washington, DC 20014 
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Tennessee Valley Authority Comments 
on Uranium Fuel Cycle Impacts from 
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1. The correlations betveen GESMO (NUREG-0002) fuel cycle f fc i l i ty models 

and those used in NUREG-0116 should be clarified. Becauce of the use 

of differing units and assumptions, i t is not easy to follow the 

NUREG-0116 evEJLuations that are based on NUREG-0002 material. 

2. The environmental impacts addressed in NUREG-0116 are presented as 

summarized resul ts . An expanded discussion should be provided for 

the environmental impacts similar to that provided for the engineering 

aspects of the fuel cycle f ac i l i t i e s . 

3. In NUREG-0116, Table 2.10 footnote i should be clarified to indicate 

that the land committed to reprocessing is on a per reactor basis but 

not on an annualized basis . 

k. In NUREG-0116, Table 2.10 under the heading of Radiological Gases, 

there appears to be a number of discrepancies that require clarif ication. 

a. Uranium - In Table S-3a of WASH-12ii8 the value was incorrectly 

34 2 5 totaled and should have been 0 03h Ci, therefore, the 0.002 

Ci increase indicated in the last two columns is incorrect. 

b. Fission Products - The revised values do not ado. to the revised 

to t a l . Either the revised to ta l should be 0.18 Ci or the revised 

value in column F should be 0.018 Ci. 

c. Transuranics - The WASH-12U8 Errata Sheet indicates that a value of 

0.005 Ci should be included under column G and that the tota l should 

be 0.01 Ci. Therefore, the increase due to the revision is even less 

than indicated in the las t two columns. 

5. Although the total equivalent fuel consumption has increased for the three 

phases of the nuclear fuel cycle addressed in Table 2.20, the resulting 

total effluents emitted has decreased in some cases. This is especially 

true of the "reprocessing" phase where the to ta l S0x ind particulate 

effluents have decreased. We believe this decrease requires additional 

explanation. In most of the other cases, the percentage increase is 

nonradiological gaseous pollutants is small in comparison to the 

tota l fuel cycle emissions. 

6. Since HC1 is an addition to the gaseous effluents (not l is ted at a l l 

in Table S-3 of WASH-12U8) i t appears that the to ta l for the fuel cycle 

should equal the contributions from the "reprocessin *" and "waste 

management" phases. However, this is not the case since the tota l HC1 

effluents shown in Table 2.10 is O.lU MT. Thus, we believe this value 

is incorrect and should be revised. 



ALABAMA POWER COMPANY 
•00 NORTH H T H S T R U T — P O iOX !841 
BIRMINGHAM, ALABAMA 3S2S1 — (208) 323^341 

December 1, 1976 

c !0f0jED RULE •^VjLldil/FMfWf) 
Secretary of the Commission 
0. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Attention: Docketing and Service Section 

Dear. Sir: 

This le t ter is in response to the invitation by the 
Nuclear Regulatory Commission to comment on the documents and 
proposed rulemaking noticed in the Federal Register on October 18, 
1976 (41 F.R. 45849) entitled 'Uranium Fuel Cycle Impacts from 
Spent Fuel Reprocessing and Radioactive Waste Management." 
Alabama Power Company's interest in this matter is predicated on 
the vital necessity to tha citizens of Alabama which i t serves for 
the initiation of operation of the Joseph M. Farley Nuclear Plant, 
Unit No. 1, as soon as practical so as to avoid an unnecessary 
Increase in cost of e lect r ic service. Unit No. 1 of the Farley 

'fPlant is nearing completion and is scheduled for i n i t i a l fuel 
loading in mid-February, 1977. 

Tha comments herein address the document referenced in 
the proposed rulemaking as "Impacts of Later Reversing a Decision 
to Adopt or Not to Adopt an Interim Rule Permitting Construction 
or Operation of Nuclear Power Plants" (Impact Analysis). 

Unit No. 1 of the Farley Plant was one of the thirteen 
nuclear power plants identified in the Impact Analysis which would 
be affected by a decision to permit or not to permit operation of 
new plants pending completion of the rulemaking proceeding. The 
Impact Analysis concludes that the benefits of permitting operation 
of these thirteen nuclear plants pending final outcome of the rule
making far exceed the coat associated with such interim permission. 
Our analysis has determined that this favorable conclusion is 
indeed conservative. 

With respect to Case 1-a postulated in the Impact 
Analysis (which assumed that permission would be denied to in i t i a te 

M0OT.3t*3.3 bV « r i ~ 
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Secretary of the Commission 2. December 1, 1976 

At 

operation of new plants during the interim period), the cost side 
of the equation included the anticipated costs of replacement 
power. Conversely, in Case 2-a postulated in the Impact Analysis 
(which assumed that permission to operate in this interim period 

Jwould be granted) the savings of replacement power costs were 
included as a benefit. We find these assumed replacement power 
costs to be much lower than those which we anticipate would 
actually be Incurred if Unit No. 1 of the Farley Plant could not 
operate. The replacement power cost which would be incurred by 
Alabama Power Company under Case 1-a (or which would be saved if 
Case 2-a were followed) would be a minimum of $6,800,000 per month 

L_ if such replacement power is available. If replacement power were 
' not available, consideration should be given to the impact on 

re l iabi l i ty of electr ic supply and the immense social and 
|_ environmental costs associated with deficient reserves. 

Similarly, the amount included as a cost in Case 1-a 
(and as a benefit in Case 2-a) to cover increased allowance for 
funds used during construction (AFUDC) is quite conservative. The 
additional burden which would flow through indirectly to the 
customers of Alabama Power Company in the event Unit No. 1 of the 
Farley Plant were not permitted to begin operation as scheduled 

(_ would be approximately $3,300,000 per month. 

To permit Unit No. 1 of the Farley Plant to s i t idle 
pending the outcome of the proposed rulemaking would constitute a 
gross waste of resources and an improper burden to be imposed on 
our customers. 

With these observations, we strongly support the conclu
sions which you reached in the Impact Analysis, as well as the 
Supplemental General Statement of Policy issued by the Commission 
on November 5, 1976. 

Yours very truly, 

Aetse S. Vogtle 

JSV:bny {/ 
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REPRESENTATIVE 
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Capitol Address: 
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Telephone: 
(608) 266-8570 

VflSCQNSIN: LE^SUATUgg 
#S£EMBLY' CHX^MBH^ 

M A D I S O N 
53702 

United States 
Nuclear Regulatory Commission 
Secretary 
Washington, D.C. 20555 

uoero I:U..ER 

CHAIRPERSON. 
Committee on Health Care 
and the Consumer 

MEMBER: 
Committee on Consumer Affaire 
Committee on Elections 
Committee on Administrative Rules 

December 2, 1976 

Dear S i r : 
PROPOSED RULE Pft-f/y//^**W) 

The following comments relate to NUREG-0116 (Supplement 
•1 to WASH-1248), titled: ENVIRONMENTAL SURVEY OF THE REPROCESSING 
AND WASTE MANAGEMENT PORTIONS OF THE LWR FUEL CYCLE. 

Please regard them with the highest consideration. 

GO 

CO 

Representative David Clarenbach 
x t e ? CUt^Jh£! 

AokagBic fty rar] jli izk&ijt 

The following discussion is the result of two recent de

cisions by the U.S. Court of Appeals for the District of Col

umbia Circuit relating to WASH-1248, Table S-3; reprocessing 

and waste management environmental impacts? The discussion 

is separated into two main sections. 

The first section will review the Supplement 1 to WASH-

1248 titled: Environmental Survey Of The Reprocessing And 

Waste Management Portions Of The LWR Fuel Cycle, {.US NRC1. 

The review may provide a basis for comments concerning the 

adequacy and accuracy of the Supplement which provides at 

page 2-31, Table 2.10, a revised interim table that is being 

proposed by the Commission as an Interim substitute for the 

waste management and reporcessing values presently set forth 

in Table S-3A of WASH-1248. After receipt and analysis of com

ments received on this Supplement, the Commission may prom

ulgate a final interim rule after which a public hearing will 

be held to facilitate public participation on the question 

whether the interim rule should be amended for future use and, 

if so, in what respect(see Federal Register, Oct. 18th, p. 

45851). 

The first section review will include a discussion of the 

1) Approach to the Supplement and its interdependence with 

*Natural Resources Defense Council, et al. v NRC, Nos. 74-1385 
and 74-1586; and Aeschilman, et al. v NRC, Nos. 73-1776 and 
73-1867 (July 21, 1976). 
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BD 
GESMO and 2) Impacts of reprocessing and waste management 

ae described by the Commission staff. 

IP 

Section 1 

The scope of the Supplement is limited to the illumination 

of fuel reprocessing and waste management activites, and exam

ination of the environmental impacts caused by these activities 

on a per-reactor basis. The approach is to select one realistic 

reprocessing and v/aste management system and to treat it in 

enough depth to illuminate the issues involved, the technology 

available, and the relationships of these to the nuclear fuel 

cycle in general and its environmental impacts, (Refer 1-1) . 

For the purposes of the Supplement the staff selected model 

systems for the fuel-cycle facilities based on GESMO models 

(Refer p.3-1 Supplement) that would be supportive of only ur

anium fueled LWRs (p.1-1 Sup.). The impacts of normal and ab

normal operations in reprocessing and waste managment activities 

based upon GESMO models were normalized to show impacts result

ing from one "reference reactor year" the basis for a summary 

of impacts for table S-3 (Refer p.2-1, and 3-8 Sup.). 
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Additional impact analyses were made for the Supplement 

where no previous analysis existed (p.2-1) for such concerns 

as disposal of plutomum as a* waste (p. 4-100) and spent fuel 

as a waste (p.4-107). 

To employ this method of approaching the problem of ass

essing the impact of reprocessing and waste management the 

staff had to make assumptions that would form the basis for 

the model system selected. The staff assumptions were that 

selection of the model system was governed by the following 

constraints: 

-The reprocess^na and waste manaaement system would receive ma
terial only from uramum-fueld LWRs. 

-The industry supported by the selected system is mature; i.e., 
with facilities available and on-line for steady-state operation 
of all processing steps involved. 

-The selected system is based on ERDA's currently contemplated 
waste management approach of geologic disposal as the final step 

-The technology must be availabe, U.e., require no major scien
tific or engineering advances), and 

-There must be sufficient information in *"he literature to per
mit illumination of the issues involved. 

(Refer p.1-4) 

The effect of creatina the above assumptions and chosmg 

the GESMO models for reference systems was to limit the scope 

of the Supplement. Alternative systems are available for con

sideration with their own special environmental impacts. The 

staff states that the choice of the systems that will be im

plemented in the future for waste management and reprocessing 

"can only be nade through the kind of exhaustive analysis of 

alternatives that are planned by ERDA for its generic environ

mental statement and through the conclusions of ERDA and NRC 

programs for the years between now and 1985 " ( 

• 1 
-5-

The general inadequacy of the Supplement is, in a manner, 

en ted by the staff in the above statement. If more than one 

technology can be used to meet the same need the environmental 

impact will be different dependent upon the type of technology 

implemented. The decision for what technology will be implemen

ted will come only after a thourough review by ERDA and NRC 

of the alternatives, presented in generic environmental impact 

statements. The basis of the Supplement is that the environ

mental impacts defined for the model systems that are used are 

representative of the environmental impacts which will occur 

m the ruture once a system is selected. 

The Supplement has two obvious gaps in its method of app

roach and its basis for drawing conclusions. The first is 

that the envnonmental impacts of the system chosen for analysis 

in the Supplement are expected to be similar to the impacts of 

a different system. The second is that the enviromnetal impacts 

are based on model systems never employed m operation which 

necessitates a wide range of speculation in assessing the impacts 

of these systems. (Refer: p.1-4, and p.3-1) 

If a technology for waste disposal different than that re

presented in the Supplement is chosen (i.e. Sea Eed Disposal) 

rather than the selected technology of bedded-salt disposal 

{Refer p.4-72) the environmental impacts for waste management 

would be substantially different ^ust m the amount of dry land 

impacted. 
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If Federal agencies did select the use of the described 

models in the Supplement,the environmental impacts as defined 

for the reprocessing and waste management models must be reason

ably accurate for the NEPA requirements to be satisfied. 

Since the Supplement and GESMO are inter-connected to the 

degree that the model fuel-cycle facilities, in terms of capa

cities , waste generation rates, and types of waste produced are 

drawn from GESMO, and the environmental impacts for these facil

ities are also drawn from GESMO but normalized to fit the "RRY" 

(Refer: p3-l), a determination that the GESMO facilities and 

their environmental impacts have not been accurately described 

would create difficulties for the Supplement to justify the 

environmental impacts that make up the proposed interim rule 

Or S-3. Since substantial criticism has already been directed 

against the GESMO model facilities (GESMO Vol. 5 at 5-15.6, 

5-15.7, 5-20.8 discissions of Nuclear Fuel Service problems 

with operations of reprocessing plant that are expected to oc

cur at the model fuel reprocessing plant). 

The following questions and comments are addressed to the 

question of the adequacy of this Supplement. An overview of 

the reference system used for the Supplement is presented at 

page 4-2. 

1. Page 4-4: The environmental impacts associa

ted with fuel reprocessing discussed in the Supplement are based 

G R 8 on GESMO. No verification of the GESMO impacts have occured, 

consequently the Supplement impacts for*reprocessing can not 

SV 
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be expressed as realistic projections of likely impacts. 

2. Page 4-12- Discussion on this page defines 

the reference system for dealing with the high le^el waste sys

tem. In particular it is expressed that the high level waste 

32 62 will be solidified at the fuel reprocessing plant using the 

spray calciner/in-can melting process. This technology has 

never operated at a commercial level. It is not known if the 

selected technology can operate at the commercial level. 

3331 

3. Page 4-21. One reference is used to sub

stantiate that an accident involving high level waste m the 

form of a glass will produce only minimal effects. No dose 

levels are given to support the claim 

4. Page 4-21 One refernce is ised to sub

stantiate the claim that accident involving the liquid or un-

vitified materials would be more severe than an accident invol

ving a glass high level waste form. No description of the types 

and quantities of radioactive materials are given to provide 

an indication of the impact of an accidental release involving 

_ these forms of radioactive materials. 

5. Page 4-35 The comparison of doses to individ

uals resulting from occupational exposure or population expo

sure are compared to background radiation exposure. An accident 

situation is dascribed where an individual receives a 1st year 

bone dose of 85 mrcm It is then stated (without a description 

of the results of the dose) that the whole-body dose recieved 

i 
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by that individual is well below that received annualy by the 

general public from background exposure. The statement fails 

to clarify the point of concern—what is the normal bone dose, 

and what was the whole-body dose received by the individual. 

6 Page 4-57 No description is provided for 

treatment of failed equipment for fuel cycle facilities. The 

Supplement states that treatments for failed equipment are de

contamination and size reduction but does not describe what 

processes would be used to remove the problem equipment or 

fiA iu. ilobt importantly, no worker aose levels are given, 

although reference to worker exposure at Nuclear Fuel Service, 

West Valley reprocessing plant could have been provided (Refer 

GESMO Vol 5-15.6). 

7. Page 4-72. Discussion on this page concerns 

the choice of technology for geological isolation of high level 

and transuranic wastes The choice selected by the staff was 

the use of conventional mined emplacement in a bedded-salt for

mation This choice was due to the amount of evidence that ex

isted for salt investigation, not that it was the best alterna

tive. It would seem that any attempt at analysis of the envi

ronmental impact associated v.ith radioactive waste disposal would 

take into account all ma^or alternatives. The choice of bedded-

salt over investigating other alternatives such as. ice-sheet 

isolation, seabed isolation, and deep continental geologic iso

lation limits the attempt at providing an adequate assessment 

of the impact of waste disposal. 

-9-
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8. 4-75: A discussion begins at the bottom of 

this page which defines the problems experienced in interpreting 

the impacts of radioactive v/aste and disposal medium interactions. 

Supplement states* "Radioactive wastes are sources of heat and 

radiation and are chemically different from the surrounding geo

logic media. These effects and combinations of them may cause 

changes in the initially stable geological media which must be 

considered in repository design and operation. Since these ef

fects cause chemical, thermal and stress gradients which are 

potential drivxng forces fcr radionuclide migration, they must be 

understood and characterized oefore operational safety can be 

evaluated for either provisional storage or long-term containment. 

This statement clearly points out the need for analysis tcr be 

completed on effects of disposal medium on containers of radio

active waste at a test pilot level prior to issuance of environ

mental impact projections. The effect of medium on container 

is basically unknown. Release of radionuclides into the envi

ronment may occur that were never expected. 

9. 4-77: Discussion on this page expresses the 

same concern as in #8. Metal canisters, packages, and sleeves 

that may be used in geologic final storage will be subject tp 

oxidation and or corrosion in amounts dependent upon the metal 

alloy used, the compositions of the gases and or liquids in 

contact with the metal, local stresses, and temperataure. 

Analysis of environment on canisters and canisters on the envi

ronment are basics prior to ruling on environmental impacts. 
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10. Page 4-80 Discussion on effluent release from 

a waste repository concludes that small quantities of radioactive 

and other materials are released to the atmosphere as a result 

or normal operations of the repository. In relation to the 

P discussions provided m #8 and #9 there could be large amounts 

of effluents due to container/medium adverse unexpected events. 

11. Page 4-81 Discussion of operational accidents 

is very briefly mentioned. The prospect of mine flooding on a 

site dependent basis is mentioned, and concluded that not enough 

data was available to provide for an analysis of this situation 

The possibility of any salt mine flooding must be considered 

prior to adoption of any ruling on environmental impacts of waste 

management, especially if salt disposal is the only selected 

option studied, aue to the possibility of polar caD ice melt 

12. Page 4-86 For an analysis of impact to bp 

conducted an ability to determine the possibility of occ^re-if" 

must be possible. In the event that the occurence is consid„rec 

adverse the ability for analyse is necessary to determine risk 

On the subject of high level waste disposal in regard to the 

assessment of long-term risk, the staff states "Although rig

orous verification of long term risks for waste repositories 

is not possible, a methodology exists, and has been used, for 

estimating these risks." This statement implies that the staff 

has over-stepped its speculative bounds. 

13. Page 4-100 The uranium-recycle only option •r 

in the Supplement assumes that plutonium is a waste, and conse

quently must be handled, treated, and disposed of as such. 

However, plutonium had never been seriously considered as a *aste 

before the initiation of this supplement, and consequently there 

are no references found for review of the technology and impacts 

for treatment of plutonium as a waste. Since plutonium is one 

328 1| of the more toxic elements on earth, that the possibility of 

criticallity is so real when working with even small amounts, 

that the acts of theft or terrorism must be considered when 

hand-̂ irg it, that the waste canister/disposal medium may pro

vide tor unexpected environmental impacts, it is necessary prior 

to adoption of a n le regarding environmental effects of repro-

cessiig and waste management that the environmental impacts of 

plutonium be able to come under a credible analysis and determina

tion of impact assescnent. 

14. Page 4-114 The disposal of spent fuel, without 

reprocessing, as a waste has never received referenced analytical 

study Consequently, the situation that existed for plutonium 

as a waste exists for spent fuel as a waste. The problems of 

amount of land required, effluent release, interaction of dis

posal medium with waste canister are all issues that must be 

studied to acquire a basic understanding of spent fuel as a dis

posed waste In the boundaries of the Supolement an analysis 

covering these ar^as would take place within a bedded-salt re

pository. However, these studies should be conducted in the other 

waste disposal environment options 
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15. Page 4-123. A discussion of decommissioning 

is undertaken to define environmental impacts from this end 

of the cycle operation. The staff states that there has been 

little experience with decommissioning commercial fuel-cycle 

facilities. This lack of a data base for predicting environ

mental impacts resulting from decomissiomng operations is 

a further example of the type of speculation and extrapolation 

that is occurmg in the Supplement to arrive at the impact 

figures that have been revised in S-3. More specifically, 

tne questions arise as to--how aoes one proceed to take apart 

a waste solidification facility that has been contaminated with 

the highest levels of radiation one can find m the fuel cycle, 

or the core of a nuclear reactor, or something not mentioned 

in the Supplement—even as a passing note as the seperate post-

fission parts of the fuel cycle v.eie--how does the operator of 

a high level waste repository proceed to remove the high level 

and transuranic wastes from the facility when it is found tnat 

the site is unsuitable, particularaly when some of the canisters 

have opened due to unexpected thermal, chemical stresses'3 Page 

4-114 discusses the assumed release of all fission-product gases 

present m spent-fuel elements while the spent fuel is disposed 

as a waste in the repository. No time is given when the casks 

will release this gas waste, but be it m five years and the 

casks need to be removed due to an unexpected water channel ap

proaching the repository, the problem of decommissioning the 

repository will be immense, the environmental impacts and doses 

received by workers and population high. These issues need to 

-13-

be assessed prior to the acceptance of environmental impact fig

ures for rcpiocessing and wictc management activities m the 

uranium supplied LWR fuel c/cle. 

14. Page 4-160 The effects of sabotage on the 

environment are briefly over viewed. The environmental impact 

of sabatoge at the reprocessing ard waste management level is 

an issue that needs total analysis in the Supplement just as 

it was required for the GESMO proceedings. A specific deficiency 

thrt needs to be addressed is the environnental impact on con-

tarunation of farm land and urban areas due to terrorist acti

vities which lesuU in the release of radioactive materials. 

The irpact on faim ] and and uroan/mdustnal areas that would 

require decontamination (if technically possible) would be 

economically prohibitive according to a study released by the 

U.S. Department of Agriculture titled- Removal of Radioactivity 

from Tarm Land. 



In a general way, the NUREG-0116 and GESMO doci?ments are 

completely inadequate in their total absence, taken together, 

of any discussion whatsoever of the consequences of the radio

active releases from reprocessing and waste management that are 

(a) calculated as being much higher in NUREG-0116 than were 

predicted in WASH-1248 and/or calculated as being significantly 

higher than similar radioactive releases from other parts of the 

fuel cycle. Effluents where one or more or both of these sig

nificant increases obtained are, taken from NUREG-0016 Table 2.10: 

Tritium 
Kr-85 
1-129 
1-131 
Transuranics 
C-14 
Solid radioactive wastes. 

For each of these radiological effluents, either the supplement 

markedly chaged the prediced emissions from tihose shown in WASH-124 8 

or (in ,all cases) the cheif source of the effluent is reprocessing, 

or waste management. At the same time, NUREG-0116 fails to explain 

the increased emissions, the causes for the increaes, and most 

significantly, fails to address the health impacts in any meaningful 

sehse. There is no systematic comparison of radioactive isotopes one 

by one with natural background, assuming such a comparison would be 

adequate. I t should also be noted tha t each of the above-mentioned 

isotopes are released principally by reprocessing or waste managment 

facilities, that would presumably tend to concentrate on a region 

or site specific basis. 

SHAW, PITTMAN, POTTS & TROWBRIDGE 

On October 13, 1976, the Nuclear Regulatory Commission 
issued a notice of proposed rulemaking concerning the uranium 
fuel cycle impacts from spent fuel reprocessing and radioactive 
waste management. 41 Fed. Reg. 45849 (October 18, 1976). The 
proposed amendment would revise Table S-3 of 10 C.F.R. Part 51 
to reflect additional information on the environmental impacts 
of spent fuel reprocessing and radioactive waste management. 

This rulemaking proceeding had its genesis in the 
July 21, 1976 decision of the U. S. Court of Appeals for the 
District of Columbia Circuit in Natural Resources Defense Council 
v. NRC, Nos. 74-1385 and 74-1586. There, the Court held that 
the Commission's earlier rulemaking which led to the promulgation 
of Table S-3 had not adequately discussed the environmental impacts 
associated with spent fuel reprocessing and radioactive waste 
management. 

To remedy the deficiency perceived by the Court, the 
Commission directed its Staff to prepare an environmental survey 
of these two aspects of the uranium fuel cycle. The Commission 
stated that this survey would be used as the basis for any 
necessary amendments to Table S-3. This survey, entitled NUREG-
0116 (Supp. 1 to WASH-1248), "Environmental Survey of the 

..laJtf&jL 
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Reprocessing and Waste Management Portions of the LWR Fuel Cycle" 
(hereinafter "NUREG-0116") was issued on October 13, 1976. Based 
on NUREG-0116, the Commission proposed revisions to Table S-3. 
The Commission had also directed its Staff to prepare an analysis 
of the economic, social and environmental impacts of using an 
interim fuel cycle rule. This analysis, entitled "Impacts of 
Later Reversing a Decision to Adopt or Not to Adopt an Interim 
Rule Permitting Construction or Operation of Nuclear Power Plants" 
(hereinafter "Impact Analysis"), was also released on October 13, 
1976. The October 13, 1976 Notice of Proposed Rulemaking invited 
interested persons to submit comments on the revised Table S-3, 
NUREG-0116, and the Impact Analysis by December 2, 1976. 

We are pleased to submit the following comments on 
behalf of American Electric Power Company, Baltimore Gas and 
Electric Company, The Cleveland Electric Illuminating Company, 
Duquesne Light Company, General Public Utilities Corporation 
(and its subsidiaries Jeisey Central Power & Light Company and 
Metropolitan Edison Company), Ohio Edison Company, Pennsylvania 
Power and Light Company, the SNUPPS utilities (Kansas Gas and 
Electric Company, Kansas City Power & Light Company, Northern 
States Power Company, Rochester Gas and Electric Company, and 
Union Electric Company), The Toledo Edison Company, Wisconsin 
Electric Power Company, Madison Gas and Electric Company, Wisconsin 
Power and Light Company, and Wisconsin Public Service Company. 
Each of these companies has a strong interest m the outcome of 
this rulemaking proceeding as a holder of one or more operating 
licenses, construction permits or limited work authorizations or 
as the applicant for these licenses, permits or authorizations. 
These companies collectively represent nuclear power reactors 
in operation or m various stages of the licensing process 
having a caparity of approximately 88,000 MW(t) 

BD 
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The comments deal with four major areas: the concept 
of interim licenses, technical comments on Revised Table S-3 
and NUREG-0116, comments on the Impact Analysis, and implemen
tation of the interim rule. 

I. INTERIM RULEMAKING 

An understanding of the instant iulenaking proceeding 
requires a discussion of the underlying decision in Natural 
Resources Defense Council v. NRC, as well as subsequent events 
relating to that case. 
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In NRDC, the Court reviewed the requirements imposed 
by NEPA for considering the environmental impacts associated 
with the uranium fuel cycle and examined the rulemaking proceeding 
which the Commission undertook to develop a generic analysis of 
those impacts to be used in individual licensing proceedings. 
As to the former, the Court held that NEPA required fuel cycle 
impacts to be considered either in "effective generic proceedings" 
or in individual licensing proceedings. Slip op. at 12. As to 
the latter, the Court found that as to all but two phases of the 
fuel cycle, the underlying record of the rulemaking proceeding, 
particularly the Environmental Survey of the Nuclear Fuel Cycle 
(November 1972), 

did an adequate, even an admirable, job 
of describing the processes involved. 
It assembles data on the consumption 
of resources, and discusses the risks 
of accidents and other hazards in 
detail, supporting the staff's 
conclusions with numerous references 
to the scholarly literature and to tech
nical reports on file with the Commission. 

Slip op. at 24. In two areas, spent fuel reprocessing 1/and 
radioactive waste management, the Court found that the rulemaking 
proceeding did not adequately ventilate the underlying facts and 
judgments. As a result, the Court set aside and remanded the 
portions of the rule pertaining to these areas. Slip op. at 44. 

Although the Commission took certain steps to implement 
the NRDC decision, 2/ the decision was not in effect at the tune 

1/ Aside from twice stating that spent fuel reprocessing was not 
adequately considered, slip op. at 24, 44, the NRDC decision gives 
no explanation of the deficiencies which the Court may have found 
in the Commission's consideration of this phase of the fuel cycle. 

2/ See Environmental Effects of the Uranium Fuel Cycle - General 
Statement of Policy, 41 Fed. Reg. 34707 (August 16, 1976). 
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those steps were taken. Nor is it now in effect. In response 
to motions by several parties, the Court on October 8, 1976 
ordered that the issuance of the mandate of the NRDC decision 
be stayed. Even had the Court not issued the October 8 Order, the 
filing of petitions of certiorari as to the NRDC decision 3/ 
served to stay issuance of the mandate of the Court of Appeals 
under Rule 41(b) of the Federal Rules of Appellate Procedure. 
Absent the issuance of the Court's mandate, there is no official 
judicial action. As stated by the Eighth Circuit, "this court, 
as does any appellate court, acts formally and officially only 
through its mandate." Bailey v. Henslee, 309 F.2d 840, 844 
(8th Cir. 1962). The staying of the mandate serves to maintain 
the status quo for the duration of the stay. Algonquin Gas 
Transmission Co. v. Township of Somerset, 112 F. Supp. 86, 90 
(D. N. J. 1953). As the Supreme Court held more than sixty 
years ago, 

. . . the appeal must be regarded 
as pending and undisposed of until 
a mandate issues. 

Merrimack River Savings Bank v. City of Clay Center, 219 U.S. 527, 
536 (1910). Thus, the original Table S-3 is still legally m 
force. While the Court of Appeals has held that two aspects of 
that rule are to be remanded, that holding is not yet in effect 
and, depending upon the outcome of the review by the Supreme Court, 
may never go into effect. Even the Court's requirement for "adequate 
ventilation", however interpreted, cannot now be considered an 
obligation presently imposed on the Commission. 4/ In this posture, 
it is not inappropriate for the Commission to proceed in the 
proposed fashion. 

Nor is the concept of interim rulemaking without precedent. 
The October 13, 1976 notice of proposed rulemaking cites the decision 
of the Court of Appeals in Union of Concerned Scientists v. AEC, 

3/ Petition for a Writ of Certiorari, Baltimore Gas and Electric 
Co. v. Natural Resources Defense Council, Inc., No. 76-548 (October 
19, 1976); Petition for a Writ of Certiorari, Vermont Yankee 
Nuclear Power Corp. v. Natural Resources Defense Council, Inc., 
No. 76-419 (September 21, 1976). 

4/ In any event, the procedural devices adopted by the Commission 
in NUREG-0116, a survey of existing literature together with a detailed 
annotation of technical reports and an explanation of methodology, 
are among the devices which the NRDC court said were available for 
creating "a genuine dialogue". Slip op. at 40. 
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499 F.2d 1069 (D.C. Cir. 1974). In that case, the Commission had 
promulgated the Interim Acceptance Criteria (IAC) for emergency 
core cooling systems. The IAC were made immediately effective 
without the opportunity for notice and comments. Shortly there
after, the Commission commenced a rulemaking proceeding (using 
quasi-adjudicatory procedures) looking towards the issuance of 
final Acceptance Criteria. The Court upheld the interim regula
tions against a series of challenges. 5/ As stated by the Court, 

Administrative action taken prior to 
a full hearing has always been 
permissible when the state's interest 
in actino promptly to promote the 
general welfare, including economic 
well-being, outweighs the individual's 
interest m having an opportunity 
to be heard before the state acts. . . . 

499 F.2d at 1081. The Commission m the ECCS situation could in 
theory have stopped issuing new construction permits and operating 
licenses until the final ECCS regulations were promulgated. 
However, the Commission chose to proceed by interim rules, adopted 
without even notice and comment procedures, a choice affirmed by 
the Court in Union of Concerned Scientists. The analogy to the 
present situation is clear. The Commission in theory could 
have chosen not to issue new permits and licenses until the final 
fuel cycle rulemaking proceeding was completed. Instead, it has 
undertaken an interim rulemaking using more elaborate procedures 
than those used in the IAC rulemaking. Since NEPA does not require 
more rigorous procedures than those required for an agency's 
non-NEPA responsibilities, the result approved in Union of Con
cerned Scientists should govern. 6/ 

5/ The challenges were based on arguments of due process, viola-
tion of Commission regulations (including those implementing 
NEPA) and abuse of discretion. 499 F.2d at 1081-1086. 

6/ Interim agency action prior to completion of more expansive 
agency procedures has also been approved in other contexts. See, 
e.g., Consolidated Edison Co. of New York, Inc. v. Federal Power 
Commission, 512 F.2d 1332, 1344-5, fn. 71 (D.C. Cir. 1975) and 
cases cited therein; National Air Carrier Assoc, v. CAB, 436 
F.2d 185, 194-195 (D.C. Cir. 1970). 
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The one aspect of the proposed interim fuel cycle 
rule to which we object is the eighteen month expiration date 
which the Commission would impose on the interim rule. As 
stated in the notice of proposed rulemaking, 

In order to reflect the interim 
character of the rule, any rule 
adopted will be made effective 
for no longer than an eighteen 
month period. 

41 Fed Reg. 45851. While we share the Commission's desire for 
an expeditious rulemaking proceeding on the final fuel cycle 
rule, this provision is unnecessary, potentially harmful and an 
invitation to dilatory tactics. If the aim of this time limit 
is to assure that the public hearing and associated proceedings 
in conjunction with a firal fuel cycle rule are completed promptly, 
a better and more direct mechanism would be to provide explicit 
time limits to the hearing board. Such time limits could require 
that any hearing commence oy a specified date and that the hearing 
board submit the record to the Commission not later than a speci
fied date. 

An arbitrary eighteen month expiration period would 
create an incentive for persons opposing licensing of nuclear 
plants to delay completion of the final rulemaking. If such 
persons could extend the duration of the rulemaking beyond the 
rule's expiration date, issuance of new licenses would be jeopar
dized and licenses issued during the eighteen month period might 
be called into question. While the Commission could if necessary 
seek to extend the eighteen month deadline, that action could 
also be subject to challenge. 

The adequacy of an eighteen month time limit is open 
to question. The duration of rulemaking proceedings utilizing 
hearing techniques is difficult to judge. Many unforeseen cir
cumstances could imperil even a conservatively estimated hearing 
schedule. It is noteworthy that the interim ECCS Acceptance 
Criteria did not include an automatic expiration date. If the 
Commission wishes to assure that the final fuel cycle rule is 
put into effect as soon as possible, a goal with which we fully 
agree, a "self-destruct" mechanism is not the answer Instead, 
the Commission should set time limits for the proceeding and 
establish a format which does not provide any party with the 
opportunity to use dilatory tactics. 
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II. REVISED TABLE S-3 AND NUREG-0116 

In the NRDC decision, the Court criticized the 
reprocessing and waste management phases of the original rule
making for failing to include in the underlying Environmental 
Survey the detailed explanation and support for the Staff's 
conclusions which were provided for other phases of the fuel 
cycle The Court cited with approval the job done by the En
vironmental Survey in dealing with these other aspects. 

It assembles data on the consumption 
of resources, and discusses the risks 
of accidents and other hazards in 
detail, supporting the staff's con
clusions with numerous references to 
the scholarly literature and to 
technical reports on file with the 
Commission. 

Slip op. at 24. Although the Court did not dispute the Commission's 
conclusions "that the future environmental effects from the 
disposal of high-level nuclear wastes are negligible", it 
held that 

the reasoning on which such judgments 
depend, and the data supporting them, 
must be spread out in detail on the 
public record. 

Slip op. at 34. The Court also stated that the Commission in 
reconsidering the reprocessing and waste disposal aspects of 
the fuel cycle rule, must assure that a "genuine dialogue on 
these issues" takes place. Included among the mechanisms to 
create such a dialogue are "detailed annotation of technical 
reports, surveys of existing literature, [and] memoranda 
explaining methodology." While not requiring that any specific 
mechanism be used, the Court did require that the Commission 

in one way or another generate a 
record in which the factual issues 
are fully developed. 

Slip op. at 41. 
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We believe that NUREG-0116 meets the tests set forth 
by the Court. While it contains some inconsistencies and a 
few minor omissions pointed out below, NUREG-0116 represents a 
comprehensive and well-documented discussion of the environ-
lental impacts of the reprocessing and waste management portions 
of the uranium fuel cycle and adequately supports the revised 
values set forth in Table S-3. 

NUREG-0116 considers the alternatives available at 
each stage of the reprocessing and waste management phases of 
the fuel cycle and selects those for which technology is available 
today. NUREG-0116, p. 1-4. The best available data was used 
and judgment was properly applied where uncertainties arose. 
The presence of uncertainties cannot, of course, be used to 
force the Commission to a standstill. As the Supreme Court has 
stated, 

a forecast of the direction in 
which future public interest lies 
necessarily involves deductions 
based on expert knowledge of 
the agency. 

W C v. Transcontinental Gas Corp.. 365 U.S. 1, 29 (1961). Nor, 
as the Supreme Court stated as to the ICC, can "uncertainties as 
to the future . . . paralyze the Commission into inaction." 
Onited States v. Detroit i Cleveland Navigation Co. 326 D.S. 236, 
^41 (1945).It is our opinion, based on a detailed technical 
review by E. R. Johnson Associates, Inc., that the NUREG-0116 
and the Table S-3 values are conservative and in some cases, overly 
conservative. Detailed comments are set forth below. 

A. Overconservatisms 

^ ^ ^ An examination of the basic assumptions stated in 
HtJ*xG-0116 and of the methods of analysis and calculations pre
sented reveals several areas of overconservatism, which are 
reflected in higher than reasonable impact values for gaseous 
radiological effluents in the total fuel cycle, as shown in 
the last column of Table 2.10. These areas and the assumptions 

3.4X 
GR3 

GR3 
3.2.7 

1) Reprocessing: NUREG-0116 (and also GESMO) assumes 
reprocessing of fuel at 160 days after discharge. 
A more reasonable figure would be one year after 
discharge. The shorter time increases the impact 
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of the shorter half-life isotopes present, notably 
iodine and ruthenium. NUREG-0116 (and GESMO) assumes 
a decontamination factor (df) 7/for iodine in the 
reprocessing operation of 40. There is ample 
experimental evidence to support an iodine df sub
stantially in excess of 40 using relatively un
sophisticated systems 8/, and AGNS has submitted 
information to the NRC confirming iodine df values 
in excess of 10 3 to 10 4, obtained in experimental 
studies. AGNS calculates that a conservative df 
of 103 overall for iodine removal in a reprocessing 
plant is reasonable, taking into account possible 
bypassing of iodine. 9/ 

2) Disposal of spent fuel as high level waste: NUREG-
0116 assumes that all contained volatile fission 
products in the fuel assemblies are released to 
the environment (see, e.g., p. 4-114). While the 
elapsed time between discharge of the fuel from the 
reactor and release of the volatile fission products 
is not stated, it appears from the level of releases 
cited that about 5 years is assumed. Such a time 
period appears to be assumed also in GESMO, which 
treats releases from waste repositories in terms 
of five-year old waste. 10/ 

The assumption of total release of volatile 
fission products to the environment appears unreason
able for several reasons. First, the fuel will be 
doubly encapsulated at the time it enters the 
repository, and no accident or other sequence is 

7/ The df is a measure of the extent of removal of a substance in 
the process of cleaning up, or decontaminating, a stream. In this 
case, the clean up process for the off-gas is involved, and the df is 
the ratio of the quantity of material entering the process to the 
quantity of product emerging (as effluent) with the treated off-gas. 

8/ Cederberg, G. K., and MacQueen, D. K., "Containment of Iodine-131 
Released by the RAIA Process", AEC Report IDO-14566 (October 1961) 

9/ Final Safety Analysis Report for Barnwell Nuclear Fuel Plant, 
Docket 50-332 (amendment 6 ) . See SSI.5.7; 4.3.6.4; and 4.3.6.5.1. 

10/ See page ten for footnote 10. 
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postulated (or probable) which would breach the 
integrity of all containers in the initial period 
after emplacement. Second, corrosive effects of 
the medium (if the waste is stored in salt) are 
sufficiently slow (and can be impeded by selection 
of proper materials) that major loss of integrity 
of the containment would occur progressively -
and probably after the emplacement sites had been 
backfilled. Third, with respect to tritium, it 
is assumed 11/ that 100% of the tritium is present 
in the fuel assemblies as zirconium tritide. 
While this assumption is over-conservative for the 
accident analysis in which it is used, it is 
reasonable to assume that some of the tritium will 
be present as zirconium tritide, and thus not 
available for release as a gas. Fourth, the fission 
gases are trapped within pores in the fuel, and will 
be released only very slowly by diffusion through 
the ceramic UO2; to the extent that the original 
pellets are broken up by thermal stresses during 
service in the reactor, exposing more surfaces for 
escape of the gases, the rate of this diffusion will 
be increased somewhat. 

The source of the NUREG-0116 assumption of total 
release is not stated, but it appears that a more 
reasonable approach would be to assume that any 
release of radioactivity to the environment would 
occur by diffusion of the volatile fission products 
from the fuel into and through the backfilled 
emplacement tunnels. Depending on the nature and 
degree of compaction of the backfill material. 

10/ See GESMO, Chapter IV H, S3.2.2. Unlike NUREG-0116, GESMO 
apparently does not postulate total releases of volatile fission 
products, since it concludes that the overall environmental impact 
from operation of a geologic repository is approximately the same 
whether there is no recycle, U only recycle, or recycle of both 
U and Pu. GESMO, Chapter IV H, Summary, p. IV H-5. 

11/ NUREG-0116, 54.3.3.4 (p. 4-65). This deals with the releases 
3ue to a fire in a zirconium hull container. 
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there should be some holdup of the gases in the 
tunnels. Assuming that no significant leakage 
of fission products occurs until after the tunnel 
has been backfilled and sealed, the diffusion of 
these materials into the repository ventilation 
system and from there into the environment should 
be slow and should ultimately represent only a 
small fraction of that assumed by NUREG-0116. 12/ 

3) Analysis of Composite Effects: A heavy measure of 
conservatism is introduced into the Total Fuel 
Cycle Impact (NUREG-0116, Table 2.10), as well as 
into several of the sub-element totals, by the 
methods used to summarize the impacts from sub-
element contributions and from the reprocessing and 
waste management phases of the fuel cycle. The pro
cedure was to take the largest value obtained for 
each individual identified contributor to the impact 
from among all the alternate possible ways of 
accomplishing a specific objective, regardless of 
the fact that in most cases the effects of the 
alternates are mutually exclusive; i.e., if 
Alternate A is pursued for a specific objective, 
none of the effects of Alternate B will be incurred. 
In NUREG-0116, however, the largest effects of 
both Alternates A and B have been used to compute 
the total impact. 13/ 

Several examples will illustrate this point. 
Two alternative routes to solidification of high 

12/ Although unconsolidated salt does not appear to be an effec-
tive absorption medium (Evans, Rutherford and Truitt, ORNL-TM-
3815, "Properties of Crushed Salt and Related Consolidated 
Media with Emphasis on Their Gas Transport", September'1972), 
the lack of a carrier gas present to drive the volatile constituents 
through the confining medium and the voids in unconsolidated 
salt backfill should serve to hold the gases for an extended 
period of time. 

13/ NUREG-0116, SI.2, p. 1-4; S2.2.2, p. 
tEis appears to be a general practice. 

2-4; S4.2.5.3, p. 4-34; 
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level wastes are available: calcination (which 
yields a relatively low density solid, granular 
or powder-like material which is readily leached 
by water), and vitrification (which yields a rela
tively dense, monolithic glass solid of very low 
solubility in water). Vitrification is a high 
temperature operation involving two steps -
calcination, followed by melting of the calcine 
with glass-forming ingredients; thus, the 
process releases of radioactive material will 
be higher for the vitrification process. In respect 
to the effects of accidents, however, the calcine 
represents the greater hazard because of its ready 
dispersibility and solubility. According to 5.2.2.2, 
the overall impacts of waste solidification assumed 
the greater impacts of both products. 14/ 

Another example involves the impacts of disposing 
of failed equipment. Although it is stated in 
S2.3.2 (p. 2-8) that size reduction after decon
tamination of failed equipment would reduce the land 
requirement impact over that of handling the bulk 
equipment items, no credit is taken for such 
reduction. 

r A final example, and possibly the most significant 
from the standpoint of the effect on the estimated 

14/ In this connection, a paragraph in 54.2.5.3 (p. 4-34) seems to 
be in error: 

In this Supplement, a borosilicate glass waste form is used 
because it is much less desirable and leachable than 
the calcine form. Since it is a less-dense waste form, 
it would require more canisters for packaging and even
tually more land for storage. Therefore, the RSSF 
impacts analyzed in this Supplement, based on calcine for 
disposal and glass for land use, are conservative. 
(footnotes omitted) 

In fact, the borosilicate glass (vitrification product) is more 
desirable than calcine, for the reasons pointed out above, and is 
more dense than calcine, though the total volume of glass required 
for a given quantity of fission products may be somewhat greater 
than the volume of the equivalent calcine, because of the added 
glass-forming ingredients. 
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total impact of the fuel cycle, relates to the 
treatment of the UO2 recycle vs no recycle options. 
Recycle of UO2 involves reprocessing of spent fuel, 
with the attendent waste management and disposal of 
high level and TRU-contaminated wastes; no recycle 
involves only handling and disposal of the spent 
fuel as waste. In the effort to establish a con-

_ servative upper boundary limit for environmental 
impact, NUREG-0116 takes the maximum impact values 
'shown in Table 2.10. Coupled with the overconserva-
tive assumptions regarding fuel reprocessing and 
spent fuel disposal discussed m (1) and (2) above, 
the total fuel cycle impact values become unrealistically 
large. 

'Miscellaneous: Tables 2.1, 2.10 and 4 2 show a value 
of 9.83 curies (Ci)/RRY for iodme-131. The basis for 
this figure is Table IV E-8 of GESMO (p. IV E-24), 
which gives a value of 7.5 Ci/yr for the iodine-131 
effluent from the model fuel reprocessing plant of 2000 
metric tons (MT)/year. Normalizing this to the RRY 
basis should give a value of 0.13 Ci/RRY. Inasmuch 
as effluent iodine is a significant contributor to 
population dose (thyroid), this becomes a significant 
error. Similarly, the value for strontium-90 given in 
Table 4.2 of NUREG-0116 (0.01 Ci/RRY) has been rounded 
up from the calculated value of 0.0056 from GESMO - a 
substantial upward rounding considering the significance 
of strontium-90 as a contributor to population dose. 15/ 
It also appears that there may be an overstating of the 
radiologic impact of the waste solidification stage. 
Table 4.2, which presents a summary of environmental 
impacts related to reprocessing, includes the radiologi
cal impacts of waste solidification facilities, p. 4-8. 
The radiological impacts of waste solidification are 
also separately presented in Table 4.3. If the values 
in Table 4.3 (normalized to RRY) have been included in 
Tables 2.1, 2.9 and 2.10, together with the values of 
Table 4.2, then the overall radiological impacts have 
been slightly over-estimated. 

15/ It is unclear whether the strontium-90 value (and the ruthenium-
106 value) given on Table 4.2 have been carried forward to Tables 
2.1 and 2.10 (Column F). 
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Table 4.17 shows particulate transuranic 
effluents from repository operation as 1*1 x 
10-5 Ci/RRY. On Tables 2.8 and 2.9, however, this 
value is shown as 1.1 x 10~3 Ci/RRY, an overstate
ment by a factor of 100. In Table 2.8, the value 
for carbon-14 is correctly based on GESMO Table IV 
H-17; the value in Table 2.1, however, (24 Ci/RRY) 
appears to be about 15% high. In a non-radiological 
area, the particulates from incinerator operation are 
stated on Table 4.8 as 1.6 x 10~8 kg/RRY; on Table 
4.9, the value is shown as 1 6 x 10~8 MT/RRY. 
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We have conservatively recalculated the airborne 
radiological impacts of the reprocessing and waste management 
phases, and the total fuel cycle impacts taking into account the 
overconservatisms discussed above as well as two apparent errors 
in the NUREG-0116 presentation. These impacts are set forth on 
the attached Table and show the total fuel cycle values for the 
no-recycle and the uranium-only recycle cases. The Table shows 
that the NUREG-0116 values are clearly conservative. 

B. Matters Not Discussed m NUREG-0116 

Tandem Fuel Cycle. One theoretical alternative 
to the uranium-only recycle and no-recycle options 
is the tandem fuel cycle. Although the tandem 
fuel cycle is no doubt too remote and speculative 
to justify consideration in NUREG-0116, recent 
references to it in testimony by a representative 
of the U.S. Arms Control and Disarmament Agency 16/ 
and in the Statement by the President on Nuclear 
Policy (October 28, 1976), could conceivably be 
interpreted to justify some limited discussion. 
The following provides information on which such 
a discussion might be based. 

The concept of the tandem fuel cycle is simple 
in principle. It involves recycling of spent light 
water reactor fuel (which contains of the order of 

16/ Statement of John F. Lehman, Deputy Director, ACDAfbefore 
Subcommittee on Energy and the Environment, Committee on Interior 
and Insular Affairs, U. S. House of Representatives, September 
21, 1976. 
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0.9% uranium-235 and approximately 0.6-0.7% 
fissionable plutonium isotopes) to heavy water-
moderated reactors (such as the Canadian "CANDU" 
reactor) which use uranium of substantially lower 
enrichment than light water reactors. On the premise 
that the incentive to pursue such a fuel cycle 
lies in the desire to avoid separating plutonium, 
there appear to be three ways of utilizing LWR 
spent fuel in heavy water reactors (HWR): as removed 
from the light water reactor with minimum mechanical 
rearrangement of the original fuel pins; by separating 
the spent fuel from the original hardware, homogen
izing for uniform enrichment, and refabricating into 
HWR fuel pins; or by reprocessing to recover mixed 
plutonium-uranium fuel material free of fission 
products and fabricating it into HWR fuel assemblies. 
It is our understanding that the first of these is 
technically unacceptable because of non-uniformity 
of enrichment along the length of spent LWR fuel 
pins, and pin-to-pin variations in enrichment, even 
if it were otherwise practicable without redesign 
of either one or the other of the two reactor 
systems. 

The second possibility, mechanical separation and 
refabrication of the fuel, is probably feasible but 
would require an extensive equipment development 
program, and would involve high cost automated or 
remotely controlled facilities for all operations. 
A priori, it seems probable that environmental 
impacts would not be materially different from those 
calculated m NUREG-0116 for fuel reprocessing, 
augmented by those for mixed oxide fuel fabrication. 
The third approach appears to have no significant 
advantage over reuse of recovered uranium plus 
plutonium m LWR fuel, and has the disadvantage 
that, once separated from fission products, the 
further separation of uranium and plutonium from 
each other becomes a relatively simple task, thus 
defeating the original objective for the tandem 
cycle. In any event, the environmental impact of 
the third alternative would differ only slightly 
from the reprocessing case already described in 
NUREG-0116. 
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2) Prior Reprocessing and Haste Management Experience: 
It is conceivable that an argument may be made that 
the environmental impacts of reprocessing and waste 
management should be derived from previous exper
ience by ERDA or private entities. While considerable 
information is available in references cited in 
NOREG-0116, 17/ we do not believe that such past 
experience provides a reasonable basis for analysis. 
The guidelines for radioactive releases at ERDA 
facilities have in the past been different from and 
less restrictive than the regulatory requirements 
applicable to commercial facilities. The ERDA 

GPJ guidelines have been gradually made more restrictive 
and are now probably approaching the regulatory 
values, which are also being tightened. With 
respect to the applicability of the commercial 
experience, it should be noted that there has been 
only a limited period of operation of one commer
cial fuel reprocessing plant, and that plant was 

yi not originally designed to current regulatory 
/j standards. In addition, the allowable effluent 
Sf release limits initially established for that 

plant were predicated on an interpretation of the 
requirements of the pertinent regulation (10 C.F.R. 

' Part 20) quite different from the "As Low as Reason
ably Achievable" philosophy which is now applicable. 
It would therefore be unrealistic to use the 
effluent release data from previous ERDA or commer-

r cial experience. 

' H I . IMPACT AKALYSIS 

The Commission's General Statement of Policy directed 
the NIC Staff to asses* the impact of suspending licensing until 

BD a final fuel cycle rule is in place. The Impact Analysis con
cluded that the incremental costs for makeup energy using coal 
aa foal, and for escalation and interest during construction would 
roaghlr total $3 billion if licensing were delayed for a period 
Of on* year, (calendar 1977). Significant social and environmental 
costs-ware also detailed. For the case where licensing is per
mitted to go forward under an interim rule and an unfavorable 

VIf gee, e.qj, ERDA-76-43. Alternatives for Managing Wastes from 
fiaotora and Post-Fission Operations in the LWR Fuel Cycle, 
Vol. 3, 519.1 (tank storage of high-level liquid waste). 
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final rule is issued, incremental costs from $0.25 billion to 
$1.1 billion are estimated together with other social and 
environmental costs. 

Considerable additional cost data already supplied to 
the Commission supports the Staff's conclusion as to the signifi
cant cost of a suspension in licensing. Although some of the units 
might not be directly affected by the absence of an interim rule, 
the following information is illustrative of costs which would 
be incurred by many utilities. 

A. Duqruesne Light Companyi Each month that oper
ation of Beaver Valley Unit 1 would be curtailed would 
cost $4.7 million in increased purchased power expenses 
and $12.2 million in increased fuel clause related 
expenses. Each month of delayed operation would result 
in an additional $2.8 million in interest charged to 
the capital account and an additional $1.1 million in 
labor, material and consulting charges. Affidavit of 
Clifford N. Dunn, attached to Licensees' Answer to 
"Petition for Intervention" of Environmental Coalition 
on Nuclear Power , September 28, 1976, in Duquesne 
Light Co. (Beaver Valley Power Station, Unit 1), 
Docket No. 50-334. 

B. Pennsylvania Power & Light Co.: Delay in opera
tion of the two Susquehanna units beyond their 1980 and 
1981 scheduled operation dates would represent a loss 
of capacity valued at $12.7 million per month and $14 
million per month, respectively. If construction could 
not continue, wage losses would exceed $1.3 million 
per week. Affidavit of Norman W. Curtis, attached to 
letter to Director, Office of Nuclear Reactor Regulation, 
from Counsel to PP&L, dated September 21, 1976, in 
Pennsylvania Power & Light Co. (Susquehanna Steam 
Electric Station, Units 1 and 2), Docket Nos. 50-387, 
5Q-388. 

C. General Public Utilities Corporation: Curtailing 
continued operation of Three Mile Island Unit No. 1 
would result in increased fuel and interchange power 
costs of about $9.5 million per month. Letter from 
H. Dieckamp, President, General Public Utilities Corp., 
to Director, Office of Nuclear Reactor Regulation, dated 
September 20, 1976, in Metropolitan Edison Co. (Three 
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Mile Island Nuclear Station, Unit No. 1), Docket No. 
50-289. Delaying the achievement of commercial oper
ation of Three Mile Island Unit No. 2 would result 
in increased replacement capacity and energy costs of 
about $8.6 million per month plus increased construction-
related costs of $7.7 million per month. Affidavit 
of William A. Verrochi, attached to Applicants* Supple
mental Response to Petition for Intervention, dated 
September 20, 1976, in Metropolitan Edison Co. (Three 
Mile Island Nuclear Station, Unit No. 2), Docket No. 
50-320. 

D. Union Electric Co.: An eighteen week delay in 
commercial operation of Callaway Plant Unit 1 would 
cause a capacity loss valued at $29 million (or about 
$6.5 million per month), based on a capacity factor 
of 50% for the initial period of operation and other 
conservative assumptions. Substantial increased construc
tion costs would also be incurred were construction to 
be halted. Affidavit of Donald F. Schnell, attached to 
Applicant's Supplemental Answer to Joint Intervenors* 
Motion to Suspend Construction Permit, dated September 24, 
1976, in Union Electric Co. (Callaway Plant, Units 1 and 
2), Docket Nos. STN 50-483, 50-486. 

E. Public Service Electric and Gas Co.: Each day 
that operation of Hope Creek Unit 1 is delayed results 
in replacement energy costs of $780,000. Affidavit of 
John T. Boettger, attached to Applicants' Reply to 
the "Petition for Intervention" of the Environmental 
Coalition on Nuclear Power, dated September 15, 1976, 
in Public Service Electric & Gas Co. (Hope Creek Gener-
ating Station, Units 1 and 2), Docket Nos. 50-354, 50-355. 

F. Vermont Yankee: The increased cost to generate 
power in substitution for generation by the Vermont 
Yankee facility would amount to about $6 million per 
month. Affidavit of Byron O. McCoy, attached to Licensee' 
Memorandum in Response to the Board's Order of August 18, 
1976, dated October 6, 1976, in Vermont Yankee Nuclear 
Power Corp. (Vermont Yankee Nuclear Power Station), 
Docket No. 50-271. 

G. Kansas Gas and Electric Co.: Escalation attribu
table to a deferral of the commercTal operation data of 
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the Wolf Creek Generating Station from 1981 to 1982 
caused the major part of a $100 million increase in 
estimated plant cost. Testimony of Jesse O. Arterburn, 
Transcript pp. 2405, 2408-2409 (February 24, 1976), 
in Kansas Gas and Electric Co. (Wolf Creek Generating 
Station, Unit No. 1), Docket No. STN 50-482. 

This data shows the significant costs on a variety of utility 
systems which a suspension of licensing would cause and demonstrates, 
we believe, the conservatism of the conclusions set forth in the 
Impact Analysis. The Staff's analysis is, of course, based on 
the assumption that capacity would be available to replace the 
nuclear capacity which would be unavailable as a result of a 
delay in licensing. This is a conservative, though not necessarily 
an accurate, assumption. 

Both the Impact Analysis (p. 2) and the Commission in 
the October 13, 1976 notice of proposed rulemaking, 41 Fed. Reg. 
at 45851, express the judgment that a final fuel cycle rule will 
be adopted which will not result in a cessation of construction 
or operation. One factor which the Commission does not mention 
which strongly supports this conclusion is the need for an environ
mentally acceptable waste disposal system for the large volumes 
of radioactive wastes already produced in the nation's military 
programs and for the radioactive wastes and spent fuel previously 
generated in the commercial sector. At the present time, the volume 
of high level military wastes exceeds that from commercial reactors 
by a factor of 600 to 700. Even with the expansion of commercial 
nuclear power to the year 2000, the volume of military high level 
radioactive wastes would exceed that generated by the nuclear 
power industry by more than tenfold. 18/ One estimate indicates 
that it will take until the year 2020 for liquid high level waste 
from the commercial program to reach the volume of liquid high 
level waste already produced by the military program; the amount 

18/ See Statement of F. P. Baranowski, Director, Division of 
Nuclear Fuel Cycle and Production, USERDA, before the Joint 
Committee on Atomic Energy, FY 1977 Authorization Bearings, 
February 4, 1976; EPRI Journal, Vol. 1, No. 6 (July/August 1976), 
p. 3; Nucleonics Week, July 22, 1976, p. 13 and August 19, 1976, 
p. 4. -
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of radioactivity in commercial high level wastes will not reach 
the level in existing military wastes until the 1990's. 19/ 
Given these large existing quantities of high level radioactive 
waste and the amounts of unreprocessed spent fuel from currently 
operating reactors, the likelihood that an environmentally suitable 
method for waste management will be implemented must be considered 
to be very high. 

"IV. IMPLEMENTATION OF INTERIM RULE 

The Commission's October 13, 1976 notice of proposed 
rulemaking is virtually silent on the method by which the interim 
fuel cycle rule is to be implemented. The only relevant 
language is the following: 

The revised interim table is being 
proposed by the Commission as an 
interim substitute for the waste 
management and reprocessing values 
presently set forth in Table S-3A. 
After receipt and analysis of 
comments received in response to this 
notice, a final interim rule will be 
promulgated for use as a basis for 
LWR licensing. 

41 Fed. Reg. at 45851. No specific indication is given as to the 
,_ process by which the interim rule is to be applied to pending 
— proceedings. We believe that the Commission should address these 
questions and address them with enough explicitness so that there 

_ can be no question of the Commission * s intent. 20/ 

SOC 
PR 

19/ Willrlch, Radioactive Waste Management and Regulation (draft, 
September 1, 1976), pp. 2-13, 2-14. 

20/ An example of the need for more specificity is the Supplemental 
General Statement of Policy, November 5, 1976 (41 Fed. Reg. 49898), 
where the Commission authorized resumed licensing if the revised 
Table S-3 values were examined and a determination was made that 
the cost-benefit balance would not be tilted by the revised values. 
As a result of the lack of specific procedures, this process has been 
interpreted by the Staff and licensing boards to require in contested 
cases a Staff evaluation followed by an evidentiary hearing, if 
requested. As a result, interim licensing is being slowed up 
in at least two construction permit stage proceedings, Kansas Gas 
and Electric Co. (Wolf Creek Generating Station, Unit 1) and Florida 
Power & Light Co. (St. Lucie Nuclear power Plant) . 
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With regard to "suspension cases", the Commission when 
it promulgates the interim fuel cycle rule should dismiss these 
proceedings. In its November 5, 1976 Memorandum and Order in 
Vermont Yankee Nuclear Power Corp. (vernont Yankee Nuclear 
Power Station) and other proceedings, the Commission suspended 
pending proceedings looking toward suspension of various con
struction permits and operating licenses. If, as we anticipate, 
the interim rule is similar to that proposed by the Commission, 
there is no reason why the suspended suspension proceedings 
should not be dismissed. The Commission has already found that 
the values in the proposed rule will not produce results signifi
cantly different from those obtained under the current rule 
Public Service Company of New Hampshire (Seabrook Station, Units 
1 and 2), Commission Memorandum and Order, November 5, 1976, slip 
op. at 16-17. At least three evaluations by the Staff for different 
facilities have concluded that the changes m cost-benefit balances 
using the revised Table S-3 values are so small that there is no 
significant change in impact from that associated with the impacts 
presented m the current Table S-3. 21/ Considering the similarity 
between the existing and the propose3~~new values, the fractional 
contribution which reprocessing and waste management make to the 
total Table S-3 values, and the small share which total fuel 
cycle impacts represent of total plant environmental impacts, 
no useful purpose is served by leaving suspension cases on the 
dockets. These proceedings should therefore be dismissed. 

As for pending licensing proceedings, the interim rule 
should clearly be made self-implementing. The delays already 
encountered in putting into effect the Supplemental General 
Statement of Policy and the similarity between the new and existing 
Table S-3 values warrant a determination by the Commission that no 
further proceedings are necessary at the Licensing Board or Appeal 
Board levels. This determination would, of course, include those 
cases in which the cost-benefit evaluation was made pursuant to the 

21/ See NRC Staff Evaluation of the Impact of Revised Table S-3 
Values on the Wolf Creek Cost-Benefit Balance, November 24, 1976 
in Docket No. STN 50-482; Environmental Assessment, Docket No 
50-325, Brunswick Stean Electric Plant Unit 1, Fuel Cycle 
Considerations (undated, issued November 12, 1976); NRC Staff 
Evaluation of the Impact of Revised Table S-3 Values on the St. 
Lucie Unit No 2 Cost-Benefit Balance, November 26, 1976, m 
Docket No. 50-386. 
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Supplemental General Statement of Policy. This is particularly 
important for those cases where the record has already been closed 
and the matter is awaiting decision. Without explicit Commission 
direction, licensing action is likely to be needlessly delayed 
while further (and unnecessary) procedural steps are taken. The 
Commission can accomplish this by making a regulatory finding 
that the differences between the original and revised Table S-3 
values are not substantial and that the overall fuel cycle impacts 
are insignificant. 22/ Such a finding could be supported by 
appropriate reference to NUREG-0116, 23/ with particular attention 
to the conservative nature of the values incorporated in the 
revised Table S-3. 

Another consideration as to implementation is the 
question of sua sponte show cause proceedings against present 
holders of LWR licenses and permits. Based on NUREG-0116, the 
stay of the mandate, and the short time before an interim rule is 
adopted, the Commission in its Supplemental General Statement of 
Policy stated that institution of such proceedings would not be 
justified "pending the outcome of the current rulemaking". 41 
Fed. Reg. at 49899. In promulgating the interim rule, the Commis
sion should set forth the obvious fact that such proceedings are 
unwarranted in light of the interim rule, NUREG-0116, and the 

_ entire record of the interim rulemaking proceeding. 

r 
In summary, we believe that NUREG-0116 and the 

revised Table S-3 based on it conservatively represent the 
environmental impacts of spent fuel reprocessing and waste 
management. We respectfully request that the eighteen month 

22/ The Commission made a similar finding in promulgating 
Table S-3, when it decided that retroactive application of 
Table S-3 was unnecessary "[i]n view of the fact that the en
vironmental effects of the uranium fuel cycle have been shown 
to be relatively insignificant . . . ." 39 Fed. Reg. 14188, 
14190 (April 22, 1974). 

23/ While clearly not required, the Commission should consider 
a revision to NUREG-0116 to accompany the promulgation of the 
interim fuel cycle rule. Such a revision could incorporate 
comments as well as additional infornation developed by the 
Commission subsequent to its initial issuance. 
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duration of the interim fuel cycle rule be removed and that 
the Commission set forth explicit implementation procedures 
accompanying the interim rule. 

We appreciate the opportunity to submit these 
comments. 

SHAW, PITTMAN, POTTS & TROWBRIDGE 

ky E. Silberg ~S*C 

JES/sf 

7 JLJj)JUr;^ 



TABLE 

RECALCULATED REPROCESSING AND TOTAL FUEL CYCLE IMPACTS 

RECYCLE AND NO-RECYCLE CASES 

Gaseous and Entrained Particulate Effluents, Ci/RRY 
(1) 

Column 1 
(3) 

Column 2 Column 3 
(4) 

Isotope Reprocessing Values Total Fuel Cycle Values 

Recycle, Uraniun only No-Recycle 

Rn-222 
Ra-226 
Th-230 
Uranium 
Tritium (thousands) 
KR-85 (thousands) 
1-129 
1-131 
Ruthenium 
Fission Products (total 

SR-90 
particulate) 

Other particulate 
products' 

Transuranics 
C-14 
(NC =not calculated) 

fission 

— 
— 
— 

0.000039 
18.1 
400. 
0.0016 
6.93x10" 
0.096 
0.142 
5.5xl0-3 

0.136 
6.8xl0"4 

21. 
(2) 

74.5 
0.02 
0.02 
0.032 
18.1 
400. 
0.0022 
3.6x10" 

NC 
0.173 

NC 

NC 
0.001 
21. 

74.5 
0.02 
0.02 
0.032 
14.(5) 

NC 
4.2x10 5 

NC 

N C -5 1.1x10 b 

19.(5) 

(1) Calculated using the following assumptions: 

a) Fuel processed at 365 days out of reactor (NUREG-0116 assumed 160 days). 
b) Iodine decontamination factor (df) of lxlO3 (NUREG-0116 assumed 40). 
c) Ruthenium value includes both R u 1 0 3 and R u 1 0 6 (NUREG-0116 considered only R u 1 0 6 ) , 

Ruthenium df 1x10 s (same as NUREG-0116). 
d) Df for particulates (fission products and transuranics) assumed to be 

4.8xl08. (This value was calculated from data given in GESMO.) 

(2) Transuranic and fission product input values were taken from ORNL-4451, 
3.10 and 3.20. 

Tables 3.9, 

(3) Total fuel cycle values for the recycle case were derived by summing the following 
source data: 

a) 
b) 

c) 

d) 
e) 

Reprocessing values from Column 1. 
Pre-fission values presented in Columns A-S of Table S-3A of WASH-1248, 
"Environmental Survey of the Nuclear Fuel Cycle". 
Values for management of high level wastes as presented in Tables 2.2 and 
2.8 of NUREG-0116; an error in transferring data on transuranics from 
Table IV H-17 of GESMO to Table 2.8 of NUREG-0116 has been corrected in 
using the Table 2.8 values. 
Values for management of TRU waste, as presented in Table 2.3 of NUREG-0116. 
Values for decommissioning as presented in Table 2.4 of NUREG-0116. 

(4) Total fuel cycle values for the no-recycle case were derived by summing the following 
data: 

a) Pre-fission values identified in Note 3(a) above. 
b) Values for management of spent fuel as presented in Table 2.5 of NUREG-0116. 
c) Values for disposal of long lived wastes as presented in Table 2.8 of 

NUREG-0116; entry for'transuranics corrected as stated in Note 3(c) above. 
d) Values for decommissioning as presented in Table 2.4 of NUREG-0116. 

(5) These values are considered to be unreasonably high, but due to lack of any 
source data to calculate other values, have been accepted.as representing an 
absolute upper boundary condition for release fo volatile fission products 
from stored spent fuel. 

18̂ 42 



December 1, 1976 

Samuel J. Oilk, 
Secretary of tvie Commission 

t'.S. Nuclear Reeulatory Commission 
WasMneton, D.C. 20555 

Attn: Docketine and Service Section 

OOT.ET K U " : : B 

PROPOSED RULE VR-BfolfX/iflV*) 

He: 10 CPH P a r t 51 
Revised Table S-3 
and NUREO-0116 

Dear Mr. CMlk: 

" In res-oonse to t*e Federal Resister notice of October 18, 1976 
(1*1 FR 202), t*e Sierra Club hereby submits comments on re
vised Table S-3 and TOREO-0116, "Environmental Survey of t*e 
Renrocessine and Waste Management Portions of t*e LWR Fuel 
Cycle". Should tv-e Staff *ave anv questions concerning t^ese 
comments, t*ev should feel free to call me at (716)831-2715-

Sincerely, 

4* 
CO »/. >t -¥ 

Marvin Resnlkoff, CViairoerson 
Sierra Club Nuclear Subcommittee 
Box 123 Market Station 
Buffalo, New York 1U-203 

atkinrl •J^- ' i g j M i J 4 ^ 

SIERRA CLUB COMMENTS 

on 

REVISED TABLE S-3 

and 

NUREO-0116, ENVIRONMENTAL SURVEY OF THE REFROCESSING AND 
WASTE MANAGEMENT PORTIONS OF THE LWR FUEL CYCLE 

In response to the Federal Register notice Ctl FR 202), 

the Sierra Club is pleased to offer the following comments 

on Revised Table S-3 and NUREG-0116s "Environmental Survey 

B D of the Reprocessing and Waste Management Fortions of the 

LWR Fuel Cycle" (hereafter, "Supplement"). 

The purpose of the Table S-3 is to provide a fair 

representation of the environmental impact of the nuclear 

_ fuel cycle due to each year of operation of a reactor. 

~ We find the Supplement is not adequate to the task. 

In general, the Supplement does not represent the fuel 

cycle effects as they are, but as the NRC would like 

them to be. 

SV As we show, the review of the literature is 
CON 

incomplete and uncritical. References are cited which 

have little experimental supporti it is like a house 

of cards. In some cases, such as -with hiph level 

waste solidification systems, there is not sufficient 

_ data to support the assertions in the Supplement. 

— We find that the health effects, for certain radio-

•3.3.2 nuclides, will be orders of magnitude °reater than 

stated in the Supplement because the Supplement does 
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not recognize the commonly-accepted definition of 

radiation dose commitment. The discussion of low 

level waste disposal discusses an idealized waste 

burial site which does not leak, whereas the fact 

is that the Maxey Flats and West Valley sites do 

leak. It is doubtful that the situation will change 

unless there is a dramatic change m the resulatory 

framework, or unless a new Federal waste agency is 

created. 

Occupational exposures are not discussed in 

the Supplement. Since whole body exposures give rise 

to genetic effects which extend further than the 

worker him/herself, but to families and further out 

into the population, these effects should be included 

in Table S-3 as an environmental impact, as done in 

GESMO. 

The state-of-the-art in containment systems for 

reprocessing plants is not nearly up to that of the 

"model" reprocessing facility of the Supplement. 

More ruthenium and iodine will be emitted than claimed 

in the Supplement. Numbers in the Supplement are 

GR8Q uncritically accepted from OEShO . 

The bottomline is that more health effects will 

be actually caused than claimed in the Supplement. 
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SV 
CON 

(3) 

SV 
CON 

The difference is not trivial, but several orders of 

magnitude. We therefore find that Revised Table S-3 

does not fairly represent nuclear fuel cycle effects 

of a year's operation of a nuclear reactor. The 

Revised Table cannot be used as a base for responsible 

decision-making by an Atomic Safety and Licensing 

Board, or by a State Siting Board. 

We believe that the record on Table S-3 will only 

be set straight and informed decision-makinc will only 

take place on this matter if the NRC Staff is required 

to present their case, is subject to discovery and 

cross-examination, and if responsible public interest 

groups are funded to introduce expert testimony on 

" sections of Table S-3 in dispute. A quickie ln-house 

review of the literature is simply not adequate to the 

task. 

Specific comments which expand on these points 

are presented below. 

SPECIFIC COnt.ENTS 

CHAPTER 2-SUF1URY OF IMPACTS OF REPROCESSING AND 
YASTE MAtiAOEwJENT 

2.1 Reprocessing 

1. On p.2-3, the Supplement claims that, "Total 

whole-body dose commitments to the world 
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population from the reprocessing demanded by a single 

LWR m a year is about 600 person-rem for uranium-only 

recycle." We disa°Tee. As the attached paper by Robert 

Pohl, Ref, 1, shows, the environmental dose commitment 

due to carbon-l^ alone is 36OO person-rem/RRY. As WP 

point out m comments on p.2-19, the primary reason for 

this discrepancy is the failure of the Nuclear Regulatory 

Commission to use an accepted definition of "environmental 

dose commitment." 

2. On p. 2-3. the Supplement states, "Some uncertainty 

remains repardinE" details of the design and operation 

of the plutonium conversion and HL//' solidification 

facilities (see Sec. ^.2.2), but adequate experience 

at smaller scales is available to provide reasonable 

estimates of impacts at reprocessing plant sites." 

This uncertainty is not detailed in the later section, 

nor is the "adequate experience at smaller scales" cited. 

2.2.1 Tank Storage 

3. On p. 2-^, the Supplement refers to the "temporary 

storage of liquid HL ( in tanks" that "has been practised 

for over 30 years." Do the authors of the Supplement 

seriously consider the storage to be "temporary" or 

permenanf Let us face the reality on this point. 

These HLtf, mainly from low burnup fuel, are bemp 

(5) 

3262 

solidified in-tank to a salt cake, eventually the 

tanks will corrode. The material is highly soluble, 

and will be released to the environment. The situation 

is therefore unacceptable. Yet, how will this material 

be removed and placed in an underground salt mine9 

Based on expediency, ERDA appears to be replacing this 

"temporary storage" with a'*Dermenant problem". The 

Supplement should include a review of, "Radioactive 

Waste Management and Regulation", by reason Willnch, 

for ERDA, which discusses these points. 

2,2.2 Solidification 

*4-. The Supplement discusses solidification of hL / from 

calcine into glass as if it were an on-poin^ process on 

a commerical scale. It is not, HLV liquid is calcined 

at Idahoj the environmental releases burn-up for the fuel 

processed at the Idaho facility are not known. The design 

of the calcine and vitrification stages, including the 

containment systems, rests on very little experimental 

data concerning radioactive releases. This remark holds 

for many of the other sections in Chapter 2 1 2.2.5, 

Interim Storare at a Retrievable Surface Storage Facility! 

2.2.6, Disposal at a Federal Repositoryi 2.3.2, Incineration 

of Combustible Wastes; 2.3.2, Treatment of Noncombustible 
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Wastesi 2.6, Spent Fuel as Wastei 2.7, Nontransuranic 

Lew-Level Wastesi and 2.8, Decontamination and Decommiss

ioning of Nuclear Facilities. There is not a clear 

delineation between what is on-going, and therefore 

well-known, and what is laboratory-or demonstration-scale. 

It is difficult to evaluate the uncertainties! the 

Supplement is written as if the environmental impact 

of all processes are well-known. As we point out 

below, this is definitely not true. 

2.11 Tabulation and Summary of Environmental Impacts from 
Reprocessing and Waste Management 

k . On p. 2-18, the Supplement indicates that only a 

few changes from WASH-12l(8 are considered substantial-

iodine releases from the reprocessor, carbon-11*, among 

others. The results and comparisons with WASH-12<t8, 

are considered in Tables 2.1 through 2.11. We discuss 

B D T carbon-11* below and iodine in our discussion of Chapter 3. 

n 
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The assessment of the environmental impacts from reprocessing and waste 

management i s gross ly inadequate and s e r i o u s l y underestimates the impact on 

human hea l th . 

Three examples w i l l be given in order to demonstrate the need for more 

careful cons iderat ion of the environmental radiat ion dose commitments, and 

a l s o of the environmental build up, of long- l ived radionucl ides . 

5) Reprocessing: Carbon-14' 

On page 2-19, the dose commitment resu l t ing from the re l ease of 

t h i s i sotope i s given as 111 person-rem per RRY (-*0.8 GW(e)y) for the t o t a l 

U.S. population. Actual ly , t h i s nuclide w i l l spread around the globe. Hence, 

considerat ion of the U.S. population alone i s inappropriate For a constant 

9 

world population of 4 x 10 , the population dose commitment would be approxi

mately 20 times larger (U.S. population ~2 x 10 ) , or 2220 person rm. A 

proper evaluat ion of t h i s environmental radiat ion dose commitment, as defined 

by UNSCEAR, i s 4500 person rem/GW(e)y » 3600 person rem/RRY . This i s over 

10 times more than the dose commitment given in Table 2.11 from a l l radioact ive 

emissions from fue l reprocess ing. Clearly, the value quoted (330 person rem) 

has to be care fu l ly inspected, with part icu lar a t tent ion given to the long 

l ived radionucl ides . 

6) Taste Management 

a) Radon-222 

Radon gas emanating from m i l l t a i l i n g s p i l e s , discussed In WASH-

1248 and therefore not reconsidered in NUREG-0116, c l e a r l y belongs to the radio

a c t i v e emissions from fuel cyc le waste. Table 2 .10 c i t e s the fuel cyc le t o t a l 

emissions of t h i s gas as 74 .5 Ci/RRY. According to a recent study by the EPA, 

as reviewed In Ref. 2 , radon-222 emissions from a ret ired and unprotected 

mi l l t a i l i n g s p i l e i s approximately 80 C i / y per fuel requirement for one RRY 

(100 Ci/GW(e^y/y). Total radon emission over the l i f e - t i m e of the parent 
6 

i sotope thorium-230 ( h a l f - l i f e 83000y) i s (80 Ci/y) x 83000y x &E = 9-6 x 10 
Cl, or over one hundred thousand times larger (!) than l i s t e d in Table 2 10. 

The population dose commitment resu l t ing from these emissions, as well as 

the environmental build up resu l t ing from the accumulation of t a i l i n g s , need 

to be discussed in NUREG-0116 (see Ref. 2 and 3 for d e t a i l s ) . 

b) Release from Geologic Repository 

A d e f i n i t i o n of the term population dose commitment i s not given 

l a NUREG-0116, nor has t h i s quantity been used cons i s t ent ly throughout the 



report. Tables 4.19 - 22 summarize "50-year accumulated doses" resulting from 

releases from high level waste repositories. According to the definition of 

this term given on page 4.93, these accumulated doses were calculated without 

considering that the long-lived species, after their release from the repository, 

will persist essentially forever in the biosphere and hence may continue to 

irradiate people for very long times. As an example, note that the entire 
6 

iodlne-129 inventory (~10kg/RRY, with a half-life of 17 x 10 y) is assumed 

to eventually find its way out of the geologic repository (Table 2.10, p. 2.33, 

see also footnote (g) on p. 2.31). A model calculation is missing which 

estimates the environmental radiation dose commitment and also the environmental 

build up of the long lived radionuclides, in particular those listed in 

Tables 4.19-22. Such a calculation is definitely needed. 

References (copies enclosed) 

1. Robert 0. Pohl, "Nuclear Energy: Health Impact of Carbon-14", Rod. and 

Environ. Blophys. in print, 1976. 

2. Robert 0. Pohl, "Health Effects of Radon-222 from Uranium Mining", 

Search 7, 34S-3S4 (1970). 

3. Robert 0. Pohl, "Itndionotlvo IH>llution", AS11IIAH Journal, Sopt 1976, 

p. 47-51. 
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7. Revised Table S-3 does not list the number of health 

effects per gigawatt-year due to the release of radon-222 

from uranium mill tailings. According to Ref. 2,(attached) 

the number is 396 health effects/GV.'y, assuming a world 

population of about h billion persons. These should 

be included in Revised Table S-3, 

8. Revised Table 5-3 does not list the number of health 

effects per gieawatt-year due to the release of C-14. 

Table 2 of Ref. 1 (attached) slows this to be 1.5/GWy. 

This should also be included in Revised Table S-3. 

9. Revised Table S-3 does not account for the number 

of health effects due to the release of krypton-85 

and tritium. As Ref. 1 (Table 2, attached) shows, the 

number of persons-rems per gi^awatt year due to the 

release of Kr-85 and tritium is 71 and 220, and the 

number of.health effects per gigawatt year is 0.03^ 

and 0.077, respectively. These numbers should be 

incorporated into Revised Table S-3 to indicate the 

true effects of radioactive releases. 

CHAPTER 3-THE FUEL CYCLE—SOURCE OF WASTES 

3.2.2 Milling 

10. On p. 3-7> the Supplement states that the milling 

wastes are discussed in detail in GESMO, WA3H-1248 

and will be the subject of a generic environmental 

impact statement, and are not discussed further in the 
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3.2 5 1 
3 2.2 4 

Supplement. As we indicated in our comments 6a and 7, 

neglecting mill tailings omits one of the largest 

environmental impacts of the nuclear fuel cycle, the 

health effects due to total radon emissions will be 

over one hundred thousand times larger than that listed 

in Table 2.10. The omission is therefore serious. 

3.2,7 Fuel Reprocessing 

11, The GEST10 references on fuel reprocessing cited on 

p. 3-9 and 3-10 should read "GESMO, Ch. IV E" instead 

of "GESMO, Ch. IV F*. 

3.2.7.B Transuranic Pastes 

12. On p. 3-10, the TRU wastes contain, among other 

sources, "chemical wastes from cleaning the off-gases", 

and amount to 30m3 annually per reactor. It is assumed 

that this category includes the Miscellaneous Liquid 

'Taste (MLW) from the mercuric nitrate scrubber. The 

Supplement does not make clear whether the MLrf will be 

condensed through evaporation (leadm» to greater iodine 

paseous releases) or fixed m a medium (leading to large 

waste volumes). Since this waste contains a large 

amount of 1-129, with half-life of 17 million years, 

the final disposition of this material must be discussed 

_for time periods on the order of millions of years. 

On p. 3-10, the Supplement states that the wastes 

will contain about 0.37» of the plutonium throughput, 

r i 3 . 
3 2 5.5 I 
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and that 0.2'1 plutonium throurlvout would be lost at the 

plutonium conversion facility, or 0.5^ total. An 

additional 0.1# may be lost on the fuel hulls and 

hardware, No experimental basis is cited for these 

__ statements. 

~" It is important to mention that the difference 

between incoming and out^oins; plutonium at Nuclear 

Fuel Services was 2.4% (NFS, Quarterly Reports, 

Docket No. 50-201), and this did not include any 

plutonium conversion facility loss, of course. Tor 

does NFS appear to be anomalous, m this regard, The 

Eurochemic Plant at Vol, Belgium had 2.8"5 plutonium 

unaccounted for (C. J. Joseph, et al, "Operating 

Experience and Planned Improvements in the Eurochenic 

Reprocessing' Plant", Peaceful Uses of Atonic Snersy, 

vol. 8, pp. 349, 1971). This experimental data should 

be contrasted with the theoretical musings of the 

Supplement. 

~" 3.2,8 Pixed Oxide guel Fabrication 

14, On p. 3-11, the Supplement estimates a losn of 0.1%" 

PuOg throughput, citin^ GESPO, Table IV D-9, There is 

not sufficient basis m OESrO for the numbers cited. 

The NRC GESrO Staff has not done an independent analysis 

of this number, but has accepted tne /estin^house estimate. 
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CHAPTER ^-DISCUSSION OF P'FAC'S Or REPROChSSING AND 
fASTS MANAGE E\T 

<t.l Reprocessing 

15. The Supplement does not discuss the occupational 

exposures due to reprocessing Occupational exposures 

are considered m GESi 0 and aiould be considered an 

environmental impact. Some radiation workers are 

3 3* employed for short time periods, and then become part 

of the general population. Further, since radiation 

exposure causes genetic defects, the effects extend 

from a worker into his/her family, and into the General 

population. Table 3-3 should therefore be amended. 

4.1,4 Environmental "mpacts of thp Fuel Reprocpssmr riant 

16, On p. 4-8, the Supplement states, "A detailed analysis 

of the model plant operation and its environmental impact 

is Fiven in GE3 0 ' le differ strongly with the Supple

ment concerning the completeness of the GESMO discussion 

on the environmental impacts of the fuel reprocessing 

SV plant. "ESI 0 does not discuss the details of the waste 

solidification process, nor is there basis for the 

indicated radioactive effluents. The decontamination 

factors for the model separations facility bear no 

relation to the actual decontamination factors of 

Nuclear Fuel Services. In testimony which the Sierra Club 

will present at the "ESi 0 proceeding the Nuclear Fuel 

Services decontamination factors for Ru-106, 3r-90, Cs-137 

(13) 

and 1-129 are shown to be 10*5, 10"5, 10"5 and 7 respectively. 

This is to be contrasted with GES 10 projections of 10~9, 

GR1 10"10, 10"10 and 0.025 for the model separations facility. 

The Supplement should review the historical data, and show 

that its projections have some relation to fact. 

Similar criticism hold for the Draft Supplement to 

the FES BNFP. NUREG-0082, NRC, Docket 50-332. There is 

no discussion of the rL I solidification facility. The 

entire documentary support for the radioactive releases 

from the HL / solidification facility can be traced back 

to one sinrle unpublished letter from Oak Rid°-e 

(Correspondence form H. !. Godbee and A. H. Kibbey to 

R. B. Crai>», February, 1976). The radioactive effluents 

due to hL J solidification facility in t-UREG-0082 are 

based on this unpublished reference. GESi 1O effluent 

releases due to the hLI solidification facility are based 

on those from NUREG-0082. The releases posited in the 

Supplement are based on those from NUREG-0082 and GESI10. 

Thus, these ponderous reports rest on a very shaky foundation, 

one unpublished letter. This defect alone should require 

a rewriting of the Supplement. 

4.2 Kanao-ement of Hi^h-Level /aste 

17. On p. 4-11, the Supplement states that 0,5/5 of the 

32 2 2 uranium and plutonium that was initially in the spent fuel 

is lost to the hi^h level waste. However, as Comment 13 
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3.2.2.2 

CON 

3.2.2.3 

points out, the loss of plutonium at operating facilities 

indicates a much higher loss to the HLW. NUREG-0043 

indicates a loss of 35 kg of Pu to the HLW at Nuclear 

Fuel Services out of a total Pu throughput of 1900 k? 

(#2%), If the Supplement believes that model reprocessing 

plants can do so much better than past experience, then 

it must show this in detail. 

4.2.1 Tank Storage 

18, On p. 4-14, the history of hi^h level storage at 

Nuclear Fuel Services is presented, We believe that the 

__ discussion is not entirely accurate on three counts. 

(a) To our knowledge, the pans which hold the tanks 

are not equipped with pumps for transfer of any leakage 

back to the storage tank, or to the low level liquid 

waste treatment facility. Pumps and lines can be dropped 

into the pan if needed, but these are not in place. 

(b) The Supplement contains no discussion of earthquake 

criteria for the site and the ability of the HLtf tank 

plus vault to withstand the magnitude earthquake which 

could occur on the site, Why is this important? If 

the HLW tank plus vault at NFS split open due to an 

earthquake, the consequences could be far in excess of 

the values in Table S-3. that is the effluent releases 

per RRY would be much preater than those cited in the 

_Revised Table S-3. 

(15) 

3.2.2.4 

3.2.6.2 

(c) As the discussion on p.4-15 indicates, only cesium 

and strontium is removed from the off-gases of the HLW 

tanks. However, no 1-129 is removed from the off-gases. 

Since 1-129 was not removed from liquid or faseous 

releases from the separations facility at NFS, and was 

'not removed from the HL'1/ tank off-pas, we surmise that 

no 1-129 was retained at NFS, that is, all was released 

_to the environment. The Supplement should state this. 

19. On p. 4-16, the Supplement discusses the inter

mediate-level liquid waste, euphemisticallycalled in 

GESMO, "miscellaneous liquid waste" (MLW). This waste 

contains iodine from the mercuric nitrate scrubber, and 

will be very lon^-lived. However, the Supplement does 

not discuss the final disposition of this material. 

Will it be condensed by evaporation, or fixed in some 

medium? Can this material be restrained from the 

environment over the millions of years required? Who 

will pay for this waste management-present users of 

electricity or future venerations? The Supplement 

should consider these questions. 

4.2.2.2 Description (of HLW Solidification) 

20, On p, 4-19, the Supplement describes the spray 

calcine method of HL'/ solidification. According to the 

Supplement, "The waste is atomized by pressurized air, 

producing small droplets which are dried and calcined 
0 

in flight through the 700 C wall-temperature vertical 



(16) 

spray chamber. Calcination time is extremely short, thus 

inhibiting radionuclide volatilization ". »/e are most 

concerned with the volatilization of Cs, Ru and I from 

t262 -the high level wastes. The Supplement does not quantify 

the amount of material which will be volatilized, 

other than assuring us that the radionuclide volatilization 

will be inhibited, 

4,2.2,3 Bases for Impacts (for HL I solidification) 

21. On p. 4-21, the Supplement takes Barnwell as the 
R 
_ reference environment and quotes MJREJ-0082. AS we 

~ indicated in Comments 16, NUREG-0082 is not an adequate 

reference for this purpose because the radioactive effluents 

are based on a single reference, namely, an unpublished 

letter from Oak Rid^e, 

22. For the same reasons cited in Comments 21 and 16, 

we find Table 4.3, "ESTiriATED ANNUAL RELEASE OF RADIONUCLIDES 

g v FROM NORMAL 0PE".A.TI0N OF THE 'ASTS SOLIDIFICATION FACILITY", 

also unsupported. 

23. The annual dose to an individual at the site boundary, 

Table 4,4, is also based on this shaky house of cards. 

Table 4,3, and Table 4,4 must be more adequately supported. 

4,7»3«^ Environmental Impacts (of Disposal) 

24. It is difficult to distinguish between the actual 

impact of waste disposal, and what the IRC would like to 

see, the model waste disposal facility. The actual 

(17) 

SV 

323 

experience at Nuclear Fuel Services and Maxey Flats 

shows that radioactive material, even plutonium, does 

migrate. That is a fact. Yet the Supplement states 

on p. 4-125, "the burial site is designed to operate in 

such a fashm that under normal conditions, no detectable 

quantity of radioactive materials can move from burial 

trenches by air or surface water.". 

In writing off historical experience, the Supplement 

states on p. 4-128, that, "These previous experiences 

must be treated as abnormal occurrences in the context 

of present burial technology. The environmental conditions 

at the sites differ substantially from those at the model 

site.". The Supplement then p-oes on to state that 

releases from waste disposal sites can be prevented, 

"Environmental monitoring data collected within and adjacent 

to an operating burial site similar to the model site 

indicate that radionuclide releases to the environment 

can be protected." That 1*3 all well and ^ood, but what 

concerns us is, will these releases be, m fact, prevented. 

This may require drastic changes in regulatory authority, 

perhaps the establishment of a Federal waste agency, as 

indicated m the rfillnch report, 

25» It is important to add that in numerous Environmental 

Impact Statements for L/R sitings, radioactive material 

was to be captured on filters and resins, and disposed 
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of at a burial site. The ElSes never contemplated 

re-release of this material from the burial ground. 

Therefore, the statement on the bottom of p. 4-127, 

that, "analysis by the NRC indicates that these elevated 

levels do not present any health or safety hazard to the 

public." is simply not adeqiate. If the radioactive 

material is to be re-released, the burial ^rounds 

should be considered a point-source, ana the effluent 

releases must be included m Table S-3. 

4,8,2 Decommissioning Alternatives 

26. Decontamination has been chosen as the decommissioning 

mode. /hile decontamination has been demonstrated at 

the Elk River Reactor, and small test reactors, it has 

not been demonstrated at a commerical-size reactor. 

The Supplement should consider this alternative m much 

greater detail, since it is not the method proposed by 

any utility m this country with which we are familiar. 

Because of the quantities of ^Ca and °Co which build 

up, it may not be feasible to immediately dismantle a 

reactor. Rather, the mode now preferred is entombment 

for 100 years followed by dismantling. (see lanion, 

Comment 27) The undiscounted costs for this decommissioning 

mode would be greater than the figure "10 to 20"S of 

original facility costs", cited on p. 4-131, It should 

be remembered that the cost to construct the Elk Piver 
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reactor was J6 million, out the cost to dismantle it 

was $6.9 million. 

27. Because of the presence of 59^lf -the reactor vessel 

and internals would have to remain at the tederal 

Repository for periods on the order of 1 million years. 

This was first shown in the attached paper by Harwood, 

et_al, Jan., 1°76, and corroborated by /. J. r anion 

in testimony presented at the Sundesert reactor hearing, 

Nov, 18, I076, before the State Energy Resources Conserva

tion and Development Commission of the State of California 

(Docket No. 76-Wo 1-2;. 

4,8,3 Selection 01 n Jeco nissionin Mternative 

28, The statement on 0. 4-131 that the aecontamination 

mode has beenselected because tne " onetary costs of 

decommissioning ar« borne immediately by the facility 

owner when the facility is decontaminated." does not 

square with reality. At Nuclear Fuel Services, the 

State of New York will be left -vitn a tremendous financial 

burden for decommissioring the nL / tanks, low level 

waste burial grounds, and reprocessing ouildinr. 

Immediate decontamination is no financial protection 

to Citizens. 
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This is i n response to the Nuclear Regulatory Commission s not ice ap
pearing in 41 Fed Reg 45849, dated October 18, 1976, concerning the 
proposed amendment of Table S-3 in 10 CFR Part 51 to re f l ec t the revised 
environmental impacts associated wi th fuel reprocessing and waste manage-

p ment a c t i v i t i e s 

Westinghouse concurs with the Commission in i t s assessment that the re 
vised environmental impacts associated with fuel reprocessing and waste 
management a c t i v i t i e s are negl ig ib le We also share the view that the 
Survey Document—Environmental Survey of the Reprocessing and Waste 
Management Portions of the LWR Fuel Cycle, NUREG-0116--constitutes 
a thorough assessment of the avai lable data on the environmental impacts 
of reprocessing and waste management and adequately sets fo r th the r isks 
and uncertaint ies associated with these impacts 

Westinghouse, i n f ac t , believes the resul ts of the impact analyses are 
conservative We have addressed some of the conservatisms in the 
Survey document in an attachment to th is response 

In view of the negl ig ib le environmental impact involved, we believe i t 
would be appropriate fo r the orderly and expeditious process of Com
mission l icensing act ions, to f o res ta l l the need to address the revised 
impacts stated in the proposed ru le w i th in the context of ind iv idua l 
l icensing proceedings 

ASSIBOW-—„ W crJ, 

Secretary of the Commission -2 - December 2 , 1976 
NS-CE-1300 

We suggest, therefore, that the Survey document be adopted by the Com
mission as an environmental impact appraisal supporting the issuance 
of a generic negative declaration fo r those plants fo r which an 
otherwise adequate environmental statement has already been prepared on 
the basis of the ex is t ing Table S-3 In th i s manner, no modi f icat ion of 
the impact statement w i l l be required We believe that i t is clear 
from the revised impacts that there w i l l not be a t i l t of the cost-
benef i t analyses for such plants * 

In view of the Commission's own recognit ion of the economic, s o c i a l , and 
environmental cost of delay, we strongly urge that the Commission issue 
a general pol icy statement when i t promulgates the inter im ru le which 
would substant ia l ly state as fol lows 

1 In indiv idual l icensing proceedings, and with respect to any 
l im i ted work author izat ions, construction permits or operating licenses 
resu l t ing therefrom, no other environmental impact statement, negative 
declarat ion or environmental impact appraisal need be prepared to 
supplement the inter im rule unless otherwise determined by the Commission 
at the conclusion of the rulemaking proceeding 

2 The Commission w i l l decide the extent , i f any, to which such 
proceedings should be continued or reopened 

3 Limited work author izat ions, construction permits, and oper
at ing licenses granted during the period the inter im rule is 1n e f fec t 
shal l be conditioned to the extent of (2) above 

With reference to the statement that the e f fec t i ve period of the ru le 
would be no longer than eighteen (18) months, we suggest that the 
inter im ru le should go out of existence only upon the promulgation of 
the f i n a l ru le Further, the in ter im ru le should only be subject to 
modif icat ion by the Commission on the basis of s i gn i f i can t new in fo r 
mation substant ia l ly a f fect ing the p r i o r conclusions 

NRC Staf f Evaluation of the Impact of Revised Table S-3 on the Wolf Creek 
Cost-Benefit Balance dated November 24, 1976 f i l e d in the Matter of 
Wolf Creek Generating Sta t ion, Unit No 1 , Docket No 50-482 



Secretary of the Commission - j - December 2, 1976 
NS-CE-1300 

He also recommend that the Commission adopt the same legislative pro
cedures for this rulemaking as were adopted for the generic uranium fuel 

-p=^ cycle proceeding and that such procedures be published at the same time 
that the Commission promulgates the interim rule. 

He thank you for the opportunity to express our views on the proposed 

Very truly yours., 

1"-
C. Elcheldinger, Manager 
Nuclear Safety Department 

/sat) 

Attachment 

ATTACHMENT TO NS-CE-1300 

1. Reprocessing Plant Radiological Effluents 

Page 2-1 of the survey document states that the Impacts shown 1n 

the tables are derived from the model fuel cycle faci l i t ies used in 

GESMO (NUREG-0002). The GESMO model reprocessing plant assumes 

total release of H-3, C-14, and Kr-85 to the atmosphere. However, 

retention methods of these activities may be employed in actual 

practice as described in GESMO, Pages IV E-25 and IV E-26. 

2. Management of Low-Level Wastes, Section 4.7 

Conservatisms appear on Page 4-119 in Paragraphs 1, 2, and 4 in 

using a 55-gallon drum as the reference shipping container, ignoring 

solidification possibilities of f i l t e r sludges and spent resins and 

volume reduction possibilities respectively. 

3. Decommissioning, Section 4.8 

3.2.4.1 
The report is conservative in two areas with respect to decom

missioning. First, use of the decontamination (or dismantling) 

December 2, 1976 
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ATTACHMENT TO NS-CE-1300 (Continued! 

mode of decommissioning is conservative 1n that i t 1s the most 

costly method. I t also has the greatest environmental Impact in 

terms of waste generated and results in the highest radiation 

exposures both to plant personnel and public. 

Secondly, use of the decommissioning cost estimate of 10J! to 20% 

of the original plant cost may be high. For example, an $800,000,000 

LWR would have a decommissioning cost of $80 to $160 mil l ion. A 

recent AIF study of decommissioning (to be published in the near 

future) Indicates a cost on the order of $30 mil l ion. 

4. Decontamination Factor, Page 4-48 

The selection of 9 x 106 as the decontamination factor (DF) for two 

(2) stages of f i l t e rs 1s overly conservative. Since these f i l t e r s 

have an assured efficiency which can be verif ied by 1n-place 

testing, we believe a higher DF could be assumed. 

December 2, 1976 
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My name is Peter Sinclair. I dm relating with the re

search of the Saginaw Interveners in the Midland Case. 

I wish to comment on the Draft Report on nuclear waste 

management goals by the NRC special Task Force group (henceforth 

referred to as the Taak Force Group Report ). I find this docu

ment to be one of the most significant proposals hy the atomic 

regulatory establishment since its inception. In its spirit and 

intention it brings to the dilemma of waste management the hlgh-

__ est standards of judgment yet introduced. 

At the same time it is distressing and disconcerting that 

almost simultaneously, the NRC has released the document NUREG-

Ollfi, Environmental Survey of the Reprocessing and haste Manage

ment Portions of the LWR Fuel Cycle (henceforth referred to as 

WREG-0116). For, while the draft report indicates a positive 

and hopeful direction for action on the problem, the NUREG report. 

representing those actions actually being taken, falls woefully 

_ short of the spirit of the task force group's approach. 

It would be useful and educational, then, to evaluate the 

draft report in light or the NUREG, and gain insight into the 

contrast between the more creative approach suggested, and that 

actually being formulated, which I would classify as the tradl-
standard 

tional or/bureaucratic approach to date. 

The draft report is refreshing in its insights Into the 

limitations of the conventional technical analyses of n-waste 

problems. The report notes the striking relationship between 

the techneloglcal and non-technological aspects of the problem, 

and recognizes from the very outset (in the formation of an inter

disciplinary task group)..the need for multidimensional analyaes 

•giffiSs* .ij^&ish^t 
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of the problem. By contrast, the NUREG report is just as strik

ing in its rigidly narrow approach to the prohlem. Like a classi 

cal engineering text, the report carefully outlines its scope 

and proceeds to analyze and solve problems within carefully drawn 

boundaries. 

The attempt to reduce ambiguity and attain clarity is laud-

albe—but in this case it can, instead of producing true claritv, 

produce a dangerous blindness to the treatment of the problem. 

The very limitation of the report to the topic or licht 

water reactor wastes, with no discussions of the problems of 

military waste, while defensible in terms of simplification, is 

questionable in that the major part of the waste prohlem is now 

and will be for the next 30 years the militarv waste inventory, 

and these problems will have to be considered simultaneously at 

some point. 

Further, the foreword of the report suggests that the survey 

treats the fuel cycle gcnerically, and that it was not possible 

to trace the fresh and spent fuel for an individual reactor 

through the fuel cycle and thus pinpoint environmental impacts 

at specific plants at specific points in time. \el the report 

repeatedlv deals with problems in terms of a mythical Reference 

Reactor Year,' arguing at each of the various steps that the 

Impact from a given reactor at any one step of the evele is negli 

gible. The real question is what the impact of a full scale nu

clear fuel evele would have, without which there would he no 

Reference Reactors. 

The draft report points out that the methods of testing the 

validity of regulations must be formulated simultaneously with 

the guidelines. We are moving into an era of implementation on 

-3-

a global scale of processes so far tested only in the scenarios 

and projections of the nuclear establishment. As the Task Force 

Group Report further suggests, the burden of proof should belong 

to the proponents of the technology, yet the nuclear industry in 

its current massive expansion not onlv places the burden of proof 

on n-opponents, but saddles the economic, social in<* biological 

systems ofthe world with the risks of irrevocable damage, should 

the optimistic hypotheses not prove out in practice. 

Here the draft report criteria of reversibility of decisions 

becomes vitallv and immediately important. The world is fast 

approaching the point, although I am among those who believe it 

has not vet passed, the point of no return Yet the planned 

widespread availahility of nuclear materials and reprocessing 

canabilitv implies the imminent spread of nuclear arms to most 

nations of the world, a step which would ccrtainl\ seem an al

most rreversihle step towards a nuclear conflict The wav in 

which this issue is handled, as it must he handler! in the next 

few years, might be an important test of the principles outlined 

in the draft report It might, if handled improperly, make all 

other considerations irrelevant. 

Further inconsistencies exist between the Task Torce 

Group's ideals and VLRCc.'s actuality. Tht first goal of the 

report is to make the existence of uncertainties explicit*. 

The NLRLG report allows for few if an) uncertainties in its eval

uation, stating at the beginning that it will onlv include within 

its scope mature availahle technologies \et disregarding the 

ver> real technical and economic difficulties faced by the in

dustry. There is no discussion of how the prohlcms currently 

recognized at the tatst \-illev and Barnwell facilities might be 

file:///-illev
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Iresolved. The survey deals instead with technical 

feasibility and ignores the enormous obstacles to its implementa

tion in the real world 

On page 27 the draft report makes the assertion that inde

pendence from the political system he a part of the philesophv 

of waste management. Yet, the problem is one with intense po

litical repercussions. The \UHI-G report in its turn, in a 1-paee 

evaluation of Socioeconomic impacts includes noise and dust 

from construction of reprocessing plants but dots not treat the 

possible impact on civil liberties of a fill scale plutonium 

fuel cvcle N r example, the old AFC s draft impact statement 

for the recycling of plutonium states that various court rulings 

of recent vears have been favorable to the protection of indi

vidual pnvacv and individual right to work These rulings have 

marie it difficult to make a personal background check of in 

individual in commercial activities to assure with high proba-

bilitv that he is trustworthy and hence, potcntiall\ acceptable 

as a steward for the protection of jilHtoniiim 

In light of these statements and others like them it seems un

likely that the implementation of a nuclear fuel evele, and par

ticularly a plutonium fuel evele can be fully independent of 

political effects 

Oneof the most difficult prohlems in the implementation to 

the task force s goals relates to the reports observation that 

bureaucratic organizations tend to work towards their own ends 

and not those of society While the reports speak of this in 

context of the waste management svstem of the future the fact is 

that the nuclear industry and its regulatory agencies, due to 

highly insulated and technically obscure nature of their work, 

as mentioned in the beginning, represent a very formidable ex

ample of a narrow, self-serving, industrial-bureaucratic complex 

A recent report by the citizens group Common Cause shows that 

a large percentage of NRC employees are drawn from the industry 

it must regulate. Since this is the case, it will be a essen

tial for the task force to recognize, (and I have sought to 

demonstrate) that the major obstacle to the institution of the 

new and positive approach to waste management problems will be 

not so much the formulation of technolog\, hut the combined 

inertia of government and industry already in place anrt its 

need to seek and Justify * its own ends to the exclusion of all 

other considerations. 

file:///UHI-G
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Comments on Nuclear Waste Management Reports — 

Draft Task Force Report and 

NUREG-0116 

I appreciate the opportunity to comment on what I believe 

to be the most crucial environmental problem that mankind has 

jret faced—nuclear waste storage and disposal. 

If.the goals that are set forth in the Task Force Report can 

actually be implemented, the Nuclear Regulatory Commission for 

the first time, may begin to have some credibility as far as the 

SV public is concerned. By comparison, NUREG-0116 is an inflexible, 

Halted and typical systems analysis approach to the n-waste 

management problem that ignores the social, management and human 

-problems in its solutions. 32 2 1 

There are many serious hurdles to be vaulted before goals of 

the Task Force can be achieved. A study of the Mason Willrich 

report and the GAO reports on the current status of nuclear 

Vast* management, ERDA's reply to the Willrich Study and of NUREG-

0116 gives focus to several of them. 

1) NRC's and ERDA's whole approach to public information 

will have to be changed. For example, instead of"making the 

SV existence of uncertainties explicit—one of the goals stated by 

the NRC Task Force—their public information has in the past mis

led and continues to mislead the public into believing that all 

3.3.3.1 

3.2.6.: 
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the problems—the costs, the technologies and the sites for hand

ling the waste problem are well-known—and minimal—and that all 

that remains is to have them implemented. Unlike the Task F e r e 

report, -NRC and ERDA information on waste management, ind this 

includes NUREG-0116, does not admit that the "conceptual frame

work and the data bases for generating regulations on waste 

management are deficient." (P. 10 TF) In fact, the initial 

proposition on which NUREG-0116 is claimed to be developed is 

that "the industry supported by the selected system is mature, 

i.e., with sufficient facilities available and on-line for steady-

state operation of all processing steps involved," and the tech

nology must be available, (i.e., require no major scientific 

and engineering advances)." (P. 1-4 NUREG) 

Yet the fact that the G.E. reprocessing plant in Morris, 

Illinois, was declared a total design failure as recently as 

July, 1974 and that the West Valley fuel reprocessing plant's 

malfunctions were one of its reasons for being closed down, in

dicate that there are considerable engineering problems not 

solved in fuel reprocessing. Furthermore, the testimony of Dr. 

Robert 0. Pohl of Cornell University at the Barnwell reproces

sing plant revealed that the expected or allowed release rates 

during normal operation of some of the most dangerous radioactive 

pollutants from this plant have not even been established, al

though some of them could cause world-wide health hazards. Dr. 

Pohl also claims that no decision has been made to date as to 

how to solidify the highly radioactive liquid waste in order to 

reduce the risk for accidental releases. 
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All these facts would indicate that there are a considerable 

number of scientific and engineering uncertainties in n-waste 

|_ management. These are'the facts that should be part of the pub

lic information on this subject if public participation is to be 

real, if NRC and ERDA are to be believed, and most importantly, 

if the public is to participate and cooperate in the n-waste 

management program. 

There is another area where there is a serious discrepancy 

in information between ERDA and the Willrich and GAO reports on 

Waste Management. 

The Willrich and GAO studies state that the evaporation 

process by which wastes were made into a sludge at Hanford and 

Savannah has created for all intents and purposes an in situ 

"permanent" waste disposal site for these military wastes. These 

reports state that getting the sludge out of the tanks would 

require mining operations which would expose the environment, 

workmen and equipment to unacceptable levels of radiation. It 

would also be prohibitively expensive. 

In ERDA's reply to the Willrich Study, F. Baranowski claims 

that the military wastes can be mined out. 

This discrepancy should be resolved for the public. NRC 

should issue a press release on the real status of this problem. 

A National Academy of Science Report of 1966 on Radioactive 

Waste Management specifically stated that the land areas beneath 

both the Hanford and Savannah sites were -not suited for any 

waste disposal except very dilute, low-level effluents. 

P Tet several years later, the Atomic Energy Commission was 

_4_ 

attempting to inject high-level wastes into the bedrock beneath 

the Savannah weapons plant—something the National Academy had 

specifically warned against. This action was fought and stopped 

by President-elect Jimmy Carter who campaigned for Governor of 

Georgia on this issue. 

These facts indicate that ERDA's protests that a responsible 

SV I effort has been made in the past 10 years to solve the n-waste 

problem can be held in doubt. 

2) A more "-"alistic assessment of the biological hazards 

to life and the ecosystem will have to be made than is apparent 

in NUREG-0116. 

Willrich states that the military wastes, high-level wastes 

and TRU military and commercial wastes should all be managed 

'together. Similarly, the Task Force report states that prudence 

requires treating similar radionuclides similarly no matter what 

their concentration, and points out that large amounts of diluted 

waste products may be as hazardous as smaller amounts of more 

concentrated material if and when they become subjected to 

natural concentrating processes. This is important since MPC's 

do not take into consideration the bioconcentration mechanisms. 

This fact can, therefore, alter the evaluation of the real bio

logical impact of all the effluents calculations made in 

NUREG-0116. 

Furthermore, Dr. Edward Radford, M.D., of Johns Hopkins 

University, made some significant criticisms and evaluations of 

the present radiation standards in hearing testimony before the 

Senate Government Operations Committee, March 3, 1970. Radford 
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Because the Atomic Energy Commission, required by 

law to promote development of nuclear power, has had a 

strong influence on the standard setting process, this 

situation illustrates why some believe that more sen

sible standards have not been forthcoming. In 1959 in 

publication 2 of the International Commission on Radia

tion Protection a proposal was made for assigning the 

total genetically significant annual radiation dose to a 

variety of sources, including medical x-rays, external 

and internal radiation from use of nuclear energy, etc. 

This apportionment concept never was adopted in the 

U.S., for reasons unknown to me, even though the rest of 

this report was adopted almost ia toto. Subsequent ICRP 

publications have simply stated that each country may 

wish to apportion permissible radiation exposures in ac

cordance with local circumstances. 

The impression is left that the National Commission 

on Radiation Protection and Measurements of the U.S. may 

have believed that the apportionment concept might cause 

difficulties in development of nuclear power in this 

country, and thus they continued to recommend that the 

total acceptable radiation dose to the gonads be the 

basis of calculating the permitted concentration of each 

of the radionuclides released in air and water. As mat

ters stand now, the Maximum Permissible Concentrations 

given in the Code of Federal Regulations dealing with 

radiological protection are calculated on the basis of a 

radiation dose three times as great as the maximum gonadal 

dose recommended by the ICRP for exposure to large pop

ulations, and this dose is applied individually to each 

of the nuclides listed. Now it is obvious that when 

many nuclides are released together, or when groups of 

people may be exposed from several sources, the "per-

-6-

missible" amounts of each have to be reduced, and such 

an idea is incorporated in the Code. As written, how

ever, Title 10, Part 20, this section of the AEC Code, 

referred to as Iff CFR 20, is almost impossible to admin

ister, and thus the Atomic Energy Commission has fallen 

back on the idea of allaying fears of the amounts ac

tually being released, say from reactors, by giving tliem 

as percentages of the MPC values. Usually these are 

said to be less than 1% for most radionuclides and th"s 

too small to worry about, but it is apparent that if a 

large number of radionuclides are coming in contact with 

a large number of people, the permissible concentrations 

of each have to be reduced to small fractions of the 

MPC values to meet the regulations. Another limitation 

of 10 CFR 20 is that it does not deal with the question 

of selective buildup of most radionuclides in the tis

sues of living organisms, a highly relevant issue at 

Calvert Cliffs because of the very high productivity, 

especially of edible sea foods, in the Chesapeake Bay. 

The discovery of Pu-239 in well water several hundred meters 

away from the site of the Maxey Flats, Kentucky, low-level waste 

dump only 10 years after the AEC assured the state of Kentucky 

that the wastes could be contained there for thousands of years, 

indicates that surface trench burial is not an adequate solution 

for low-level waste. This supports the Task Force Report and 

Willrich Report proposals to treat high-level and low-level 

wastes in the same way. 

The view that low-level waste should be handled the same as 

high-level waste should be acted upon retroactively and low-level 

waste already in shallow burial ground should be dug up and 

placed in safer geologic formations. 
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The conclusions of NUREG-0116 that the environmental impacts 

of the individual reactor are small runs counter to the U.S. 

District Court of Appeals decision at Vermont Yankee and Midla^ 

which states that such incremental decision-making is not an 

acceptable response to NEPA—i.e., the total impact on environ

ment of a technology must be considered. 

3) There are legal hurdles involved in getting all tl e n-

wastes managed together and this effort should be made. The 

' Willrich Report outlines some of the fragmented responsibtlitiej 

that are now part of the program and emphasizes the need to con

solidate jurisdiction and regulation. I agree with the Willrich 

and Task Force positions^to manage wastes together. ERDA's 

reply to the Willrich report indicates that NRC does not have 

the authority to regulate low-level wastes at this time. This 

should be changed to give NRC these duties. The Willrich pro

posal (which ERDA opposes) to establish a government corporation 

to handle all waste management and to charge the users and bene

ficiaries of the nuclear technology for the waste management 

service has the merit of requiring the users and beneficiaries 

to internalize the cost of waste disposal instead of burying it 

in the cost of government. 

4) If the n-waste management program is to base its de

cisions and actions on assessments of all impacts on both present 

and future physical, human and societal environments as the Task 

Force Report claims, then a good deal more care and thoroughness 

in research and documentation will have to be exercised than is 

evident in NUREG-0116. We have been able to do only limited re-

3.2.9.2 

3.2.9.1 

search compared to the resources available to the NRC staff, 

but we can identify a number of areas of potential impact and 

problem areas that have not been considered at all even though 

the information is readily accessible. 

Some of these problem areas include: 

(1) NUREG-0116 considers the unlikely event of a meteorite 

strike as the most prominent accident scenario for accidental 

release of stored radioactive waste to the environment. Yet 

other means of release are much more probable and should have 

been identified long before this. The brine inclusions in Permian 

salt beds are mentioned, for example, but the possibility of 

their causing a thermal explosion or of fracturing the salt beds 

is not adequately discussed in NUREG-0116. Yet an Oak Ridge 

study (Bradshaw, et. al.) states that salt mass that contained 

brine inclusions fractured with considerable viblence when heat

ed to 280°C. It also defined three possible mechanisms for 

fracturing, including (a) unequal thermal expansion along the 

crystal axis, (b) chemical reactions such as the combustion of 

organic materials, and (c) the pressure effects of brine inclu

sions. It seems that a follow-up of findings on each of these 

critical questions should be a part of this report. 

More thorough documentation is needed on the effects of 

radiation on salt, particularly the intensely high levels that 

will be present in the highly condensed solidified commercial 

wastes, and what the combination of radiation and thermal ef

fects on the salt beds and their containers and containment 

sfoould beAthan ife given in NUREG-0116. 
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The report claims that only technology that is available 

will be considered, yet section 4.4 suggests a host of areas 
3.2.9.1 -

where much more research will be needed even to set reasonable 

paranetera for an experimental repository, let alone a permanent 

disposal site. 

The fact that salt beds are known to have faults, some of 

then containing water, that can move fairly large distances,is 

also documented in the literature. (C.H. Jacoby, Third Symposium 

on Salt, Vol. II). This discussion describes actual mining con

ditions in salt beds and makes the point that these faults can

not be predicted by drilling from the surface or even in the 

building of the structures necessary for mining salt underground. 

This type of physical problem seems to have been overlooked. 

Tet it can be a very serious one in terms of physical retrieval 

and even predictable containment of n-wastes for any period of 

_time. 

The Landes Report of 1976, made under contract to ERDA, says 

that Adams Point in Alpena County, Michigan, is "absolutely" tba 

best site for a repository in northeastern U.S., but a Landes 

•tody of 1945, called the "Geology of Mackinac Straits Region" 

prepared for the Michigan Department of Natural Resources, dis

cusses extensive fracturing of rock above the salt formations 

in the l<1 nil Point area—a fact which would rule that area out 

as a repository, according to H. Zuidema, geologist and former 

student of Landes,who disclosed the existence of the report. 

NBC, ERDA and the public will have to be critical of the so-

called experts, and to recheck the data that they supply. 

CON 
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NUREG-0116 indicates that studies of/waste disposal in geo

logic formations other than salt have not been very extensive. 

I believe this is a serious mistake and that all possible geo

logic formations should be studied for this. There are clearly 

a number of scientific and engineering uncertainties with salt 

beds that may preclude their use when the results of any experi

mental disposal effort become known. I also agree with the Task 

sv£ Force report that disposal should be retrievable. I further 

advocate a much greater research and development effort in trans

mutation of nuclear wastes than now appears to be underway. 

Mary Sinclair, MS 
Environmental Communications 
School of Natural Resources 

Nation2lVEnir!y- ?ol5fly
hiSSSitt.., 

Sierra Club i 

Founder, 
Saginaw Interveners 

SV 
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Pershina- Point P i e * . 
1371 peachtre* Street N E 

Atlanta OeorsU 30309 

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 
ATLANTA AREA OFFICE 

PEACHTREE CENTER BUILDING 230 PEACHTREE STREET NW 

ATLANTA GEORGIA 30303 

November 23, 1976 

'~']3=£/&IFMZ&<t'?) ,rOS£D BULEj 

Mr. W. P. Bishop, Chief 
Haste Management Branch 
Division of Fuel Cycle and 

Material Safety 
U.S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

CD 
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Dear Mr. Bishop: 

We have completed our review of the report entitled 
"Environmental Survey of the Reprocessing and Waste 
Management Portions of the LWR Fuel Cycle," and 
have no specific comments. 

We do appreciate the opportunity to have reviewed 
the report. 

Sincerely, 

cc: 
Mr. Timothy Atkeson 
General Counsel 
Council of Environmental Quality 
722 Jackson Place, Northwest 
Washington, D. C. 20006 

Ac Jen; . , , ^£_. iiizhs^ 

DEPARTMENT OF HEALTH EDUCATION AND WELFARE 

OFFICE OF THE SECRETARY 

WASHINGTON D C 30201 

— < 
PliO?U4ED RULE. tL=SlC»fitiiS7t9^ 
Mr. W. P. Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle and 
Material Safety 

U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Bishop: 

This Department has reviewed the report entitled 
"Environmental Survey of the Reprocessing and Waste 
Management Portions of the LWR Fuel Cycle." We feel 
that the concerns of this Department have been 
adequately addressed. 

Thank you for the opportunity to review the document. 

Sincerely, 

g^i^? 
harles Custard 

Director 
Office of Environmental Affairs 

iSSSiEMi/Ki:. uMi^Sf. 
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Attention: Docketing and Service Section 

Proposed Amendments to 
10 CFR Part 51, Table S-3, 
Relating to Treatment of 

Reprocessing and Radioactive 
Waste Management in LWR Licensing 

Dear Mr. Chilk: 

On October 13, 1976, the Commission issued a 

Notice. ("Uranium Fuel Cycle Impacts from Spent Fuel 

Reprocessing and Radioactive Waste Management," 41 

Fed. Reg. 45849 (October 18, 1976)) requesting com

ment by December 2 on certain proposed interim changes 

to Its current rule for treating the uranium fuel 

cycle in light water reactor licensing proceedings. 

The comments which follow on the Commission's 

proposed interim rule are offered on behalf of 

Baltimore Gas and Electric Company et al., a group 

^ jjIih&M 

Mr. Samuel J Jhilk 
December 2, 1976 
Page 2 
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of utility companies which participated in the Commis

sion's initial uranium fuel cycle rulemaking, RM-50-3, 

and in the appeal therefrom, NRDC v. NRC, Docket No. 

74-1586 (D.C. Cir. July 21, 1976). Our comments are 

as follows: 

1. The amendments under consideration relate to the 

spent fuel reprocessing and radioactive waste management 

portions of the fuel cycle rule (located at 10 CFR 

§ 51.20(e) and in Table S-3 thereto), and have been 

prepared in response to a decision by a panel of the 

United States Court of Appeals for the District of 

Columbia Circuit in NRDC v. NRC (Nos. 74-1385, 74-1586), 

F.2d (D.C. Cir. July 21, 1976). In that decision 

the Court held that the basis for the spent fuel repro

cessing and waste management aspects of the fuel cycle 

rule had not been adequately articulated in the rulemaking 

which preceded its adoption. The Court therefore set 

aside those portions of the rule and required that the 

NRC not issue further licenses for reactor construction 

or operation until an adequate record, on either a 

generic or case-by-case basis, was presented to substan

tiate the reprocessing and waste management values. In 

its August 13 General Statement of Policy following this 

decision (41 Fed. Reg. 34707 (August 16, 1976)) the 

Commission indicated that it would compile and promul

gate the required information in these areas on a generic, 

rather than case-by-case, basis and that the Staff would 

be instructed to assemble the pertinent information in 

these areas expeditiously. 

Accordingly, a major supplement ("Environmental 

Survey of the Reprocessing and Waste Management Portion 

of the LWR Fuel Cycle," NUREG-0116, October 1976) was 
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prepared to the technical document (WASH-1248, April 

1974) underlying the original fuel cycle rule, along 

with a study comparing the'effects of resuming, as 

opposed to abstaining from resuming, licensing ("impacts 

of Later Reversing a Decision to Adopt or Not to Adopt 

an Interim Rule Permitting Construction or Operation of 

Nuclear Power Plants", October 1976). 

On the basis of this record, the Commission pro

poses to amend the existing Table S-3 in a manner indi

cated at 41 Fed. Reg. 45852, following notice-and-comment 

rulemaking procedures. The rule thus issued would be 

only for interim effect, not to exceed 18 months, and 

a rulemaking proceeding intended to lead to promulgation 

of a final rule would be undertaken in the interim. The 

time, place and format for such hearing remain to be set 

forth in a future Federal Register notice. 

In short, the current proceeding is only the latest 

chapter in a long and multifaceted effort by the Commis

sion in which it has dealt in depth with the issues here 

under consideration. 

2. The Environmental Survey Supplement reports 

presently available information relative to spent fuel 

reprocessing and radioactive waste management in a de

tailed, well documented and intelligible fashion. We 

are not aware of any grounds for substantial technical 

disagreement with the information reported in it, and 

believe that it provides the type of detailed discussion 

of reprocessing and waste management that is required to 

illuminate these areas for purposes of generic rulemaking. 

3. The proposed revision to Table S-3 makes use, for 

any given type of impact, of the higher of the effects 

associated with the no recycle or the uranium recycle only 

SOC 

Mr. Samuel J. Chilk 
December 2, 1976 
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modes of the fuel cycle. This technique is clearly con

servative. Even so, the levels of effects thus attributed 

to the reprocessing and waste management portions of the 

fuel cycle are not, in most cases, significantly different 

from those reported for the same categories of effect in 

WASH-1248 and, we believe, still represent only a small 

fraction of the environmental effects attributable to 

[_ the construction and operation of a nuclear power plant over 

its life. In the statement of considerations issued with 

the final interim regulations, we believe that the Commis

sion should seriously consider including a declaration of 

its expert judgment as to (1) the relative significance 

of the various values attributed to reprocessing and 

waste management in NUREG-0116 compared with those reported 

in WASH-1248, and (2) the comparative importance of the 

entire range of fuel cycle effects attributable to use of 

the revised Table S-3, as compared with former Table S-3, 

in assessing the overall significance of such effects. 

Particularly if, as we believe, the differences between 

WASH-1248 and NUREG-0116 in the reprocessing and waste 

disposal areas are relatively minor and are due in large 

part to the documents' differing assumptions about the 

LWR fuel cycle involved, and if the overall significance 

of the fuel cycle is minor in the determination of any 

individual plant's overall environmental effects, such 

a declaration would have a salutary effect on the 

stability of licensing actions in the interim period 

preceding completion of the final reprocessing and waste 

management remand rulemaking. 

4. The proposed 18-month limit on the effective

ness of the Interim rule is solid evidence of the Commis

sion's concern that the remand rulemaking necessary to 
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promulgate a final rule consistently with the Court of 

Appeals' opinion in NRDC v. NRC, aupra. be promptly 

undertaken and expeditiously completed. It is not in

conceivable, however, that for any of a variety of 

reasons the remand rulemaking proceeding Itself could 

last more than 18 months. Unless this contingency is 

anticipated now, the possibility exists that licensing 

may nave Co be halted between the expiration of the 

proposed interim rule and the completion of the final 

remand rulemaking, and that the continued effectiveness 

of licenses issued under the interim rule will be sub

jected to unnecessary question. We would recommend that 

the rule be so worded as not to preclude its extension 

as necessary beyond 18 months, assuming that circumstances 

justify such an extension. 

rfrge C. Freeman, Jr. 
Donald P. Irwin 

Attorneys for 

BALTIMORE GAS AND ELECTRIC COMPANY 
BOSTON EDISON COMPANY 
CONSUMERS POWER COMPANY 
LONG ISLAND LIGHTING COMPANY 
NEW ENGLAND POWER COMPANY 
NORTHEAST NUCLEAR ENERGY COMPANY 
PACIFIC GAS AND ELECTRIC COMPANY 
PHILADELPHIA ELECTRIC COMPANY 
PUBLIC SERVICE ELECTRIC AND GAS 
COMPANY 

SOUTHERN CALIFORNIA EDISON COMPANY 
THE CONNECTICUT LIGHT & POWER 
COMPANY 

THE HARTFORD ELECTRIC LIGHT COMPANY 
VIRGINIA ELECTRIC AND POWER COMPANY 
WESTERN MASSACHUSETTS ELECTRIC 

COMPANY 
YANKEE ATOMIC ELECTRIC COMPANY 

M" -I • • 
ERDPOSED fiUU. iNovember 30, 1976 

CON 

3.3.1.3 
3.3.2.1 

3.3.2.2 

Secretary of the Commission, 
Nuclear Regulatory Commission, 
Washington, DC 20555 

Re: NUREG-0116, "Environmental Survey of the Reprocessin g and Waste 
Management Portions of the LWR Fuel Cycle.", October, 1976. 

Dear Sir: 

The following comments are submitted for your consideration with 
regard to the proposed interim rule dealing with the environmental 
impact s of fuel reprocessing and waste management in liscencing nuclear 
power plants . The comments are necessarily brief in view of the total ly 
inadequate time allowed for review and comment (U5 days). 

In spite of the extensive documentation, and the discussion of 
topics like sabotage, which have historically been neglected, NnTREG-
0116 and the proposed Interim rule are incomplete in sev eral important 
respects. 

The most serious flaw is the failure (with one excention) to dis-

and acts of sabotage, even though these large-consequence events may well 
be the major contributors to oublic r i sk . One of the most s tart l ing 
results of the WAS1!- lliOO study was the aonarant demonstration that the 
most severe accidents (Class 9) , while of low nrobability, make the largest 
contribution to oublic r isk . (See Aopendix). I t seems likely that this 
will also be t r je of risks (conseouences times probability) in the 
reprocessing and waste management oortions of the fuel cycle, but the 
limited scope of NTJREG-0116 does not allow a judgement t o be made. 
Consequently, the proposed interim rule lacks credibili ty unti l the full 

_ spectrum of contributors to risk have been presented and documented. 

As one example, the only case in which the dispersal potential of 
a nuclear weapon i s discussed i s the case of waste or spent fuel burial 
at 600 meters in sa l t beds. Tet no reference ia made to the rather 
awesome consequences of a nuclear weapon dispersing the contents of a 
high level liquid waste storage tank. (Chester and Chester- $RNL-Uil3, 
pp. 77-79.) Nor i s the effect of a nuclear weapon on th e contents of 
a retreivable surface storage faci l i ty discussed. One i s tempted to 
conclude that nuclear weapons threats to the deep-salt disposal system 
were discussed only because the results seemingly came out negatively. 
Tet even the Claiborne and Gera (0RNL-TM-U639) statement that the surface 
burst of a 50 megaton weapon would not disinter wastes at 600 meters, i s 
misleading. A sub-surface burst will crater aporeciably deeper that a 
s-irface burst . According to Glasstone (1962), whom both Chester and 

aolcMWladgej) by card j^sksJ^ 



3.3.2.2 

Claiborne and Gera choose to quote, a sub-surface 20 megaton burst will 
form a crater about 2000 feet in depth. Data in TTCRL-12172 and in Brode's 
article in the 1968 Annual Review of N 'clear Science use a different 
scaling la--, however, which predicts much smaller craterine depths than 
Olasstone. (Private communication from Jerry J. Cohen-Lawrence Radiation 
Laboratny), and would indeed make disinterment at 600 meters seem unlikely. 

None of these cratermg data may be representative of the true 
potential of nuclear weapons, however, if one accepts th e statements 
attributed to Theodore Taylor by John McPhee in the 197U book, The 
Curve of Binding Energy, (p. 159). In a discussion of the power of 
shaped charges, the statement is made tnat: "A one-kiloton fission 
device, shaped properly, could make a hole ten feet in diameter a 
thousand Beet into solid rock". (The Brode curve predicts a crater depth 
of only abo it 15 feet and a radius of about 35 feet for a one-kiloton 
weapon.) It is disappointing that the McPhee book is not referenced in 
a number of contexts throughout NUREG-0116. 

- Other exainples of failure to consider large-consequence accidents or 
3.3.2.2 sabotage can be cited, such as the failure of containment, due to loss 

of cooling and/or explosion of H2 in a high level waste tank. 

3.3.2.2 

3.2.9.1 L 

3.3.2.4 

3.3.1.1 

A few specific comments on tie report follow: 

Page U-17 What happens if hydrogen does accumulate and exolode? 

What would the conseauences of flooding be? 

Terrorists won't necessarily be as rational as this discission 
implies. 

The 1957 Rocky Flats fire is implicated in significant Pu 
dispersal (Science 193 U88 (1976). Why was the 1969 fire 
mentioned and not the 1957 fire? 

The most likelv consequence of a core tnel t accident is not 
necessarily the one contributing the most to risk. (Appendix). 

In conclusion, t ie true risks of the reprocessing and waste management 
portions of the fuel cycle cannot be judged until the en t ire spectrum of 
accidents and sabotage, especially including large-consequence events, has 
been presented. As a result, the basis for the interim rule has not been 
adequately documented by N̂ PEG—0116. 

Sincere ly, 
Appendix attached. /^ifi /t tff? 
e e . MACEA -Tegtmeier / W < Oj • '//;. 

TICS-Kendall Thomas A. Milne 
NRDC-Cochran 595 Mo hawk 

Quiv i r a Lake, KS 66106 

Page U-*l 

Page U-15U 

Pare U-160 

Page U-161 

XP̂ ENDCT Thomas A. Milne ' ovember 30, 1976. 

As I interpret WASH-lUOO, the entire spectrum of accidents at the 
chosen n clear power olants was considered, together with their conse
quences and probabilities of occurance. It is stated in the report that 
the main contributors to the overall societal risk ar« the family of 
core-melt accidents with severe conseauences. (Class 9 accidents I 
presume). The summary figures in WASH-lUOO, and as reprinted in other 
publications such as the ANS booklet:"Nuclear Power and the Environment", 
show only plots of probability versus consequence. Such a plot obscures 
the significant variable, which is risk (probability times consequence). 

I have plotted onto the WASH-lUOO curve for early fatalities, the 
product of probability times fatalities to produce a curve that is 
proportional to risk. (With a small extrapolation Aft of the curve to • 
include accidents causing 10,000 or more early deaths). One sees that 
the major contributors to risk are the large-consequence accidents caus
ing hundreds to thousands of deaths. Even the catastrophic accidents 
leading to 10,000 deaths, contribute as much to the risk as the relatively 
minor accidents leading to one death. Although the crve plotted may 
not be mathematically rigorous in exoressing risk, the qualitative con
clusion seems secure—namely, that risk to society is do m^nated by low-
probability b'it high-conseq-ience accidents. 

The startling realization is that the past discussions of risks to 
society from postulated accidents ( as in the recent environmental state
ments for the Wolf Creek and Calloway Dower olants) ignores these class-
nine accidents and instead treats onlv the m-ch less sev ere accidents 
which, if I am interpreting the Rasmnssen results correctly, make a 
negligible contribution to overall societal risk. In short, the AEC'S 
assurances all these years t i a t Class-nine accidents were too improbable 
to worry about, turns out to e wrong. They are, in fact, the leading 
contributor to accidental risk to the public and to property! 

It thus appears that past ER's and EIS's are grossly deficient in 
that they completely ignore the major contributors to risk. One needfnt 
debate the absolute values of the Rasmussen probability or conaequencea 
estimates to reach the conclusion that a Rasmussen-type study is needed 
for each power plant, with i ts specific design features, weather patterns 
and population distribution. Similar arguments should apply to the 
environmental impact of other con ponants of the fuel cycle and to acta 
of sabotage as well as accidents. 
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Mr. Samuel J. Chilk 
Secretary of the Commission 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 
Attention: Docketing and Service Section 

Re: PR-Sl^/^reVf 

Dear Mr. Chilk: 

By notice In the Federal Register on October 18, 1976, 
the Nuclear Regulatory Commission ("Commission") invited 
interested persons to comment on its proposed interim rule 
stating a revised summary of environmental effects of the 
uranium fuel cycle which would be considered in the licens
ing of power reactors. 41 Fed.Reg. 45,849 (1976). This 
revised summary substitutes new values for reprocessing, 
waste management, and the related transportation based on 
the "Environmental Survey of the Reprocessing and Waste 
Management Portions of the LWR Fuel Cycle," NUREG-0116 
(Supp. 1 to WASH-1248) ("Bishop Report"). 

We submit the comments below on behalf of Commonwealth 
Edison Company, Consolidated Edison Company of New York, 
Inc., The Detroit Edison Company, Exxon Nuclear Company, 
Inc., Niagara Mohawk Power Corporation, Omaha Public Power 
District, The Power Authority of the State of New York, 
Public Service Company of Indiana, Inc., and Rochester Gas 
and Electric Corporation. All of these entities have an 
interest in this rulemaking as licensees of the Commission 
and employ experts with an intimate knowledge of the engineer
ing, environmental and economic aspects of the uranium fuel 
cycle. Further, some of these utilities have an even more 

Aeknowledjd by cant BUhe^fL 
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direct interest since consideration of their particular 
applications for limited works authorizations, construction 
permits or operating licenses could be delayed by a failure 
to adopt on interim rule. 

The utilities have special knowledge of the economic 
and "other environmental impacts that would be caused by a 
delay in nuclear power reactor licensing. Thus, they can 
contribute especially to the Commission's evaluation of that 
impact. 

Exxon Nuclear Company has special knowledge of re
processing plant technology developed m pursuance of its 
design of a reprocessing plant and associated activities. 
Thus, Exxon Nuclear Company has both an interest in, and an 
ability to contribute to the Commission's evaluation of the 
environmental effects of those processes. 

All of the above-named entities support the Commis-
_sion's adoption of an interim rule and, further, find that 
— the Bishop Report provides a comprehensive and detailed 
discussion, and a very conservative basis for consideration, 
of the environmental effects of reprocessing and waste 
management. Further, these entities agree with the Com
mission's assessment of the Impact Report favoring the use 
of the interim rule. See 41 Fed. Reg. 49,898 (1976). 

— This proposed rule was occasioned by the decision of 
the D. S. Court of Appeals in Natural Resources Defense 
Council v. NRC, Nos. 74-1385 and 74-1586 (D.C.Cir. July 21, 
1976) ("NRDC v. NRC"). That opinion did not dispute the 
conclusions reached as to reprocessing and waste management. 
NRDC v. NRC, at 34. But it set aside the rule as to repro
cessing and waste management due to the "cursory development 
of the facts" on those two areas of the fuel cycle. NRDC v. 
NRC, at 44. The court found there must be support for the 
rule "in one of three places: the Environmental Survey, the 
backup documentation to which it refers, and the oral and 
written, testimony offered at the hearing." NRDC v. NRC, at 
24 (emphasis added). The court did not find that the support 
must be in all three places. With respect to the areas of 
the fuel cycle other than reprocessing and waste management, 
the court relied entirely on the Environmental Survey and 
found that there was 

"an adequate, even admirable ]ob, of describing the 
processes involved. It assembles data on the con
sumption of resources, and discusses the risks of 
accidents and other hazards in detail, supporting the 
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staff's conclusions with numerous references to the 
scholarly literature and to technical reports on file 
with the Commission." NRDC v. NRC, at 24. 

The opinion did not discuss the hearing procedures with 
respect to any area of the fuel cycle except reprocessing 
and waste management, namely, the two areas in which the 
Environmental Survey lacked "that kind of detailed explana
tion and support for the staff's conclusions". NRDC v. NRC, 
at 24-25. The court then went on to find that the written 
and orrl testimony on reprocessing and waste management also 
lacked the necessary "detailed explanation and support" 
NRDC v. NRC, at 25-39. 

The Commission's proposal to adopt an interim rule in 
the near future and to hold further hearings with respect to 
possible modifications and a final rule meets the require
ments of NRDC v. NRC, the National Environmental Policy Act, 
the Atomic Energy Act and the Administrative Procedure Act. 
These procedures provide for a prompt decision on an adequate 
record with appropriate opportunity for public comment and 
will assure that the issues are adequately ventilated in an 
orderly way. 

For the purposes of an interim rule, the Bishop Report 
with its broad and detailed discussion of all aspects of 
reprocessing and waste management relying on more than 175 
different scholarly sources constitutes precisely the 
"detailed explanation and support for the Staff's conclu
sions" that the Court of Appeals found lacking in the 
original survey. NRDC v. NRC, at 24-25. The Commission has 
also provided an opportunity for written comments and has 
facilitated the submission of such comments by identifying 
relevant source materials referenced in the Bishop Report 
and by placing those sources which are not otherwise readily 
available in Public Document Room. 41 Fed. Reg. 45,850 n.2. 
The Commission will also have the benefit of review by the 
Advisory Committee on Reactor Safeguards ("ACRS"). See, 
e.g., Hearings on the Bishop Report, Subcomm. on Waste 
Management, Advisory Committee on Reactor Safeguards, 
(November 19 and 20, 1976) ("ACRS Hearings"). If, as we 

_ expect, the Commission takes account of all of these comments 
and explicitly addresses those which are significant in any 
decision with respect to the interim rule it will have met 
the most stringent of tests for fulfilling NEPA responsibi
lities. Aeschliman v. NRC, Nos. 73-1776 and 73-1867 (D.C.Cir. 
July 21, 1976), petition for cert, filed sub nom. Consumers 
Power Co. v. Aeschliman, 45 U.S.L.W. 3314 (U.S. Oct. 14, 
1976) (No. 76-528). 

There is clear precedent for the development of an 
interim rule, even without the procedural devices utilized 
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by the Commission in this proceeding. The Court of Appeals 
considered in Onion of Concerned Scientists v. AEC, 499 !?.2d 
1069 JD.C.Cir. 1974), whether the Commission violated its 
o n regulations or due process or abused its discretion, in 
issuing an interim-rule setting forth safety standards for i> 
critical part of the reactor safety system, i.e., the 
interim acceptance criteria ("IAC") for emergency core 
cooling systems ("ECCS"), without allowing critics of the 
criteria an opportunity to be heard. 499 F.2d at 1080-36. 
The IAC were adopted on June 29, 1971, and remained in 
effect as an interim rule until the completion of the full-
scale rulemaking, a period of about two and a half years. 
Iiicensees were then allowed an additional six months to 
demonstrate compliance with the final criteria. 49!) F.2d at 
1081. The full-scale rulemaking on ECCS did employ nybrid 
procedures" tending toward full adjudicatory proceedings. 
36 Fed..Reg. 22774 (1971)• 37 Fed. Reg. 288 (1972). None-
theless, it was the unanimous opinion of the court that the 
Commission acted properly in issuing the interim rule 
without an opportunity for any comment. As the court 
statedi 

•Administrative action taken prior to a full hearing 
has always been permissible when the state's interest 
in acting promptly to promote the general welfare, 
including economic well-being, outweighs the individ
ual's interest in having an opportunity to be heard 
before the state acts, perhaps in error, in ways that 
•ay cauae him significant injury." 499 F.2d at 1081 
(footnote omitted). 

> In the case of this proposed interim rule, the Commis
sion is providing interested parties opportunities to 
participate it did not provide in the case of the issuance 
of the..IAC. 

Se»aisi other factors provide even further support for 
the adoption of this interim rule. First the Bishop Report 
intentionally overstates the likely impacts of reprocessing 
and waste management. Both the analysis of specific values 
Is the Bishop Report which Exxon Nuclear has prepared and 
the comparison of impact estimates in the Bishop Report with 
the calculations which Exxon Nuclear is using for the 
purposes of its own environmental report and preliminary 
Safety analysis report illustrate the conservatism embodied 
la the proposed rule. 

Secondly, the Commission has prepared a report which 
a the impact that a further suspension of the reactor 

licensing process would have on utilities in particular, and 
the country as a whole. Office of Nuclear Reactor Regula
tion, NBC, Impacts of Later Reversing a Decision to Adopt 
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or Not to Adopt an Interim Rule Permitting Construction or 
Operation of Nuclear Power Plants (October 1976) ("Impact 
Report"). The utility entities submitting these comments 
are finalizing an analysis of this Impact Report with the 
assistance of the S. M. Stoller Corporation. The analysis 
provides additional substantiating detail, for, and. inde
pendent substantiation of, the conclusions reached in the 
Commission's Impact Report indicating that there are compel
ling reasons for continuing with reactor licensing at this 
time. 

In the near future, both the Exxon Nuclear and utility 
analyses will be submitted to provide the Commission sub
stantiating detail for our conclusions. 

In addition, we offer the following additional comments: 

(1) It is not necessary or desirable for the Commis
sion to adopt a limited life (especially a life of only 12 
months) for the interim rule as suggested by the notice of 
the proposed rule. 41 Fed.Reg., at 45,851 (1976). No time 
limit on the life of the interim rule should be established 
since (a) prudence dictates some delay in starting the full-
scale rulemaking to establish the rulemaking procedure, and 
perhaps also to take account of the Energy Research and 
Development Administration's ("ERDA") studies on waste 
management, (b) oral proceedings on reprocessing and waste 
management could, conceiveably, be lengthy and should not be 
subject to arbitrary deadlines, (c) the possible addition of 
other areas of consideration would make the preparation and 
the proceedings even longer, (d) the Commission will require 
a substantial period of time to review the record and prepare 
its decision, and (e) there is no legal necessity to arbi
trarily shorten the period of the rule. 

In the Onion of Concerned Scientists decision, the 
court did not find any objection to the continued existence 
of that interim rule for a period of 36 months. No reason 
appears that would lead the courts to disapprove an in
definite life for this interim rule. 

Further, there are good reasons to allow flexibility 
beyond 18 months in the time for the completion of the full-
scale rulemaking in this case. The judgment of the O.S. 
Court of Appeals in NRDC v. NRC is the subject of three 
petitions for certiorari at this time. If the Commission 
proceeds with the full-scale rulemaking before final dis
position of the petitions for certiorari,. it risks a waste
ful allocation of its resources and those of the many 
interested parties and potential participants by pursuing 
procedural guidelines which may be changed by the Supreme 
Court. 
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Also, ERDA, which has the statutory responsibility for 
high-level waste management, has announced its intent to 
publish a draft environmental statement on its waste manage
ment plans which is expected in the spring of 1977. 41 Fed. 
Reg. 43,446 (1976)'. It would probably conserve great time 
and effort and more closely focus the issues if NRC awaits 
that document before opening the full-scale hearing. 

In any event, the full-scale rulemaking itself wouJ1 
not begin until after the interim rule issues sometime in 
January 1977 and the Staff has estimated that the hearing 
itself might require from "several months" to a "year and ? 
half or so". ACRS Hearings 169. 

Further, if the Commission decides to update areas of 
Table S-3 other than waste management and reprocessing, a 
longer period of time (perhaps measured in months) won'd 
probably be necessary to complete the full-scale rulemaking. 
See 41 Fed.Reg. 45,849 n.l (1976). 

Whatever period of time is required for the hearings, 
additional time will be required for review and decision by 
the Commission. In the case of the original rulemaking, 
this post-hearing stage of the process required fourteen and 
a half months and the rule did not become effective until 
two months later, a total period of 16.5 months after the 
close of hearings. 39 Fed.Reg. 14,188 (1974). 

(2) If the Commission finds in the interim rule that 
the quantified effects of the uranium fuel cycle including 
the revisions with respect to reprocessing and waste manage
ment continue to be "insignificant" in the cost-benefit 
analysis of a nuclear power reactor, it should so state its 
conclusion. The Court of Appeals in reviewing the former 
rule agreed that the sum of the impacts stated for all fuel 
cycle activities was "insignificant". NRDC v. NRC, at 15. 
If the Commission reaches this conclusion, it would fore
close the necessity for reopening any completed licensing 
proceedings and would facilitate consideration of these 
matters in future proceedings. See 40 C.F.R. $ 1500.8(a) 
(3)(ii) (1976). 

(3) The Commission should make clear in its decision 
on the interim rule that the Impact Report is an evaluation 
of the need to move forward at this time in accordance with 
the rationale of the Court in the Onion of Concerned 
Scientists opinion; it is not intended as an environmental 
impact statement pursuant to the National Environmental 
Policy Act of 1969. 42 O.S.C. S4332 (1970 S Supp V 1975) 
The Court of Appeals has held that Table S-3 is not itself 
a major federal action requiring an environmental impact 
statement. NRDC v. NRC, at 39 n.57 (revised). Thus, the 
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action here in question, an interim amendment to that Tattle, 
. does not require an environmental impact statement. 

(4) If there.is any error in the Commission's approacn, 
it is in adopting an unduly conservative (or overstated) 
approach to the calculation of environmental costs. The 
environmental estimates are expected to be "realistic" 
calculations. Onion of Concerned Scientists v. AEC, 499 
F.2d at 1091-93'^ However, since even the conservative 
approach appears to result in new calculations of environ
mental effects which are still insignificant in the evalua
tion of the licensing decision, this error in approach is 
harmless for the interim rule. For the full-scale legisla
tive rulemaking, we strongly urge the adoption of th^ 
"realistic" approach rather than the "conservative" approach. 

For all these reasons, we conclude: (a) the Commis
sion has an adequate basis to adopt an interim amended rule 
on the environmental effects of the uranium fuel cycle which 
will support the continuation of reactor licensing at this 
time and thus avoid significant environmental costs and 
adverse social impacts; (b) the Bishop Report and its 
references form an adequate basis for such amendments with 

_ respect to reprocessing and waste management; (c) the Impact 
" Report demonstrates the need for an interim rule to allow 

the licensing of power reactors if the mandate of the court 
issues pursuant to its opinion in NRDC v. NRC; (d) the 
additional record being formed in this proceeding by written 
comments and especially by the ACRS report (after 273 pages 
of examination of the authors of the Bishop Report by 
impartial experts) will further fortify the interim rule; 
(e) there should not be an expiration date for the interim 
rule or, if one is chosen, it should not be less than 36 

_ months; and (f) the Commission should adopt a "realistic," 
~ rather than a "conservative," approach for the final rule. 

Respectfully submitted. 

LeBoeuf, Lamb, Leiby t MacRae 
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November 2 3 , 1976 

EBOrOSED BUIE '" ^-5"KjilfH WrfW'fo 

MEMORANDUM TO: W. P. Bishop 
Chief, Wasfi Management Branch 
U.S. Nuclear Regulatory Commission 

SUBJECT: Report entitled "Environmental Survey of the 
Reprocessing and Waste Management Portions 
of the LWR Fuel Cycle" 

We have reviewed the subject report as requested in 
your letter dated October 12, 1976. We have no significant 
comments to offer except that the report didn't include 
reference to DOT regulations which must be complied with 
to transport these materials. 

•vl 
^^Q. 
Robert Brown, Jr. 
Regional Representative 
of the Secretary 

: W . e A ^ 
RsUs-h^r-

/Hlied-General Nuclear Services 

December 1, 1976y£T"t 

Secretary of the Commission "' " '^R — <"//z/ie» **\ 
U. S. Nuclear Regulatory commission L J JSEC RJL£ ' iXs/\"!™.ittir9tS 
Washington, D. C. 20555 

ATTN: Docketing and Service Section 

Re: 10 CFR Part 51 

Gentlemen: 

On October 18, 1976, the Nuclear Regulatory Commission 
published in the Federal Register (41 F.R. 45849) a notice 
entitled, "Uranium Fuel Cycle Impacts From Spent Fuel 
Reprocessing and Radioactive Waste Management." This notice, 
among other things, advised the public of the availability 
of a document No. NUREG-0116 "Environmental Survey of the 
Reprocessing and Waste Management Portions of the LWR Fuel 
Cycle," as well as the opportunity to submit written comments 
on the notice and NUREG-0116. Allied-General Nuclear services 
(AGNS) accordingly is submitting these comments on NUREG-0116. 

AGNS' first comment is repetitive of similar comments on 
other NRC Staff documents. Recently in the GESMO proceedings, 
AGNS submitted to the GESMO Hearing Board suggested questions 
related to the inconsistency of numbers being used (on re
leases and doses associated with reprocessing plant operations) 
with numbers previously formally documented by the NRC Staff, 
and related to the undue degrees of conservatism in the Envi
ronmental Impact Statement which, by definition, is presumed 
to present the "probable" consequences of proposed operations 
rather than unduly conservative projections of such conse
quences as is typical of the analysis used in Safety Analyses. 
AGNS also made similar comments in respect to NUREG-0082 SUPP. 
1 (Draft), which was the Draft Supplement to the Final Envi
ronmental Statement related to construction and operation of 
the Barnwell Nuclear Fuel Plant of Allied-General Nuclear 
Services. These comments were in a letter (copy attached) 
related to Docket No. 50-332 under date of August 30, 1976, 

AeScnewisi^J ay sasi phh&Sfe 

B-Kt Office Box 847 BamwellSsulrjCJjirJna 29812 (803)250-1711 
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addressed to Mr. R. M. Bernero, Chief, Fuel Reprocessing and 
Recycle Branch of the Nuclear Regulatory Commission. These 
comments are still quite pertinent here. 

In this connection we have noted that the news release 
dated October 13, 1976, under the heading of the U.S. Nuclear 
Regulatory Commission, No. 76-221, on page 4, contains the 
statement " . . . The NRC Task Force used a referenced system 
involving the recovery of uranium only in the Facility similar 
to the Barnwell plant now under construction in South 
Carolina. . ." [emphasis added]. If indeed the Task Force did 

' use the Barnwell plant as the basis for their projections, 
then release numbers, especially with regard to krypton, 
tritium, carbon-14 and iodine, should be consistent with testi
mony developed during the course of hearings on the Docket No. 

_ 50-332 on the Barnwell plant (but they are not). Further in 
the same news release, on page 10, is a statement, "the 
supplement is based on a thorough survey of the available data 
on waste management and reprocessing impacts, and states to 
the extent now possible, the uncertainties and risks associa
ted with these impacts" [emphasis added]. AGNS urges that 
either the numbers be changed to reflect the Staff's 
assessment of "probable" releases and doses or that the degrees 
of conservatism in each step from the identification of source 
terms including burnup, etc., through release rates, atmos
pheric diffusion and dose conversion factors be more clearly 
identified. 

In 1974, the Atomic Energy Commission Staff published a 
draft Environmental Statement that, among other things, gave 
a tentative quantification of what is commonly called trans-
uranic waste. This quantification said that any waste 
containing over ten nanocuries of transuranics per gram of 
waste would be considered transuranic and would require 
special handling. Since the publishing of this number, there 
have been many contrary opinions as to the validity of this 
quantification of "transuranic"; and yet the NRC Staff again, 
in NUREG-0116, talks about transuranic waste and needs for 
handling same, along with volume, etc., without having arrived 
at a valid and technically supportable definition of what 
transuranic waste consists of. AGNS strongly urges that the 

3 2 5.4 

NRC come to grips with this question and set forth a techni
cally supportable rationale for a reasonable, practicable 
(including impact on the public, economics, state of technol
ogy, etc.) basis for such definition. 

In NUREG-0116, extensive efforts are put forth in 
defining the methods by which waste will be handled. In a 
number of cases, the handling methods are not at all supported 
with justification for including same. One example of this is 
section 2.3.1 and section 4.3.1, indicating that combustible 
TRU waste would be incinerated. AGNS is not aware of any 
instance where a packaged combustible waste has ignited with 
any risk to the health or safety of the public. In section 
2.3*2, the concept of mixing leached hulls and associated 
hardware with sand is defined. Again, we are unaware of any 
instance in which the pyrophoricity of zircaloy has resulted 
in any consequential effect/on the public health and safety^ 
Indeed, further in section 2.3.2, it is stated about such 
waste handling methods, "some of these are conservative in 
that they intend to maximize on-site environmental impacts 
(e.g., size reduction for failed equipment)." The adverse 
off-site consequences of such operations as incineration are 
not adequately assessed in NUREG-0116. Indeed we strongly 
suggest that such operations may well be generally undesirable _ 
alternatives to handling the wastes in a well-packaged form 
with or without compaction, the question of compaction depend
ing on economic rather than environmental considerations. 

On page 2-2, the comment is made that no quantitative 
evaluation of probability of accidents has been made for 

. reprocessing plants as was done for reactors in WASH-1400. 
" AGNS calls to the attention of the NRC Staff two reports on 
this subject prepared for the Environmental Protection Agency. 
One is entitled, "Scoping Assessment of the Environmental 
Health Risk Associated with Accidents in the LWR Supporting 
Fuel Cycle" dated November, 1975 and carried out under Con
tract No. 68-01-2237, /Task A-D. We understand that this 
report is still considered to be in draft form. The other 
report is entitled, "Hazards Analysis of the Generic Fuel 
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Reprocessing Facility," Final Report Bade in 1974. Task 
Order Bo. 68-01-1121. Is both of these reports, frequency and 
oonsaqwanons of accidents in the fuel cycle, especially re-

Al pmneeslnrj plants, ware estimated. The general conclusion to 
be dram from these reports is, for reprocessing plants, that 
credible accidents are of low consequence and of extremely 

_low probability. 

~ Oar final comment has to do with the assessment of the 
proposed —thod of disposing of spent fuel in salt mines 
without its being reprocessed. Both in the GESMO Document, 
•000-0002, and in NUREG-0116, it is proposed that the fuel 

,, be disposed of in Use repository and it is accepted that, over 
a period of tiara, there would then be virtually total release 

3 3.32 °* contained volatile fission products to the environment 
is stated in BJUREG-0116 on page 2-13 in the sentence, 

"the major impact comes from the assumed release of gaseous 
ft—Inn products at the repository rather than at the 

f
n a m m o i . " However, there is not any indication that 
questions such aa employee exposure of those working in the 

Z emit mine in disposing of fuel, or significant change in the 
deeism of a salt mine to mitigate such exposures, have been 
addxaawed. It is difficult to perceive any difference 
^eqolxed in handling unprocessed spent fuel, as compared to 

I D a wall encapsulated stable form, that would not be 
mostly both economically and environmentally. NO such 

is made in HTJREG-0116 or in NOHEG-0002. Such 
ooerta would be and should be evaluated in considerably more 
^detail than is evident in the published documents. 

Sincerely yours, 

' •*?-AV-
R. C. Baxter 
Acting President 

• • 
North Carolina Deportment 
of Admrtstration 

OFFICE OF 
INTERGOVERNMENTAL 

RELATIONS 

KTWIN KCXARQ 
MttCTOR 

JAMES E. HOLSHOUSER. JR., GOVERNOR S BRUCE A. LENTZ, SECRETARY 

November 29, 1976 

OO:TT r:u'-3ERpp . 
PROPOSED &ULE **\-!>Kqtpttif$l2ftJ 

Mr. W. P. Bishop 
Waste Management Branch 
Division of Fuel Cycle and 

Material Safety 
Nuclear Regulatory Commission 
Washington, D. C. 20555 

Dear Mr. Bishop: 

Re: SCH File #160-76; Environmental Survey -
The Reprocessing and Waste Management 
Portions of the LWR Fuel Cycle 

The State Clearinghouse has received and reviewed the above 
referenced project. As a result of this review, the State 
Clearinghouse finds that no comment is necessary on this 
project at this time. 

Sincerely, 

NC 

CB;mw 

Chrys Baggett (Mrs) 
Clearinghouse Supervisor 

Matukijcl j3 K:j AtJtbtQg 

116 WEST JONES S RALEIGH 27603 t 
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THE CITIZENS MOVEMENT TO 
STOP NUCLEAR POWER. 
P O Box 1538, Wuhlnglon D C 20013. Phon. MM938 

December 6, 1976 

Mr. Samuel Chilk 
Secretary 
TJ.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear f"r. Chilk i 

... P Enclosed are the comments of Critical Mass on NURES-0116 as per 
N C the extension granted on December 2, 1976 by Vr. r'ichael Casey. 

Sincerely, 

Robert E. Augustine 
Staff Scientist 

Enclosure 

l̂ 
en 

Comments of Critical Mass 

on 

Environmental Survey of the 

Reprocessing and Waste 

Management Portions 

of the LWR Fuel Cycle 

NUREO-0116 (Supplement 1 to WASH-1248) 

comments prepared by 

Robert E. Augustine 
Staff Scientist 
Critical Mass 
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SUMMARY 

1. The presentation figures representing effl .nts and con
sequent doses without explanation or the provision of an 
opportunity to verify or refute or otherwise cuestion their 
derivation is not acceptable as support for Tsible S-3A (2.10) 

2. The way in which the report's information is presented often 
would mislead inexperienced readers. 

3. The report is limited in scope in many ways not disclosed in 
the section covering scope (Chapter O n e ) . 

[ 
D 

C k, The report relies too heavily on references. Tore information 
from the references should have been included. 

CON ̂  5« Radiological statistics are oversimplified anc too few 

CONj 6. Transuranics should not be lumped together nor "fission products" 
be dealt with as a class in evaluating impacts. 

{ 
?. Data for evaluation of most steps covered in -the report is seriously 

Sv| lacking. Needed studies lave not been conductec because of the low 
~~ priority wastes have had.* 

I - 8. Substitution of judgements and speculations fcr data should include 
L some statement of their margins for error. 

•C Patterns developed for discussion of steps are not followed 100#. 
T.ie patterns provide the illusion of comptiehensiveness. 

3.2.2.6r* 10. Normal emissions, accident and sabotage considerations of the 
'601 ?uel Receiving and Storage Station (PRSS) are not discussed. 
^jj_ Normal emissions are lumped in reprocessing data. 
eo,_ 

11. Reprocessing effluent figures are not explained. T-.e gas treat-
CON I ment system is not discussed although it is indicated to be the 

greatest emission source. Accident and sabotage potentials are 
not fully explored. 

1 2 . High Level Waste (HLW) tank effluents are lumped in reprocessing 
C O N | data prohibiting scrutiny. Accident and sabotage considerations 

are barely mentioned. 

'13. Reliability of the solidification facility is not discussed nor 
is support given for the degree of volume reduction assumed. 

14. Not enough studies have been done to assure that bedded salt is 
an acceptable medium for waste storage, that the proposed tech
nologies for packaging and disposing of the wastes are adequate, 
or that suitable salt bed sites can be found which will remain 
undisturbed. 

3.2.8.1 
3.2.7.1 
3.2.9.1 

3 ^ 1 0 1 p i 5 . The study does not discuss the full spectrum of possible trans
it portation accidents or explain the assumed worker exposures given. 

P 16. The study assumes future Low-Level Waste (LLW) handling will correct 
[3.2.3 j ^ past errors but fails to explain how. 

3 2 5*1 *?• The study fails to reveal the problems experienced in Transuranic-
LJ.«K»_|^ contaminated (TRU) waste incineration and compression. 

3.2.4.1 

3.2.8.1 T !? 

3.3.2.1 [ 2 ° 

3.3.1.3 P 21 

3.3.3.1 [ 2 2 

C O N T 23 

3.3.1.1 [ 24 

18, Deccnnissioring impacts assume much radioactive material already 
re-rcved but the amount is not known and thus cannot be evaluated. 
Co«=t esti-iates presented are too low. 

Treatment and storage of Plutonium as a waste and 3pent Fuel as a 
waste has not been studied as -ruch as is warrsnted. 

Sabotage has not realistically been considerec for any of the 
steps covered. 

Abnormal events and accidents are not realistically o r thoroughly 
examined. Only lower-consequeHce events are mentioned. 

2f*~ects on biota other than man are totally ignored as far as 
radiological effluents are concerned. 

Occupational exposures are mentioned in only t.vo sections and 
are inadequately presented there. 

?-e report does not appear to be a forthright presentation of 
known ris'<s and uncertainties. 
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PREFACE 

The principal intent of these coTiments is to examine the 

adequacy of MJRSG-0116 as a basis for Table S-3A (2.10). It is 

not an attempt to exhaust t*e subjects of reprocessing and waste 

management. The discussion has been expanded in places to include 

•natters felt pertinent but excluded from the report. 



Overall Comments 

.>ile it is useful to have some outline of the basic s~azes 

involved in the back end of the fuel cycle, NURE1— 0116 is 

se~i.ou.ly deficient in many aspects. Primarily, there is no method 

pr len.ed for verifying the figures provided. We are told that 

emissions of element X will be so and so and that the environmental 

irrpact will be so and so. But we have no way of •jxaminin.^ the 

techni *ues used to derive these figures to detemine their suf

ficiency. 

Ajart fror the absolute figures themselves, we find an increase 

for tr^nsuranics of 6 times over tne previous estimate (./AS-7-124-8) 

and a decrease of 795» in fission products with no explanation. 

Also, Cl^ has been added and Sr90,Csl37,and Rul06 have been dropped. 

Yet thf-re is nc description of the systems that would limit or pro

hibit ~hese emissions. 

W y Table 2.10 is used instead of Table 2.1: as the rule (Table 

S-3A) is another puszle. Perhaps Table 2.11's fibres are less cer

tain and would be even less able to withstand close scrutiny. 3ut 

N1R3G-C116 is not oriented toward supporting either table. It is 

insteaa siTply a relevant description of the fue" cycle. Of course 

the re^l, actual impacts the effects of the dcses projected in 

Taole 2.11——are not even given... the cancers, -enetic effects, 

shortening of life, lowering of disease resistance etc. 

Scope and Limitations 

The reoort is restricted almost entirely to consideration of 

normal operations. Only an occasional accident or leak is -nentioned 

much less discussed in detail although much public concern centers 

around off-normal events. Nowhere is the problem of human error and 

its possible consequences discussed. Human error is not supposed to 

be part of "normal" operations. Natural catastropnes such as tornadoe: 

3.3.1.3 
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hvrric nes, earthquakes are not discussed in a realistic manner 

for noit of the facilities considered. 

T ^ option of separating out or "partitioning" actinides and/ 

or Cesium and Strontium is not discussed although it is likely to 

be required. 

The grouping of all fission products is not justifiable in 

view of their very different chemical and biological behaviors, 

"Neither is the "lumping" of ?11 the transuranics which have 

varying properties and hazards. 

Cautionary note 

At the outset it must be noted that much of the story of 

IHTRE3-0116 is '..hat is not covered in it. Before I ^o into that, 

I note two thingsi 1st, the document is intended for -m audience 

which is largely inexperienced in this technology and 2nd, it 

is apparent that NRC has found ways of working around the National 

Environmental Policy Act (NEPA). 

The principal manifestation of this latter is the omission of 

accident considerations in environmental impact statements. Since (some) 

"accidents are discussed in Safety Analysis Reports (SARs) (which are 

not subject to- public or agency comments), NRC's view is that it 

does not have to discuss accidents (or leaks, abnormal occurrences, 

sabotage or occupational exposures) in impact statements. To keep 

the inexperiencea from recognizing this view and to give the appear

ance of comprehensiveness apparently, some brief mention has been 

rade of each. NRC seems to feel no compulsion to include them or 

to deal with them adequately. 

Allusions and Illusions 

.Vuch of the discussion in MJREG-0116 hinges upon material in 

references thereby denying an understanding of the concerns to 

those readers not priveleged to possess them, (see pp. 2-1,2-19. 

http://se~i.ou.ly
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4-39, & 4-149 for examples) P. 2-19 lists several changes made in 

Nl'<2G-0116 whicn it calls "substantial". It says Iodine releases 

from reprocessing are increased yielding a larger dose and Carbon 

14 is added yielding 111 person-rem dose commitment per Reference 

Reactor Year (RRY= 1,000 MWe reactor's production for 1 year). 

In neither case are we provided the data permitting scrutiny of 

the derivation of these doses. It says Table 2.11 "...is pro

vided as a convenient su*nrr.ary only. The cited text and references 

should be consulted for complete information." 

To some extent, such allusions are necessary but they seem 

to have been-relied upon too* heavily here. This prohibits a full 

evaluation by those having access only to this report. 

Perhaps more important, is the illusion created that the 

subject nas been widely studied and that solutions to problems 

are simply a matter of record, 

i Literary Dilution 

l— Another way in which NEPA is manipulated is in the use of 

"literary dilution". The radiological statistics are buried in 

a heap of non-radiological statistics . Table 2.10 is a good example 

This prevents the paucity of information presented on radiological 

impact from bei.ig easily recognized. If you don't want someone to 

find out something, burying and scattering it is almost as good as 

omitting it. 

NRC is consistent in another way. It can seldom te said to 

omit anything totally. There's always at least one sentence. It 

seems a lesser evil somehow to have done something inadequately 

rather than to have omitted it altogether. 

A NuTbers Game 

NRC provides us with the figures to make final calculations 
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3.3.3.1 

after '11 the import. ; assumptions *iave already een incorporated 

hopin ' we will be satisfied with this minimal sense of participation. 

Thus we may judge how NRC adds up the figures but we cannot question 

the f i b r e s . Neither can we question the completeness of the tables. 

.-* key question that nearly slips by is whether there ere other 

important radionuclides released that are not listed in the tables. 

The book says the listed ones are released but it does not say "only" 

Lack of Data 

Like the Rasmussen Report (WASH-1400) which it references, 

NUREG-0116 suffers from a serious lack of data. The figures it 

presents are little more than a rehash of the industry's rosy 

optimism. Here again we have a situation where we are being told 

to go ahead in the absence of data. Plainly the data would exist 

had the subjects been accorded the priority concern they merit. 

Other industries have made billions of dollars by neglecting their 

garbage. Why should the nuclear industry be different? Or, as 

Apoendix D puts it, "There seems to have been an underlying belief 

that a waste management system would be self-implementing or 

automatically implemented when needed. Eecause nuclear wastes 

appear primarily at the end of the nuclear fuel cycle, and because 

t^ey appear commercially unprofitable, the area of wastes has not 

received great administrative attention." 

Kow the problem of lack of data is dealt with bears some ex

amination also. Page 2-1 states,"Some additional impact analyses 

were made for this Supplement; these were done where no previous 

analysis existed,,. Where no quantitative analysis was available, 

we have included a logical analysis, taking into account what is 

known of probabilities, consequences and mitigating features. Where 

_reasonable analysis leaves residual uncertainty we have so stated." 



And pa^e 2-2 states, ""Operating experier , eith"~ from ERDA 

military programs or from the industry i ^vailaole for portions 

of the reprocessing and waste management 'stems . Some of the 

waste management system components (e.g. igh-lavel waste 

solidification) are extrapolations from ;oratory or engineering-

scale operations. Other parts of the sys T have never been used, 

and laooratory experiments related to th ; portions of the tech

nology must be relied upon for operation parameters and perfor

mance predictions. 

Overall, we find experience and experimental data adequate 

for the assessment of impacts of normal -erations of all parts 

of the system. Abnormal occurrences have oeen analyzed for most 

parts of the system, but the bases for t- se analyses are varied, 

and not all pertinent accident sequences have b^n analyzed, "'or 

exanp'e, no quantitative evaluation or s; tematic analysis, prob

abilistic or otherwise, of the consequences of accidents has been 

done for fuel cycle activities as has been done for reactors (.VASH-

1400) (see Apps. 3 and C). Sample events have been analyzed for 

all system components, and for one part (transportation) significant 

data on accidents for nonradioactive shipments were available and 

useful." 

Tne fact of the matter is that engineering judgement must be 

heavily relied upon throughout. Its pervasiveness is a matter of 

much concern. Indications of this reliance can be found on pages 

2-1,2-2,2-11,2-17,2-18,4-94,4-100,4-112,4-129,4-136and 4-153. The 

_ concern arises from the observable errors that have been made using 

"only engineering judgement. For example, on page 2-11 it is claimed 

that,"...modeling can be done of the transport of nuclides through 

the geosphere and biosphere, ingestion by man, and dose to man." 

Without going into the faults of modeling, this statement is typical 

of the ecological naivete of the nuclear industry. There are liter

ally billions cf vast*"' differing food chains or' a miniscule few 

of which have teen stadied at all. Reliance on moaels based on those 

few is foolhardy. 

^special note should be taken of xhe comment on page 2-2 that 

ons-oin.- Federal programs in reprocessing and waste management "should 

remove most of the remaining uncertainties within the next few years," 

(e rpha. is added). Uncertainties remain. Some, perhaps most, may be 

re olved in a few years. Tie others...? When will the others be re

solved? Why aren't they identified for us? Clearly, waste disposal 

resolution cannot come until after a repository is constructed (1985?) 

and -^rted for years. 

Chao*er One 

While the supposed^intent of chapter one is a aescription of 

the various limits and scope of the study, there are many other 

points in the book where we are told of another significant limit 

or omission. Why aren't taey all in Chapter One where they belong? 

When you a id thum all up tney present a much more restricted document 

than would be concluded from Chapter One. 

Chapter One concludes with a statement that the sole objective 

of this study is to describe likely environmental impacts. That 

means numerous' impacts can be left out if they are deemed "unlikely" 

by NRC. ..hat really needs discussion is the basis for judgirg tnings 

"unlikely". That discussion we never get. 

Structural Inconsistencies 

There are rome structural inconsistencies that should be noted. 

In some sections there is a ciscussion of abnormal occurrences. In 

others there is not. In some there is a discussion of the historical 

experience related to a particular technology. In others there is 

not. In some areas ereat detail is provided including charts for 

subsystems. In others there "s very little detail. 0 n so,"e °f 'the 
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charts mouts a_-e me"-—ded but not noted (e.g. ae-i-mi ^lon:-. m 

Tac.e _.10). On otrers inputs are left out (e,£r. "i(mre 4.1). 

•" e first uage of Chanter -our sets out a pattern of ortaaization 

-o ê followed m each section of that chapter. Hat several sections 

om t pctions o- tre pattern, '"'he anomalies ro unexplained. 

These omissions and additions may have been chosen for some 

ot er ---ason bu tney also serve to conceal embarrassing nistory, 

less tv j.n optim_stic analyses, ur solved problem areas ana important 

informational lacks wich reflect on R & D priorities. In this 

serse, *uc^ of t̂ e report is Tore of a coverup thin an illumination. 

BD 
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(In tli- c w ents to follow, so^e operations vrich were lumoed 

•"- V 'L3-0116 /ill be deal+ ath a*- discrete steos because their 

imtn.c*=; and im-ortance are better appreciated that way.) 

SP no" by Section Discussion 

~~ lei ceivinp- ana Storage Station (FRSS) 

"*>• e retiort does not include any discussion o* imDacts from 

spent ""uel storage at the reprocersmg plant prior to reprocessing. 

Page 3-3 states, "After cooling, (in the reactor snent -'uel pool), 

the assemblies are transferred to a reprocessing plant for fur

ther stora~e..." The lack of discussion of this important step is 

not explained. The ef'luen^s from this step are (concealed) in 

the overall reprocessing effluents according to I. 4-8, However, 

t^is storage is a senarate step requiring separate licensing and 

is t*e densest source of radioactivity outside the reactor. (It 

is even denser now that pools may be modified to store more fuel.) 

The soent fuel has aged only a few months, "'uel rods nay have been 

damaged in handling or in transit causing gaseous releases when 

the casks are opened. And, like the spent fuel pools at reactors, 

there is no reinforced dome to protect the storage area. 

The FRSS is lively to become even more important as it is 

desired within t*e industry to eliminate all liquid HI.7 storage 

tanks. This would oe accomplished, according to NUREG-01l6 (p. 4-15), 

by aging the spent fuel more before reprocessing so that the KXW 

from reprocessing coula be immediately ("prompt") solidified. 

T*at me^ns storing it for about 2 years in pools either at the 

reprocessing plant, at the reactors or in separate facilities. 

The livelihood is that the FRSS will be used. 

Suent fuel and HLW have the unique property of being self-

releasing if uncooled. In the reactor, in the speat fuel pool, 

in transit to the reprocessing plant, at the FRSS and in the 

HLrf tanks radioactive wastes must be cooled or they will liberate 

themselves by melting out of their cont iners. Coisequently, we 

Alpmust be concerned primarily with accidental or deliberate loss 

Al 

BD 



r 

AIL 

SV 

3.2.2.2 

3252 \ 

3222 

of coo Ling. 

It is probably significant that the FRSS at the Barnwell 

reprocessing plant is still under license review at NRC. This 

fact is also not mentioned in NUREG-0116. Its omission results 

in a fr.ilure to draw attention to the serious issues involved 

in thi.. licensing . The accident or sabotage consequences 

would probably be considerable. 

Reproc-sslng 

A cursory examination of Table 2.10 shows that gaseous 

releases are generally higher and result primari'y from re

processing. A footnote suggests the increases are due to 

differences in the models. But we are not told wt.at t".e differences 

are or why they were made. 

Reprocessing is also given as the principal source of TRU 

wastes (non-TRU wastes coming primarily from the reactors). These 

consist of solidified liquids, filters, cladding hulls and general 

trash which have some transuranic contamination. Some explanation 

seems due for the nearly 6 times greater emissions of tranouranics 

listed in Table 2.10 as coming from reprocessing. 

Gaseous releases are the principal concern for normal oper

ation of a Fuel Reprocessing Plant (FRP). Actually, there are 

several off-gas treatment systems. The one on the TRU incinerator 

is described in some detail in the TRU section. In contrast, 

th.re is little or no discussion of the off-gas Eystem for the 

separations facility or possible accidents there. Since p. 4—50 

indicates 900 of the Iodine volatilizes in the dissolver, we 

should see more discussion. 

Only 400 tons of reactor fuel has been reprccessed in the 

world. 12 1,000 MWe reactors produce'that much each year. That 

comparison gives some indication of the magnitude of problems 

GR1 

we f?.ce. 

The only commercial waste reprocessing experience in the U.S. 

was gained at the Nuclear Fuel Services plant at West Valley, N.Y. . 

That experience indicates gaseous effluents may be more difficult 

to control than originally thought. Gaseous 'effluents at iest 

Valley were higher than anticipated. 

rfest Valley also had a liquid effluent stream,besides that 

of the HLW, from evaporator condensates, floor drains, laundry 

and decontamination facilities that was also Mgier than anticipated. 

The levels found in on-site'runoff from holding ponds exceeded AEC 

standards which didn't^legally apply on-site. 

The FRP assumed in NUREG-0116 eliminates all liquid waste 

effluents except the HLW destined for solidification. This is 

supposed to be accomplished by evaporating tne liquids and running 

the resultant vapor3 through the FRP gas treatment system. This 

is asking a lot of a system that has not performed up to standards 

under less intensive demands. From the text, many separate inputs 

to the off-gas system can be identified although Figure 4.1 only 

shows one. How can we be assured that the FRP gas treatment system 

can handle all this with the results given in Table 2.10 (S-3A)? 

Gaseous effluents will be collected and routed to the FRP gas treat

ment system fromi tank storage,p.2-4, solidification,?. 2-5, FRSS, 

separations facility, UT76 conversion, and pu conversion facilities, 

p. 4-8, TRU incinerator, p. 2-7, noncombustible TRU, p. 2-8, interim 

storage, p. 2-8 and TRU waste treatment, p.4-59. Page 4-8 says,"All 

process and ventilation air that might contain radioactive contam

inants is treated or filtered, or both, before discharge to the 

atmosphere via a stack 100 meters tall." 
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Ejffice it to s&. that the gas treatment sy am of t"e F'P 

if resoonsible for the largest effluents of concern and yet we are 

«-i 'en no description of that system or discussion of accidents, 

le iks or sabotage to it. 

Hither a lot of gaseous radioactivity is released to the atmos-

orare cr it is trapoed on filters which become Low-Level Waste (LLW) 

Eut hov low-level will the filters be with all these added inputs? 

Page L-55 indicates they "c?.n become highly radioactive". 

It is clear that they will be largely TRU 'astes as 0.023 oi 

per RRY appears ir. the gaseous effluent column of Table 2.10 as 

transuranics. Tiis figure is, nearly 6 times w*at it was in the old 

./A3H-1248 table. "Plutonium aerosols" they are called on p. 4-55, 

but no reason is given for the increase. 

Also outstanding is an increase of 34i times in the Iodine 131 

column, 12i times in the Iodine 129 column, and a decrease of 8 2 ^ 

in the "fission products" column. 24 ci of Carbor 14 per RRY has 

also b»en added. Again, no explanation is offerea for these massive 

changes. Furthermore, our experience is that other materials may be 

"emitted besides those in the tables which ought to be evaluated 

individually. 

Clearly it is necessary to examine the gas treatment system 

in some detail. It is the single most important environmental 

impact control system of the FRP. Yet we are given no opportunity 

to do so in NUSSG-0116. 

VU Tank Storage 

The effluents from High-Level Waste (HXrf) tank storage are 

routed to the 7RP gas treatment system and are lumped in with the 

FRP effluents i-. the tables. Although the principal concern with 

r.LW tanks is leakage and accidents, we are not permitted to 

examine even the normal contribution to FRP effluents made by 

t-em aL it is not set' ut separately the way tha of the solidif-

icatior facility is. rfe might judre the assumed contribution of 

trnk e:fluent as unrealistically small were it set out separately 

for us to examine. Effluents may vary depending on the number and 

size of tanks as, certainly, will the costs. 

Solidification 

Since the various solidification techniques have only been 

demonstrated on a modest laboratory scale with batch processing, 

the effluents listed are rather speculative (see p.2-2). Larger 

scale and continuous process tests may reveal unique problems. 

Perhaps of greater importance is the reliability and efficiency 

of the facility . The calciner, pumps, piping, furnace, filters and 

associated mechanics need analysis. These will be subjected to a 

very erosive environment of thermal stresses, irradiation and 

corrosion. How long will these devices function without failure? 

What are the consequences of failure? What would repair or replacement 

involve (time, cost, exposure etc.)? What impacts will result from 

this? The technology for such activities has been developed to 

meet the needs of the small scale batch process tests according to 

p. 4-55. Will they work at full scale? There is no discussion. 

We are also not told directly how much volume reduction can 

be expected (4X). This is surprising since volume reduction and 

conversion to a less easily releasea form are the two principal 

reasons for solidification. Neither is the history of volume 

reduction discussed in these terms. The factor of four must be 

deduced from a careful reading of the charts and text. 
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There are two very basic problems with permanent repositoriesi 

access and leakage. If a facility is constructed so that wastes may 

be retrieved should unanticipated leakage occur, the facility must 

be kept free of intrusion by unauthorized persons. If, on the other 

hand, the facility is designed to permanently and irretrievably 

store the wastes, we must be absolutely certain that leakage will 

_ not occur since corrective measures would not be possible. 

The section of NUREG-0116 on long-term risks (p. 4-86) is 

candid in stating,"...time periods of concern are too long for de

velopment of an experience data base sufficient to verify results 

of analytical estimatesj demonstrating the risks associated with 

this technology is not possible. 

Although rigorous verification of long-term risks for waste 

repositories is not possible, a methodology exists, and has been 

used, for estimating these risks. Events that could produce or 

lead to repository failure can be identified, probabilities of 

the events estimated, and consequences calculated. The procedure 

requires data and extrapolation of past experience with probabilities 

of the several phenomena. The degree of confidence in the results 

depends on the availability and applicability of the data and the 

validity of the extrapolations.** (Some events causing failure could 

certainly be identified but how confident can we be that we have 

identified all of them? Some may be unique to this technology and 

thus would have no history at all.) 

Continuing, p. 4-94 states,"Past work does not, however, fully 

cover the risk situations that should be explored. Representative 

studies have been done with varying degrees of depth and sophis

tication, but there are still uncertainties in areas such as the 

effect of -waste presence on repository stability: the probabilities 

and CD sequences of ntrusive acts by humans ; le validity of 

dara u: ed in modeling studies j the design and regulatory actions 

needea to minimize possibilities of repository failure; projection 

of future societal habits and demography, and, finally, the rel

ative importance of various potential initiating events." (These 

are not minor items), ana,"Results of these assessments are not 

subject to proof in the usual demonstration sens". T^eir evalua

tion will depend on one's degree of confidence in the validity of 

the results and on subjective judgements as to what levels of risk 

are acceptable." 

There really is no way that we can be assured that waste 

repositories won't be broken intc or otherwise disrupted by 

deliberate or accidental human actions over the "thousands of years 

required. No single government has lasted for a comparable period. 

Even the pyramids, great fortresses in their time, have been broken 

into in the relatively short time since their construction. 

Given the vast quantities that would have tc be juggled by 

future generations, it certainly seems more reascnable to seek a 

permanent disposal where the wastes will not require perpetual 

guarding. The difficulty here is that only geological or extra

terrestrial disposal can hope to meet this requirement and our 

knowledge of the earth and of space travel are net demonstrably 

adequate. Rockets can fall back to earth and that is likely 

enough to prohibit the option even without an examination of the 

massive costs and material resources that would be needed. 

Disposal Technology. 

That leaves geologic disposal; the technology chosen for 

NUREG-0116. P. 4-73 states,"The function of a geologic repository 

is to isolate waste from the biosphere. The method is to emplace 

the wastes at depth in a techtonically, hydrologically, and 

mechanically stable medium essentially free of ani isolated from 



mobile groundwater i capable of absorbing ra tion and diffusing 

heat w thout impai'-inp the integrity of the formation, """his stability 

is t e primary elemert in mamtairing waste isolation. 

There are serious problems with each of the possible geologic 

3291 option*-. It may be that none of the present concepts is adeauate. 

Ava la le evidence indicates this. 

~"f e preferred and most-studied option selected for NLHCG-0116 

oi ispocal m Deaded salt has its share of sericus problems. _.ome 

of the are founaed m the uncertainty of our kncwled e of geology. 

O+her* result "--om tf^at we do know, ""'hey a^e rot oreserted m a 

way ir /hich th3 reader can appreciate their seriousness in NT RE'*'-

0116. 

mhe plain tact is -that not enough tests have been done or are 

p-rê ently planned for us to have confidence m the techrology. Sub

stitutions of o+her material* to represent soliai led commercial 

. ML/' introduce factors which irvalidate the experiments. 

Perhaps the major problem area with bedded salt is the effects 

on the salt and its impurities (and inclusions) of emolaced KL<". 

Some of the prooerties of beuaed salt that make i+- an attractive 

medium lor a repository change under irradiation and high thermal 

loads. Solidi lea commercial rLV will be considerably 'hotter in 

3292 both senses than materials used in tests during Project Sal* Vault, 

"̂ hese problems are glossed over in such statements as,'Radio

active wastes are sources of heat and radiation and are chemically 

different from the surrounding geologic media. These effects and 

comb nations of them may cause changes m the initially stable 

geolog c media which must be considered in repository design and 

operation. Since t^ese ef"ec^s cause chemical, thermal and stress 

graaien+s which are ootertial driving iorces for radionuclide 

migration, the;, must be understood and characterized before oper

ational safe+y can be evaluat°d for either provisional storage or 
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lo - rm containment (p. 4-75-76), and, ...g"colo IC media and 

ratjru processes chan e wit1^ t me, and emplacement o wactes--which 

introduces thermal and radiation sources to the redium--m-v effect 

the cnanges. In addition, human activity and nati^al events m-

aeperaent of the repository may orodure changes. (p.4-86), ana 

statements about the (no>-™al--ie. without high heat aid radiation) 

_characteristic0 o*1 beaaed salt (p.4-75 & P» 2-11). u^ther discussion 

'is limited to references which, n one could reac then, show the 

, uncertainty ana inadequacy of studies done on this matter 

""•he solidi ication of hL / -̂ lso concentrate* its rad o^ctivity. 

""he volume redu tior •""actor ̂ an be determined as 4. however, we are 

not told how old *he liauid or solid waste is assumed to be. Nor 

are we informed that military wastes are at least twice as readily 

solidified (solidification factor=8) or that L P H (breeder reactor) 

wastes can only be solidified half as much as c mmercial L "R wastes 

(solidification factor=2). ""ailure to present this information 

directly frustrates attempts at in ependent verification. 

Although it is not discussed at any other stage, the problem 

of residual Mission is mentioned m the spent fuel discussion on 

p. 4-116. Some neutron irradiation will occur producing activation 

" products m tne salt. *o analysis is presented of the effects this 

will have ir the repository or elsewhere. The e^^ct may be small 

enough to be of no concern at most stages except or the repository 

where cumulative effects over geological time sp^ns may be greater. 

P. 4-76 indicates that hydrochloric acid -̂ ay be formed near 

the wacte canisters but does not reflect on the probability that 

this means accelerated corrosion, dissolution and release of the 

wastes. Studies show tie salt "'ay contain 0.5"S br re in little 

bubbles which move toward the heat source or away depending on 



wletre- they contain only brine or also radiol. id gases respectively. 

Other studies indicate that explosive mixtures of h2 and 02 or 

_chlorates <*r perchlorates may form. But the report says,"Firm 

infomation on the identities and amounts of radiolytic and thermal 

reaction products around a waste canister will b 3 furnished by 

site-.;pecific in-situ experiments to help establish suitable burial 

_ and o.̂ arating procedures." (although there is no certainty that 

SvCt'e composition of any formation would be uniform throughout). 

—Obviously1 reliable studies have not yet been done in these crucial 

_areas, 

— The problem may be even broader as indicated on p. 4-77 in 

"the statement,"Metal canisters, packages, and slueves that may be 

used in geologic final storage will be subject to oxidation and/or 

.corrosion in amounts dependent upon the metal(or metal alloy) used, 

local stresses, and temperature. Inner surfaces of canisters or 

packages may also be subject to corrosion by the contained wastes 

and/or byproducts of decomposing wastes. Experimental work is 

lunderway or planned to establish the corrosion characteristics 

ft of cannister-waste-medium linkages." This is a major unresolved 

^JJ problem area. 

Neither has the problem of what will happen to the wastes 

when th. containers are eventually breached been properly addressed. 

S B Ih. ttm studies dona are referenced but the paucity of data and 

incompleteness of the investigation are obvious. This is another 

•ajer unresolved problem. 

C Little mention is made of the fact that plans are actually 

ir provisional storage,not for disposal, p. 4-79 states,"If 

experiments, tests, and analyses performed during provisional 

•torage indicate acceptable stability for the tine and s-̂ ace 

\ donains needed, the repository would be oonvertec to disposal 

> «t»ttt»»* WH«t if th.y don't? How can a few decades of experience 

"...incicate accept le stability for the time d space domains 

needed..."?The indications of stability for the last 80 million 

years 're not enough to satisfy any geologist worth his salt that 

a formation will remain stable as far into the future as is required. 

~ Another more mundane problem not mentioned :s that of maintain

ing the waste canister emplacement machinery. Itf technology is not 

described but obviously it is subject to failure. If the drill breaks 

;v 

or the conveyor, no one can go down and fix it. It must be repaired 

as well as operated remotely, like a .Vars probe but under "-ore 

trying circums-t-r.ces. It should be interesting to see how this 

problem will be met and what it u,ill cost. 

~ One particularly dramatic concern mentioned is the possible 

formation of a lake over the repository site. p. 4-82 st-tes, 

"There would be an extremely slow subsidence due to plastic de

formation of the mineral (salt) to close the nin<5d cavities, mod

ified at first by thermal expansion and later by thermal contraction. 

It is estimated that over several thousand years, this process 

would result in the development of a very broad, uniform and 

shallow (about 3^ ft) subsidence over the general area above the 

storage repository." And p. 2-10 states, "An impact that is unique 

to the repository (among fuel-cycle facilities) is alteration of 

the topography due to intermediate thermal expanjion and to sub

sidence of the backfilled mine. A shallow surface depression of a 

few feet is anticipated ultimately." In areas of any substantial 

rainfall, a lake could be expected to form in su~h a depression 

and percolating water would eventually dissolve a path down through 

the salt. The weight of the lake would accelerate the subsidence. 

Examination of this problem must await site selection. 

Disposal Site Selection 

R r p. 4-73 gives the impression that potential sites for a salt 
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bud repository are a.-indant. However, while sal deposits may have 

b en found in 24 of the 5° states, not all of thfm are suitable. 

Other factors narrow the selection appreciably such as seismicity, 

and multiple use or resource conflicts. 

Despite statements such as that on p. 2-10-11 that, "...since 

the geologic formation has been demonstrably undisturbed for many 

millions of years, there is reason to believe thEt it will remain 

undisturbed into the future, even though mildly irodified by placing 

the wastes into it.", there can be little confidence in the con

tinuing integrity of any site over the time period required. Our 

knowledge of our planet and its processes is not adequate to 

support such a statement now nor is it likely to be at any time 

in the foreseeable future. 

Actually there is a fundamental dilemma in that drilling the 

test holes to determine the integrity of a formation violates 

that integrity and provides a future conduit for water in-leakage 

and waste release. 

Although it is not discussed in NUREG-0116, some mention 

should be made of the possibility that the U.S. will become the 

site of one or more international waste repositories. If the U.S. 

were to receive all the wastes generated in forei.pi countries 

the amount stored and disposed would be increased substantially 

(possibly double or triple). This would increase ihe risk of 

accidents and sabotage particularly during transoceanic shipment. 

The involvement of our port cities and the need for uniformity 

in packaging, security and safeguards are matters of great concern. 

_Some consider such a scheme likely. 

Any determination of site suitability is necessarily subject 

to confirmation by in-situ experiments. No repository can be 

certified until an individual site has not only been chosen but 

also fully tested. Even then it is subject to ciucf uncertainty. 

Over such a lo'' s required containment per? ~"l, it seems likely 

that few if any places could be found that would not undergo sig

nificant geologic changes. Add to that the effects of HLW on the 

burial medium and it seems very unlikely that any place at all 

can be found which could assure containment. Perhaps mankind is 

creating the first tangible reason to seek new frontiers in space. 

Transportation 

HUREG-0116, as did WASH-1248, assumes there will be no envir

onmental radiological impact from transportation of wastes under 

normal (non-accident) conditions. It should be noted that average 

figures do not tell the whole story. Substantial infrequent exposures 

to individuals can occur and not be reflected in average statistics. 

Estimates af average population density along transportation 

routes may not hold for specific locations nor may the assumed 

average residence times of the wastes. If a shipnent were to become 

disabled or caught in traffic in a denser than average area, the 

impact could be significantly greater than calculated on an average 

basis. Perhaps more importantly, those persons nearest the vehicle 

longest (such as auto passengers caught in traffic or train repair

men) could incur substantial individual exposures. It should not 

always be assumed that the total impact is spread evenly over the 

total affected population. 

The treatment of impact from spent fuel shipments is inadequate. 

Tables 4.33,4.34, & 4.35 do not give all pertinent information on 

spent fuel shipments. This omission is inexcusable. One would 

naturally like to compare the projected dose rates in evaluating 

the two recycle options but we are not given the figures. It should 

be noted that initial shipments of spent fuel from reactors con

stitute the greatest transportation risk since the spent fuel is 

hottest then, still contains gaseous fission products (about 20J( 

of the fission product total), and travels the greatest distance. 
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Tr. addition to t :k, rail and barge shipmet tre use of 

helicopters and modified 747 aircraft has been considered in the 

industry and plutonium oxide in kilogram quantities has been 

shipped by air internationally. These options present greater 

hazards for obvious reasons. 

Low-Level Pastes (LLW) 

Low Level Pastes are defined in NUREG-0116 as "all solid 

radioactive wastes other than High Level and TRU wastes". There 

are no gases or liquids considered. In terms of cuantity, they 

are the most abundant wastes. One EPA projection for cumulative 

total by 2,000 A.D. puts their volume at 1 billion cubic feeti 

enough to cover a four-lane highway coast to coast one foot deep. 

But the label "low-level" should not be misconstrued as 

meaning low hazard. While the concentration of radionuclides may 

be low, their toxicity remains the same and some are present in 

clearly hazardous amounts. They require isolatior. from the en

vironment for several hundred years. 

One particular complication with LLW is the variety of 

materials involved. Not only the fission products but the material-

they contaminate have varied characteristics. Buried together may 

be contaminated plastic, paper, rags, rubber gloves, acid residues, 

filters and other materials that may react with each other, with 

the disposal medium or with moisture. For this as well as other 

reasons, the U.S. Geological Survey has Indicated that it may be 

necessary to separate LLW types for separate disposals. This would 

undoubtedly create logistical problems and increase costs. The 

treatment and disposal practices for LLW need more study and 

analysis. 

As recent experience at LLW disposal sites in Kentucky and 

New York show, the statement on p. 2-14 that, "Environmental 

impacts of shallow land burial are derived from experience, 

( 

|_ tempered with expectat-jns of improved performanc from future 

sites," conceals a lot o'f embarrassing experience. 

Lew sites may be needed sooner than expected if the old sites 

bezin leaking too much. New sites will have to meet new, more strin 

gent criteria for security, monitoring, labeling etc.* only now 

being established. 

Because of the generally wide dispersal of contaminants in 

LLrf, it is not considered particularly hazardous. But it must be 

remembered that amongst a lot of low-contamination wastes may be 

individual items bearing considerably higher leveLs. Here again, 

as in transportation, averaging can conceal individual danger. 

It should be noted that the impacts of treatnent and shipping 

_ of LLW from reactors is^ not included in the assesament.(p. 2-13) 

TRU Wastes 

Transuranic-contaminated low-level wastes (T.tU) present a 

particular problem because of their requirement for isolation 

from the environment for geologic time spans. Since there is no 

way to get all the transuranic contamination out, the materials 

_ must go to the repository. 

~ P. ^-39 says,"...environmental impacts of TRU waste manage

ment are relatively minor increments of those generated by the 

major process functions producing TRU wastes." However, they are 

not insignificant. Table 3«3 lists TRU wastes as having a con

centration of 68,000 ci/cubic meter while p. 3-10 indicates TRU 

wastes from the plutonium conversion facilities will contain 300 

grams of plutonium. per cubic meter and that TRU wastes from repro

cessing will contain about o,3?S of the plutonium "hroughput. 

While offering the advantage of reducing volume by a factor 

of 20 to 50, incineration of combustible TRU can lead to release 

of significant amounts of radioactivity if not under entirely 
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norm il circumstances. 4-43 says we have over 2 J years of experience 

incireriting combustible nuclear wastes and that recent technological 

advances have eliminated most earlier system deficiencies. What has 

been f-e impact of the releases due to these earlier deficiencies'7 

\ii ich deficiencies are still uncorrected? We are not told. 

Combustion of filters creates particulates, aerosols and 

g->ses wnich are treated in the air filtration system which pre

sumably collects the material--on filters which would then be 

incinerated. Where does this material end up? 

T ,e question must be asked whether devices designed to remove 

specific elements will function with their statea effectiveness 

wwer tre elements are in compounds or entrained in large molecules. 

What are the consequent, releases if they do not*7 

Assuming a volume reduction factor of 20, the ash from incin

eration should iave a concentration af about I.36 million curies 

per cubic meter. At this concentration, heat generation within 

containers such as t'ie 55 gallon galvanized steel drums combined 

with irradiation could cause breaching of the container in a 

fraction of the required period of containment. 

Thus principal reliance is placed on continued integrity of 

the final repository, however, consequences of early release in 

the repository are not analyzed in NUREG-0116 to determine if 

its integrity might be breached in the process. 

Some TRU wastes which are not combustible can be compressed. 

This results in an increase in radioactive concentration also, A 

fourfold compaction would take wastes at I8g Pu02/cu. ft.(630g/^u.m.) 

and produce wastes at 72g Pu02/ cu. ft, (2.52kg/cu. m.J.Some filters 

will have up to 5°0 mR/hr levels before compaction meaning 2,000mR/br 

_ afterwards. 

It is interesting to note that the authors express concern over 

the pyrophoricity of the cladding hulls as a waste disposal prob-
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le~ bu- no mention of is property is made in tr~- discussion 

of t e FRP. Neither is the problem of radiolysis^and consequent 

pressurization of waste containers expressed elsewhere although 

it clearly exists elsewhere. 

T^ere doee not seem to be an adequate policy for determination 

of appropriate con ainers for various types of T^V wastes. DOT 

criteria do not properly address all of the properties and char

acteristics of the various forms of wastes, 

DecoTmissioning 

DecoTmissioning is another big question ^ark. No large reactors 

or other commercial facilities "ave ever been decommissioned. What 

tqe environmental impact and costs will be and who will bear them 

are not known. 

P. 4-135 says public exposure from decontamination of facilities 

will be slight. It is rard to see how radioactive dusts will be 

prevented from becoming airborne during the cutting and disassembly 

of pipes and valves coated inside with years of accumulated radio

active sludge t^at will by then have dried out. T^e'disassembly 

of the o^f-gas systems would certainly yield such dusts. 

P. 4-136 says that, "It is assumed that all feed and product 

materials and process chemicals that can be economically recovered 

will have been removea from the plant before decontamination begins." 

While that seems reasonable and prudent, where dc we find the impacts 

of the removal, shipment, treatment and disposal of those materials? 

Table 4.29 indicates they are LLW but that the arrount of radioactivity 

contained in them has not been determined. The description on p.4-119 

seems conflicting. 

Perhaps the optimism is explained by the statement on p. 4-136, 

"Tie figures shown for these plants are NRC staff estimates, based 

when possible or. discussions with industry persornel familiar with 

SV|_the actual slants." Tie reputation for such communications involving 
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an the full tru.h is well established. 

has been suggested that Nickel 59 will bu present ana 

smantling impossible. This matter is not discussed. 

p. 4-130 says of one decommissioning option (layaway), "If 

long-lived radioactivity is present in the facility, layaway is 

not expected to oe a permanent decommissioning mode, ^urther 

decommissioning will be required." P. 4-131 then says layaway 

has been used to decOTnission the ianford production reactors, the 

Termi reactor,Peach Bottom, Vallecitos, GEEVSEH, the .Yestinghouse 

Test Reactor, the NASA Plumbrook reactor and the Redox reprocessing 

plant at Hanford. What plans are there for the required further 

decommissioning o' these facilities? 

Of particular note~ is t*e statement on p. 4-132 that, "Dispo

sition modes that rely on long term surveillance and maintenance 

at the site require corporate survival of the facility owner or 

assumption of these activities by the government." 

Strangely enough and out of character with the rest of the 

report, .p. 4-132 gives "costs of performing the operations" as 

an environmental effect of decommissioning. This anomaly is not 

explained. The costs listed are among the lower estimates. Some 

estimates put the cost of decommissioning at about the cost of 

initial construction. 

Plutonium as a afaste 

Detailed analyses of the technology and impacts of treating 

plutonium as a waste do not exist. However this would present new 

problems. Tank storage and solidification have not been analyzed 

for HLW with its 2-5J5 plutonium retained which could lead to the 

formation of solids and sludges with still higher plutonium con

centrations necessitating criticality controls. T.ve extra Pu is 

also stated to raise the neutron irradiation level. Reanalysis 

would be required for all subsequent steps. 
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.-.ltematively, relatively pure, separated plutonium contaminated 

with fission products presents control problems due to shielding 

requirements. T-̂ e logistical and economic aspects, have not been 

analyzed. 

loent ~uel as a //aste 

" ve no-recycle option eliminates reprocessing, solidification, 

and t e problems attendant to plutonium separation and much of the 

LLW ana TRU. However, the gaseous radionuclides are left to be 

release- into the repository at whatever rate clad failure and 

c m i s t e r failure occur, furthermore, spent fuel rray be more 

leachable than solidified KLV and will contain about 200 times 

as much plutonium, 

uch of the -aseous radionuclides may be released during the 

10 year pool storage. We are not told what the experience ias been 

of fuel rod failure, 

P. 4-114 indicates retention of solid fission products in 

salt has not been tested. Once t ie canisters corrode away, we 

don't know what will happen. As indicated on p. 4-116, the risk 

of a criticality .ue to possible reassembly of fissionable com

ponents has not be^n evaluated. 

This option would result in 11 times as many canisters 

s hioped and disposed of as uranium recycle, A larger repository 

would therefore probably be needed, besides aging pools. As noted 

before, the figures are not provided to allow a comparison of 

amounts, concentrations, and impacts of the two recycle options. 

Sabotage 

'-ow well does the report cover the vital aspect of sabotage 0 

Glibly, P. 2-2 states," ./hile intentional initiation of abnormal 

events--sabotage--has not been treated in any depth in the liter

ature, it is possible to discuss the features of systems and pro-
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cedures which have been, designed to reduce the pt oability or con

sequences of sabotage. In general, these features do provide pro

tection. Also, for some facilities, and the transportation of 

certain waste materials, additional protective measures are re

quired by regulation. We therefore judge the risk from sabotage 

as adding only negligibly to the total risk." It should immediately 

be pointed out tiat a discussion of "features and procedures" de

signed to reduce the risk of sabotage in no way exhausts the sub

ject. The weaknesses of those features and procedures are not 

brought out. The report only says they provide protection. So 

does a bandaid. The question isi Is it enough protection? Neither 

does the requirement of additional procedures provide much in the 

way of real security. These are not proper bases for a judgement 

of the'risk of sabotage "...as adding only negli ;ibly to the total 

risk." 

Tne sabotage potential of the FR3S is obvious. Spent fuel pools 

at nuclear power plant sites do not have protective domes over them 

as do the reactors, contrary to p. 4-157, and neither does the FR3S. 

Such pools are quite vulnerable to a range of weapons widely avail

able today. Yet, the General Electric analysis described on p. 4-161 

is ludicrousi "For a correctly placed charge of reasonable size, 

the study indicates that about 10 percent of a single fuel element 

would be in the volume of serious blast damage,..the probability 

of a radioactive aerosol appearing at the site boundary, according 

to this analysis, is quite small." 

Likewise, the HLW tanks are obvious targets readily breached 

by widely available weapons. The hypothetical incident analyzed is 

far from the worst case. 

" a list of speculative saboteur motivations on p. 4-154 omits 

symbolic destruction and, obvious as it is, power disruption. Fuel 

cycle facilities are owned and operated by large corporations which 

h?.ve their shara of disparagers. Locally, these facilities are-seen 

ar; symbols of t-'e companies. Damaging or destroying a single fuel 

c^cle facility vhich serves many power plants would go farther 

toward disruption of power supply than such an attack on a power 

plant. The Mitre Corporation has identified this as a possible 

motivation for a foreign government. 

Abnormal Events A Accidents 

As stated iarlier, NUREG-0116 deals almost exclusively'with 

normal operations. Abnormal Occurrences, leaks, transients, and 

accidents are only occasionally and briefly mentioned although 

they are the major source of concern for most facilities. 

The term "accident" or "abnormal occurrence" appears in most 

of the sections but the accidents discussed are selected and in

sufficiently defined. The accidents selected are always less than 

the worst possible by a good margin. For some steps of the fuel 

cycle, accident considerations are omitted altogether, p. 2-2 

states,"Abnormal occurrences have been analyzed for most parts of 

the system, but the bases for these analyses are varied, and not 

all pertinent accident sequences have been analyzed." I must 

characterize that as somewhat of an understatement. 

At the FRS3 there is enough high-density, hi^h-intensity 

radiation for certain accidents to yield very serious consequences 

less than but comparable to reactor accidents. Ti3 FR3S is barely 

mentioned and accidents there are not mentioned at all. 

Reprocessing is a dangerous, multistep proceiure, with both 

radiological and chemical hazards. Fires, explosions, violent 

reactions, acid corrosion and criticality accidents all must be 
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prevented. The greatly oversimplified presentatic of reprocessing 

in KT;R^G-0116 does not do justice to the degree cf hazard involved. 

High-Level Waste tanks on Government reservations now have a 

history of considerable leakage. Over 100,000 gallons leaded in 

one incident. Over the long term, these tanks are failing. The 

possible impacts of HLW tank leaks of any size have not been con

sidered in NURHG-0116. 

The solidification facility is subject to a number of different 

kinds of accidents. But none of them are discussed in any detail 

and only a couple are mentioned. 

Accidents can also occur at the federal repository. These 

are likewise barely hinted at. 

Only the TRU waste" incinerator at the FRP is discussed in any 

detail ' in accident terms. But the impacts of possible accidents 

are played down. 

Transportation accidents are conceivable whizh could create 

serious hazards even if considered improbable. Tie incidence of 

shipping container leakage is not given. Shipping accidents are 

not discussed in NUREC—0116 and the discussion in the references 

does not cover all the possibilities. 

Natural events, such as tornadoes, earthquakes, and ice storms 

can play havoc with safety designs. Their potential is inadequately 

considered. 

The accidents selected for mention at each facility are rela

tively low-consequence (higher probability) accidents. This makes 

the facility seem safe to the casual reader who in left with the 

impressionthat all accidents have been considered. 

Effects on Biota Other Than :.':an 

There is no discussion whatsoever of radiological impacts on 

biota other than man. Protection of the environment, that is of 

the closely inter-related communities of biota that make up the 

environment, cannot b issured without a thorough ^tucy of radio

biological impacts. It is well known that reconcentra-ions of 

thousands of times are common for even single steps of many food 
3.3.3.1 

chains. Dilution of effluents is no guarantee of safety where 

long-l"ved materials and food chains are involved- This omission 

constitutes a major failure to comply with NEPA. 

Occupational Exposures 

~~ Occupational exposures are not treated in much,detail. At 

3.3.3.1 most steps they aren't even considered. For some odd reason, the 

authors decided to discuss them briefly in two steps, 

- p. 2-15 says, "Occupational exposure of workers during de-
R 

contamination is a significant impact of these activities.", then 

"goes on to say little more about it. Table 4,30 gives the total 

impact.as 1100 person-rems. Table 4.31 supposedly represents the 

3.3.3.1 same exposure normalized to- a RRY. But 37 person-rems/RRY would 

take cibout 3° years to reach 1100 person-rems. We are not told 

_ the reason for this discrepancy. How many persons receive the dose 

~ The only other mention of occupational exposures is in con-

3.2.10.1 nection with transportation. The hazard for drivers and other 

workers from transportation is inadequately defined. The use of 

"the figure 20 "for transport workers in Table 4,35 is never ex-

3.3.3.1 plained. None, of the tables in chapter two include a line for 

occupational exposures. 
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The Natural Resources Defense Council (NRDC) submits 

these comments on the Nuclear Regulatory Commission's (a) 

notice of proposed adoption of the substance of Table 2.10 as 

a revision to Table S-3 of 10 CFR Part 511. (41 Fed. Reg. 

4SS29 - 45853, October 18, 1976); (b) Environmental Survey 

of the Reprocessing and Waste Management Portions of the LWR 

Fuel Cycle, NUREG-0116 (Supplement 1 to WASH-1248), October 

1976 (hereinafter Task Force Report); and (c) "Impacts of 

Later Reversing a Decision To Adopt Or Not To Adopt An Interim 

Sale Permitting Construction Or Operation Of Nuclear Power 

.Plants," October 1976. 

I. GENERAL COMMENTS 

an Is sum, we find that the NRC has not established 

CON adequate record to support the proposed resumption of nuclear 

power plant licensing. The NRC's proposed total reliance on 

the simple numerical table, so-called Table S-3, to reveal the 

full potential environmental and safety hazards posed by re

processing and waste disposal is, (a) inconsistent with the 

decision by the United States Court of Appeals for the District 

of Columbia Circuit, Natural Resources Defense Council, et al. 

v. NRC, Nos. 74-1385 and 74-1586 (July 21, 1976) , and (b) in

adequate under the National. Environmental Policy Act of 1969 

and the Atomic Energy Act of 1954, as amended.— 

Furthermore, the Commission's proposed procedure of 

adopting an "interim* rule as a basis for licensing before it 

has fully completed the analysis required by NEPA, represents 

a blatant violation of the procedural requirements of NEPA and 

of the requirements set down by the Court of Appeals. NRDC's 

view rests on the fundamental purpose of NEPA to ensure consider

ation of environmental impacts before agencies take action. 

This analysis has recently been spelled out for this Commission 

by the U.S. Court of Appeals for the Second Circuit in Natural 

Resources Defense Council, et al. v. NRC, F.2d , 8 ERC 

2065 (2d Cir. 1976). 

NRDC believes that the Commission's attempt to justify 

its reliance on the superficial and incomplete analysis contained 

in the Task Force Report on the ground that it is doing so 

** Because the Commission in the instant proceeding has chosen 
to ignore its obligations under the AEA, NRDC on November 8, 
1976, separately petitioned NRC to make a definitive finding 
on the safety of disposing of high-level readioactive wastes. 
This safety issue was raised in NRDC's August 31 comments on 
NRC's General Statement of Policy, at pp. 67-69. 



only on an "interim" basis avails nothing. "Temporary" 

violations of NEPA and of Court decisions stand in no better 

position than permanent ones. The commitment of resources to 

reactor construction"projects without full consideration of 

environmental impacts represents the precise harm NEPA is 

designed to prevent, and the precise goal that the Commission's 

proposed interim rule is designed to accomplish. 

The Commission's proposed reliance on an "interim 

rule is further inappropriate in view of the Task Force 

Report's explicit reliance on GESMO for an accurate descrip

tion of reprocessing and waste management impacts that will 

result from future use of mixed oxide fuels. The Report 

specifically calculates reprocessing and waste disposal impacts 

based on the assumption the system receives material only from 

uranium-fueled LWRs. Task Force Report, at 1-4. The Report 

regards incremental impacts resulting from plutonium recycle 

as beyond the scope of the Report. See, e.g., Task Force 

Report, S 3.2.8, at 3-11. In other words, future potential 

impacts from reprocessing and waste disposal attributable to 

plutonium recycle are not treated in the Report. Since exist

ing reactors may utilize mixed oxide fuel, the NEPA evaluation 

of each reactor must disclose the potential for this incremental 

impact and must include it in the cost/benefit analysis. The 

Report has chosen, however, to leave this disclosure entirely 

to the GESMO proceedings. NRDC believes it is, therefore, 

patently inappropriate for the Commission to proceed with 

licensing until the potential incremental impacts that will 

result from plutonium recycle are determined and disclosed 

SOC 

[_ for inclusion in the consideration of each individual licensing 

proceeding.=^ So-called "interim" licensing in advance of that 

determination and disclosure is not legal. 

Substantively, NRDC finds the following major inadequa

cies in the Commission's analysis — defects that NRDC believes 

are so grave that they mean the Commission has no grounds on 

which to form judgments that will sustain licensing decisions: 

(1) In many critical areas, the Task Force Report 

issued by the Commission staff acknowledges the absence of 

critical analysis and information. It is not acceptable under 

NEPA or under the Court of Appeals decision for the Commission 

simply to identify a lack of information and make no effort 

to undertake the needed analysis or to obtain the necessary 

information. Plainly, in the three weeks during which the re

port was prepared, no reasonable effort to complete the 

analysis and obtain the needed information could have been 

made. 

(2) The information that is included in the report 

represents a hastily compiled potpourri of information from 

existing literature, from informal reports, from internal 

memoranda, and from rough estimates made by technical contribu

tors to the report. At no point does it appear that the 

Commission staff analyzed the validity of the studies utilized, 

of the calculations made, of information provided, or of the 

technical support for the conclusions reached. Indeed, in many 

& Potential incremental impacts due to plutonium recycle must 
also be included in Table S-3. 
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cases, the contributors were non-NRC personnel.— And it is 

plain from the time table on which this Report was prepared 

that no independent assessment of this work could have been 

_performed by NRC staff. 

~ (3) The Task Force Report's analv^is of potential 

impacts is based totally on theoretical extrapolation, and 

virtually not at all on the wealth of actual experience and 

-historical data related to reprocessing and waste disposal. 

For example, the Report fails to base any calculations on the 

government's experience at both Hanford and Savannah River in 

terms of environmental releases, and the "actual experience at 

low-level disposal sites such as Maxey Flats and West Valley, 

New York,is ignored. 

- (4) The Report largely devotes itself to analyzing 

the wrong questio-" The Report examines primarily the environ

mental impacts that will result if the technical system de

signed to minimize environmental impacts actually perform as 

predicted, or close to predictions. The Report, however, com

pletely fails to analyze and present the potentially major con

sequences of a failure of the needed technology to materialize 

either for technical or non-technical reasons. The possible 

failure to develop fully the needed technology or to apply pro

perly developed technology represent the primary potential 

mechanisms for substantial adverse environmental impact, and 

yet they go largely unmentioned in the Task Force Report. 

(5) Totally omitted from the Task.Force Report is an 

•* See Task Force Report, at F-2. 

3.3.3.2 
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analysis of the economic costs of waste disposal. In order 

to perform the cost-benefit analysis required by NEPA, it is 

clear that the Commission requires, at a minimum, some calcula

tion of the economic .costs of disposing of a nuclear reactor' 

waste.. The report, and Table S-3, completely ignore this 

_ obvious and necessary requirement for a complete NEPA analysis. 

(6) The quantification of "costs" that does exist 

in Table S-3 is meaningless; it must be translated into health 

_ effects and put in a proper context. 

(7) The Report fails to analyze at all the cumulative 

impacts involved in reprocessing and waste management. 

In publishing the Task Force Report, and in proposing 

to resume_licensing based on that Report on an "interim" basis, 

the Coisission clearly has decided to try to attempt only 

minimal and pro forma compliance with the requirements of the 

law. We find such behavior by the Commission that is supposed 

to be responsible for protecting the public health and safety 

from, the potential hazards associated with the nuclear fuel 

cycle, disappointing. And, as reflected in these Comments, we 

believe the Commission is now contemplating a course of action 

completely inconsistent with NEPA and with the decision of the 

Court of Appeals. 

SV 

In light of the Commission's obvious desire to 

avoid the difficult questions concerning the generation, 

handling and disposal of radioactive wastes, we see little 

to be gained by commenting again at length* on the proposed 

amendments to Table S-3. The Commission chose to ignore or 

_ arbitrarily dismiss the Issues and concerns raised in our 
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August 31 comments on the NRC's General Statement of Policy. 

(41 Fed. Reg. 34707-09; August 16, 1976). Since those comments 

are essentially as valid now as before.and since they pertain 

almost fully to the Commission's proposed interim rule, we 

incorporate them here by references and simply enumerate the 

major issues below and request the Commission to re-read our 

original comments for. details. For ease of reference, we 

have indicated the pages in our August 31 comments where each 

issue is discussed in more detail. 

1̂ 
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II. MAJOR DEFICIENCIES IN TABLE S-3 AND 

THE TASK FORCE REPORT 

In general, NRDC believes that the Commission has 

attempted to portray the Task Force Report as far more than 

the Report actually is. Indeed, NRDC believes that the 

Commission deserves to be roundly condemned for attempting 

to give formal status to what is essentially an extremely 

preliminary survey of the existing literature which gives 

seriously incomplete consideration to the hazards posed by 

reprocessing and waste disposal. 

A. The Task Force Report Fails To Provide Both 

Critical Information and the Commission's 

Independent Assessment of Potential" Impacts. 

For many issues, the Report simply states, for 

example, "The literature contains few analyses,"-i-' or "The 

long-range uncertainty. . .has hot-been investigated to date,"-* 

or "Not all pertinent accident sequences have been analyzed.*" 

In many parts of the Report, therefore, the analysis presented 

is acknowledged to be incomplete with no effort to fill the gap, 

apparently because the necessary analysis could not be carried 

4 / Task Force Report, at 4-102. 

J_/ Id., at 4-104. 

S_/ Id., at 2-2. 
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oat within the three weeks alloted to the task force to cou

plets its assignment.-i/ 

Indeed, in one particularly important,section, the 

task force reports to the Commission as follows: 

"Fast work does not however, fully cover 
the risk situations that should be explored. 
Representative studies have been done with 
varying degrees of depth and sophistication, 
but there are still uncertainties in areas 
such as—the effect of waste presence on re
pository stability; the probabilities and 
consequences of intrusive acts by humans; 
the validity of data used in modeling stu
dios; the design and regulatory actions 
naadad to minimize possibilities of repos
itory failure; projection of future socie
tal habits and demography, and, finally, the 
relative Importance of various potential 
Initiating events. 
These uncertainties have permitted consi-

_ derable controversy concerning the long-term 
* risks and impacts of disposal of radioactive 
$1 i aastas." JJ 

Following this confession, the Commission points out 

one parsons believe the risks are unacceptable, or 

believe that no general solution for disposal has been, adequately 

proven. Tha Task Force Report contrasts that view with the 

opposite -claw. However, the Report makes no effort itself to 

•fully cover the risk situations that should be explored" or 

to resolve, on tha basis of reasoned explanation, first, 

whether waste disposal is or is not feasible from both nontech-

aologioal and technological perspectives, and, second, what the 

7 / tea Task Force Report, at Appendix F for a description of 
taa e-Uea table on which tha report was prepared. 
J_/ Task Force •apart, at 4-94. 
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consequences are of an ultimate discovery that disposal is 

not possible. 

In short, the Task Force Report represents a bare 

beginning. It has summarized without independent analysis 

or judgment the literature that does exist. However, as NRDC 

pointed out at pages 20-21 of its comments on the Commission's 

General Statement of Policy, the analysis must represent the 

Commission's independent judgment and assessment. 

Perhaps the most egregious example of this consistent 

failure of the Report to present the Commission's independent 

judgment appears in its discussion of "Possible Events Causing 

Repository Failure."-' Failure of a high-level waste reposi

tory represents one of the most serious scenarios one can 

imagine that w>uld produce substantial environmental impact. 

Tet the Report's discussion of possible failures caused by 

the presence of high-level wastes in a geologic formation 

consists of the following: 

"Group 3 events or processes (those 
stimulated by the presence of wastes) have 
been discussed in Ref.'4 (Vol. 1, Sec. 3), 
but probabilities have not been estimated. 
Most of the work on these mechanisms has 
been concentrated on potential consequence 
evaluation. For example, Ref. 5, Section 
9.4 concludes that we are confident that 
energy storage [due to radiation damage] 
under the conditions that will prevail in 
the Repository does not carry any serious 
implications. Ref. 6, p. viii, in summari
zing radiolysis and hydrolysis in brines, 
concludes that no possibly-serious problems 
arising from radiolytic or thermal effects 
in the repository were recognized which 

* Task Force Report, at 4-86 to 4-87. 
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couldn't be counteracted by some 
modification of the design or operation 
of the repository. However, the possible 
effects have not been completely evaluated. 
Both references indicated that further work 
is planned. Other studies have been 
performed. "u/ 

331 1 
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Nowhere does the Commission attempt itself to assess 

the probabilities or to state whether it agrees or disagrees 

with the references. References 4, 5 and 6 include one report 

from Battelle Northwest Laboratories and two reports from 

the Oak Ridge National Laboratory, ranging from 3 to 5 years 

old. The full disclosire and cost/benefit analysis requirements 

of NEPA require more detailed analysis than a simple listing 

of references, at least for major potential environmental 

hazards. 

to 
CO 
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B. The Task Force Report Fails to Utilize 

Historical Experience With Reprocessing 

and Waste Disposal to Disclose Potential 

Impacts. 

The United States has had substantial experience 

in the fields of reprocessing and waste disposal — none of it 

fully satisfactory. Despite this empirical base, the Report 

essentially disregards actual experience in favor of theoretical 

prediction, which the Report often bases on documents prepared 

by the nuclear companies that hope to profit from reprocessing. 

The need for analysis based on historical data is fully set 

10/ Id, at 4-87. (footnotes deleted) 

forth at pages 16 to 19 of NRDC's Comments on the Commission's 

General Statement of Policy. For example, in its discussion 

of low-level waste disposal, the Report utilizes a so-called 

"model site,"—and assumes that the site will not experience 

12/ •' 
problems as severe as existing sites.— Yet, no calculations 

are presented based on an extrapolation from actual experience 
3 

from "real" low-level waste disposal sites that would justify 

the Report's optimism about future releases. The historical 

experience at existing, low-level waste burial grounds, both 

commercial and governmental, would be a far more specific 

source of information than idealized predictions. Tha Report's 

calculations with regard to impacts from the operation of a 

reprocessing plant are similarly based on a "model" plant and 

do not include reference to the specific experience gained at 

government plants at Banford and Savannah River, or experience 

_ at the Nuclear Fuel Services Plant at West Valley, Raw York-.i2/ 

— C. The Task Force Report Fails To Analyze Tha 

Environmental Consequences Of The Failure Of 

Haw Technology Either To Perform As Predicted 

1 3 Or To Become Available As Predicted. 

To a large extent, tha Report's analysis places 

reliance on technologies that have not been utilized on a 

commercial scale to date, without presenting reasonable grounds 

— ' Task. Force Report, at 4-123. 

i^/ M., at 4-128. 

i3/ id., at 4-8 to 4-10. 



for the belief that such new technology will in fact be properly 

implemented on a commercial scale. As Chairman Rowden in his 

testimony before the Joint Committee on Atomic Energy on May 12, 

1976, pointed out: 

"Among the ingredients for the Safe 
management of nuclear wastes two that 
stand out are a trustworthy technology 
and a process for the timely implementa-

3.4.1.3 tion of that technology . . . . Having 
the technology on the shelf is not 
enough. . . . Organizations must carry out 
the tasks." 14/ 

NRDC pointed out in its Comments on the General State

ment of Policy at pages 18-19, that the commission must care

fully identify any assumptions it makes that a particular 

technology can or will be implemented in a timely fashion 

and specify the institutional and organizational mechanism 

on which it bases that assumption. 

It is interesting to note in this regard that the Task 

Force Report itself condemns past waste management policy on 

the grounds that past policy was based (1) on the erroneous 

belief that "technological expertise is alone sufficient to 

SV solve the waste management problem" and (2) on the similarly 

misguided viewpoint that 'consideration of nontechnoloqical 

problems is not only irrelevant, but in many cases is actually 

a hindrance to technological progress?—' However, the Report 

never responds to the conclusions implicit in these observations. 

Tbe Report never evaluates the consequence of "non-technological" 

CD 
I 

•ea* 

8 

r 
OS Testimony of Marcus A. Rowden, Chairman, Nuclear Regula
tory Commission, Before the Joint Committee on Atomic Energy, 
at 5 (Hay 12, 1976). 

12/ id., at D-4. 
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problems, and never evaluates "implementation" processes, and 

never considers the consequence of failures in these areas. 

Moreover, the Report never considers the possibility that 

the perspective it condemns will continue into the future and 

never evaluates the environmental consequences of a continuance 

of such policies. 

D. The Task Force Report Fails To Undertake 7_ny 

Analysis Of The Actual Economic Costs Attributable 

To Reprocessing And Waste Disposal. 

Plainly, in order to complete an adequate cost/ 

benefit analysis of an individual reactor, the EIS must at a 

minimum compare the economic benefits to be produced by a reactor 

against the economic costs of building and maintaining the plant, 

and of disposing of that plant's wastes. In this regard, it 

is important to emphasize that the analysis provided by the 

Energy Research and Development Administration in its Technical 

Alternatives Document—' did not provide information on the 

costs of potential disposal options. The costs associated with 

disposal of high-level wastes, decommissioning wastes, trans-

uranic-contaminated wastes, gaseous wastes, and low-level wastes 

must be analyzed with particular care. In particular, the 

Commission must compute and highlight the potential increase 

in cost created by the need to send long-lived wastes, such 

as transuranic-contaminated wastes, and decommissioning wastes 

= 2 / U.S. Energy Research and Development Administration, 
Alternatives of Managing Wastes From Reactors and Post-Fission 
Operations in the LWR Fuel Cycle (ERDA-76-43) (May 1976). 



(e.g~. those wastes showing substantial levels of activity from 

nickel-59), to a geologic repository. NRDC believes that the 

potential for extremely significant escalation in these costs 

must be fully analyzed and presented for a NEPA statement on 

an individual power plant to be adequate. 

E. A Numerical Table Cannot Satisfy The 

Requirements of NEPA. 

In NRDC's comments on the Commission's Ger. ral 

Statement of Policy, NRDC set out at some length the reasons 

why the simple incorporation of Table S-3 "in an environmental 

impact statement applicable to the issuance of a license for 

individual reactor would not satisfy the National Environmental 

Policy Statement.—' The Report's text makes clear why a 

simple numerical table, such as Table S-3, does not and cannot 

meet the requirements of NEPA. All of the observations set 

out in NRDC's August 31 comments still apply, and, moreover, 

the proposed numerical changes in Table S-3 cannot even accurate

ly reflect the critically important cautionary caveats that 

are contained in the Task Force Report. For example, the 

Report points out that some of its evaluations were made "on 

the basis of information . . . not sufficiently complete" for 

18/ definitive judgment."—' Many of these judgments are central 

to disclosing the full potential environmental impact from 

waste disposal: 

=-> See NRDC comments at pp. 50-53. 

— f Task Force Report, at 2-18. 

"In arriving at the impacts tabulated below, 
a number of judgments had to be made on the 
basis of information which is not sufficiently 
complete for a detailed estimate of risk 
or impact. These judgments are noted in 
the textt and are only listed here. 

- long-term risk of failure of the repository — 
negligible (based on some analyses which 
are indicative but not comprehensive) 

risks from sabotage — negligible (based on 
required design features and physical 
protection measures) 

- impacts from accident sequences other than 
those analyzed — negligible (based' on 
analyses of representative accidents) 

- special risks from the disposal of spent 
fuel or separated plutonium — negligible 
(based on experience with these materials . . 
and the preliminary analyses in Chapter 4 . ) " — ' 

At smother point, the Report emphasizes that "[tlhese 

uncertainties have permitted considerable controversy concerning 

the long-term risks and impacts of disposal of radioactive 

wastes," but that the "[rlesults of [differing] assessments 

are not subject to proof in the usual demonstration sense. 

Their evaluation will depend on one's degree of confidence in 

the validity of the results and on subjective judgments as . 

to what levels of risk are acceptable."—' Such important 

warnings and qualifications cannot be found in Table S-3 or 

the proposed amendment to Table S-3. NRDC continues to believe 

that a narrative chapter is absolutely required to satisfy 

NEPA's requirements for full disclosure of potential environ

mental impacts in the EIS on each individual reactor. 

12/ Id., at 2-18. 

22/ Id., at 4-94. 
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The Commission Has Not 

Considered Cumulative Impacts 

The Commission must analyze fully the cumulative 

impacts involved in reprocessing and waste management for the 

reasons set out at pages 10-13 of NRDC"'s Comments on the 

Commission's General Statement of Policy. There is no dispute 

that .the Commission has neither assessed cumulative impact? 

nor proposed incorporation of cumulative impacts in Tfblu d-3. 

The Task Force Report admits that (a) the analysis therein is 

for "a single model reactor operating for a single year"-^/ 

and (b) "a simple multiplication of the values in Table S-3 

(or any other table [in the Report1) is not adequate to show 

cumulative impacts."—On this basis alone, the amended Table 

.. 8-3 cannot meet the requirements of NEPA. 

In addition, the proposed revision to Table S-3 omits 

the potential environmental impacts that would flow from use 

of mixed oxide fuels in reactors. This omission, in NRDC's 

judgment, also renders Table S-3 inadequate to disclose fully 

the potential environmental impacts from the construction and 

operation of an individual reactor. While the Commission may 

assess the overall environmental impacts that will flow from 

the use of mixed oxide fuel in GESMO,that overall determination 

does not relieve the Commission of the duty to disclose fully, 

in each individual reactor EIS, potential environmental impacts 

due to the use of mixed oxide fuel. Moreover, the potential 

2S/"M., at 2-19. 

22/ id.., at 2-20. 

incremental environmental impact from use of mixed oxide fuel 

GR8 must also be included in the initial cost/benefit analysis 

of whether or not to construct each reactor. 



III. THE PRELIMINARY CANVASS OF tfNEVAHJATED DATA 

IN THE TASK FORCE REPORT DEMONSTRATES THE NEED 

FOR GESMO-TYPE PROCEEDINGS, AND THE IMPRO

PRIETY OF THE PRESENT ADOPTION OF AN 

"INTERIM" ROTE 

NRDC has stated its view that the Commission has done 

a serious disservice to the public and to the NRC staff by 

treating the Task Force Report as a final and comprehensive 

document, rather than acknowledging the obviously rough, prelim

inary, and incomplete analysis that it represents. Not only 

is the information and data that it presents unchecked and un-

assessed by the independent judgment of the Commission or its 

staff, but in many instances the data comes from draft or 

preliminary documents, many of which themselves are subjects 

of substantial controversy. For example, the Report's discus

sion of the environmental impacts to be expected from a radio

active waste solidification facility references the Preliminary 

Safety Analysis Report from the proposed EXXON Fuel- Reprocessing 

Plant, the Final Safety Analysis Report of the Barnwell Reproces

sing plant, and a draft supplement to the Final EIS on the 

Barnwell Plant.-23/ 

In addition, for many of its predictions, the Task 

Force Report identifies the final GESMO statement as the source 

for its data. At other points, the Task Force Report references 

internal memoranda, many dated September of '1976 and apparently 

generated for the purpose of the current Report. Other 

— ' See Task Force Report, at 4-177. 
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documents referenced are old Atomic Energy Commission docu

ments and documents produced by the Energy Research and Develop

ment Administration... It is critical that these writings be 

carefully evaluated. Since the Commission has chosen not to 

engage in this analysis, NRDC believes that an accurate assess

ment of waste management can result only from an opportunity 

to explore fully the basis for important conclusions and the 

basis for critical judgments, such as those discussed in section 

_ II.A. above. For these reasons and for the reasons set out 

at pages 53 to 64 of NRDC's comments on the Commission's General 

Statement of Policy, NRDC believes that the Commission should 

adopt GESMO-type procedures for the conduct of the present rule-

_ making proceeding. 

The weakness of the analytical data provided in the 

Report further demonstrates that the interim adoption of any 

rule without the opportunity to explore the basis on which the 

Report's conclusions rest would not satisfy NEPA's require

ments. Further, the Commission's Chairman, Marcus Rowden, 

has recently noted in a speech how central the GESMO analysis 

is to any assessment of the environmental impacts from waste 

disposal: 

"The reprocessing decision will directly 
affect the nature and amount of nuclear 
wastes to be disposed of during coming 
decades. 24/ 

—Sf Remarks by Chairman Marcus A. Rowden, D.S. Nuclear Regulatory 
Commission before the Annual Conference Banquet of the Atomic 
Industrial Forum and the American Nuclear Society, Washington, 
D.C, November 17, 1976, reprinted in U.S. Nuclear Regulatory 
Comm'n, News Releases, Vol. 2, No. 44, Week Ending Nov. 23, 1976. 



Given the important impact that plutonium recycle will have on 

radioactive waste disposal, NRDC believes that Commission action 

on a rule quantifying and assessing potential impacts from 

waste disposal ought properly to await the outcome of the 

GESMO proceedings. 

00 
I 
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IV. THE COMMISSION'S COST/BENEFIT ANALYSIS 

WHOLLY FAILS TO JUSTIFY AN INTERIM RULE. 

We find that the October "Impacts" document is wholly 

inadequate for assessing the relative costs and benefits of an 

interim rule permitting resumption of nuclear power plant li

censing at this time. Briefly, the analysis in the "Impacts" 

document fails (a) to present any information about the economic, 

environmental and health'costs of generating, processing and 

disposing of radioactive wastes, that are necessary to an ade

quate cost/benefit or cost/risk assessment for either the 

generic proceeding or individual reactor licensing proceedings; 

-(b) to provide costs on a discounted basis; (c) to assess on 

an individual reactor basis the reasonableness of the assumption 

that "when a nuclear power plant becomes available, it will be 

operated. ."; (d) to consider on an individual reactor basis 

the possibility that factors unrelated to the instant proceed

ing may, in any event, delay construction and/or operation so 

that the impacts of limited delays caused by the absence of 

an interim rule would be negligible; (e) to assess on an indi

vidual reactor basis the availability of means for "making up" 

any delays caused by the lack of an interim rule; (f) to evaluate 

the economic benefits of a delay in reducing the size of future 

rate increases in areas such as the Pacific Northwest, where 

the existing hydro-electric energy is much cheaper than nuclear 



energy; (g) to discuss the uncertainties in the estimates of 

probability and consequences of nuclear plant accidents pre

sented in the Reactor Safety Study (NUREG-75/014); and (h) to 

analyze the full range of cost estimates for 'decommissioning 

large (1000MW) plants. In general, the analysis is so super

ficial and misleading as to be useless for decisionmaking pur-
i 

poses. 

However, more importantly than the major deficiencies 

in the "Impacts" document, such a cost assessment, in any event, 

is irrelevant to a determination, prior to reactor licensing, 

that there is "reasonable assurance that the activities authorized 

by the operating license can be conducted without endangering 

the health and safety of the public" and that "the issuance 

of the license will not be inimical. . .to the health and 

safety of the public." 10 CFR S50.57 (a)(3), (a) (6). 

J&rte nf California 
GOVERNOR'S OFFICE 

OFFICE OF PLANNING AND RESEARCH 
MOO TENTH STREET 
SACRAMENTO 05814 
(916) 445-0613) 

December 13, 1976 

William Bishop 
Nuclear Regulatory Commission 
Washington, D.C. 20555 

SCH #76102963 Environmental Survey of Reprocessing 

Dear M r' • B i s h°P : 

The.above listed project was submitted by the State Clearinghouse 
to numerous State agencies for review. The review has been 
completed, and there were no comments on the project. 

This letter verifies your compliance with preapplication review 
requirements. Please attach it to your formal application. 

PJQ We request that you use the State Clearinghouse number assigned 
to your project on the cover page of your application and on all 
subsequent references to this application, since it will be used 
by the funding agency when the State Clearinghouse is notified 
of the awarding of your grant. 

Thank you for your cooperation.. 

Sincerely, 

William G. Kirkham 
Management Systems Officer 
State Clearinghouse 
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UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSION 

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD 

In the Matter of 

KANSAS GAS AND ELECTRIC COMPANY and 
KANSAS CITY POWER AND LIGHT COMPANY 

(Wolf Creek Generating Station, 
Unit No. 1) 

Docket No. STN 50-482 

COMMENT TO THE NUCLEAR REGULATORY COMMISSION 
BY MID-AMERICA COALITION FOR ENERGY ALTERNATIVES 

Mid-America Coalition for Energy Alternatives, on its own 
behalf and on behalf of its members , hereby comments to the Nuclear 
Regulatory Commission regarding the Interim Rule, Table S-3, 10 
C F R 5 1 . 

1. Mid-America Coalition for Energy Alternatives, hereinafter 
referred to as MACEA, is a non-profit corporation, organized under the 
laws of the State of Missouri, qualified to do business in Missouri, with 
lawful corporate administrative offices at 2510 West 51st Street, Shawnee 
Mission, Kansas. 

2. MACEA has approximately one hundred (100) individual 
members residing in the metropolitan area of Kansas City, Missouri 
and Kansas City, Kansas served by Kansas City Power & Light Company 

'in Kansas. In Kansas, MACEA individual members res ide la the cities of 
Lawrence, Topeka, Burlington, Westphelia, Wichita, Ottawa, Sallna, 
McPherson, Hutchinson and Hays, in the counties of Anderson, Osage, 
Allen and Franklin which border Coffey County, Kansas. 

3. MACEA has intervened In the matter captioned as : In the 
Matter of Kansas Gas and Electric Company and Kansas City Power & 
Light Company (Wolf Creek Generating Station, Unit No. 1), Docket 
No. 50-482, which licensing proceeding will be impacted by the Interim 
Rule, Table S-3, 10 CFR 51. 

2 

4. MACEA, on October 19, 1976, requested its attorney to 
obtain NUREG-0116 (Supp. 1 to WASH-1248), "Environmental Survey 
of the Reprocessing and Waste Management Portions of the LWR Fuel 
Cycle", together with a copy of the Interim Rule, as noticed on October 18, 
1976 (41 F .R . 45849). MACEA received NUREG-0116 and the Interim Rule 
from Mr. Riddle. Counsel for the.NRC Staff, on November 19, 1976. 
MACEA has had inadequate opportunity to respond to and comment upon 
the Interim Rule. 

5. Notwithstanding inadequate time to consider the Interim Rule 
proposed by the NRC, MACEA has stated that notice and comment interim 
rule procedure violates basic principles of due process which precludes 
interested parties from fully evaluating the environmental survey, c r o s s -
examination of authors of the environmental survey, confrontation of the 
authors of the environmental survey and of the NRC Staff. It further 
precludes MACEA and other interested parties from presenting any 
direct evidence other than to comment upon the environmental survey. 

MID-AMERICA COALITION FOR 
ENERGY ALTERNATIVES 

Attorney for Intervenor, Mid-America 
Coalition for Energy Alternatives 



New York State Department of Environmental Conservation 
50 Wolf Road, Albany, New York 12233 
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Commissioner 

PETER A. A. BERLE 

BD 

9 December 1976 
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Mr. Samuel J. Chilk 
Secretary of the Commission 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Dear Mr. Chilk 

The State of New York has completed its' review of the U 
Nuclear Regulatory Commission proposed amendments to Table S-3 of 
10 CFR Part 51 and the corresponding Supplement 1 to WASH-1248 
which were published in October 1976. In preparing the enclosed 
detailed comments, we have taken into consideration the views of 
other interested State Agencies. 

Criteria are now being developed by the U. S. Nuclear Regula
tory Commission, but are not complete in the following areas related 
to waste disposal-

-acceptable risk for use in evaluating the effectiveness of pro
posed waste management; handling transportation, storage and 
disposal schemes. 

-classification of waste according to the degree of confinement 
necessary. 

-performance criteria for solidified high level waste. 

-site selection criteria for high level waste repositories. 

-site selection criteria for low level waste burial sites. 

" -operating criteria for low level waste burial sites. 

-criteria for escrow funds necessary to carry out these operations. 

Some of these criteria are discussed in Appendix C of NUREG-0116. 
When these criteria have been developed, a more accurate assessment 
can be made of the environmental impacts of the Waste Management por
tion of the light water reactor fuel cycle. Indeed, when each of these 
criteria have finally been developed, 10 CFR Part 51 should be amended 
to reflect the environmental impacts related to operations governed 
by these criteria. 

loxUthu^ 
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The Survey should contain a discussion of the cost of carrying 
out the necessary operations and therefore, a cost-benefit analysis^ 
which is an important part of any environmental surveys, should also\ 
be presented. 

The report does not discuss how much backfittmg will be neces
sary for past operations to conform to future criteria. Such back-
fitting is mentioned briefly on page D-3 where a public official at 
Idaho demanded the removal of all plutonium-contaminated waste buried 
in the past. Backfitting will also be necessary for the high level 
waste at West Valley and may be necessary for the plutonium-contam
inated waste buried there. 

It is difficult to give the decision-makers insight to the many 
unresolved issues in reprocessing and waste management in any summary 
table such as S-3 or a modified S-3. Therefore, a complete discussion 
should be presented on Waste Management and Reprocessing for each 
nuclear facility licensed by the Commission and not just a short Table 
as proposed. 

Some of the unresolved issues of particular concern to New York, 
not adequately dealt with in the report, are listed below: 

-The fuel hulls and hardware buried in the NRC licensed burial site 
at West Valley contain considerable quantities of plutonium, well 
over the ten nanocuries per gram. What will be the final disposi
tion of these wastes? 

-Where will the spent fuel now m storage at West Valley be moved 
to for final disposition? 

-What are the radiation levels and plutonium contents in the repro
cessing cells at West Valley? What are volumes of radioactive waste 
and transuranic waste involved in the decommissioning and dismantling 
of the reprocessing plant and how does it compare with the model 
plant m the report? Will the escrow funds be sufficient to cover 
the cost? 

-What will be the final disposition of the high level waste now at 
West Valley? 

The "Evolution of Waste Management and Reprocessing Policy and 
Philosophy" is well presented m Appendix D of the report. What is not 
presented is how the development cost associated with this learning will 
be absorbed by the nuclear energy industry. 

Thank you for providing the state the opportunity to comment on the 
proposed amendments and corresponding Environmental Survey. It is 
requested that you give our comments your utmost consideration sinc« the 
waste management portions of the light water fuel cycle require imnediate 
and environmentally compatible decision making. 

Sincerely yours. 

Theodore L. Hullar, Ph. D. 
Deputy Commissioner for 

C. Simian Programs and Research 
J. Cohen 
W. R. Werthamer 
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State of New York 
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"Environmental Survey of the Reprocessing 

and Waste Management Portions 

of the LWR Fuel Cycle ' 
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§ 3.2.3 
(NUREG - 0116), 

Published October 1976. 

3.2.7 1 I 

3.4.2.5 J 7' 

December 9, 1976. 

Page 1-2 - The third paragraph discusses the functions of repro
cessing and the second sentence reads 'All of these materials' 
are made into a form suitable for shipment to the next step in the 
fuel cycle or to disposal." it should be noted that for NFS the 
high level wastes are in liquid form and are not suitable for snip-
ment The paragraph gives the impression that reprocessing and 
waste disposal are accomplished goals which is not the case. 

Page 1-4 - The second paragraph begins "The system chosen for 
analysis is a realistic and likely system." The evaluation of 
acident scenarios using the more conservative dispersible calcine 
should not unduly influence the selection of the solidification 
system since the glass product has significant environmental advan
tages . 

This same concept of conservation may result in an erron
eous comparison in evaluating the environmental impact of No Recycle 
versus uranium Only Recycle. The assumption in Section 2.6 that all 
of the gaseous fission products escape from the sDent fuel gives an 
upper limit of the effects. This may not be realistic and may down 
play the environmental advantages of not reprocessing. One of the 
advantages of no recycle is there is no reprocessing plant to decom
mission and there may be far less gaseous fission products released. 

Page 2-6 Section 2.3 - Transuramc-Contaminated Wastes - It would 
be more appropriate to mention the Transuramc waste buried at NFS 
m this section rather than under section 2.3.4 concerning transpor
tation. 

Page 2-14 Section 2.7.3 Disposal - The second paragraph in this 
section identifies the problem of intentional removal of contaminated 
materials but does not refer to the problem of trenches filling with 
water and overflowing which has occurred at two commercial burial 
sites; Maxey Flats and West Valley and the federally operated site at 
Oak Ridge. 

Page 2-19 Section 2.11 The identification and evaluation of the 
impact of carbon-14 released from fuel reprocessing is a significant 
improvement over the previous report WASH-1248 and is responsive to 
New York State's comments on WASH-1248. 

The statement on buried solids"...we anticipate no environmental 
(radiological) impact from them" is neither realistic nor conservative 
in light of the experience at Maxey Flats, Oak Ridge and West Valley. 
While studies indicate these impacts are low they should be evaluated 
in this report. 

Table 2.5 The basis for the 70 curies of solid waste resulting from 
both storage and packaging of spent fuel is not clear. 

Table 2.10 Page 2-33 There is a mathematical error in the totals for 
NUREG-0116 for gaseous fission products. The total should be 0.183. 



Table 2.11 The relative dose commitments for Reprocessing versus 
Spent Fuel as a waste may again be misleading because of the conser
vative assumption that all of the gaseous fission products escape 
from the Spent Fuel during storage. The total person-rem of 370 
for spent fuel storage and disposal is greater than the 330 person-
rem/RRY for Reprocessing. The conservative approach for establish
ing an upper limit of environmental and health impacts is desirable 
but should be used with caution in comparing and selecting the waste 
management alternative for the nuclear power industry. 

The Dose Commitment estimate of 37 Person-Rem for decommission
ing may not be conservative if it is based on level of radiation and 
quantities of material removed during the Elk River Reactor disman
tling. Reference to actual levels of radiation in the head end cells 
at NFS and comparison with the levels at Elk River and the relative 
quantity of material with high radiation levels should be provided 
to support the conservatism of the 37 Person-Rem dose commitment. 

Section 3.2.9 The discussion of repositories for transuranic wastes 
refers to two categories. Shallow land burial will be used for low 
level wastes if tne transuranic content is "sufficiently low". A 
specific limit is needed to determine when low level wastes contain
ing small quantities of transuranics may be placed in shallow land 
burial. 

Table 4.1 The footnote on NFS should be updated to agree with the 
text on page 4-6. 

The discussion on the Midwest Fuel Reprocessing Plant leaves 
an implication that the General Electric Company may elect to modify 
the plant to process spent fuel. The General Electric Company esti
mates of cost and time to so modify the plant should be included to 
place this implication in perspective. 

Section 4.2.1 The discussion on Tank Storage notes the existence of 
the 600,000 gallons of high level wastes and later notes that NFS in 
February 1976 had advised NRC that NFS olanned to eliminate the neces
sity for high level waste storage by solidifying the waste immediately 
after generation. Even though NFS is terminating the reprocessing 
service, this concept should be supported by a regulatory requirement 
to eliminate the need to store high level liquid wastes. This need 
for regulatory control is emphasized by the detailed discussion of the 
AGNS-BNFp Tanks that were built to accept the high level liquid wastes 
Without a regulatory action to preclude such storage, the NRC conclu
sion on page 4-17 in this regard is questionable. NRC states "Thus 
it is concluded that large inventories of liquid high level waste in 
storage will not be characteristic of commercial FRP's". 

Section 4.6 The discussion of Spent Fuel as a waste refers to this 
approach as the throwaway fuel cycle. The report should indicate that 
there is an option to store the spent fuel in retrievable storage for 
periods ranging from 10-40 years in order to reorocess and recover the 
uranium and plutonium in the future should such need be demonstrated. 
The report's evaluation of the spent fuel being placed in non-retriev
able storage is conservative as a ma^or environmental concern is the 
storage of either the spent fuel or the high level wastes from repro
cessing for thousands of years. 

-6-

Section 4.6.2.1 The technology described" for packaging of spent 
fuel involves sealing the spent fuel in steel canisters backfilled 
with helium. A report by US ERDA referred to a packaging concept 
using lead in the canister rather than helium. The basis for 
selecting the helium-filled canister as a model should be noted 
and the effect of this choice on the assumption that all gaseous 
radionuclides would be released in a short period of time should 
be discussed. 

Section 4.6.3.4 The first paragraph could be clarified by adding 
the phrase "since the gases were released m the reprocessing of 
the spent fuel". 

Section 4.7.3.1 The technology selected for discussion for disposal 
of low level waste is shallow land burial. The report notes that 
there has been considerable experience at both ERDA and commercial 
facilities and implies that additional commercial sites will be 
available as the need for such capacity arises. The lack of any 
commercial burial site in the northeast since NFS voluntarily 
suspended operation m March 1975 indicates the increasing problems 
involved in qualifying a site to provide the needed retention of low 
level waste for hundreds of years. To be conservative the report 
should consider the possibility of future low level waste disposal 
sites being limited to arid areas of the country. This limitation 
on sites would increase the transportation of low level waste. The 
resulting increased transportation costs may result in an option to 
increase the discharge of low level waste to the air and water at 
the point of production. 

Section 4.7.3.2 The indication in the first paragraph that the 
trenches are filled to within five feet of the surface is mislead
ing. Such a limitation has advantages and should be considered as 
a criteria for low level burial sites. However, the practice has 
been to fill the trenches with wastes up to the surface. 

Section 4.7.3.3 The Bases for Impacts is a model site that NRC 
considers representative of those in the humid eastern states. 
There are substantial differences at some of the existing sites 
from the model site. If the model site is to be used on a conser
vative basis for evaluating impact from future sites, then NRC 
should establish the significant criteria used for the model site 
as regulatory requirements for all future sites. 

The analytical overview of possible impacts from natural pheno
mena refers to the movement of non-radioactive materials into the 
environment. This overview should include both the radioactive and 
non-radioactive materials. 

Section 4.7.3.4 The discussion on resource use indicates that there 
will be no potential for direct radiation exposure within the 
restricted area. This does not take into account the small increase 
in direct radiation through the trench cover that may be authorized 
by the operating license. It would, therefore, be possible to have 
some small increase in direct radiation above natural background. 

The discussion on page 4-125 of tne radiological aspects of the 
operational period of the burial sites indicates that there is little 
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data from commercial burial sites concerning releases to the 
environment. There is a reference on page 4-127 to releases of 
radioactivity from the NFS site (West Valley) and the Maxey Flats 
site. These releases occurred within the short operational time 
period of the total site although they occurred in completed 
trenches as a result of the Natural Phenomena discussion that the 
report implies occurs after the site operations terminate. 

The report also discusses in detail the experience of the 
Federal burial site at the Savannah River Laboratory. The report 
does not include pertinent information on the burial site at ORNL 
where radioactivity is leaving the site as a result of the natural 
phenomena discussed .on page 4-217 (ORNL 5017 & ORNL 5141). 

The discussion on air impacts of low level waste disposal 
indicates that there are no routine atmospheric effluents from the 
model sites. An on-going study at the NFS site has confirmed that 
radioactive gases generated in the trenches are leaving the trenches 
This study by New York State for EPA should be instrumental in 
determining the accuracy of the NRC hypothesis that the low produc
tion rate of these gases will not significantly affect air quality 
in the sits environs. 

Section 4.10.3 In discussing the environmental effects of sabotage 
the report includes the High Level Liquid Waste Storage Tanks. The 
evaluation is based on assuming the liquid high level waste is 
caused to boil and escape through the pipe tunnels over a period of 
five days. It is suggested that NRC evaluate the effects of the 
rupture of the tanks and concrete vault and the release of the high 
level liquid wastes to the environment, particularly any nearby 
stream, river or lake. 

Appendix C The NRC Haste Management Programs is described in 
Appendix C. It is clear that much work is still needed in the 
establishment of standards and criteria. This effort appears to 
have been given the needed priority to establish the criteria for 
wast* management on a timely basis. The lack of specific criteria 
requires either a conservative assumption of waste management 
impact or a commitment to criteria at this time that will assure 
that the assessment made on an assumption today will not be invali
dated by less conservative criteria in the near future. 

This approach would meet Chairman Rowden's objectives stated 
on page D-5 of not putting off decision or actions to future genera
tions or to unknown technologies, and of assuming and fulfilling 

' responsibility for the effective handling of the problems of nuclear 
wastes. 

Executive Department 

INTERGOVERNMENTAL RELATIONS DIVISION 
240 COTTAGE STREET S.E , SALEM. OREGON 97310 

December 16, 1976 

Samuel Chilk 
Secretary of the Commission 
Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Chilk: 

Re: Impacts of Later Reversing A 
Decision to Adopt or Not to 
Adopt an Interim Rule Permitting 
Construction or Operation of 
Nuclear Power Plants #7611 4 750 

Thank you for submitting your draft Environmental 
Impact Statement for State of Oregon review and comment. 

Your draft was referred to the appropriate state 
agencies. The State Department of Fish and Wildlife offered 
the enclosed comments which should be addressed in prepara
tion of your final Environmental Impact Statement. 

We will expect to receive copies of the final statement 
as required by Council of Environmental Quality Guidelines. 

Sincerely, 

ichael L. Burton 
Acting Administrator 

MLB:1m 
enclosure 

cc: W.P. Bishop/Division of 

Fuel Cycle & Material Safety 

•vxAj&t. 

AN EQUAL OPPORTUNITY EMPLOYER 



OREGON PROJECT NOTIFICATION AND REVIEW SYSTEM 

STATE CLEARINGHOUSE 

Intergovernmental Relations Division "sJuiv1 ™T 
240 Cottage street S.E., Salem, Oregon 97310 

Ph: 378-3732 0£C 3 '976 

P N R S S T A T F R F V 1 F H 

Pro j e ot , : 7 M 1 4 7 5 0 Return Date: DEC 10 1976 

ENVIRONMENTAL TMPAPT REVIEW PROCEDURES, 

1. A response is required to all notices requesting environmental review. 
2. OMD A-95 (Revised) provides for a 30-day extension of time, if 

necessary. If you cannot respond by the above return date, please 
call the State Clearinghouse to arrange for an extension. 

ENVIRONMENTAL IMPACT REVIEW 
DRAFT STATEMENT 

( ) This project does not have significant environmental impact. 

(P<) The environmental impact is adequately described. 

( ) We suggest that the following points be considered in the prepara
tion of a Final Environmental Impact Statement regarding this pro
ject. 

REMARKS 

-x. 
A g e n c y ^?M/) « lOdtUtUs By l^A^y " * ' V^^1 ' -

U.S. DEPARTMENT OF TRANSPORTATION 
REGIONAL REPRESENTATIVE OF THE SECRETARY 

SUIT! SIX TEN 
TWO EMBARCADERO CENTER 

SAN FRANCISCO. CALIFORNIA 94111 
415-3M-3W1 

December 2, 1976 

ARIZONA 
CALIFORNIA 
HAWAII 
NEVAOA 
AMERICAN SAMOA 
GUAM 
TRUST TERRITORY 
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W. P. Bishop 
Chief 
Waste Management Branch 
Division of Fuel Cycle and Material Safety 
United States Nuclear Regulatory Commission 

Washington, D. C. 20555 

Dear Mr. Bishop: 

This office has reviewed the report entitled, "Environmental 

Survey of the Reprocessing and Waste Management Portions 

of the LWR Fuel Cycle", and have no comments. 

We appreciate this opportunity to review the subject 

report. 

Sincerely, 

PETER A. SLOKENSKI 
Senior Staff Officer 



S T A T E P L A N N I N G B U R E A U 
State Capitol 

Pierre South Dakota 57501 
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Executive manogement 

30 November 19/6 

W. P. Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle and Material Safety 
U. S. Nuclear Regulatory Commission 
Wasington, D. C. 20555 

RE: EIS 040777 (41FR 34707) 

Dear Mr. Bishop — 
-rjG'wi&'VV 

The State Clearinghouse has distributed the report "Environmental 
Survey of the Keprocessing and Waste Management Portions of the 
LWR Fuel Cycle" for review. No comments were received 

Thank sou for the opportunity to review the report. 

CD 

ro 
DAftll.' rttJCKS 
Commissioner 
S t a t e P l ann ing Bureau 

December 3, 1976 

Secretary of the Commission 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Flu ̂ -D LI 
ATTENTION: Docketing and Service Section 

RE: COMMENTS ON PROPOSED INTERIM AMENDMENT 
OF TABLE S-3, 10 CFR § 51.20 

Pursuant to the notice of proposed rulemaking set forth at 41 Fed. Reg. 
45849-53, Carolina Power & Light Company (CP&L) submits the following comments 
and information. 

We wholeheartedly endorse the proposed amendment as an interim measure. 
In view of the current posture of NRDC v. NRC, Nos. 74-1385, 74-1586 (D. C. Cir.), 
we do not believe it would be appropriate for the Commission to take any action 
which would interfere with continued licensing unless there is compelling evidence 
that the environmental impacts associated with waste from reactors now in operation 
or on order, coupled with other environmental costs typically associated with an 
individual reactor, renders commercial reactors environmentally unacceptable. 
Clearly, such evidence does not exist. 

If there were any doubt about continuing licensing of individual reactors 
pending re-review of the values set forth in Table S-3, a comparison of the certain 
costs and risks of further delay in licensing with the wholly speculative possi
bility that adverse impacts from waste management and reprocessing will be the con
trolling factor in the NEPA cost/benefit analysis for individual plants removes all 
doubt. By way of example of the certain costs of further delay, we are providing 
as Attachment 1 an analysis of costs which CP&L would incur in the event issuance 
of a construction permit for the Shearon Harris Nuclear Power Plant (SHNPP) Units 
1, 2, 3 and 4 (for which an application is currently pending) is suspended until 
a final rule pertaining to Table S-3 is in place. As can be seen from the attachment 
serious impacts would occur, which we believe to be similar to those which would 
occur for other plants. Moreover, a general delay in licensing of all other plants 
would seriously jeopardize the feasibility of obtaining an alternate source of 
power to replace that which would be unavailable as a result of the delay in con
struction and operation of the Harris facility. 

We trust that the preceding comments will be useful to the Commission 
in formulating its final position on the proposed interim rule. 

truly, 

JAJ/mjc 
Attachment 

Executive Vice President 
Engineering, Construction & Operation 

ASM.. l*hj(?u 



ATTACHMENT 1 

We have evaluated the impact of deferring licensing of our Shearon 
Harris Nuclear Power Plant (SHNPP) Units 1, 2, 3, and 4 until after January 1, 
1978, if required, pending a final rule on amendment of Table S-3. 

Absent any delay pending a final rule on Table S-3, we anticipate a 
public hearing for SHNPP to conclude in February, 1977, and to receive a con
struction permit for SHNPP on May 1, 1977. Thus, if there is a delay pending a 
final rule and no licensing takes place until the final rule is adopted in 
January, 1978, we would experience an 8 month delay in starting project construc
tion. If we were successful in making up this lost time so that Unit 1 in-service 
date does not slip, an additional expenditure in the order of S23,000,000 would be 
required to overcome the inefficiency of the compressed schedule and of the cost 
of holding the supervisory organization together for the delay period. We would 
expect to lose (and have to rerecruit and retrain) a portion of our site organi
zation. If we do not make up the 8 months delay and the startup was delayed by 
an equivalent amount, an additional expenditure of about $51,000,000 would be 
required to cover increased escalation, allowance for funds used during construc
tion and nonproductive front end costs. In addition, a delay in the startup of 
Unit 1 from March 1, 1984, to November 1, 1984, would result in CP&L having to 
produce this lost energy from other sources. The increased costs of producing 
this energy would have to come from non-nuclear sources (assuming they are available) 
such as fossil steam, IC turbine, and combined cycle and would result in increased 
production costs of approximately $77,000,000. A further impact would result on 
operation of other CP&L nuclear units since in order to operate in 1984, our Robinson 
Plant must ship fuel to the Harris spent fuel pool In the fall of 1983, immediately 
following receipt of the operating license for Harris Unit 1. An 8 month delay in 
the Harris in-service date would force CP&L to consider other more expensive storage 
alternatives. There would also be a slight increase of about $1,800,000 due to the 
inflation incurred on the fuel investment if we must defer the materials and ser
vices required to manufacture the Harris Unit 1 fuel. 

R G Whittle, Jr 
STATE C U t M I N Q DtAECTOR 

STATE O F F L O R I D A 

9?partm?nt of Administration 
Division of State Planning 

660 ApalachM Parkway • IBM Building 

TALLAHASSEE 
32304 L 

(904) 488-1115 

Reubln O'D. A«kew 
eove««o« 

;. Gov. J. H. -J im- W i l l i a m " 

December 2 , 1976 
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Mr. Samuel 0. Chi Ik 
Secretary of the Commission 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Chilk: 

Functioning as the state planning and development clearinghouse 
contemplated in U. S. Off ice of Management and Budget Circular A-95, 
we have reviewed the fo l lowing d ra f t environmental impact statement: 

Environmental Survey of the Reprocessing and Waste Manage
ment Portions of the LWR Fuel Cycle SAI #77-0794E 

During our review, we referred the environmental impact statement 
to the fol lowing agencies, which we i den t i f i ed as in terested: the 
Department of Environmental Regulation, Department of Natural Resources, 
Department of Health and Rehabi l i ta t ive Services and the Public Service 
Commission. 

Agencies were requested to review the statement and comment on 
possible ef fects that actions contemplated could have on matters of 
the i r concern. As of t h i s date none of the reviewing agencies have 
submitted adverse comments on th i s pro jec t . I f we receive substantive 
comments we shal l forward them immediately. 

In accordance wi th the Council on Environmental Quality guidelines 
concerning statement on proposed federal actions a f fec t ing the environ
ment, as required by the National Environmental Policy Act of 1969, and 
U. S. Off ice of Management and Budget Circular A-95, th i s l e t t e r should 
be appended to the f i na l environmental impact statement on th is pro jec t . 

AitaW.:.-! :. ,.jJ^j/2U~ 



Mr. Samuel J . Click 
Page Two 
December 2, 1976 

c He request tnat you forward us copies of the final environmental 
<mpact statement prepared on this project. 

RSwJr:K:em 

Mr. 
Mr. 
Mr. 
Mr. 

J . Landers 
Lorlng Lovell 
Harmon Shields 
T. Mabry Ervln 

Mr. William J . Page, 
Mr. Walter 0. Kolb 

R. G. Whitt le, Jr 
D1rector 

Jr. 

UNITED STATES DEPARTMENT OF COMMERCE 
The Assistant Secretary for Scianca and Technology 
WMfengton. O.C. 20230 

December 6, 1976 

oc::::r ;cx:;:s 

BWOSED auu 

® 
Mr. W. P. Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle 

and Material Safety 
Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Bishop: 

We have reviewed the Nuclear Regulatory Commission's 
revised report entitled, "Environmental Survey of the 
Reprocessing and Waste Management Portions of the LWR 
Fuel Cycle," and offer the following comments for your 
consideration. 

The purpose of this survey is to supplement WASH-1248 
and provide an environmental survey of the Reprocessing 
and Waste Management portions of the LWR Fuel Cycle. 
These two areas had not been well covered in WASH-1248. 

" A great deal of material is covered in this document. 
The organization is good and the material well presented. 
However, if one were to attempt to form an independent 
technical judgment of the validity of numerical data 
presented, a large task would be involved since most of 
the numerical information comes from other documents. 
We have not attempted such a task. 

Based upon the material presented in this document, the 
environmental effects of reprocessing and waste management 
due to normal operations do not appear to be severe. For 
abnormal or accident situations, the case presented is that 
the reasonable worst case situation would also not be 
unacceptable. However, it is clear, and the document points 
out, that a systemmatic assessment of possible abnormal 
events has not been conducted, although .it is believed 
that typical worst case situations have been analyzed. 

Clearly the most serious threat, and the most difficult 
to analyze, is that related to disposal of long-lived 

_ wastes at a Federal Repository. The period of time that 

JUknsv.: : /*.&*££_ 
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such storage must retain integrity is so long that it is 
very difficult to assess whether all adverse situations 
have been considered. 

A detailed examination of the arguments, references, and 
conclusions contained in Section 4.4.2 on Long-Term Risks 
from Radioactive Wastes in a Geologic Repository would be 
a large task and would require a sizeable team of people 
with a variety of technical competences. From the point 
of view of a general physical scientist, it appears that 
the possible impacts have been systematically and thoroughly 
examined. 

Sincerely, 

Sidnev/ 1̂ . G&ttlerS"-
Deputy A s s i s t a n t Secretary 
for Environmental A f f a i r s 

sifiwstih 
UNITED STATES OF AMERICA 

NUCLEAR REGULATORY COMMISSION 

In the Matter of 

URANIUM FUEL CYCLE IMPACT FROM 
SPENT FUEL REPROCESSING AND 
RADIOACTIVE WASTE MANAGEMENT 

Docket No. RM-50-3 

JOINT COMMENT 

By notice published in 41 F.R. 45849, the Nuclear 

Regulatory Commission requested comments from interested parties 

on revised interim Table S-3. On the date hereof the State of 

New York ("New York"), the State of Texas ("Texas"), the State 

of Wisconsin ("Wisconsin"), and the California Energy Resources 

Conservation and Development Commission ("California"), have 

each filed certain comments concerning revised interim Table S-3. 

New York, Texas, Wisconsin, and California hereby jointly file 

this additional comment. 

In the above referenced Notice, the Commission pro-

/ided that after review of the comments, a final interim rule 

might be promulgated. If such a final rule were promulgated, 

the Commission stated that 

. . . a public hearing will be held in order 
to facilitate effective public participation 
on the question whether the interim rule 
should be amended for future use and, if so, 
in what respect. The time, place, and format 
for the hearing will be set forth in a separate 
FEDERAL REGISTER notice. 
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New York, Texas, Wisconsin, and California urge this Commission 

that the format of the future public hearings have provision 

for adjudicatory procedures, including cross examination of 

witnesses, on all issues where such procedures will serve to 

make the factual record full and complete. 

Respectfully submitted, 

John L. Hill 
Attorney General of Texas 

Troy C. Webb 
A s s i s t a n t At torney General 

of Texas 

Paul G . G o s s e l i n k 

Louis J . Lefkowitz 
At to rney General of t h e S t a t e 

of New York 

JoWri F . Shea, I I I 
A s s i s t a n t At to rney General of 

t h e S t a t e of New York 

C a l i f o r n i a Energy Resources 
Conserva t ion and Development 
Commission 

Vincent V. MacKenzie 
General Counsel 

Bronson C. L a F o l l e t t e 
At to rney General of the S t a t e 

of Wisconsin 

By: %£b*s C^ r-T^<€*^ 
XJohn E. Kofron J 

A s s i s t a n t At torney General 
of the S t a t e of Wisconsin 

December 2, 1976 
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December 2, 197 6 

LL 
Mr. Samuel J. Chilk 
Secretary 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

Re: Uranium Fuel Cycle Impacts From Spent Fuel 
Reprocessing and Radioactive Waste Manage
ment — RM-50-3 
41 Fed. Reg. 45849, October 18, 1976 

Dear Mr Chilk: 

In accordance with the notice of proposed rule 
making published by the Commission on October 18, 1976, 
the Office of the Attorney General hereby submits its 
comments on the modifications which the Commission pro
poses to make in Table S-3 of 10 C.F.R. S 51.20(e). 

The modifications to Table S-3 proposed in the 
notice would establish values for environmental impacts 
attributable to the reprocessing and waste management 
portions of the uranium fuel cycle based upon selected 
fuel cycle technology which is not yet completely deployed, 
but which is considered to be "... a realistic and likely 
system." "Environmental Survey of the Reprocessing and 
Waste Management Portions of the LWR Fuel Cycle," NUREG -

.0116, p. 1-4 ("NUREG - 0116"). However, there is consider-
' able uncertainty concerning the reprocessing and waste 
management technology which will be deployed. The pro
posed modifications to Table S-3 should reflect this un
certainty. 

I. 

The Commission disavows endorsement of any tech
nology for reprocessing or waste management by virtue of 
its selection as part of the reference system in NUREG -
0116. However, the Commission should recognize that //. 

aiztJ2.iL 
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Mr Samuel J. Chilk 
Secretary 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

selection of particular reference technologies for this pur
pose is not neutral in terms of later adoption of particu
lar technologies for deployment. For example, the selection 
of the geologic high level waste disposal concept as a re
ference system in NUREG - 0116 means that nearly 200 commer
cial power reactors will be operating or under construction 
pursuant to licenses or construction permits based in part 
on the acceptability of environmental effects of geologic 
disposal. The pressure to approve geologic disposal as op
posed to some other technology is, therefore, greater than 
it would otherwise be. Similarly, the proposed rule in
creases pressure on the utilities to adopt a particular de
commissioning alternative. Adoption of a particular decom
missioning alternative is now generally deferred in the 
Commission's environmental statement, although the several 
_known alternatives are described. 

The proposed rule involves increasing pressures not 
only on NRC decisions in the future, but on the future deci
sions of state agencies as well. For example, one mode of 
decommissioning of a reactor facility may cost more than 
another and affect the rate making decisions of the state in 
which the facility is located. There might be_greater pres
sure on that body to approve expenses of decommissioning if 
alternatives are foreclosed than if they are not. 

Each environmental statement containing Table S-3 is 
valid to the extent that Table S-3 describes environmental 
impacts accurately, based on known information and reason
able predictions based on such information. NEPA does not 
require "crystal ball inquiry." Natural Resources Defense 
Council v. Morton, 458 F. 2d. 827, 837 (D. C. Cir. 1972) . 
However, it does require the Commission to avoid foreclosing 
alternatives before environmental evaluations are complete. 
See, Natural Resources Defense Council v. NRC, F.2d 
(D. C. Cir. July 21, 1976) , Slip op. pp. 1TPI2. Accordingly, 

_we request the Commission to state in the final rule that 
the mere use of Table S-3 to describe environmental impacts 
of the fuel cycle, as they are known today, does not fore
close the Commission's options with respect to licensing the 
design, construction or operation of particular facilities 
in the future. 

http://aiztJ2.iL
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Mr. Samuel J. Chilk 
Secretary 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

II. 

The Atomic Safety and Licensing Appeal Board has 
already held with respect to the version of Table S-3 which 
is now effective that: 

The figures were developed in public rule 
making proceedings convened by the Commission 
specifically to consider such matters. 37 F.R. 
2419, (1972). They form an integral part of 
the New Regulation. To go behind them and 
challenge the basis on which they rest is in 
effect a challenge to the regulation itself. 
It may well be that these values rest on un-
firm footing. The Licensing Board, however, 
is not the proper forum for consideration of 
such matters. The Commission's regulations 
provide that "any rule or regulation of the 
Commission, or any provision thereof, . . . 
shall not be subject to attack. . . in any 
adjudicatory proceeding involving initial 
licensing. . . 10 C.F.R. S 2.758 (1974 rev.)" 
(footnote omitted). 

Potomac Electric Power Company (Douglas Point Nuclear Gener-
ating Station, Units 1 and 2), ALAB 218, 8 AEC 79, 89 (1974); 
See, Philadelphia Electric Company, et al. (Peach Bottom 
Atomic Power Station, Units 2 and3), CLI-74-32, 8 AEC 217, 
(1974). Thus, once the modifications to Table S-3 become 
effective, challenges to the values in the table in parti
cular licensing proceedings would be subject to the involved 
procedure for exception under 10 C.F.R. S 2.758 or relegated 
to rule making proceedings under 10 C.F.R. S 2.758(e). Al
though we do not disagree with the general approach of the 
regulation as interpreted in Douglas Point, the reprocessing 
and waste management portions of the Table should be care
fully limited in the rule to reflect the uncertainty as to 
the actual technology to be deployed, and to avoid the neces
sity to conduct lengthy legal procedures each time a some
what different proposal is made. 
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Mr. Samuel J . Chi lk 
Secretary 
U. S. Nuclear Regulatory Commission 
Washington, D. C. 20555 

We suggest that the text of 10 C.F.R. § 51.20(e) 
be amended to require a statement in each environmental 
report filed pursuant to the rule that the environmental 
impacts from the reprocessing and waste management portions 
of the fuel cycle are based on the reference system de
scribed in section 4 of NUREG - 0116. Such a statement 
might be as simple as the summary paragraph on page 4-2 
of NUREG - 0116. However, if a particular applicant's 
plans with respect to reprocessing, waste management, or 
decommissioning of its facility, differ from the reference 
system, the Environmental Report should be required to so 
state and should state how the values in Table S-3 would vary 
as a result. Such variations in the values of Table S-3 
should be subject to scrutiny in licensing hearings. See, 
Natural Resources Defense Council v. NRC, supra. Slip op, 

P . io n.~n: — 
In the alternative, the Commission should state, 

in the rule itself, the conditions under which the rule would 
apply. A similar approach was adopted in 10 C.F.R. S 51.20(g)(2) 
concerning the environmental impacts of transportation of fuel 
and waste to and from nuclear power plants. 

III. 

The environmental impact values specified in Table S-3 
for reprocessing and waste management describe those impacts 
for one reactor operating for one year. However, the values 
in the Table are not easily convertible to values describing 
the impacts for more than one year of operation for a parti
cular reactor or for several reactors. NUREG - 0116, pp. 
2-19 to 2-20. When the values in Table S-3 are incorporated 
in this form into a Final Environmental Statement by the regu
latory staff, the Licensing Board or other decision-maker 
within the Commission will not be informed of the total cumula
tive fuel cycle impact over the life of the facility in ques
tion.. See, Natural Resources Defense Council v. Morton, supra, 
at 833, n. lTI The final rule should provide either cumula
tive values representing impacts for the life of the facility 
or the assumptions and calculational techniques necessary to 
derive those cumulative values from the values given in the 
Table. 

Respectfully submitted, 

Anthony 

8:14-60 

~^t-i.cfaul!c^^i. 
Gambardella 



John E Kofron 
Assistant Attorney General 
(60s) 268 75*0 

QUfe j&aie of JUtsconsin 
BEpartmenl of fustice 

(Jllabtson 
53702 

December 2, 1976 

Bronson C La Follette 
Attorney General 

David J Hanson 
Deputy Attorney General 
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The Secretary of the Commission 
United States Nuclear Regulatory Commission 
Washington, D.C. 20555 

Attention: Docketing and Service Section 

Re: Environmental Effects of the Uranium 
Fuel Cycle - Docket RM-50-3 

DO 

CO 

I am enclosing my comments on the revisions to Table S-3 
of 10 C.F.R. part 51, as described in 41 Fed. Reg. 45849-45853 
(October 18, 1976), and 41 Fed. Reg. 49898-49899 (November 11, 
1976). 

My comments are based upon a review of the proposed 
revisions to 10 C.F.R. part 51, the documents issued in 
October of 1976 (NUREG-0116, and "impacts of later reversing 
a decision to adopt or not to adopt an interim rule permitting 
construction or operation of nuclear power plants"), as well 
as a review of the interrelationships of these matters with 
those being considered by the Commission in Generic Environ
mental Statement on Mixed Oxide Fuel (GESMO), Docket RM-50-5. 
The State of Wisconsin is a full participant in the GESMO 
proceedings. 

I believe that the matters now before the Commission with 
respect to modifications to Table S-3 are so interrelated with 
and* dependent upon issues that are proceeding expeditiously in 
the GESMO proceeding as to warrant a deferral of any further 
consideration of the Table S-3 issues until completion of the 
GESMO proceeding. It would be particularly appropriate for the 
Commission to consolidate the Table S-3 matters with the GESMO 

.proceedings. What follows is an exposition of (1) the manner in 
which the proposed revision of Table S-3 is dependent upon GESMO, 

*~" (2) the manner in which the Table S-3 issues are of significance 
to the State of Wisconsin, and (3) the reasons why deferral or 
consolidation of S-3 and GESMO would be advantageous and consis
tent with informed rule-making. 

/2/^/Ai -
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I. THE REVISIONS TO TABLE S-3, AS DESCRIBED IN 
NUREG-0116 ARE ALMOST COMPLETELY GESMO DEPENDENT. 

The Commission prefaced NUREG-0116 by commenting that its 
analyses draw primarily upon data and methods under consideration 
in the GESMO proceedings. On October 18, 1976, Fed. Reg. 45850, 
the Commission described its model fuel-cycle facilities, the 
cumulative impacts of reprocessing and waste management, and 
the various special risks associated with waste management: 

"In the supplement the model fuel-cycle facilities, 
in terms of capabilities, waste generation rates, and 
types of waste produced, are drawn from GESMO, and the 
environmental impacts asoociated with reprocessing and 
waste management activities are normalized to a model 
reactor corresponding to that in WASH-1248. 

"... One of the goals of GESMO was to assess the 
cumulative impacts of the five fuel cycle alternatives. 
In Chapter VIII of that document these cumulative 
impacts through the year 2000 were discussed and tabu
lated in detail, including detail in the format used 
in Table S-3A of WASH-1248. These adequately describe 
the cumulative impacts of reprocessing and waste manage
ment with regard to the present generation of light 
water nuclear power reactors now under review or soon 
to come under review for licenses. 

"In areas where information necessary for a complete 
quantitative assessment of environmental impacts is 
lacking (risks from sabotage, special risks from disposal 
of spent fuel or separated plutonium, and risks from 
failure in the long term of the geologic repository for 
high level waste) Federal programs are underway to resolve 
existing uncertainties." 

In the first two paragraphs, the language is self-explanatory as 
to the reliance upon documentation put forth in GESMO. In the 
third quoted paragraph, the risk from sabotage will be considered 
at length in the safeguards supplement to the GESMO which will 
apparently be released within the next year. 

This dependency upon the GESMO document is also repeatedly 
emphasized at numerous junctures in NUREG-0116. The more salient 
cross-references are summarized as follows: 
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P a g e s 
NUREG-

2 - 1 

2 - 2 

2 - 3 
( p a r . 

o f 
-0116 

2) 

(par. 4) 

2-19 
2-20 

TABLE OF CROSS-REFERENCES WHEREIN 
NUREG-0116 DEMONSTRATES RELIANCE FOR DATA 

OR ANALYSES UPON THE GESMO DOCUMENT 

Brief Statement of the Cross-
Reference Indicated, by Chapter 

Model fuel cycle facilities used in GESMO 

Both S-3 and GESMO relied on ERDA 76-43 to choose 
waste management technology 

Both S-3 and GESMO assume PUREX process used to 
reprocess fuel 

GESMO determined environmental impacts normalized 
to RRY to obtain reprocessing contribution to S-3 

Cumulative Impacts 

2-31 Table 2-10. Column F based entirely on data 
normalized from Table IV E-8 (page IV E-24) in 
GESMO 

3-1 

3-6 

3-7 

3-8 

3-9 

3-11 

Ch. 3 - Fuel Cycle 

Fuel cycle model based on GESMO for three fuel 
cycle options discussed 

Volume and general nature of waste based on 
GESMO model facility calculations and assumptions 
for: 

3.2.1 (Mining) 

3.2.2 (Milling) 

3.2.3 (Hexafluoride conversion) 

3.2.4 (Enrichment) 

3.2.5 (Uranium fuel fabrication) 

3.2.7 (Fuel Reprocessing) 

3.2.8 (Mixed oxide fabrication) 

3.2.9 (Repositories) 

December 2, 197 6 
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Pages of Brief Statement of the Cross-

NUREG-0116 Reference Indicated, by Chapter 

3-12 3.3 (Projected annual waste generation) 

3.4 (Cumulative waste volumes to the year 2000) 
3-13 Table 3.1 almost same as Table IV H-4 (page IV 

H-ll) in GESMO 

Ch. 4 - Impacts 

4.1 Impacts from reprocessing based upon GESMO 

4.1.4 Environmental impacts of fuel reprocessing 
plant based upon GESMO - normalized to RRY 

Table 4.2 normalized from Table IV E-8 (page IV 
E-24) m GESMO 

4.3 Volumes of TRV contaminated wastes derived 
from GESMO, Ch. IV, sec. D and H 

4.3.1.2 Incineration of combustible wastes 
referenced to GESMO 

4.6.3.4 Table 4.27 based on Table IV H-17 
(page IV H-45) in GESMO 

4.6.3.4 Table 4.28 based on Table IV E-9 
(page IV E-30) in GESMO 

4.9.3 Radiation levels at three feet from 
transport vehicles relies on GESMO calculation, 
IV 6, par. 3.4.3 

4.9.4 Total truck miles estimates from GESMO, 
IV-6, par. 3.4.2 

4.9.4 Thermal emissions calculations reference 
to GESMO, IV-6, par. 3.4.1 

4.10 Sabotage - No direct reference to GESMO 
but no doubt there will be overlap with GESMO 
safeguards supplement 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

-4 

-8 

- 9 

- 3 9 

-47 

- 1 1 5 

- 1 1 5 

-147 

-148 

-149 

- 1 5 3 

Table S-3 also relies implicitly upon GESMO in many areas, 
including the following: 
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1. Waste Management Section of Proposed S-3: Since 
volume and quantities of waste generated are based on 
calculations and model facilities in GESMO, all of Table S-3 
is tied to GESMO, not just the reprocessing impacts. 

2. Reference reactor system chosen for NUREG-0116 
is taken from GESMO—The adequacy of the findings of this 
report are therefore totally reliant upon the adequacy of 
the GESMO analysis. 

3. Adequacy of the assumption m NUREG-0116 that 
GESMO data can be normalized to a RRY; depends upon the 
assumption implicit in GESMO that the impacts associated 
with a given reactor are independent of the total number 
of reactors operating and that there is not a cumulative 
or synergistic environmental effect. 

4. Sabotage, diversion, and safeguards issues are 
tied closely to the GESMO recycle issue. The conclusion 
on page 202 of NUREG-0116 that total risk is only "negligibly" 
increased by risk of sabotage is unconvincing absent a 
thorough discussion of the effect of recycle on the risks 
from sabotage and diversion and the need for increased 
safeguards. 

NUREG-0116 cannot possibly stand alone, but rather depends 
almost entirely upon the validity of the GESMO documents. There 
simply is nothing that a would-be reader of Table S-3 can tackle 
critically without being rebounded to the home court of the 
GESMO proceedings. 

II. THE PROPOSED REVISIONS, AND ASSOCIATED RULE
MAKING PROCEDURES, ARE OF GREAT SPECIAL SIGNI
FICANCE TO THE WISCONSIN STATE AGENCIES. 

A. Wisconsin's Interest, Generally. 

Wisconsin's agencies are vitally interested in the questions 
pertaining to the environmental consequences of nuclear facilities 
and nuclear transportation routings within the state, and how 
general NRC rule-making affects their ability to scrutinize and 
regulate such matters. Specific state agencies having site-specific 
regulatory jurisdiction over nuclear facilities and/or transportation 
routing include the Office of Emergency Government, the Public 
Service Commission, the Department of Natural Resources, the 
Department of Health & Social Services, and the State Department 
of Transportation. Within their respective jurisdictions, each 
of these agencies has already had significant experience with 
nuclear-related matters, and is extremely interested in a wide 
variety of questions pertaining to the environmental consequences 
of specific facilities and transportation routings. 
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Wisconsin's agencies have had this experience because, 
relative to other states, Wisconsin has an unusually heavy 
concentration of nuclear power plants, with four such units 
currently in operation, and five more units projected for 
construction, three of which are currently before the Nuclear 
Regulatory Commission in licensing proceedings. (Tyrone 
Energy Park Unit 1 and Koshkonong Units 1 and 2.) In addition, 
Wisconsin has an unusually high percentage of its total electrical 
production deriving from its nuclear power plants. 

Due to its extensive utilization of nuclear power to meet 
state energy requirements, Wisconsin has had more experience 
than most states in dealing with questions relating to radioactive 
waste management. In fact, the cost of spent fuel storage has 
proved to be a significant portion of the cost of service in 
Wisconsin, Public Service Commission of Wisconsin Docket No. 
6630-ER-l: "Application of Wisconsin Electric Power Coppany 
for Authority to Increase Its Electric Rates, Findings of Fact 
and Order," docketed August 5, 1976. In that case, almost half 
of the increase granted was attributable to increases in nuclear 
fuel costs caused by the abandonment of plans to operate the 
Midwest Fuel Recovery Plant at Morris, Illinois. Another 
Wisconsin utility has also addressed the question before a 
Federal Power Commission rate hearing, as to whether it can 
properly include the costs of nuclear fuel recycling in its 
costs of service. Federal Power Commission Docket No. ER76-311. 

The Wisconsin Office of Emergency Government ("Emergency 
Government") has recently completed its draft coordinated 
state-wide plan for response to radiological accidents. In 
the process of developing its plan. Emergency Government has 
taken an inventory of the state, county, local and selected 
federal agency capabilities for dealing with radiological acci
dents, and has focused upon the question of how best to respond 
to accidents to nuclear materials in transit, so as to prevent 
hazardous consequences of radiation release to the environment. 
Of particular concern is the site specific discussion of trans
port routes for the shipment of waste materials to and from each 
of Wisconsin's nuclear reactors. Since it is obvious that tHe 
routes followed by these shipments must be carefully chosen, a 
proper analysis of transport routes for any specific site in 
proceedings before the NRC requires detailed assessment and 
discussion of all available alternatives in order to adequately 
consider and minimize all potential risks to Wisconsin residents 
and property. 

In addition to having an unusually high concentration of 
nuclear power plants, Wisconsin also has an industry (dairying) 
that is unusually susceptible to the environmental consequences 
of radiological contamination and a highway corridor and that is 
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a major conduit between two urban areas (Chicago and Minneapolis) 
for land transport of nuclear materials totally unrelated to the 
state's own nuclear generating industry. 

It is precisely because of this close interrelationship 
between Wisconsin's nuclear industry, and radiological matters 
particularly within the concern of various aspects of the state 
government of Wisconsin, that the state has intervened in the 
GESMO proceedings. 

At the same time, as I stated earlier, the interest of the 
state agencies in these rule-making proceedings is not by way 
of general interest, but rather because of the many questions 
which arise only when a particular nuclear facility or particular 
nuclear routing comes into issue. It is only at the site-
specific or region-specific stage that the agencies' particular 
interests can be brought into focus. Insofar as the Table S-3 
issues of waste management and reprocessing are concerned, as 
summarized in NUREG-0116, these matters would pertain primarily 
to reactor licensing proceedings, questions pertaining to the 
transport of reactor waste materials in and through the state, 
and to the particular questions associated with the construction 
of a reprocessing and/or high-level waste repository within the 
borders of the state, both of which we are informed are significant 
possibilities for Wisconsin. 

In addition, there are currently two site-specific NRC 
proceedings which have already reached the draft environmental 
impact stage, Tyrone Park Unit 1, and Koshkonong Units 1 and 2. 
In each of these proceedings, in which both the Public Service 
Commission and the Department of Natural Resources have already 
intervened as separate parties. Table S-3 has been included as 
a complete and total summary of the environmental consequences 
associated with the fuel cycle. Although neither of these plants 
has yet reached the final environmental impact statement stage, 
and thus were not included in Table 2 of the document "Impacts 
of Later Reversing a Decision to Adopt or Not to Adopt an 
Interim Rule Permitting Construction or Operating of Nuclear 
Power Plants," both of these ongoing environmental impact 
proceedings rely as far as the NRC staff is concerned, totally 
upon the accuracy of Table S-3 in assessing impacts associated 
with the nuclear fuel cycle, including those associated with the 
transport of nuclear materials. 

The proposed revisions to Table S-3, then, are of great 
interest and significance to the agencies of the State of 
Wisconsin, not only because the state is heavily engaged m 
nuclear-related matters, is a potential site for a reprocessing 
facility and a high-level waste disposal repository, but also 
because these numbers will have immediate usage m the ongoing 

nuclear licensing proceedings pertaining to Tyrone and Koshkonong, 
referred to above. It is, therefore, imperative that the 
Wisconsin state agencies have the opportunity to meaningfully 
be involved in the questions of the accuracy of the numbers in 
the proposed revisions themselves, and also the related question 
of the applicability or non-applicability of these numbers in 
the context of assessing the environmental impacts associated 
with the uranium fuel cycle for specific nuclear facilities 
within the state. 

In summary, it is imperative from the viewpoint of the 
Wisconsin state agencies that the proposed rule-making procedures 
permit a detailed analysis of all questions pertaining to the 
accuracy of the numbers in Table S-3, as well as the specific 
problems that might be encountered in applying those numbers 
to specific nuclear facilities. As we will demonstrate below, 
however, it is not at all clear that the procedures, as presently 
outlined by the Commission m its notices of proposed rule-making, 
provide any basis for concluding that such meaningful input by 
stage agencies can occur at either the licensing stage, or at 
the Nuclear Regulatory Commission rule-making stage in either 
the GESMO or the Table S-3 proceedings. 

B. The State Is Precluded, By Rule, 
From Addressing These Matters At 
The Site-Specific Level. 

It must first be noted that the NRC rules preclude a state 
agency from addressing the accuracy or applicability of Table S-3 
in site-specific proceedings. Where Table S-3 is included in the 
environmental impact statement, 10 C.F.R. sec. 51.20(e) states: 

"No further discussion of such environmental 
effects shall be required." 

See also 10 C.F.R. sec. 2.758(a). The practical effect of this 
provision is that there is simply no discussion at the site-
specific level of the uranium fuel cycle or its consequences. 
On the contrary, the NRC staff has followed the above described 
provisions to the letter, by merely inserting Table S-3, without 
further discussion. In the draft environmental statement for 
Tyrone Energy Park Unit 1 (NUREG-0071), sec. 5.4.3 states simply 
that: "Table 5.12 [Table S-3] summarizes the contributions of 
such environmental effects." At page 5-26, the Table is provided 
with absolutely no discussion of the interrelationships of the 
uranium fuel cycle with the proposed facility. 

Since Wisconsin state agencies are absolutely precluded 
from raising the questions of accuracy or adequacy of S-3 at 
the licensing proceeding stage, their only avenue for meaningful 
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input with respect to such questions is at the Commission rule
making level. The NRC underscored this fact of regulatory life 
in its supplemental general stagement of policy. Docket No. 
RM-50-3, 41 Fed. Reg. at 49899 (November 11, 1976): 

"In sum, the Commission has concluded that subject 
to the limitations hereinafter expressed, full-power 
operating licenses, construction permits and limited 
work authorizations may be issued in pending cases in 
advance of the adoption of an interim rule on the 
basis of the currently effective chemical reprocessing 
and waste storage values of Table S-3. ... Under this 
approach the accuracy of the revised values is not to 
be an issue in the proceeding ... T" (Emphasis added.) 

As we read the notice of November 11, its practical effect for 
Wisconsin is that the Tyrone and Koshkonong proceedings may 
continue with no further discussion of the environmental effects 
of the uranium fuel cycle than what has been provided thus far 
by way of a one page table of numbers. 

Since the Wisconsin state agencies are precluded from 
scrutinizing the accuracy or applicability of Table S-3 in 
licensing proceedings, their only opportunity for a meaningful 
input in such matters is by way of participation in this docket 
and/or in the GESMO proceeding. It is not clear that either 
of these alternatives, however, will in any respect provide 
an opportunity for the state agencies to have meaningful input 
on these matters in either (a) the site-specific Tyrone and 
Koshkonong licensing proceedings that are ongoing, or (b) the 
final version of Table S-3 that will ultimately be adopted 
pursuant to the procedures set forth in 41 Fed. Reg. 45849 
and 41 Fed. Reg. 49898. 

C. The underlying Data For The Proposed 
Revisions To Table S-3 Are So Heavily 
Dependent Upon GESMO That Their Adoption 
On An Interim Basis Or Otherwise, Should 
Logically Await The Outcome Of The GESMO 
Proceedings. 

As we demonstrated amply in paragraph 1, virtually every 
analysis and datum utilized in NUREG-0116 is derived from the 
GESMO Documents themselves. There is virtually no analysis in 
NUREG-0116 that is independent of the GESMO for the vast majority 
of the numbers which have been summarized in the proposed revisions 
to Table S-3. Virtually all of the matters summarized in that 
table are dependent, rather, upon the validity and accuracy of 
matters which are presented and developed for the GESMO proceedings 
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It would appear, therefore, that any meaningful discussion 
in this docket of the numbers derived in S-3 can only be had 
after the basic data utilized in GESMO has undergone thorough 
scrutiny. One need only review the numerous questions 
by the full participants in the GESMO proceeding to be presented 
to the Commission staff, to realize that nearly all of the 
materials that NUREG-0116 relies upon are under intensive 
scrutiny by the full participants. Just one example is the 
27 questions submitted by the State of New York concerning 
dose calculation methodology, all of which pertain directly 
to the dose commitment analysis relied upon in NUREG-0116. 
Moreover, a number of serious criticisms have been leveled 
at the reprocessing and waste management sections of GESMO, 
upon which NUREG-0116 is heavily dependent, which suggest 
alternatives and other matters that should be embraced before 
a decision can be made in GESMO. These criticisms, which 
presumably will be considered in detail and dealt with by 
the Nuclear Regulatory Commission, long before a final version 
of Table S-3 can be promulgated under present procedures, 
include the criticism that GESMO does not adequately address 
the institutional problems of reprocessing and waste management 
(see, e.g., NRDC's motion, dated 10/22/76 at pages 4-7, NRDC 
questions at pages 20-27; New York questions to be presented 
to the Commission, paragraphs 12-15; Sierra Club's proposed 
questions to the hearing board, set 1, at pages 21-22), the 
criticism that there is no analysis in GESMO of the costs and 
benefits of extending interim fuel storage at the reactor site 
for more than 10 years (New York questions, page 15, paragraph 8); 
the criticism that there is no detail in GESMO on the waste 
solidification process (New York questions, paragraphs 29-35), 
and the criticism that there is an inconsistency in quantifying 
the source terms for radioactive effluents between GESMO and 
sworn testimony by the NRC staff m the Barnwell licensing 
proceedings (questions which Allied General Nuclaar Services 
requested of the hearing board to ask of the NRC staff, at 
pages 14-15). 

In short, virtually every issue that must be resolved in an 
analysis of NUREG-0116, including questions of what matters 
NUREG-0116 failed to adequately address, are all now currently 
before the NRC in the GESMO proceedings. These matters are, 
moreover, at a very advanced stage, in a sense that precise questions 
dealing with specific sections of the subject matter on which 
NUREG-0116 relies heavily, have already been addressed. 

Since the GESMO proceedings are at a very advanced stage 
insofar as close scrutiny of the matters addressed in NUREG-0116 
are concerned, it seems perfectly reasonable to conclude that 
any revision of Table S-3 should await the determinations made 
by the Commission in the GESMO proceeding on the accuracy and 
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applicability of the numbers upon which it (NUREG-0116 and revised 
Table S-3) is based. 

To do otherwise would require a complete duplication of the 
GESMO proceedings in their entirety, an undertaking which we submit 
seems to be extraordinarily complex as it is, without duplication. 

For these reasons, we submit that any attempt to obtain meaning 
ful input in this docket concerning the proposed revisions of 
Table S-3 requires a state agency to first actively participate 
in the GESMO proceedings, since those proceedings are dealing 
specifically with virtually every analysis and piece of data upon 
which the proposed revisions to Table S-3 are premised. 

D. There Is No Mechanism Whatsoever For 
Incorporating The GESMO Matters Into 
Docket No. RM-50-3. 

While the State of Wisconsin has intervened m the GESMO 
proceedings, and thus is prepared to participate fully insofar 
as the S-3 related matters are concerned, there is simply no 
indication that this docket will incorporate in any respect the 
comments, criticisms, or revisions of data and analyses of the 
GESMO document itself. The general lack of any such feed-back 
mechanism or incorporation by reference procedure is glaringly 
obvious from a review of the Commission notices in this docket. 
On the contrary, there is complete nonrecognition of the GESMO 
hearing board procedures, including nonrecognition of the 
numerous questions that have been submitted in GESMO in the 
areas of spent fuel reprocessing and radioactive waste management 
upon which NUREG-0116 relies. The Commission 
has already stated that selected portions of the GESMO "adequately 
describe the commuted impacts of reprocessing in waste management," 
41 Fed. Reg. 45850, the belief that NUREG-0116 can "serve as an 
adequate foundation" for the proposed revision, 41 Fed. Reg. 45851, 
and that, in fact: 

"... the breadth and quality of the present analysis 
of reprocessing and waste management impacts set forth 
in the supplemental survey [NUREG-0116] lead the 
Commission to believe it improbable that the assess
ment that such impacts are slight will prove to be 
dramatically in error." 41 Fed. Reg. 49899 (November 11, 
1976) 

These comments, taken together with the statement at 41 Fed. Reg. 
49899 that the Commission anticipates that the interim rule will 
closely resemble the proposed rule published on October 13, can 
legitimately raise the question of whether the Commission has pre
judged as being accurate those portions of the GESMO which pertain 
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to waste management and reprocessing, even before the staff 
has answered the questions addressed to it and the Commission 
has made the ultimate decision on the GESMO issues. In the 
alternative, these comments certainly make it plain that there 
is simply no mechanism of coordinating the GESMO issues upon 
which NUREG-0116 is dependent in this docket. 

There is an additional frustration for a stage agency 
wishing to have an input on these issues through its participation 
in GESMO, and that is the lack of any provision in GESMO for a 
determination of specific issues other than the ultimate GESMO 
determination of whether to adopt, defer, or preclude the ultimate 
wide-scale licensing of mixed oxide fuels in light water reactors. 
There is no provision in the GESMO procedures (nor is there any 
need for such provisions) for findings of fact on the specific 
matters in GESMO upon which NUREG-0116 is dependent. It is 
entirely possible, therefore, that little attention will be 
given in any meaningful regulatory sense to the materials set 
forth in GESMO relating to those Table S-3 questions. 

In sum, then, as its rule-making procedures are now structured 
for GESMO and Table S-3 revisions, the Commission is putting this 
state, and other similarly situated states, in the position of 
being unable to have any meaningful input in Table S-3 matters, 
short of attempting to completely redo and resubmit in this 
docket the extensive work that has been and will continue to be 
done on the GESMO proceedings. Short of such a massive duplication 
of the matters in GESMO, the present procedures by which GESMO 
and Table S-3 are promulgated will be parallel and independent. 
On the one hand, we cannot address the particular numbers developed 
in S-3, as such, because the underlying data and methods of analyses 
are still under consideration and further development in GESMO. 
On the other hand, while we are fully participating in GESMO itself, 
the particular utilization made by GESMO for preparing S-3 is 
irrelevant to the GESMO issue itself. Thus, we have no meaningful 
forum in which we can significantly address the matter in which 
the numbers were generated in S-3, short of an extraordinary 
duplication of the GESMO effort in this docket. 

To add insult to injury, moreover, neither GESMO nor this 
docket will permit the State of Wisconsin to raise its issues 
as to the adequacy or applicability of the particular numbers 
in S-3, as proposed, to the specific sites in Wisconsin which 
are under review in licensing proceedings, and which will be 
permitted to continue without such an evaluation, pending the 
completion of the S-3 revisions. 
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As a consequence, the Commission bifurcation of S-3 and 
GESMO, and its nonrecognition procedurally of their inter
relationships, has permitted a "catch-22" situation whereby 
this state, or any other state similarly situated, is precluded 
from addressing any issue in any meaningful forum relating 
either to the adequacy of the numbers proposed in the revisions 
to Table S-3 generally, or to their adequacy in application to 
any particular sites, short of a wholesale duplication of the 
extraordinarily massive GESMO proceedings that are now underway. 

E. The Commission Must Adopt Further Procedures. 

It would seem reasonable that further procedures could be 
adopted that would eliminate to a large extent the extraordinary 
difficulties that are now m the way of states which attempt to 
have meaningful input in the Table S-3 proceedings. One alter
native would be to completely consolidate this docket with the 
ongoing GESMO proceedings, so that the Commission could utilize 
the same data, comments, criticisms, and alternatives, to the 
extent the matters are interrelated, without the massive duplication 
and wasted effort that otherwise would appear to be necessary. 
Alternatively, the Commission could defer any further consideration 
of the revisions to Table S-3 until the GESMO proceedings have 
been concluded, and provide in connection therewith, some procedure 
by which those matters in GESMO upon which NUREG-0116 is dependent 
can be incorporated into the Table S-3 proceedings upon their 
fruition. In either of these alternatives, the Commission should 
further make some provision by which states such as Wisconsin can, 
through their agencies, scrutinize the proposed numbers set forth 
in Table S-3 in pending cases within their boundaries at least 
until the Table S-3 rule-making process has been completed in a 
manner consistent with these comments. 

It would seem that in view of the advanced stage of the GESMO 
proceedings that a revision of the existing procedures to account 
for those proceedings would expedite a final resolution of the 
Table S-3 controversies and, therefore, consolidation or deferral 
would in no event cause any delay thereof. 

III. THE PROCEDURES CURRENTLY IN EFFECT FOR DOCKET 
NO. RM-50-3 WOULD CAUSE AN IRRETRIEVABLE 
COMMITMENT OF RESOURCES CONTRARY TO THE 
DECISION IN NRDC V. NRC. 

Since, as we stated above, the present procedures prescribed 
by the NRC in this docket permit the pending cases in Wisconsin 
to continue to the limited work authorization and subsequent stages, 
the NRC's decision set forth m the Federal Register on November 11, 
1976, effectively prevents the Wisconsin state agencies from 
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benefiting from the decision in NRDC v. NRC (D.C. Cir. 1976), 
9 ERC 1149. We wish to stress our opinion, in this regard, 
that in view of the present procedural makeup of the GESMO 
proceedings m the S-3 proceedings, taken together with the 
inability of state agencies to attack S-3 matters at site-
specific licensing proceedings, that the NRC decision 
renders any meaningful participation by states at any stage 

_ futile, in the absence of additional procedural changes. 
Thus, we think a compelling logical argument exists for a 
reconsideration by the NRC of its decision to allow interim 
licensing, and instead to either terminate all licensing 
activities pending the final resolution of both the GESMO 
and Table S-3 proceedings, or to consider Table S-3 issues 
and individual licensing proceedings pending the promulgation 
of a final Table S-3 rule. This latter alternative is 
especially attractive, because it would provide an adequate 
balance between the risks associated with the hasty licensing 
of nuclear facilities absent a thorough discussion of Table S-3 
issues and the costs associated with delayed licensing of 
nuclear facilities. It would further permit the state agencies 
of Wisconsin to amply raise the issues that they feel are sig
nificant insofar as the adequacy, accuracy, and applicability 
of those matters are concerned with respect to the specific 
facilities at issue. 

We further submit that the NRC's decision to allow licensing 
activities to continue is inconsistent with the opinion in NRDC v. 
NRC (2nd Cir. 1976), 593 F. 2d 824, where the NRC's decision to 
allow interim licensing of commercial activities related to use 
of mixed oxide fuel on the basis of the draft general environmental 
impact statement was reversed. Writing for the court. Judge Pierce 
stated: 

"We conclude that the interim licensing 
envisioned by the Commission's decision would indeed 
result in such a substantial further commitment of 
resources that the final decision on the costs and 
benefits of the public health and safety and environ
mental aspects of wide-scale use of mixed oxide fuel 
would be significantly affected and that generic deter-
mimnations of these issues, and particularly of safe
guards alternatives, could be effectively foreclosed. 
The Commission's conclusion to the contrary is clearly 
erroneous and is not supported by the record. 

" [26] Decisions dealing with nuclear power plants 
have emphasized that the crucial juncture for the NEPA 
decision is the pre-operatmg license stage where 
construction is allowed to proceed with its attendant 
massive investment of capital and manpower " 
539 F. 2d at 844-845. 
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Judge Pierce's conclusion is directly applicable in this 
docket. In its analysis of the costs associated with delayed 
licensing versus interim licensing, the NRC has ignored a fact 
much more significant in the long run than the dollar or health 
coats quoted. That is the fact that the 49 nuclear plants which 
the NBC projects to be affected by their decision represent 
at a •HnlT"1™ (assuming an average of 1000 MW(e) per plant) a 
doubling of the nuclear capacity projected by ERDA to be on 
line in 1977 (see GESMO, Vol. II, Appendix A, p. Ill A-6). 
Such a major increase in nuclear capacity would significantly 
affect the final Table S-3 rule-making decision and would 
involve a massive irretrievable commitment of resources, 
especially for those plants at the construction licensing stage 
which the court felt is the "crucial juncture for the NEPA 
decision.* The NRC's decision to allow "interim" licensing 
(the initiation of a doubling in capacity cannot exactly be 
termed "interim") pending the resolution of the appeal flies 
In the face of judicial precedent and is clearly unwarranted, 
given that the court in that case set forth an alternative to 
holding a generic rule-making proceeding, that is, dealing 
with Table S-3 matters in individual licensing proceedings, 
which has been summarily rejected by the NRC. Exercising this 
alternative would insure a proper discussion of the important 
issues surrounding Table S-3 and at the same time save much of 
the environmental and economic cost penalty associated with com
plete delay of all licensing pending the promulgation of a 
final Table S-3 rule. 

IV. CONCLUSION. 

Because the rule-making procedures contemplated by the 
notices of October 18 and November 11 in this docket provide 
no mechanism whatsoever by which the related matters in 
GESMO can be incorporated herein, and because in any event 
it would appear that present licensing activities such as 
Tyrone and Koshkonong will be permitted to continue without 
any scrutiny as to the accuracy or applicability of the S-3 
numbers, it does not seem unreasonable to request the NRC 
to reconsider these procedures. Specifically, we believe 
that it would be very appropriate for the NRC to provide a 
mechanism by which the related issues in GESMO could be 
incorporated and utilized expressly in the Table S-3 proceedings 
and do further provide a mechanism by which states such as 
Wisconsin can scrutinize the numbers proposed for the revisions 
to Table S-3 in pending licensing proceedings, at least until 
the Table S-3 rule-making process has been completed. 
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We submit that to do otherwise would in essence put any 
state agency wishing to address the Table S-3 issues in a 
position such as Don Quixote having no forum in which to make 
a meaningful contribution to the rule-making, and at the same 
time watching the matters it is most interested in, the licensing 
activities within its boundarie's contining as if the decision 
in NRDC v. NRC (D.C. Cir. 1976) had not been rendered. 

In view of the fact that the license cases now pending 
will, if completed as contemplated by the applicants, amount 
to a doubling of the nation's nuclear capacity it would seem 
reasonable to expect that many states are in the position of 
the State of Wisconsin in wishing to seek a full and complete 
evaluation of the proposed revisions to Table S-3 insofar as 
they affect or have applicability to the licensing proce dings 
that are now underway in each of those states. 

For the reasons expressed herein, we respectfully urge the 
NRC to reconsider the procedures that it has set forth in this 
docket so as to provide a more effective vehicle by which state 
agencies can have a meaningful input on the general issues, as 
well as the site-specific application of the proposed revisions 
to Table S-3. 

Respectfully submitted. 

BRONSON C. LA FOLLETTE 
Attorney General for the 
State of Wisconsin 

£. 
E. KOFRON 

ssistant Attorney General 
for the State of Wisconsin 
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114 East, State Capitol 
Madison, Wisconsin 53702 

608-266-7520 
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Samuel J. Chilk 
Secretary 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Attention: Docketing & Service Section 

Re: Docket No. RM-

Dear Sir: 

Enclosed for filing are the initial comments 
of the States of New York and Texas on the Nuclear 
Regulatory Commission Task Force Report, NUREG 0116. 
These comments are filed pursuant to the notice of 
rulemaking published at 41 Fed. Reg. 45849 (October 18, 
1976). 

Due to the unavailability of certain reference 
materials and the demands of other proceedings before 
the Commission, most notably the GESMO hearing on the 
Plutonium recycle decision (Docket No. RM-50-5), the 
States have not been able to complete all of their 
comments by this date. Within the next few days additional 
comments will be submitted to your office and it is 
respectfully requested that they be accepted as being 
timely filed. 

Thank you for your cooperation. 

Very truly yours. 

- JiJztkSe. 

LOUIS J. LEFKOWITZ 
Attorney General 

a±. JFS:rab 
Enc. 

JOHN F. SHEA, III 
Assistant Attorney General 

'0''-V.£MTS OF THE STATES OF NEW YORK AND TEXAS 
ON THE NUCLEAR REGULATORY COI'i'iISSIOIl TASK 
FORCE REPORT ENTITLED "ENVIRONMENTAL SURVEY 
OF THE REPROCESSING AND WASTE HANAGEIIENT 
PORTIONS OF THE LWR FUEL CYCLE - NUREG 0116" 

By 

PETER II. SKINNER P.E. 
MARTIN HOROWITZ 
JACK SULLIVAN 

DECE'IBER 2, 1976 

Introduction - General Comments 

1. On page ii of the Foreword to NUREG 0116, 

the Task Force states that the United States Court of 

Appeals directed the NRC Staff to improve the "support" 

for numbers presented in parts of the Summary Table S-3 

of WASH 1248. While we feel that the NRC staff has made 

an attempt to gather such support; unfortunately, the support 

presented in NUREG 0116 is generally based not on operating 

experience of commercial facilities or government contractors, 

but on a "likely system" for the future (pp. 1-4). 

For fuel reprocessing, the model plant utilized 

for estimates of effluents, occupational exposure, and 

consumption of resources was the Barnwell Nuclear Fuel 

Plant (nage 4-8). This plant is only partially built. 



Construction of sone parts has not ever started. The. 

effluents and occupational exposures predicted are based or. 

conclusory assumptions contained in the Barnwell Separations 

Facility FSAR. Neither testimony of ITRC staff" nor" chat of 

Allied-General witnesses in the Barnwell proceeding provide 

support for theie numbers. line Docket "lo. 59-332. 

As to the Waste Solidification Facility (WST), 

" . . . design effort is still in th° conceptual 3 tage" 

according to the Draft Supplement to the Final Environmental 

Impact Statement for Barnwell (NUREG 0082)- Any figures 

presented for effluents, occupational exposure, and 

consumption of resources in riyREG 0116 which are based on 

the design and operation of this facility are meaningless. 

2. As NUREG 0116 states on page 4-4, our nation 

possesses a wealth of knowledge about the performance of 

reprocessing plants. "Purex process plants have operated 

successfully for over 20 years in . . . Government-owned 

facilities" (page 4-4). In fact NFS operated a similar 

commercial facility in Nest Valley, I Jew York, for six 

years (page 4-5) . The NRC and USER.OA possess between 

them all records of on-site and off-site effluent releases, 

occupational exoosure, consumption of resources, and vasta 

-2-

- r ~ ̂  al production for all federal and comnercial separations 

1.Ities. It is unbelievable that no mention whatsoever was 

- i. in NUREG 0116 of these huge long-term data bases. Lack 

sach discussion renders NURTG 0116 wholly inadequate, to 

uwort Table 2-10 of NUREG 0116, the basis for revised Table 

_S-3. 

3. The waste solidification process stated to be 

receiving 'major emphasis" is the sprav calciner/in-can 

melter system. Limited discussion of the system can be 

_ found in the TSAP. for Barnwell and the PSAR for the 

"proposed EXXON facility. However, these facilities have not 

even been designed in detail at this date. According to 

ERDA 76-43, page 6.35, the performance of this sytem was 

demonstrated from 1966-1970 in the WSEP program at the 

Hajnford Reservation. Experience at the Idaho National 

Engineering Laboratory and at a Belgian facility has provided 

a wealth of information for a similar system of waste 

_solidification known as the fluidized bed calcination system. 

In spite of this experience, no discussion can be found in 

NUREG 0116 documenting* the occupational exoosure, on-site 

effluents, and consumption of resources actually experienced 

at these facilities. 

-3-
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Because of tha serious inadequacies described 

above and due to the omissions, errors and problems 

described in the detailed comments below, NUREG 0116 cannot 

provide an adequate basis for revised Table S-3. 

3.2.5.3 

Specific Comments 

BD 

To the extent possible we have criticized the 

important numbers presented in the updated Table S-3 found 

in Table 2-10 of NUREG 0116. Each number has been 

investigated as to its validity by following its derivation 

as far back as possible with the references presently 

available to the authors of th».se comments.* 

*When the additional reference documents ordered by 
the State arrive, additional comments will be filed 
as necessary to complete this review. 

3.2.5.1 

, 4-61, Table 4.11 - The first assumption used in 

' ̂  "* J . 11 is a "fractional release of radioacitvitv as an 

1 entering the ventilation system" of 0.01. The bases 

documentation for this figure should appear along with 

_~ates of the magnitude of possible errors, however, staff 

s stated that documentation for this figure does no't in 

Jact exist.* 

2. p. 4-61, Table 4.11 - The second assumption used in 

Table 4.11 involves a fractional release throuah the filtration 

system. No references or bases are provided for this figure 

in the test. Discussion with the staff failed to provide more 

substantial justification for this figure.** 

3. p. 4-61, Table 4.11 - Concerning the third assumption used 

in Table 4.11, reference is made to Nuclear Fuel Recovery and 

Recycling Center Preliminary Safety Analysis Report/ Docket 

No. 50-564, XN-FR-32, July 16, 1976. A careful reading of this 

group of 9 large volumes failed to reveal the basis for 

assumption 3. 

4. p. 4-61, Table 4.11 - The fifth assumption of Table 4.11 

concerns the maximum fractions of FRP beta-gamma activity FRP 

polutonium activity, and MOX FFP polutonium in TRU waste. The 

respective values for these Quantities (0.001, 0.003, 0.001) 

-5-

* Staff's telephonic response to author's reouest for reference 
or documentation, November 29, 1976, was that this figure 
was a "guess ... based on experience." 

** Staff's telephonic response to an author's recruest for 
references November 22, 1976, was that this value was 
consistpnt with "industrv practice." 



are not referenced. Discussions with NRC -staff have indicated 

that these values are based on 99.9«, 99.7% and 99.9? 

throughout of TRU materials to product or IILW No additional 

bases for these values have been provided. 

5. p. 4-61, Table i.ll - Estimated site boundary concen

trations are calculated with X/0 dispersion factors for 

Barnwell and Westinghouse-Anderson. The two values used 

differ by 1000 and significantly affect the conclusion of 

Table 4.11. The analysis should have been done for most 

conservative value of X/0. Better justification must be 

provided for use of these values by the NRC Staff. 

6. p. 4-61, Table 4.11 - The effluent releases utilized in 

Table 4.11 should be linked to the variow> types and treatments 

of TRU contaminated wastes discussed in section 4.3. No apparent 

use is made of those conclusions in Table 4.11 and it is unclear 

how* the TRU contaminated wastes are released into the atmosphere 

through HEPA filters in the first place. 

7. p.. 4-61,- Table 4.11 - No bases have been provided for the 

sixth assumption, the specific activity of polutonium, stated 

to be 0.5 aCi/g. No discussion was presented as to why only 

the specific activity of alpha radiation and not beta as well 

was used for this calculation. Discussion with NRC Staff, 

revealed that ERDA 76-43, "Technical Alternative Document" was 

the source of this information (the value of 0.51 aCi/g turned 

up in Table 2.22 page 2.81). we have not been told why the 

-6-

' . -i/g value was not used in line with the 'Vost 

3.2.5.5 "'-.-- /ative" estimation procedure purportedly used throughout 

1116. 

A constraint on the preparation of NUREG 0116 (Page 1-4) 

R ^ stated to be that the model system had to be based on a 

.•ature industry.* Given the commercial experience in fuel 

"reprocessing, the industry and technology of the back end of 

the fuel cycle certainly cannot be called mature. In fact, 

this is contradicted by statements in NUREG 0002, GES!'0. For 

example, GES"-0 IV E-28, 3rd paragraph, states that "because 

processes for removal of iodine fron liquid [reprocessina] 

effluents are not well developed, limited laboratory scale 
GR1 " 

GR7 studies have been conducted to define promising systems that 

might be used, if necessary, to remove iodine retention. But 

before such systems have been made practical, further engineer

ing scale development and demonstration will be necessary." 

(Emphasis suoolied) . It is also stated in GESI10 (IV-25, 1st 

paragraph) that "The amount of c-14 that may be irradiated in 

LUP. fuels has not been measured, and thus the fraction, if any, 

-7-

* See Transcriot of Novenber 9, 1976 meeting of ACRS on NUREG 
0116. 



that is released from a reprocessing plant is unknown.'* 

9. As defined in the constraints on. NUREG 0116 (page 1-4), 

a mature system must involve experience with "steadv-state 

operation of all processing steps involved." Supporting data 

from such a "mature" waste solidification facility is not 

given. Althouqh data for worker exposure and waste effluents 

for the calcination procedure nav be available from the Idaho 

facility operations, none are referred to in NUPEG 0116, 

making it impossible to provide valid analyses of the irpacts 

of a calcination facility on the environment in NUREG 0116. 

If in reality glassification is the procedure to be used, 

(which has been emphasized on page 2-4) , data must be made 

available to the public on the environmental impacts of this 

technology, is any exists, from the spotty work at Hanford. 

There is no basis for the Task Force assumption that the total 

impacts of glassification will be less than those of calcination 

where no supporting operational data exists and/or is provided. 

10. A further constraint on the preparation of NUREG 0116 

page (1-4) was stated to be that geologic waste disposal be 

planned on for permanent management. This topic should have 

been discussed in terms of studies to date that have acutally 

-8-
* In this regard it is relevant to note that the revised Table 
S-3 items in NUREG 0116 are repeatedlv referenced, directly or 
indirectly, to GESMOf NURFG 0002, a document which is onlv now 
undergoing scrutiny in elaborate hearings before a speciallv 
appointed Hearing Board. It is inapnrobriate to so reference 
NUREG 0116, and such a practice hrs undermind the validity of 
this document. As will be pointed out below, periodically 
NUREG 0116 references itself to GL'SMO passages which are in 
turn lackina in documentation, references or anv other bases. 
Such unfounded bootstrapping of analyses and extraordinary 
cross-referencing of documents would not appear to satisfv even 
the least stringent interpretation of the U.S. Court of appeals 
decision on the ^able S-3 rule. 
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3.4.1.5 

data on the effectiveness and long-term safety of 

<- stem of management, as well as problems of siting such 

:ies (see comments below on the socio-economic section 

_1. .1). 

.1. Responses at the ACRS meeting conducted by the Task 

ores and contributors to NUREG 0116 on site availability, 

reprocessing (including normal operations and accidental 

scenarios) and past operational handling of wastes indicated 

significant deficiencies in data availabilitv (see Meeting 

Transcript). Because of this, important judgments were made 

on the basis of "incomplete information.' Those mentioned 

at the meeting were a) long term risk of failure of the 

geologic repository b) risk from sabotage c) impacts from 

accident sequences other than those analysed and d) special 

risks from the disposal of spent fuel or separated Plutonium. 

Other significant judgments based on inadequate information 

were made by the project staff. These are discussed in other 

specific comments made herein. 

Socio-Economic Effects 

12.The discussion of socio-economic effects, section 4.11.1, 

is grossly inadequate in that it fails to recognize substantial 

differences in localized reactions to commericial nuclear 

power plants and reprocessing and waste related facilities.. 

-9-



v:hile it is asserted that communities will probably be able 

to,deal with socio-economic impacts without undue difficult", 

actual experience with NFS plant in West Valley, New York and 

the proposed Barnwell facility in South Carolina, indicates 

that problems in siting reprocessing facilities have been 

far greater than those associated with siting nuclear power 

plants. This stems in part from the fact that during the 

operations of nuclear power plants fission products and other 

radioactive materials generally remain contained and 

encapsulated within the reactor core throughout the life of 

the reactor. In contrast, fission products in spent fuel 

are released at reprocessing and waste related facilities in 

volatile and highly-mobile forms. Therefore, these facilities 

are envisioned as being more likely to contaminate the 

surrounding environment, through accidental leakage as well 

as normally expected releases. In light of these vastly 

different possibilities for environmental contamination, to 

conclude that socio-economic stresses from reprocessing 

facilities are comparable to those for commercial nuclear 

power plants is simplistic and innaccurate. Lastly, the 

failure of section 4.11.1 to deal with the need and pressure 

for state and local governmental input to the facility siting 

process is a serious failing. 

-10-

_>3, Table 2.10(f) - With regard to releases of 

~nd fission products as radiological gaseous effluents, 
CON 

:.ls as to the supporting calculations can be found in 

KUREG 0116 or in GES;iO. 

'ad-oactive Liquid Effluents 

1-1.Page 2-33, Table 2.10 - The radiological effluents column 

does not include Sr-90 and Cs-137. At NFS, "Strontium-90 and 

Cs-137 are the greatest contributors to population dose when 

all exposure pathways are considered." (Logsdon, J.E. and J.w.N. 

Hickey, Radioactive Waste Discharges to the Environment from 
3.2.5.3 

a Nuclear Fuel Reprocessing Plant, Radiological Health Data 

and Reports, June 1971). It appears that these radiotoxins are 

lumped under fission products. A complete discussion of the 

projected and actual retention factors for Sr-90 and Cs-137 

during reprocessing and waste solidification is needed for 

_ these radioactive effluents. 

Waste Management - Gaseous Effluents 

15.Page 2-33, Table 2.10(g) - For those gaseous radiological 

effluents to which footnote g of table 2.10 applies (H-3, 

R Kr-85, 1-129, and C-14) complete release in the geologic re

pository is assumed. Because of this, the amounts of radio-

_ nuclides in spent fuel rods are the key parameters. The error 

~~ range in estimating these numbers, {found in ORNL-4628) should be 

3 4.1.8 detailed and explanations for revisions must be provided, (see 

_ supplemental testimony of O.O. Yarbro, Jr. and Allen G. Croff, 

3.3.3.1 |~ Jan. 21-22, 1976, Docket No. 50-332). For C-14, GESMO (p. IV 
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e IV H-17) 'assumes 25 grams nitrognn/iTHM in fresh 

?ne basis for this assumption alona with magnitude of 

=3timates must be discussed. Considering that the relation-

_p pet- eer nitrogen and C-14 was only recently discovered, 

•re are not convinced that other radioactive daughter products may 

rot be produced from other gases dissolved in uranium fuels, and 

therefore nay not be predicted by the Origen code. 

341 8 
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16. Pane A-l, Pppeidi P Table - mhese data are needed to 

predict releases of radiological effluents decent revisions o 

this table have resulted in changes o^ up to 26% (Testimonv of 

Yabro and Croff, Jan 21-22, 1976, UPC Docket No. 50-332). 

In liaht of these substantial chanc»s, the discussion present

ed for the bases for calculatirg the concentrations of radio

nuclides m spent ^uel is madeouato. No discussior is pre

sented that describes the nresent iraroms of error for these 

values. 

17. Pace 2-33, Table 2.10 (f) - Concernmc releases of caseous 

1-129 and 1-131, NUREG 0116 refers to GFSMO (IV E-28, para

graphs 1 and 2) and in GEc"0 no references are provided which 

justify the retention factor of 40 which was utilized in 

calculating the iodine release values found in NUREG 0116, 

(Table 2.10 (f)). 

18. Page 2-33, ̂ able 2.10 (f) - Concerning generation of 

gaseous C-14, "...the amount of C-14 that may be in irradiated 

Lr?P fuels have not been "...measured..." (PESMO IV E-25), 

ard no basis for the fiaure in ̂ able 2.10 is provided. Dis

cussions with NPC staff (Nov. 29, 1976) indicated that the 

amount of C-14 produced was based on estimates of Nitroaen in 

the oriainal fuel. Since sianificant margins of error are 

-13-



'- I id with measuring nitrogen content in the new fuel, 

i .r»3 of error in C-14 generation through the Origen code 

3.3-3.1 r "- be detailed in NUREG 0116. The mathematical and physical 

lacionships between nitrogen in the fresh fuel and C-14 in 

the spent fuel must be detailed with estimates of the maa-

.->itudes of error involved. 

19- Page 2-33, Table 2.10 (f) - Concerning the loss of Ru-106, 

NUREG 0116 again refers to GESMO. GESMO IV E-28 (first 

paragraph), states that "...less than 10 E-5 of the total 

Ru will enter that process off-gas treatment system." No 

references or justification for this volatility is presented 

in GESMO nor are there any such justifications for the 

gaseous retention factor of 10 E+4 to 10 E+5. \,Thy do results 

of this treatment (which apparently results in zero loss of 

Ru-106 (Table 2.10 (f)) differ from those projected at Barnwell, 

where the estimated annual release of Ru-106 will be 6.0 

curies (NUREG 0082, Supp. 1 (draft), p. Ill - 10, Table III-8) 

and at NFS where significant discharges of Fu-106 actually 

occurred (Kelleher, W.J., "Environmental Surveillance around a 

Nuclear Fuel Reprocessing Installation, 1965-1967," in Radio

logical Health Data and Reports, Aua. 1969, See Table 5)? 

-14-

20. Page 2.33, Table 2.10 (f) - Pegardinc the loss of 

tritium, NUREG 0116 (p. 4-8) refers to GESMO. GESMO (IV E-27, 

first paragraph) states that "...it is assumed that 100% of 

the H-3 present in the irradiated fuel is released to the 

atmosphere as H-3 or KTO (tritiated water vaoor)." Because 

"Tritium emitted from the reprocessirg plant can cause exp

osure in man by direct inhalation, drinkincr water, and the 

dietary food chain." (T*TASU - 1248, f-32) , it is important 

to differentiate between the loss of tritium in air and weter. 

The assumption in GESMO (IV E-27), that the most conservative 

release of tritium is to the atmosphere, is overly site 

specific, i.e., it does not take into account variability in 

atmospheric dispersion factors and stream dilution and dis

persion characteristics of different sites. These variable 

characteristics are those values which to a large extent 

will determine the off-site dose committments of these 

radiological effluents from reprocessina plants and waste 

management facilities. 
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Comes now the California Energy Resources Conservation 

and Development Commission ("California Energy Commission") 

pursuant to the request for comments and suggestions pub

lished in 41 F.Reg. 45849-45853 (October 18, 1976), and sub

mits to the Nuclear Regulatory Commission ("NRC") the follow

ing comments and suggestions in connection with the proposed 

revision of Table S-3 and NUREG-0116, the underlying supple

ment to Wash-1248 ("Supplement"). 

Comment 1. The Supplement appears deficient as a basis 

for adoption of the final interim rule because many important 

areas of fuel reprocessing and waste management have not been 

analyzed at all or, if analyzed, have not been analyzed ade

quately. The Supplement repeatedly notes that there is lack 

of knowledge about many of the crucial issues underlying this 

proceeding. Because of these acknowledged shortcomings in 

the Supplement, careful technical analysis by interested 

persons of all aspects of the Supplement has been rendered 

--__-_ - --/3A//&.-

impossible. Examples of these shortcomings in the Supple

ment include the following: 

(a) The Supplement states that "Overall, we find 

experience and experimental data adequate for the assessment 

of impacts of normal operation of all parts of the system." 

(Supplement page 2-2). However, abnormal occurrences have 

only been analyzed for parts of the system and not all 

accident sequences have been analyzed. (Supplement page 2-2). 

(b) While the Supplement concludes that the risk of 

sabotage is only a negligible risk, the quantifiable risks and 

full consequences of sabotage, the Supplement notes, have 

not been studied comprehensively in previous reports. (Sup

plement page 2-2). Similarly, there has been no significant 

study of the foreign experience with sabotage, its implica

tions for the United States, and with other safeguards SV 
R 

problems. 

(c) As acknowledged in the Supplement, no in-depth 

study of high-level waste repository failure has been com

pleted. (Supplement page 4-88) . 

(d) The Staff admits that past work on long-term 

risk assessments has not covered all the risk situations 

that should be explored. (Supplement page 4-94). Further, 

it is stated in the Supplement that uncertainties exist 

in such areas as the effect of waste presence on repo

sitory stability, the probabilities and consequences 
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of intrusive acts by humans, the validity of data used m 

modeling studies, the design and regulatory actions needed 

R to minimize possibilities of repository failure, protection 

of future societal habits and demography and the relative 

importance of various potential initiating events. (Id.) 

j— (e) There are no detailed studies available which 

treat plutomum as a waste. Therefore, special problems in 
1 

its handling and long-term storage are unclear. (Supplement 

page 4-100). 

r - (f) No studies are available of the tank storage of 

high-level waste containing the unrecycled plutomum fraction 

nor have the solidification processes for this type of mixture 

been studied. (Supplement page 4-101). 

(g) There may be mechanisms that could cause criticality 
of plutomum to be achieved in interim storage tanks mixed 

R 

with other wastes, but these mechanisms have not been studied. 

(Supplement page 4-102). 

(h) It is not known whether long-term geological and 

natural processes could lead to the criticality of solidified 

plutomum waste held in a repository. (Supplement page 4-104) 

_ (1) Spent fuel as a waste is insufficiently discussed 

"" in the Supplement. (Supplement pages 4-107 to 4-116). 

2 Comment 2: Given the increasing attention accorded the 

no-reprocessing option, this option should be the subject of 
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more analysis in this report. Further, the "stowaway" 

option as a variant on spent fuel disposal should be included. 

The stowaway option may involve the interim storage of spent 

fuel for periods up to a century, awaiting a decision on ul

timate disposition, either to be reprocessed or to be disposed 

of intact. Significant impacts over the period of extended 

interim storage can be envisioned. The NRC staff has been 

directed to examine the stowaway option carefully in an order 

of the GESMO hearing board of November 19, 1976, and the 

Staff's findings should be included m this Supplement. 

Comment 3: On page 2-13 of the Supplement, it is stated 

that the disposal of spent fuel poses the additional problem 

of a long-term heat load above the high-level waste generated 

in a uranium recycle case. However, waste from reprocessing 

spent fuel will have essentially identical heat output as 

unreprocessed spent fuel. The heat output from spent pluton-

lum fuel is higher than the heat output of spent uranium fuel. 

If the plutomum recycle option is adopted, there will be 

higher heat producing characteristics in the spent fuel than 

under either the no recycle or the uranium recycle options. 

Comment 4• In calculating the data presented in Tables 

2.1 through 2.9 (Supplement pages 2-21 to 2-30) it is assumed 

that shortly after disposal there is complete release of 
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krypton-85, carbon-14 and iodine-129 from the spent fuel. 

For the reprocessing case, approximately 75% of the lodme-

129 is trapped at the reprocessing facility. Are there steps 

which can be taken to delay release from such fuel of the 

krypton-85, the carbon-14 or iodine-129? Since that trapped 

iodme-129 must eventually be disposed of and considering 

its long half-life, it would also appear conservative to 

assume its ultimate release. If iodine-129 is assumed not 

to be released, the Staff should state the basis for that 

assumption. 

Comment 5: On Supplement page 4-76, it is stated that 

interaction of wastes and salts in a repository could lead 

to the generation of explosive mixtures of hydrogen and 

oxygen or chlorates or perchlorates. It is not entirely 

clear that such events were included in the calculations of 

the consequences of repository failure beginning on Supple

ment page 4-86. If it has not been included, such events 

should be. 

Comment 6: The discussion of potential hazards from 

waste repository failure beginning on Supplement page 4-86 

leads to the consideration of basically only two cases of 

waste dispersal. One is a very slow process of leakage and 

transport through the soil, and the other — although of a 

very low probability — involves a more rapid dispersal by 

-6-

the impact of a meteorite falling directly on the repository. 

This discussion seems to overlook some intermediate but oo-

tentially significant cases. Tor example, it is recognized 

on Supplement page 4-87 that "intrusion by drilling" may 

violate waste repository integrity. Because of the build-up 

in the repository of radon and tritium gases, the result of 

such drilling is likely to be the rapid release of such 

gases. The calculation of the impacts of this release does 

not appear in the document. Also, a aroup of events which 

could potentially cause repository failure owing to stimula-

32 9 1 tion by the radiation or heat output of the waste canisters 

themselves is recognized. While the SupDlement states that 

no serious problems arising from radiolytic or thermal effects 

in the repository were recognized which could not be counter

acted by modification of the design or operation of the reDo-
3292 

sitory, it is acknowledged that 'the possible effects have 

not been completely evaluated." (Supplement page 4-87). 

Further, reports from the Asse Mine in Germany indicate 

that high heat loads can cause major distortion of the 

salt, even buckling and cavern failure. Could such events 

lead to repository failure and release of wastes? 
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Comment 7: In figures 4.9 through 4.11 (Supplement 

pages 4-90 to 4-92) it appears the dilution volume of water 

is for the high-level waste averaged over the repository 

volume rather than for wastes concentrated in their original 

locations. We could not check the assumptions since the 

German reference for the figures was not made available. If 

in fatft, the high-level wastes were assumed to be averaged 

over the entire repository volume, the figures used m the 

Supplement would seem to understate the longevity of the 

hazard. This should be clarified. 

Comment 8; On Supplement page 4-101, it is noted that 

under the uranium-only recycle option, plutonium quantities 

in "high-level wastes would be increased by a factor of 200. 

This statement is misleading, since it would be true over 

long periods. The 200-fold increase is true only at the 

beginning of the disposal period,and at later times the 

difference would likely be less than 100-fold. Furthermore, 

the statement overlooks the contributions of Am and Cm decay 

which are significant over long periods, especially since 

certain Cm isotopes decay by way of Pu-240 and 239. This 

section of the Supplement therefore should provide an assess 

ment of total transuranic alpha activity over time, since it 

varies considerably due to decay. This assessment of total 
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alpha activity should then be the basis for comparison with 

the uranium-poly recycle option. 

Comment 9: In the discussion of decommissioning alter

natives, several options are noted that are less extensive 

than complete dismantling and decontamination of a facility. 

R The decommissioning option chosen to calculate the impacts 

for Table 4.30 seems to be a complete dismantling and decon

tamination, however. The experience with decontamination 

_has been limited to the Elk River reactor, some small test 

"reactors, and other critical facilities. (Supplement page 4-131). 

Given this limited experience, both the costs and the conse

quences of decommissioning and decontamination might differ 

1 substantially from the estimates presented. The uncertainty 

of these figures, therefore, seems quite large and the data 

should be accompanied by an estimate of an upper limit on 

their values. 

— Comment 10: The environmental impacts of extended water 

basin storage of spent fuel are based primarily on slow leak

age of volatile fission products contained m the fuel itself. 

Because the no-reprocessing option will require more fuel 
3 

assemblies to be in storage at any time, closer spacing and 

storage can be achieved by the use of neutron absorbing par

titions in the storage rack, implying the potential, for a 

criticality event if those partitions were violated. Given 
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an assumed extended time of storage and the potential for 

criticality, it would seem necessary to include in the 

impact assessment of water basin storage an accident analy

sis which would envision events such as the loss of pool 

water, accidental dropping of heavy equipment onto the fuel 

held in the racks, and criticality events stemming from the 

inadvertent removal of neutron-absorbing materials. Such 

accidents do not appear to have been considered. 

Comment 11: In Section 4.10.3 of the Supplement, no 

table is provided for the estimated impacts of sabotage on 

reprocessing or waste facilities. Therefore, it is unclear 

whether the potential impacts of such events have been in

cluded in the revised Table S-3. One sample calculation is 

given on Supplement page 4-162. A more extensive attempt 

to examine the impact of sabotage, under a variety of assump

tions on the effectiveness of prevention and mitigation mea

sures , is necessary. 

Comment 12: On Supplement page 4-115, it is stated that 

the most severe accident postulated for storage of spent fuel 

at a waste repository is the rupture of the spent fuel con

tainer and the cladding of "some" of the fuel rods. Why is 

the rupture of 50% to 100% of the fuel rods or the dropping 

of two canisters not a reasonable assumption to be included 

in the Supplement? 

- 10 -

_ Suggestion 1: In view of the general deficiencies in 

the Supplement, noted particularly in Comment 1 hereof, the 

directive of the United States Court of Appeals for the 

District of Columbia Circuit in NRDC v. NRC (Docket Nos. 74-

1385, 74-1586) that the factual record m this proceeding be 

as complete as possible, and given the difficult and untested 

factual issues which are the subject of this proceeding, the 

California Energy Commission suggests that the NRC do the 

_ following: 

~~ (a) Direct the Staff to re-evaluate and revise the 

Supplement, paying particular attention to those matters 

noted by interested parties as being deficient in terms of 

analysis and study. In so revising the Supplement, Table 

S-3 should also be revised to be made understandable to non

technical persons. It is further suggested that Table S-3 

be accompanied by a detailed written explanation of its 

qualifications, assumptions and applicability. 

(b) Upon completion of the revision of the Supplement 

and Table S-3, interested persons should be afforded oppor

tunity to comment upon such revisions. Subsequent to the 

comment period, the NRC should hold hearings on Table S-3 

and the Supplement. These hearings should provide for full 

participation by interested persons. Where necessary for 
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the development of a complete factual record, the hearing 

format should provide for adjudicatory-type procedures, 

including cross examination of witnesses. 

Underlying the comments and suggestions stated above, 

the California Energy Commission is concerned that the 

documents prepared by the staff and the procedures outlined 

by the NRC fail to comply with the National Environmental 

Policy Act ("NEPA") and the decision in NRDC v. NRC, supra. 

The California Energy Commission is mindful that the NRC 

staff has prepared the Supplement under great time con

straints and that it has endeavored to produce a meaningful 

and adequate document. Nevertheless, we recognize and 

aggressively support the important mandate of NEPA — a 

mandate which must be fully served by the NRC. If there is 

a failure to comply with NEPA and NRDC v. NRC, there may be 

inordinate delay in bringing needed power to areas of the 

State of California. For these reasons, the California 

Energy Commission urges the NRC to order revision of the 

staff's documents and to implement procedures which assure 

that licensing can proceed in full compliance with the law 

and without the threat of judicial reversal. 

Respectfully submitted, 

California Energy Resources 

Conversation and Development 
~> Commission > 

- ^ i . 

Vincent V. MacKenzie 
General Counsel 

D a t e d : December 2 , 1976 
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x 
_ _ _ _ The proposed project is in accord with State plans, goals, and objectives at 

this time. 

Refer to the attached comments. 

You may now complete and file your formal application with the appropriate Federal Agency. 
This form, with comments if any, is to be attached to that application, and the lower por
tion of this form is to be completed by you, detached, and returned to the State Clearing
house when the formal application is submitted. 
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State Clearinghouse Reviewer . . ,„,, 
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State Budget Agency 
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Address Reply to: 
Indiana Slate liuud of Health 

1330 Wot MiUi'Sin Street 
Indianapolis, IN 46206 

December 13, 1976 

Mr. Roland Mross 
Federal Aid Director 
State Budget Agency 
212 State House 

Attention: Indiana State Clearinghouse 

William T. Paynter, M.D. 
State Health Commissioner 1/S 

SUBJECT: A-95 Project Review 
State Identification No. 7610200000 
Environmental Survey of the Reprocessing 
and Waste Management Portions of the 
Light Water Reactor Fuel Cycle 

00 

4* 

We have reviewed a copy of the U.S. Nuclear Regulatory Commission 
application for a review of their environmental survey submitted by 
W.P. Bishop, Chief, Waste Management Branch, Division of Fuel Cycle and 
Material Safety. This document was received from your office on October 20, 1976. 

The State of Indiana has neither existing nor planned facilities 
for the disposal of radioactive wastes. At present in Indiana, which is a 
non-agreement State, the U.S. Nuclear Regulatory Commission would have 
jurisdiction of radioactive waste disposal sites. At the time Indiana 
becomes an agreement State, the radioactive waste disposal site would be 
under the cooperative jurisdiction of the Solid Waste Management Section, 
Division of Sanitary Engineering, and the Radiological Health Section, 
Division of Industrial Hygiene and Radiological Health, Indiana State Board 
of Health, 

At this time the Indiana State Board of Health has no responsibility 
for the intrastate or interstate transportation of radioactive waste. The 
Radiological Health Section responds to emergency incidents involving 
transportation of radioactive material throughout the State. A Radiation 
Emergency Response Committee composed of highly qualified investigators 
assists with the investigation of emergency incidents. 

The Indiana State Board of Health offers no comment on this survey. 

Solid Waste Management Section 
Radiological Health Section 

RECEIVED 

DEC 17 19-5 

United States Department of the'Interiorv^ 
OFFICE OF THE SECRETARY 

WASHINGTON, D C 20240 

E R - 7 6 / 9 9 6 

l^hip^^m) JAN 41977 

BD 

PROPOSED K U L E 

Dear Mr. Bishop: 

Thank you for your letter of October 12, 1976, transmitting 
copies of the Nuclear Regulatory Commission's report, 
"Environmental Survey of the Reprocessing and Waste Manage
ment Portions of the LWR Fuel Cycle." 

Our comments are presented according to the format of the 
report or by subject. 

General Comments 

3.4.2.1 

The proposed interim rule is to consist of substituting a 
revised table S-3 to be included in future environmental 
statements for nuclear power reactor licenses to summarize 
the cumulative impacts of the uranium fuel cycle. However, 
neither S-3 nor the supplement report from which it is 
extracted adequately discuss fuel processing or disposal 
of radioactive wastes. Table S-3 omits any mention of 
high-level wastes and those other-than-high-level solid 
wastes resulting from the reactor operation, despite the 
fact that past environmental statements specifically 
included discussion of both low-level and high-level wastes. 
(See, for example, Final Environmental Statement, Washington 
Public Power Supply System Nuclear Projects 3 and 5, NRC, 
June 1975; page 5-26, section 5.4.5.) 

The proposed table, aside from revisions of previously 
enumerated quantities, does provide new information on 
waste management. The major technical question on waste 
disposal with respect to the rulemaking would be whether 

_ this information adequately summarizes the environmental 
impacts due to these wastes. It may be helpful to narrate 
the new information since in the tabular form it is somewhat 
disjointed. 

..IJ/HIT?-
^CONSERVE 
\ AM ERICA'S 

ENERGY 

Save Energy and You Serve America! 
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This new information is given only in terms of gaseous, 
liquid, and solid radiological effluents, each expressed 
in curies p«r year of reactor operation at 100 MW(e). 
Liquid effluents are given as 5.4E-6 curies of uranium 
and daughters, and 5.9E-6 curies of fission and activa
tion products. Solid radioactive wastes other-than-high-
level, buried on site Cshallow), would contain 4,700 
curies, and transuranic contaminants and high-level wastes, 
buried on site Cdeep), 11 million curies', a footnote to 
Table 2-10 on pages 2-31 and 32 states that these-wastes 
would not be released to the environment. 

However, the terse format of the proposed table leaves no 
room to qualify this statement. For example, the proposed 
table unequivocally states, on page 2-31, footnote f, that 
buried, wastes are "not released to the environment". On 
page 2-19 the Supplement attempts to qualify the inter
pretation of environment as follows: "Buried solids: Radio
active wastes, upon disposal, although not released to the 
biosphere Ci.e., the human environment) are placed in the 

Sosphere and are thus included in the table". Water 
trinsically connects the biosphere and geosphere, but 

the proposed table does not acknowledge the potential 
environmental impact of this interrelationship on the 
burial of radioactive wastes. The discussion of shallow 
and deep burial of wastes in the Supplement makes it clear 
that this is not the intention but the proposed table does 

juot reflect this. 

The possibility that reprocessing might, at least for a 
considerable length of time, prove to be economically 
infeasible, as suggested in the Supplement on page 4-6, 
points to a need for greater emphasis on the no-recycle 

_option. This option would tend to result in accelerated 
depletion of our uranium resources, resulting curtailment 
of our nuclear energy development, and waste of resources. 
This option would apparently then leave us with many 
nuclear power plants and related facilities that must be 
safely decommissioned for disposal. The Supplement should 
•ore fully evaluate this eventuality,- which -should also 
lend emphasis to the importance of geologic isolation or 
geologic provisional storage of the associated radioactive 
wastes. 

3 

Liquid Radioactive Effluents 
The proposed revised table shows liquid radiologic effluents 
from waste management as 5.4E-6 curies of uranium and 5.9E-6 
curies fission products and activation products. These 
quantities are the same as those indicated for liquid wastes 
from decommissioning shown in Table 4.31 on page 4-133 of 
the Supplement. However, Table 4.30 on page 4-132 which 
itemizes the impacts of decommissioning indicates greater 
totals. Even the larger quantity of liquid wastes from 
Table 4.30 appears to be small and the difference, between 
the two quantities is therefore not significant, though the 
discrepancy should be explained. However, there is a question 
whether these figures are inclusive of all liquid radiologi
cal effluents. For example, as noted in the Supplement, 
radionuclides from shallow waste burial grounds have been 
moved by water at two of the existing burial grounds and have 
been detected outside the Maxey Flats facility in Kentucky. 
The radionuclide concentrations detected so far are quite 
low, but are an indication that higher concentrations could 
be expected in the future. These radionuclides are 
essentially committed as effluents; although until studies 
are completed, their quantity is unknown and presumably has 

_not been included in Table 4.30. 

"~ Disposal of Low-Level Wastes 
The technique tor disposing of low-level wastes appears to 
be the same as used in the past. Failures of the system 
are acknowledged in the Supplement on page 4-125, 
Radiological Coperational period); and on page 4-163, 

_ Burial Grounds. No discussion is presented which reveals: 
— CD how the potential for accidental leakage has been 
reduced through improved containerization/storage techniques, 
and C2) how the potential for sabotage/unauthorized intrusion 
to the burial grounds has been reduced. While we expect 

_ a n absence of detail on this latter point, a statement is 
needed to indicate any changes in past procedures, such as 

__ the improvement of surveillance. 

The discussion of shallow land burial of waste materials 
and related problems on pages 4-122 through 4-128 in the 
Supplement suggests that impacts might be deduced further. 

1 The Supplement should more adequately describe the "water 
collection facilities" in the waste disposal trenches 

_ mentioned on page 4-128 and explain the rationale of 
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allowing water to remain in the trenches' where it will 
leach radionuclides. The model stipulation of requiring 
a depth of at least 50 feet to ground water discussed on 
page 4-123 does not seem sufficient, especially if vertical 
permeability, as stated, is to be sufficient to allow sub
surface drainage of precipitation at appreciable rates. 
Below the organic soil zone, except perhaps in very fine 
uniform silt or clay, permeabilities might normally be 
expected to be somewhat higher. Thus, pollutants could 
be expected to move to ground water before sufficient 
decay had occurred. It would seem that some system should 
be considered to prevent accumulation of water in the 
trenches. For example, a gravel-packed underdrain system 
immediately above an impermeable and adsorptive clay liner 
and underlying a thin-gravel trench floor might avoid 
problems that have been reported, permit efficient monitor
ing, avoid damage to packaging, and ensure that radio
nuclides would be kept immobilized or would be retarded in 
downward movement to permit the desired radioactive decay. 
Fluids intercepted by the underdrain, after analysis, 
could be treated, recirculated, or solidified for disposal. 

Disposal of Long-Lived Wastes 
The Federal Register Notice of October 18, 1976, of the 
availability of the report states on 41 FR 458850, "In 
areas where information for a complete quantitative assess
ment is lacking Crisks from sabotage, special risks from 
disposal of spent fuel or separated plutonium, and risks 
from failure in the long term of the geologic repository 
for high-level waste) Federal programs are underway to 
resolve existing unconformities". Mention of existing 
uncertainties with respect to burial of wastes is also in 
contrast to the terse unequivocal summary afforded by the 
proposed table. The words "complete quantitative assess
ment" imply that existing uncertainties are merely 
numerical, requiring refinement of already quantifiable 
assessments. This would be a serious understatement with 
respect to the long-terra isolation of wastes in a 
geologic repository. This would require quantitative 
prediction of hydrologic, geochemical, and ̂ geophysical 
processes affecting the burial site for several hundred 
thousand years into the future. It is not demonstrated 
in the Supplement that all significant processes are 
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definable at this time, much less quantifiable. Plans 
call for initial test emplacement of wastes in the jmid-
1980's; only after successful completion of a test period 
of unspecified length would the waste be considered 
permanently in place as noted on page B-2 of the Supplement. 
It is unlikely that complete quantitative assessment 
could anticipate the completion of a test period, and this 
would be unlikely to be before the next century. At this 

[""time, the implication that the assessment of high-level 
waste disposal lacks merely quantitative refinement is 

I premature and misleading. 

—Also, there is no information on specific site character
istics for site locations proposed for licensing as burial 
sites. The Supplement routinely refers to salt mine 
disposal of high-level wastes when, in fact, such storage 
is now in the conceptual, rather than operational stage. 
Although the conceptual mode is recognized, no indication 
is given as to when permanent salt mine disposal (or any 
other permanent disposal mode) is expected to be operational. 

"Figure 4.11 in the Supplement suggests that the radio
activity and hazard index of wastes would decrease about 
100,000-fold between the age of 10 years and one million 
years. But because of the very high initial radioactivities 
and large quantities involved, the repository apparently 
would still contain about 100,000 curies of radioactivity 
after one million years, within a volume of about 70,000 
cubic meters. It would be helpful to clarify whether 

_ these figures are correct. 

- In addition, we are concerned particularly with the most 
concentrated radioactive wastes. These are shown on 
Table 3.1 as being the high-level wastes. These wastes 
would evidently comprise less than 15 percent of the total 
volume of all wastes, but would contain at least two-thirds 
of the total radioactivity, at least during the early years. 
According to our understanding of the Supplement, this moat 
highly concentrated 15 percent of the wastes would be 10 to 
20 times as radioactive as the remaining 85. .percent of the 
wastes, at least during the early period. It would be 
helpful to provide an evaluation of how the initial radio
nuclide content would affect the long-term activity of the 
four major classes of wastes requiring disposal in a 
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3.4.1.8 

3.2.9.1 

3.2.6.4 

FOR 

3.2.2.3 

3.2.4.6 

Federal repository (.i.e., spent f u e l , high-level, trans-
uranic, and hulls and hardware), for example after 500,000 
years and one million years. It would also be advisable to 
' explain in greater detail the rationale with regard to the 
required duration of the integrity of the containment. In 
particular we believe that consideration should be given to 
whether certain canisters or types of waste are expected to 
be significantly more radioactive than the bulk of the 
waste after 500,000 or one million years, and whether the 
most highly radioactive canisters at those future_ dates 
should not serve as the basis for determining required 
duration of containment for the repository as a whole. 

'Thermal Effects of Aboveground Storage 
A significant amount of heat is generated at the Retrievable 
Surface Storage Facility (RSSF). On page 4-35 of the report 
it is stated that the heat released from the RSSF during the 
year 2025 was calculated to be 72 MW/year, based on solid 
storage of the waste from 507 model LWR's. However, on 
pages 2-29 and 4-9 of the report the thermal effects of 

J disposal of long-lived wastes and a reprocessing plant 
" (respectively) are given in Btu's. We believe that 
throughout the report heat values should be consistently 
expressed in a unit such as Btu's, rather than MW/year. 

"*Heat Generation froiA Underground Tank Storage 
On page E-l, Appendix E of the Supplement it is stated that 
1 million gallon tanks of nuclear waste, undergoing radio
nuclide decay, generate heat at from 1-10 Btu/hour/gallon 
of waste. Taking 5 Btu/gal/hour, and 14,000 Btu/pound of 
coal, pne can calculate that a tank of waste generates in 
21* hours heat equivalent to burning 4.3 tons of coal. 
rhere was, however, no discussion in the Supplement regard
ing the possible alternative use of waste heat from these 

—storage tanks or of the research that may be required to 
determine the feasibility of effectively harnessing this 
presently-wasted energy source. 

Decommissioning 
The proposed revised table does not include the consideration 
of the radioactive solids resulting from the" decommissioning 
of facilities. This is not spelled out in Table 2-10 in the 
Supplement. A footnote to Table 2.6 on page 2-27 states 
that the radioactivity contribution of other-than-high-level 
solids due to decommissioning has not been estimated. 
Table 4.30 on page 4-133 also indicates that there would 
be sizable volumes of transuranic contaminated wastes, but 
provides no estimate of the quantity or species of these 
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radionuclides. We believe that the proposed table should 
either supply such estimates or state why they have been 
excluded. 

"Table 4.30 also indicates that the volume of wastes 
resulting from decommissioning are based on "normal opera
tion." While accidents are discussed in several instances 
in the Supplement there is no discussion of their effects 
on quantities of radioactive wastes requiring disposal. 
Accidents would be likely to greatly increase contaminated 
equipment, structures, and earth materials that would have 
to be disposed. This should be discussed in the Supplement 
and it should be specified in the table whether or not 
waste management requirements due to abnormal operations 
have been included. 

" Waste Management 
Wherever the major classes of radioactive wastes are 
enumerated in the Supplement, it is suggested that one 
class be consistently referred to as "non-transuranic low-
level wastes." At present these wastes have been alternately 
referred to as "low-level wastes" or as "non-transuranic 
wastes," creating possible confusion. This suggestion 
applies to the Glossary, the last paragraph on page 1-1, to 
Figure 1.1, and the subsequent reproductions of that figure 
on pages 4-3, 4-11, 4-14, etc. 

It is stated on page 4-128 of the Supplement that "Present 
policies prohibit the burial of plutonium" and a footnote 
adds "Except at the Hanford site." However, the subsequent 
discussion of waste management at Hanford in Appendix D 
makes no mention of management 6f plutonium-bearing -waste 
at that site. A further explanation or elaboration of any 
environmental impacts or problems related to this action 
would be helpful. 

* On page 2-11 of the Supplement reference was made to the 
problem of proving the ultimate capability of geological 
disposal with "a test of containment-for a quarter of a 
million years." Evidently this figure is the duration of 
containment that is traditionally cited for wastes contain
ing radionuclides having long half-lives, such as plutonium 
isotopes, neptunium 237, and iodine-129. However, informa
tion provided in this Supplement suggests that the duration 
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of containment might need to be considerably longer than 
250,000 years. Table 3.1 in the Supplement shows that 
the annual production of radioactive waste derived from 
all fuel-cycle facilities that requires disposal in a 
Federal repository would be approximately one billion 
curies. This quantity is comprised of 11 million curies 
of 10-year-old spent fuel, about 900 million of high-level 
wastes, about 5 million of plutonium, and about 17 5 million 
of miscellaneous transuranium solids. Since the "Supplement 
indicates in Table 4.37 that only two Federal repositories 
are anticipated through the year 2000, each of these would 
evidently contain nearly 10 billion curies of radioactivity, 
based on the estimated cumulative volumes in the year 2000 
shown in Table 3.4 and the typical radioactivity per cubic 
meter derived from Table 3.1. Figures 4.10 and 4.11 in the 
Supplement suggest but do not state that the wastes in the 
case of the uranium fuel recycle option would be roughly as 
hazardous after one million years as they would be after 
100,000 years. 

No" specific discharge rate has been provided for cerium-247 
in Appendix A. This information would be desirable because 
its radioactivity is evidently great enough, and its half-
life of 40 million years is sufficiently long, that after 
100,00 0 years it would be a major contribution to the 
overall radioactivity level of certain portions of the 
waste. 

Minor Comment 

The reference to "durable minerals such as quartzite and 
granite" on page 4-18 of the Supplement should be changed 
to "durable minerals such as comprise quartzite and granite." 

We hope these comments will be helpful to you. 

Mr. W. P. Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle 
and Material Safety 

Nuclear Regulatory Commission 
Washington, D. C. 20555 

rfS& *:$ 

OFFICE OF THE GOVERNOR 
1LPH BRISCOE 
GOVERNOR 

\ ' U Dece,llber 13- 1976 

p a U.ED UQLE PR -StlniFKHW) ) 

'[ 

Mr. W. P . Bishop 
Waste Management Branch 
United States Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Bishop: 

The Task Force Report: "Environmental Survey of the Reprocessing and 
Waste Management Portions of the LWR Fuel Cycle," has been reviewed by 
the Budget and Planning Office and interested State agencies in accordance 
with the National Environmental Policy Act of 1969. 

Comments of the reviewing agencies are enclosed for your consideration. 
Following, are some of the issues of concern: 

1. The State Department of Highways and Public Transportation 
feels that transportation safety factors have been adequately 
considered, and would appreciate advance notification of any 
plans to transport radioactive materials over any portion of 
the State Highway System. 

The Governor's Energy Advisory Council raised several questions 
about the method of representation for the hazard-index components. 

3. The Texas Department of Health Resources noted, with concern, 
the statement that buried solid radioactive wastes were not 
released to the bioshpere was contrary to the recent experience 
at near surface sites. 

The above comments are submitted to assist in your planning effort. If 
ve can be of further assistance, please let us know. 

Sincerely, 

iCharTesT). travis, Director 
Budget and Planning Office 

Enclosures 



RtoOAN HOUSTOH CHAMMAN 
M W l f T C. Q M S ) AUSTIN. TtXAS m i 
CHASUS l aMONS 

October 26, 1976 

STATE DEPARTMENT OF HIGHWAYS ' BM»IEER.O«ECTOR 
AND PUBLIC TRANSPORTATION » L OEBERRV 

tCtlVEtt 
ocrsa 

Budget/Planning 

M REPLY REFER TO 

NC 

U.S. luclear Regulatory Commission 
Kniitiuumautal Survey of the Reprocessing and 
Mute Management Portions of the LHR Fuel Cycle 

Mr. •• Anthony Breard, Coordinator 
•etmral Resources Section 
S m n n ' i Budget and Planning Office 
Bxacutlva Office Building 
•11 Uest 13th Street 
Austin, Texas 78701 

Dear Sir: 

lafstaucs Is made to your memorandum dated October 19, 1976 submitting 
a rmpoct covering the subject environmental survey. 

fram the Department's review of the document. It appears that transporta
tion safety factora have been adequately, conaldered. 

A a Department would appreciate advance notification of any plans to 
I I — a m i radioactive materials over any portion of the State Highway 
tjwtom. The vernal permit should be obtained If such transport involves 
u w e l g h t or overalls movements. 

yarn for the opportunity to review- the document. 

Sincerely yours, 

B. L. DeBerry 
Engineer-Director 

R. L. Lewis, Chief Engineer 
of Highway Design 

as: raemral Highway Administration 

.\ 1 1 1 i V t If 
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Fratfi U Duff, M.D., DT.P.H. 
Director 
Raymond T. Moore, M.D. 
Deputy Director 

Texas Department of Health Resourf$s" 
Budgst/Pizww 

- fXtmbtn of the BoarcP 
1100 West 49th Street 
Austin, Texas 78756 

(512)454-3781 

November 22, 1976 

Mr. Charles D. Travis, Director 
Governor's Budget and Planning 
Office 

Executive Office Building 
411 West 13th Street 
Austin, Texas 78701 

Robert D. Mortton, Chairman 
William |. Foran, Vice-Chairman 
Royca E. Wtstn baker, Secretary 
N . L Barker |r 
Rodtric M. Sell 
Johnnie M. Benton 
H. Eupne Brown 
Bill Burton 
Charles Max Cok 
brands A. Conley 
WWUm | . Edward* 
StarlinfH. F ly f r 
Raymond G. Garrett 
Bob D. Glaze 
BUnchard T . HoNIm 
Donald A. Horn 
Maria UMantla 
Philip Uwta 

ATTENTION: H. Anthony Breard, Coordinator 
Natural Resources Section 

SUBJECT: Environmental Survey of the Reprocessing 
and Waste Management Portion of the 
LWR Fuel Cycle 

Dear Mr. Travis: 

In accordance with your letter to me dated October 19, 1976, the Texas Department 
of Bealth Resources has reviewed the subject Task Force Report. 

The report was prepared by the U. S. Nuclear Regulatory Commission and was pub
lished in October, 1976. It deals with the reprocessing and waste management 
portions of the nuclear fuel cycle for uranium fueled reactors. The scope of the 
•tudy Is limited to the consideration of fuel reprocessing and waste management 
activities and examination of the environmental impact caused by these activities. 
Th* report includes estimates for both normal operations and accident conditions 
and covers the Implications of the handling of waste from post-fission operations 
in the fuel cycle to the storage or burial of the radioactive wastes. 

The Texas Department of Health Resources Is of the opinion that the expected 
radiation exposure to humans which would result from the proposed waste disposal 
procedures in the environment is well within current guidelines and is consistent 
with radiation protection policy as practiced by this Department. 

This Department views the alternative of short-term near surface liquid or solid 
storage generally as being far less desirable than the alternative of geological 
disposal in suitable formations (salt, granite, or other types of rock). We did 
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note with some concern the statement In Section 2.11 that buried solid radio
active wastes were not released to the biosphere (i.e., the human environment). 
It has been the recent experience of several radiation control agencies that 
near surface sites do not always operate as Intended and frequently do release 
small concentrations of radioactive material to the environment in which humans 
have contact. Moreover, this type of disposal facility requires "perpetual" 
care by a governmental agency for periods of time in excess of several thousand 
years. While arrangements exist to provide this "perpetual" care,*it is con
sidered naive to believe that such active care would continue for eons. It is 
for this reason that we also oppose the establishment of surface or near surface 
waste repositories as a final solution to the disposal of high level radioactive 
wastes. 

We appreciate the opportunity to review and comment on this Environmental Survey 

Sincerely, 

pC Aulp*-. V 
F rat is L. Duff/y.D. 
Director ' 

$ 

TexasWker 
Quality Board 

1 700 North Congress 
Stephen F Austin Building 
Box 13246 Capitol Station 

Austin, Texas 78711 

J DouglamWoote 
CHAIRMAN 

Frank H Lewis 
VICE CHAIRMAN 

M F Frost 
Fratis L Duff. MD 
Clayton T Garrison 
Ban Ramsey 
James M Rose 
HughC Yamis.Jr 

EXECUTIVE DIRECTOR 

November 19, 1976 

Re: Task Force Report on Environmental 
Survey of the Reprocessing and 
Haste Management Portions of the 
IWR Fuel Cycle 

Mr. Charles D. Travis, Director 
Governor's Division of Planning and Budget 
411 West 13th Street 
Austin, Texas 78701 

Dear Mr. Travis: 

R E C E I V E D 
UV 23 biu 

lufet/ftanning 
The staff of the Texas Hater Quality Board has reviewed the Task 
Force report on the environmental survey of the reprocessing and waste 
management portions of the LWR fuel cycle and find no areas in the 
proposed waste management process that should cause significant radio
active contamination of the environment. 

He appreciate the opportunity to furnish comments on this activity. 
If we can be of further assistance, please let us know. 

Sincerely, 

Emory G. "Long, Director 
Administrative Operations Division 



# 6 Issues which require further discussion resolution 

1. Figure 4.11 "Sumnary of Hazard-Index Components from a 
1000 Mil PUR" (pace 4-93 of M M E - 0116). 

1 This figure (see attachment) illustrates the Hazard Index for fission 
products and heavy metals for plutonium recycle and uranium recycle re
spectively versus age of waste. Since the figure alludes to "wastes 
frcD 1 metric ton of fuel", it indicated the heavy metals are residual 
from reprocessing. Since "uranium ore" is indicated on the figure a 
hazard comparison to fuel reprocessing waste is implied. 

Question: Does the "uranium fuel recycle" trace signify the hazard 
from disposing of all plutonium (or is the plutonium recovered and stored)' 
If not, what would such a trace look like' 

Question: Can the hazard of spent fuel disposal, without reprocessing, 
be represented on Figure 4.11' 

— Question: Since Sections 4.5 and 4.6 of this document discuss 
plutonium and spent fuel as wastes, can an easily understood illustration 
be constructed to represent criticality dangers in disposal of plutonium 

' as a waste from the uranium only recycle and spent fuel modes compared 
to those incurred in recycling plutonium with only recovery losses going 
to disposal? 

J B / d h 

AGENCY REVIEW IIUINSMITTAL SHEET 

TO: 

'-rrU - d 
Date: Sent: 10/19/76 

Date: Due: 11/15/76 

Refer: EIS : 6-010-007 
F R 0 H ! Charles D. Travis, Director, Budget and Planning Office 

SUBJECT: A T A S K FORCE REPORT: ENVIRONMENTAL SURVEY OF THE REPROCESSING AND WASTE 
MANAGEMENT PORTIONS OF THE LUH. FUEL CICLE 

We have reviewed the cited document and out comments as to the adequacy of treatment 
of environmental effects of concern are shown below: 

1. Additional specific effects which should be assessed: 

2> Additional alternatives which should be considered: 

3. Better or more appropriate measures and standards which 
*should be*uscd to evaluate environmental effects: 

4. Additional control measures which should be applied to 
reduce adverse environracnt.il effects or to avoid or 
minimize the irreversible or irretrievable commitment 
of resources: 

3. Our assessment of how serious the environmental damage 
from this project might be, using the best alternative 
-and control measures: 

6* We identify Issues which require further discussion or 
resolution: 

Check 
None 

y 
V 

V 

V 

(X) for eicb lte-i 
CorraienC enclosed/ 

• ' 

IX 

1 ^ 1 This agency concurs with the Implementation of this project. 

I I This accncy does not wish to comment on the tublect document because: 

C/rmcy •&. Q™1' f 
Name & Title of Reviewing Official 

http://environracnt.il


STATU OF NEW YORK 

DEPARTMENT OF LAW 
TWO WORLD TRADE: CFNTER 

NEW YORK, N.T. TC047 

Tea.!-*.**.. -212-4 88-7 562 

December 21f 1976 

Samuel J. Chilk 
Secretary 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Attention: Docketing & Service Section 

Re: Docket No. RM-50 ^'^PR-$y (%) 

4 * 
CO 

Dear S i r : 

Enclosed for filing are the additional comments 
of the States of New York and Texas on the Nuclear Renulatory 
Commission Task Force Report, NUREG 0116. These additional 
comments are filed pursuant to the notice of rulemaking 
published at 41 Fed. Reg. 45D49 (October 18, 1976). 

When the States filed their initial comments it was 
stated that, due to the unavailability of certain reference 
material coupled with the demands of other proceedings, the 
States had not been able to complete all of their comments 
and that additional comments would follow. 

It is respectfully requested that these comments 
now be accepted as documents filed in timely fashion. 

Thank you for your cooperation. 

Very truly yours, 

LOUIS J. LEFKOWITZ 
Attorney General 

QHN P. SHEA III JFS: PC 
Enc. Assistant Attorney General 

£<r-.- ^k&L 

ADDITIONAL COMMENTS OF THE STATES OP NEW YORK 
AND TEXAS ON THE NUCLEAR REGULATORY COMMISSION 
TASK FORCE REPORT ENTITLED "ENVIRON"ENTAL SURVFY 
OF THE REPROCESSING AND WASTE KA^ACEi'ENT PORTIONS 
OF THE LWR FUfL CYCLE - NUREG 0116 

By 

PF.TER N. SKINNER P.E. 
MARTIN HOROWITZ 
JACK SULLIVAN 



21. Page 4-129 -

It is stated that decommissioning is not a technical 

problem. At least one exception to this statement is easily 

found: "The internal structure of the high-level radioactive 

waste storage tanks will make decontamination by flushing difficult. 

Dismantling may require special techniques which have not yet 

been demonstrated" (ERDA-76-43, vol. 2 of 5, p. 15.11). An 

accurate assessment in NUREG 0116, Table 4.30, p. 4-133, of 

worker exposure, costs, and decommissioning impacts cannot be 

made before the necessary technology is developed. 

"22. Page 4-132 -

It is estimated on p. 4-132 that the costs of 

decommissioning "are expected to range from 1-2% or original 

plant construction cost for some facilities, up to 15-20% for 

other facilities." Since the studies on the decommissioning 

of reprocessinq plants are preliminary in nature and not generally 

available (p. 4-137, NUREG 0116), a conservative approach would 

use the" cost of decommissioning estimate of 25 to 100% of oriqinal 

facility capital that is found on P. 140 of NUREG 0043 (Alternative 

Processes for Managing Existsng Commercial High-Level Radioactive 

Wastes). These higher estimates apply to NFS where the facility 

was open for only 6 years. Projected reprocessing plants will be 

operating for longer periods and will use fuel that had a hiaher 

burn-up rate. NUREG 0116 does not take these facts into account 

and does not justify the projected decommissioning costs. 

3.2.9.2 

23. Table 4.16 -

There is a need for site - specific, in situ experiments 

before the normal operation of a geological repository can be 

characterized. Two exar.ples - information is needed on the 

identities and amounts of radiolvtic and thermal reaction products 

around a waste canister. Such products include possible explosive 

mixtures of H2 and 02,chlorate and perchlorates (NUPEG 011G, 

p. 4-76). - "Site-specific in-situ data are needed.for bulk bedded-

salt permeability" (NURFG OllP, p. i-77) so that qas migration in 

the geological repository can be predicted. Table 4.]6 (NUREG 01 

p. 4-8',) is unreliable without such experiments. 

24. Page 4-81 -

Statements such as "site-dependent operational accidents, 

such as mine flooding, recmire site-dependent data for analysis, 

and these are not currently available" (NUREG 0116, r>. 4-81), 

point up the dangers of using plug-in numbers as found in Table 

2.10 of NUREG 0116. Many environmental impacts are site specific 

and need to be evaluated for each nuclear facility. The studies 

supporting Table 2.10 of NUREG Oi.16 do not accomplish this task. 

25. Page 4-79 -

It is stated that "if experiments, tests, and analyses 

performed during provisional storage indicate acceptable stability 

for the time and space domains needed, the repository would be 

converted to disposal status" Since disposal status may not be 

feasible, the waste canisters will have to be in retrievable form, 

but thi's will depend on the interactions of several processes 

which are not well known at present, i.e., the possible generation 

_ of thermal reactions, chemical.corrosion, and chemical explosions. 

- 17 -



26. Page 4-116 -

It is stated, in regard to the qeoJoqic repository, 

that "the risk of criticality over geological times because of 

reassembly of the fissionable cormonetits of spent fuel has not 

been evaluated." Such evaluation is crucial considering that on 

p. 4-104 the Task Force Report states that critical configurations 

"might extend to the surface, with extensive disruption of 

geology and the environment." 

27. Page 4-127 -

Referring to shallow land burial of low-level wastes, 

staff states that "...a period of 300 years is recmired to 

eliminate significant hazards to nan or the environment." Thus, 

the containment capability of the 'Vodel" burial site must be 

evaluated for hundreds of years. After only a decade of use, the 

burial trenches at Nuclear Fuel Services* and Maxey Flats, Ky.** 

have been found to be leaking radionuclides to the surrounding 

environment. NUREG 0116 does not provide a fraction of the 

information necessary to evaluate the ability of present burial 

technology to contain radioactive wastes over a period of time 

thirty times longer than the experience at NFS and Maxey Flats. 

The operations at NFS and Maxey Flats are the longest and largest 

data base for commercial burial sites. Significantly improved 

evaluations of this type of burial must be .undertaken before projec 

tions for such "model" facilities can be relied upon. 

- 18 -

*. New York State Department of Environmental Conservation and 
U.S. Fnvironmental Protection Agency data. 

** T.PA - 520/3 -75-021, Preliminary Data on the Occurence of 
TRU Nuclides in the environment at the Rad Waste Burial Site, Maxey 
Flats, Ky. 

28. Page 4-122 -

Concerning land burial of low-level wastes, NURUG 0116 

states that environmental surveillance around the site must be 

carried on. It is not stated whether such surveillance would 

be carried on for the 300 year lifetime (NUREG 0116, p. 4-127) 

of a burial site nor how much such surveillance would cost over 

a long period of time. It is important to consider long term 

surveillance because the wastes are buried within-five feet of the 

surface (p. 4-122) where minor biogeochemical processes can have 

a large effect and hence have a great impact on costs. 

29. Paga 4-128 -

It is indicated that if a low-level waste site is found 

to be deficient, several options are available, "ranging from minor 

actions like surface grading and drainage modifications to complete 

exhumation of the waste. Experience indicates that the latter, 

while possible, poses many problems of potential environmental 

contamination." No mention is made of even preliminary studies 

to deal with this potential problem. To our knowlege no such studies' 

have ever been undertaken on wastes interred for appreciable amounts 

of time (in excess of 5 years) in saturated soils. Serious 

problems such as ground water infiltration and radioactive water 

pump-out and treatment now plaguing the TJFS West Valley site were 

not projected at the time that site was opened-as a "model facility." 

- 19 -
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3.2.3 

GR6 

30. Page 4-122 -

Discussions with U.S.E.P.A. reveal that the lot'-level 

uncomoacted waste material buried in the NFS trenches contain 

jp to 70% void space and slow compaction occurs with the 

disinte gration of drums and decomposition of waste materials. 

This factor will lead to the need for continuing work to keep 

the burial grounds' surface convex in shape so that water does 

not form a pool over the radioactive v/astes and percolate into 

the trench. NUREG 0116 does not mention this problem in the 

discussion concerned with the containment ability of the low-level 

burial site (p. 4-122). NUREG 0116 fails to discuss the costs of 

and specifications for materials needed in temperate climate zones 

to cap such trenches after compaction and settlement takes place. 

00 

3.2.4.6 

31. Table 4.29, Page 4-117 -

The contribution of facility decommissioning in the 

future to the radioactive solids buried as low-level waste has 

not been determined. Section 4.8 of NUREG 0116 (Decontamination 

and Decommissioning of Nuclear Facilities) does not even explain 

what such activities would involve. A complete analysis of the 

environmental impact of low-level waste burial is not possible 

without such information. By virtue of the 10 nanocuries per gram 

criterion governing disposition of TRU and non-TRU wastes, much of 

the heavy metallic and concrete parts of reprocessing plants, waste 

solidification facilities, and the other plants and facilities 

comprising the back end of the fuel cycle, which will be activated 

or contaminated, will find their way to shallow burial. If these 

volumes are not ascertained, the analysis o^ this subject will 

remain incomplete. 

20 
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32. Paoe 4-117 -

Foo tno t e 1 , rccrarc'!] m* s n e c i f i c s of t h e l o w - l e v e l v a ^ t e 

i n v e n t o r y i s a s c r i b e d t o a meno from Bo]] to C o l l i n s , S e n t . 1976 

(see nage 4 - 1 8 9 ) . Some o t h e r unpub l i shed l e t t e r s a r e r e l i e d unon 

fo r s i g n i f i c a n t p a r t s of t h e Table 2.10 s u p p o r t i v e s t u d y , e g . , 

Ref. 2 1 , 23 , 25 , 26 , 2 7 , 2 8 , 
3 1 , 32, 33 , 

Ref. 60, 95 , 1 0 1 , 105 , 
Ref. 1 
Ref. 5 
Ref. 38 , 40 
Ref. 5 
Ref. 6, 7 

Reference # 20 for Section 4.3.2, an Argonne National Laboratory 

report, is only in draft form, and as such, is also unavailable 

to the public. In order to comment fully on NURFG 0116 these 

items must be made available for public inspection. Without these 

documents it is impossible to ascertain the existence or validity 

of the support for Table 2.10 (updated Table S-3). 

33. (Table 4.31, p. 4-134; Table 2.8, p. 2-29; Table 4.15, p. 4-83, 

Table 4.16, 4.17, p. 4-84). 

Two discrepancies were found which affect the total for 

transuranics ascribable to Waste Management listed on page ?-33 

of Table 2-10 as .0014 curies per rry. An apparent arithmetic-il 

error during transcription from Table 4.17 for transuranics of 

1.1E-5 ci/rry rendered the respective figure on page 2-29, 

Table 2.8, equal to 1.1E-3 ci/rry. A similar error occurred in 

the decommissioning section between Tables 4.30 and 4.31. In 

this case transuranics should be 2.9 E-3 instead of 2.9 E-4 as 

13 listed in Table 4.31 using a normalization factor of 1710. 

- 21 -
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The effect o^ these error;r; is to i ncr&&? th*"> value 

ER for this effluent on Page 2-33 of Table 2.10 frorr .001* ci/rry 

to approximately .003 ci/rry. 

~ 3 4 . Table 4.30, p. 4-133 -

The exact bases for the numbers in Table 4.30 are not 

provided by staff. The "UFg Production" column is derived from 

"Estimates ... based on extrapolations from other decontamination 

and decommissioning activities involving similar source materials, 

4 4 and on engineering analysis". (4-139) . The "Enrichment" column 

of table 4.30 contains no numbers at all. For the "UO, fuel 

fabrication" column of Table 4-30, the numbers are derived with 

the assistance of a letter from "know] odrr'ablo industry personnel" 

(4-139). The "Reprocessing" column of Table 4-30 is based on 

preliminary studies (o. 4-137) . Obviously, due to this approach, 

a complete analysis of the environmental impacts from the 

decommissioning of nuclear facilities is impossible. 

STATE OF ILLINOIS 

EXECUTIVE OFFICE OP THE GOVERNOR 

BUREAU OF THE BUDGET 
SPftlNGPIU-B «S¥0« 

January 10, 1977 

Mr. W. P. Bishop, Chief 
Waste Management Branch 
Division of Fuel Cycle s lk 

and Material Safety 
Nuclear Regulatory Commission 
Washington, D. C. 20555 

© 
,10 •Vul£. 

j'R-n^WR'/sm 

RE: 
Environmental Survey of the Reprocessing and Waste Management 
Portions of the LWR Fuel Cycle, EIS #76-10*181 

Dear Mr. Bishop: 

Pursuant to the National Environmental Policy Act (NEPA) and the established 
rules and procedures for its implementation and in accordance with 0MB 
Circular A-95 (revised) and the administrative policy of the State, the 
Illinois State Clearinghouse is transmitting the following comments on the 
referenced subject. Representatives of all State agencies whose activities 
might be affected have been provided an opportunity to review this report. 
The review fails to consider an important environmental aspect of LWR fuel 
reprocessing and waste management sources. It is understood that such -
sources require a significant amount of process energy. Such energy is de
rived from the burning of conventional fossil fuels. Therefore the Illinois 
Environmental Protection Agency recommends that the Nuclear Regulatory Com
mission determine the typical energy requirements of LWR fuel reprocessing 
and waste management sources. The air quality impact of burning fossil fuels 
to meet this energy demand should be evaluated. The evaluation should consider 
the quanity and quality of fuel readily available in the market place. Special 
consideration should be given to the sulfur content of the fuel and the cost 
of control equipment necessary to prevent a violation of federal and state 
ambient air quality standards. 

Please keep the State Clearinghouse and the Illinois Environmental Protection 
Agency advised of your activities in this area. We still have not received 
the additional copies of the above referenced Task Force Report as requested 
in our November 4, 1976 letter. 

Respectfully, 

T. "E. HornVacker, Director 
Illinois State Clearinghouse 

A\ 

TEH:bl 
cc : Bob Clarke ..•jMx.-. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON D C 20460 

@ 
•core m«35ntCD , JAN 141S77 

BD 

s 

Secretary of the Commission . 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 . 

Attention: Docketing and Service Center 

Dear Sir: 

In accordance with Section 309 of the Clean Air Act, as amended, 
the Environmental Protection Agency has reviewed the U.S. Muclear 
Regulatory Commission's October 1976 Supplement 1 to HASH-1248 entitled, 
"Environmental Survey of the Reprocessing and Waste Nanagement Portions 
of the LWR Fuel Cycle — A Task Force Report" (NUREG-0116). The stated 
purpose of the report is to clarify and elaborate upon the environmental 
Impacts associated with the management of nuclear fuels (including 
reprocessing of spent fuels) and the management of nuclear wastes. Ics 
availability and a notice of a related proposed rule change were 
contained 1n the Federal Register of October 18, 1976. 

*EPA has concluded that the report does not meet the above stated purpose. 
In general, there 1s a need for more substantive information and data 
to adequately support the impact assessments presented. Further, EPA 
questions a number of assumptions, approaches, analyses, and references 
utilized by NRC. Our principal concerns focus on use of the certain 
estimates and models of the Reactor Safety Study; use of a relative 
hazard index; the presentation of environmental impact from radiological 
releases and problems associated with disposal of low-level wastes; and 
failure to recognize problems of mining and milling. Our detailed 
comments are enclosed. 

4 

If you or your staff have any questions concerning our comments or 
related matters, please don't hesitate to call. 

Sincerely yours, 

Rebecca W. Kanmer 
Director 
Office of Federal Act ivi t ies (A-101) 

Enclosure 

tjrtawhfa:: ....:•: / / a f e & Z . -

Comments on the NHC Task Force Report 

Environmental Survey of the Reprocessing and 
Waste Management Portions of the LWR Fuel Cycle 

NUREG-0116 
(Supplement 1 to WASH-1248) 

January 1977 

U. S. Environmental Protection Agency 
Washington, D. C. 20460 
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I. INTRODUCTION AND CONCLUSIONS 

The following comments result from the Environmental Protection 
Agency's review of the Nuclear Regulatory Commission's Task Force 
Report entitled, "Environmental Survey of the Reprocessing and Waste 
Management Portions of the LWR Fuel Cycle " NUREG-0116 
(Supp. 1 to WASH-1248), issued October 13, 1976. 

This report and a proposed rule change (Federal Register Notice, 
Vol. 41 , No. 202 - Monday, October 18, 1976, page 45849) involving 
Table S-3A of 10CFR 51 are initiatives taken by NRC as a consequence 
of July 1976 rulings by the U .S . Court of Appeals for the District of 
Columbia. The court, after judicial review, determined that the 
original NRC { then AEC) fuel cycle ru le (39 FR 14188) was inadequate. 
This report is intended to clarify and elaborate upon environmental 
impacts associated with the management of nuclear fuels (including 
reprocessing of spent fuels) and the management of nuclear wastes . 

In our review of this repor t , EPA tr ied to evaluate whether NRC 
adequately covered the various aspects of spent nuclear fuel r e p r o 
cessing and the radioactive waste disposal options as they relate to 
impact on the environment and man. Generally, EPA believes that 
there is a need for more substantive information and data to adequately 
support the impact assessments presented in the report . In addition, 
the report should reflect EPA's standards for the uranium fuel cycle 
(40CFR 190). 

The following principal conclusions were reached by EPA in i ts 
review of NUREG-0116: 

1. The report depends heavily on health effect est imates from the 
Reactor Safety Study. EPA believes the health effects expected after 
an accident were not fully addressed in the Reactor Safety Study. 
Fur ther , models used in the Reactor Safety Study should not be used 
for est imates of health effects from waste management since, in EPA's 
opinion these models and their applications in the Reactor Safety Study 
a re not adequate. 

2. The report provides much data and information, but does not ade
quately justify various assumptions, calculations and radiological 
doses . For example, the use of a relative hazard index (RHI) i s not 
widely accepted by the scientific community. 

3 . The presentation of environmental impact is confusing since some 
doses are to individuals and some to populations. We believe that 
assessments should recognize the total environmental impact. In 
addition, the population dose commitment for long-lived mater ia ls 
does not appear to be an environmental dose commitment at all, and 



it does not fully provide the total environmental impact. Such a total 
impact would (1) incorporate the projected re leases over the lifetime 

r R 4 of a facility (rather than just an annual re lease) , (2) extend to several 
half-lives, or 100 yea r s , beyond the period of re lease , (3) consider 
at least qualitatively or genencal ly , the world-wide impacts, and (4) 
consider a growing exposed population. 

— 4. EPA believes the repor t does not adequately reflect the difficulties 
which have been experienced in the shallow land burial of low-level 
waste, especially in humid zones. Radionuclides have moved from 

32 3 such si tes to the environment. It is therefore necessary, we believe, 
to develop si te selection c r i t e r i a for shallow land burial s i t e s . In 
addition, the report does not investigate alternatives to shallow land 

_ disposal for low-level nuclear waste (LLW). 

~ 5. The approach taken by the NRC staff is that all mater ia l entering 
a low-level nuclear waste management system will come from uranium 
fueled LWR's . This may cause an underestimation of the impact of 
the sys tem. The radioactive mater ia l from resea rch , medical-uses 
and other sources should be included in making est imates concerning 

_ the projected capacity of LLW burial s i tes . 

— 6. EPA bel ieves that the est imates of environmental impacts from 
mining and milling failed to adequately reflect si te decommissioning, 
did not recognize potential water pollution problems from liquid d i s -

32 1 charges at mines , did not include m-si tu solution mining and inade
quately character ized the mill tai l ings waste . In addition, the report 
did not reflect data and values of revised Table S-3 of 10CFR Par t 50 
as published in the Federal Register for September 20, 1976. 

7. The repor t needs more substantive information and data to 
adequately support the predicted environmental impacts of various 

341 1 operations (e .g. , waste burial m sal t , long-term storage in spent 
fuel pools, t ransportat ion, fuel reprocessing, projected quantities 
of wastes). 

II. GENERAL COMMENTS 

1. EPA has promulgated (Federal Register , J a n u a r y l 3 , 1977) 
Environmental Radiation Protection Requirements for Normal Operations 
of Activities m the Uranium Fuel Cycle. These standards will significantly 
r e s t r i c t the re lease to the environment of krypton-85, iodine-129 and 
plutonium and other alpha-emitting t ransuranic elements with half lives 
g rea te r than one year . Tables 2 1 ,2 10 and any other affected portions 
of the subject document should be modified to reflect the requirements 

_of the EPA standards (40 CFR 190). 

2. The status of long-term r i sk assessments for disposal Qf plutonium 
and other t ransuranics is not c lear For example on page 4-94, the 
repor t discusses ingestion of high-level waste, but separate storage 
of plutonium is not specifically mentioned. 

3. The assumption expressed in the second item on page 1-4, when 
coupled with the f irs t i tem, indicates a combination of circumstances 
which will occur only if there is no reprocessing and consequently no 
LWR operation with MOX and no operation of LMFBR's. Under currently 
projected schedules, LMFBR's and LWR operation with recycled plutonium 
will be phased in together with maturation of reprocessing and geologic 
disposal . Thus, real is t ical ly-projected levels of development and 
activity in all the parts of the several potential fuel cycles during the 
next 20 years should be compared with the model scheme used in 
NUREG-0116 as a function of t ime so that any significant differences 
in environmental impacts can be discussed. In addition, the expected 
number of facilities of each kind should be given, in comparison to 
the number needed. As an example, ERDA discusses developing six 
Federa l Repositories within the next 20 yea r s , whereas Table 4.37 
presents land use impacts from only two Federal Repositories. 

4. The "no-recycle" case should include an additional discussion 
regarding the experience to date with long-term storage m spent fuel 
pools. This should include deterioration of cladding and consequent 
problems d. e . , the possible need for packaging of spent fuel elements). 

5. The report depends heavily on health effect estimates from the 
Reactor Safety Study. It is stated in the EPA report entitled " Reactor 
Safety Study (WASH-1400) A Review of the Final Report, ' 
(EPA-520/3-76-009), " that the health effects expected after an accident 
were not fully addressed. Thus , in EPA's opinion, the Reactor Safety 
Study's values must not be considered 'established thresholds for 
observed health effects as indicated by reference 39 on page 4-162. 
Fu r the r , models used m the Reactor Safety Study should not be used 
for es t imates of health effects from waste management since, in EPA's 
opinion these models and their applications in the Reactor Safety Study 
are not adequate. Also, we believe the Reactor Safety Study has misused 

_ t h e resu l t s of the BEIR repor t with regard to relative r isk es t imates . 

3 



6. Sec. 4. 9. 2 . , s ta tes that t ransportat ion impacts to and from 
reac to rs are described in WASH-1238 ("Environmental Survey of 
Transportat ion of Radioactive Materials to and from Nuclear Power 
Plants") and, therefore , not considered. However, WASH-1238 was 
published m 1972, and the solid waste volumes assumed a re significantly 
lower than those revealed by current operating data. For example, 
Section VI. A. of WASH-1238 s ta tes that a PWR will generate 1000 
cubic feet of solid waste per yea r and a BWR will generate 3, 800 
cubic feet per year , whereas , according to a recent repor t , PWR s 
are producing about 40, 000 cubic feet per year of solid waste and 
BWR's about 55, 000 cubic feet per year (2). Comparing the figures 

_ one readily sees that WASH-1238 data is obsolete. 

7. EPA believes that Table 2. 11 is confusing because some doses are 
to individuals and some to populations. EPA does not feel that the 
numbers reflect the t rue long t e r m impact adequately, part icularly 
where carbon-14 is concerned. In the repor t , the population dose 
commitment for long-lived radionuclides was apparently calculated 
to be the dose to a world population of 5 x 10 people exposed for 
one year to a radionuclide concentration which is projected to exist 
after 40 yea r s of buildup. W» believe this method does not refect 
the total environmental impact. The potential total environmental 
impact in subsequent years is best estimated, in our opinion, by 
calculating the "environmental dose commitment" (3) which is the 
sum of all doses to individuals over the entire t ime period that the 
radionuclide pe r s i s t s m the environment in a state available for 
interaction with humans, ra ther than just a annual dose. The environ
mental dose commitment m pe r son - rems is usually expressed for a 
period of 100 years since it is difficult to est imate the world population 
growth much beyond this time period. Also, the total impact should 

_ consider the world-wide impacts and the growing exposed population. 

8. On page 4-168 it is stated that the charac ter and magnitude of socio
economic impacts are site specific, and after listing some of the 
pa rame te r s , s tates ' Areas less remote from urban centers usually 
have an adequate labor pool, and impacts are of l ess consequence 
Some quantitative es t imates of the pertinent charac ter i s t ics of the 
expected si tes based on projected siting practice should have been 
included. In addition, the information should indicate whether or not 

_ siting near urban centers is projected. 

9. The various scenar ios , projections and process descriptions 
a r e based upon severa l assumptions concerning wastes containing 
t ransuranium elementb, i . e , the so-called TRU wastes. In the 
absence of a final rule-making on the disposition of TRU wastes , 

_ including a definition of TRU wastes, many aspects of various 
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evaluations in NUREG-0116 may be premature . It is quite possible 
that, should the rule-making be reopened, some of the definitions 
and practices concerning TRU waste managment may be changed. 
The report should at least indicate such possibilities and outline 
how changes might affect current impact assessments . 

* 10. EPA is not mentioned in discussion of waste management programs 
of the Federa l Government, particularly relating to low-level rad io
active wastes and commercial burial facilities (e. g . . Appendices C 
& D). We have enclosed EPA's fiscal year 77 technical programs 
in LLW management. Tnis i s included in order to provide NRC with 
a more complete overview of the Federa l Government's programs and 
particularly EPA's activities. 

11. ERDA 76-43 ("Alternatives for Managing Wastes From Reactor and 
Post - Fission Operations In The LWR Fuel Cycle") should not be the 
only key reference for this analysis. There are other excellent U. S. 
and foreign repor ts which depict environmental surveys of waste 
management technology. A number of these are in the enclosed references. 

12. All terminology designated as "small , minor, " e t c . , should be 
avoided as it is difficult to a s sess the environmental acceptability 
based on these types of qualifications. The report should quantify 

_ whenever possible. 

13. EPA questions that the use of the so-called relative hazard index 
(RHI) in Section 4.4 and elsewhere. In the past, several such indexes 
have been used m assessment of the hazards posed by radioactive 
mater ia ls by various authors. However, a certain amount of confusion 
has resulted due to the fact that several different definitions exist, and 
there is no general agreement in the scientific community concerning 

_ the acceptability of the RHI, 

14. £_ eral tables summarize environmental impacts normalized 
to an annual fuel requirement for a 1,000 MWe reactor . Some of 
these tables include land commitments, but do not indicate whether 
the commitments include the land requirements for burial of low-
level wastes. 

15. Appendix A consists of a table listing nuclides of interest to 
LWR waste management programs. EPA believes that the reference 
used for this table (Handbook of Chemistry and Physics — 45th Edition) 
is inappropriate since it includes certain radioactive decay propert ies 
that are out of date. As a resul t there are some discrepancies in 
half-lives m Appendix A as compared to a more recent reference (1). 

r is. 
< |_ ia • 

Page 4-34, second line - should state that borosilicate glass 
much less dense and leachable. . . . 

5 



17. On*page 4-43 the control led-air incineration was chosen as the 
base case , because it r epresen ts "s ta te-of- the-ar t" waste manage
ment technology. However, there is insufficient information to sub
stantiate this statement, part icularly from the environmental s tand
point. 

18. Appendix A of Chapter IX of the Final GESMO (the model used 
in NUREG-0116) indicates that the C-14 population dose commitment 
was calculated by diluting the C-14 cur ies re leased into the volume 
of the world atmosphere. Also, carbon-14 is assumed to be removed 
from the environment with a removal half-life of six yea r s . The 
specific references indicating the applicability of these assumptions 
to C-14 dose commitment projections should be presented. The six 
year removal half-life apparently only accounts for removal of C-14 
from the t roposphere to the mixed layer of the oceans. Return from 
the mixed ocean to the t roposphere as well as exchanges to and from 
other environmental r e se rvo i r s are not even considered. T h e r e 
fore, the concentration of C-14 in the troposphere is underestimated 
by the pathway model presented. 

EPA believes that the preferred model for world t ransport of 
carbon-14 is the one developed by Machta (4). This model i s a 
mul t i reservoi r exchange model consisting of severa l compartments* 
s t ra tosphere , t roposphere, mixed layer of the ocean, deep ocean, 
shor t - t e rm land biosphere, long-term land biosphere, and mar ine 
biosphere . Given injections of fossil fueI*2C02 and inputs of nuclear 
fuel cycle l l*C02to the t roposphere, the model can be used to est imate 
the C-12 content and the C-14 content in the various compartments . 
Specific activities of C-14 (pCi C-14/g carbon) in the t roposphere can 
be cdmputed and used with a specific activity dose commitment conversion 
factor to est imate C-14 dose commitments due to nuclear fuel cycle 
injections of C-14. 

19. Appendix A, s tates that the contribution to the specific activity 
of the fuel is l e ss than 0. 001 Ci per metr ic ton of uranium (MTU) 
However, elsewhere the est imate of re leases of C-14 at a fuel 
reprocessing plant i s (1, 360 C i /y r ) / (2 , 000 MTU/yr) o r 0. 68 Ci/MTU. 

IB. LOW-LEVEL RADIOACTIVE WASTE MANAGEMENT 

1, The NRC has provided a generic description of a model LLW 
shallow land burial site m the document, and this model site is then 
used as the basis for predicting possible environmental impacts . EPA's 
experience with West Valley demonstrates that while this site would 
meet most of the model site c r i t e r i a described, it cannot be Categorized 
as a secure buria l s i te . EPA believes that standards and c r i t e r i a are 
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urgently needed in o rde r to provide a meaningful environmental a s s e s s 
ment because we do not agree with NRC that . . . previous experiences 
must be t reated as abnormal occurrences in the context of present 
buria l technology. . . " (p. 4-128). 

2. EPA feels that the development of a model burial site (Section 
4. 7) tends to under emphasize some of the problems experienced with 
existing commercia l s i t e s . The model s i te assumes a combination of 
site charac te r i s t ics which are optimum for the retention of buried 
ma te r i a l s , subject to the limitations of humid zones. However, 
EPA feels that none of the existing U.S . LLW burial si tes located 
in the humid zone, including both commercial and ERDA-operated 
s i t es , exhibit these favorable charac te r i s t i cs . In addition, the 
effect of s i te management pract ices on retention of buried mater ia ls 
i s significant in the humid zone. EPA believes that this aspect has 
not been treated adequately in the repor t . 

3 . Commercial and Federa l burial s i tes in the humid zone have 
experienced the movement of buried radioactive mater ia ls from 
the t r enches , and in several ca ses , mater ia ls have been detected 
in the off-site environs (6-10). Consequently the use of one yea r ' s 
monitoring resul ts from the best managed commercial humid zone 
site (page 4125) is not representat ive of the actual experience 
concerning detection of movement of radioactive mater ia ls from 
trenches by air o r surface water . 

4 . Est imates are made in Table 4 .29 of the amounts and activities 
of low-level waste destined for buria l from various LWR fuel cycle 
operat ions. The sources of these various est imates need to be 
documented. The total fuel cycle volume est imates appear to be 
somewhat lower than that estimated by EPA. The major difference 
i s m the predicted quantity of LLW from fuel reprocess ing. Recent 
EPA and ERDA est imates indicate about 135 to 225 m 3 p e r reac tor 
year (11, 12). The table also appears to overest imate the volume 
of LLW shipped to commercia l buria l facilities from UF6 production 
when normalized to a reference reac tor year , and underest imates the 
waste volume from fuel fabrication. EPA has estimated, m an 
analysis of available operating experience data for 1972-1974, annual 
volumes of 8 and 85 m3from UF6 production and fuel fabrication 
respect ively (11). 

5. The volume es t imate for the reac tor decommissioning in Table 4. 
30 appears to be underest imated. Reports state that the Elk River 
Reactor dismantling and decontamination resulted in the shipment 
of about 120,000 ft3 to commercial burial si tes (11). EPA has 
est imated that scaling this volume to that expected from the same 
decommissioning t reatment of a 1000 MWe class reactor , would 
yield an estimated one to three million ft3of radioactive solid waste. 
The est imate in the table is only 370, 000 f t3 . 
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6. The comments of the National Academy of Science Panel on Land 
Burial (6) especially concerning the need to design and operate 
reactor complexes in a way that minimizes the volume of radioactive 
waste that must be disposed of upon decommissioning should have 
been assessed in the survey. 

7. Historically, at some sites it has been estimated that only 10% of 
the buried LLW resul t s from nuclear reac to rs (13). Much of the 
wastes a re from hospitals , academic, and r e sea rch facilities 
Consequently, the approach of assuming that the only entry into a low-
level nuclear waste management sys tem would be from uranium-fueled 
LWR's may cause an underestimate of the amount of waste the system 
must contain. In addition, many of these wastes a re organic compounds 
that interact chemically with the reac tor-produced wastes so that the 
actual mater ia l in the buria l area may be substantially different in 
chemical form than that originally deposited (10). Such mater ia l s could 
form complex organic chemical leachates which might tend to migra te 
from a bur ia l area through the surrounding geological and hydrological 
environment at a much more rapid pace than if in their original chemical 
form. 

8. On page 2-14, the statement "because the lifetimes of radioiso
topes in LLW are relatively short , the disposal technology selected 
for discussion herein i s shallow land bur ia l , " indicates that disposal 
methods other than shallow land bur i a l were considered. EPA believes 
that discussing only one method of LLW disposal is not adequate, 
except where the feasibility of alternative procedures has been con
clusively ruled out. With the exception of page 4-121, the NRC has 
presupposed that shallow land bur ia l i s the only method of LLW disposal. 

9. The repor t s ta tes on page 4-121, that "there are six commercia l 
s i tes l icensed by NRC or its Agreement States for the handling and 
disposal of LLW, and this number is expected to increase as existing 
si tes reach full capacity. At this t ime one of these commercia l s i tes , 
West Valley, is closed and Maxey F la t s has imposed a usage s u r 
charge on out-of-state waste, which has greatly reduced the amount 
of mater ia l i t handles. The Sheffield s i te is nearmg its l imit , and 
the Beatty site was closed once during the past year due to manage
ment problems With all of these occur rences limiting the availability 
of LLW s i tes , EPA does not believe the above statement presents 
an adequate assessment of the disposal availability. 
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IV. NUCLEAR FUEL REPROCESSING 

1. The nuclear fuel reprocessing plant at West Valley, New York 
was the only commercially owned and operated reprocessing plant 
until it closed in 1972 for expansion. During the operation of this 
plant severa l studies concerning i ts environmental aspects were 
made (14-19). While the NRC has chosen a GESMO model plant for 
i t s analysis , it would seem judicious to at least compare this analysis 
to the data available from an operating commercial nuclear fuel 
reprocessing plant. Also ERDAhas operated several reprocessing 
plants, and these data should be considered. 

2. Oi page 2 -3 , it is stated that "Non-radiological effluents are 
smal l , and less than comparable ( e . g . , chemical and petrochemical) 
i ndus t r i e s . " The statement should identify the "small1 effluents. For 
example. Table 2. 1 on the reprocessing environmental impacts 
for the "U-recycle only" mode specifies 21. 9 metr ic tons (MT) of 
NOx gaseous emissions per reference reactor yea r . When this figure 
i s adjusted for the reference fuel reprocessing plant, based on the 
data on pages 3-1 and 3-9, we find that the model plant will discharge 
approximately 1250 MT/year of NO x . Thus, the plant appears to be 
a major stationary source of nitrogen oxides. In addition, at ERDA's 
Hanford Facility where a Purex process fuel reprocessing plant was 
operated, there was a sizeable non-radiological discharge of n i t ra tes 
which created a nitrate contaminated plume m the underlying ground 
water that extended several miles from the plant (20), The repor t 
should mention whether there have been improvements m the Purex 
process which would eliminate the ni t ra te discharge. 

3 . On pages 2-22 and 2-29, the summary tables indicate that no 
radiological effluents are expected. At the Hanford reprocessing 
plant, however, there was a discharge of tr i t ium to the underlying 
ground water that created a large contaminated plume that extended 
severa l miles from the plant (20). The report should indicate what 
method is being considered for tritium, disposal which will prevent 
this kind of discharge. 

4 . The repor t did not include some important reference mater ia l 
in presenting the environmental impact of fuel reprocessing plants. 
F o r example, the attached references 14 through 19. 

V. HIGH-LEVEL RADIOACTIVE WASTES AND GEOLOGICAL 
DISPOSAL 

1. The document cites improved high-level waste storage t a n k s - -
modern designs which have proven vitually free of leaks and oper 
ational problems (page 2-4). However, the report should make note 
of the fact that the new tanks at Hanford a re less than eight yea r s 
old, and the first leaks from the old tanks at Hanford, which are now 
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recognized to be of inadequate design, occurred after more than six 
years of use . The conclusion that the tanks currently being designed 
are adequate would appear to need additional support, such as 
specific failure r a tes and types of fai lures, and operating his tor ies 

_ of the tanks of such design. 

2. The discussion at the bottom of page 2-11 indicates that, smce 
bedded salt i s plastic and under high p re s su re , it would logically 
b e expected to self-heal any intrusions or imperfections and thus 
prevent gradual dissolution by groundwater intrusion or other slow 
natural p rocesses . The discussion needs to account for the fact that 
there a re bedded salt deposits known to be undergoing gradual d i s 
solution from various causes , for example, the Hutchinson formation 
near Lyons, Kansas, which was previously abandoned as a prospective 
HLW s i te for this and other reasons , SL/ 

3 . The discussion on page 4-81 of the disposal of excess salt i s 
insufficient. The effects on the land of stockpiling of salt at the 
reposi tory site should be discussed, including the potential for salt 
contamination of local surface runoff water and near-surface ground 
water. The estimate of Table 4.15 of only 5 lb /y r of salt par t ic les 
to the a i r appears to be smal l , thus a more detailed explanation of 
this number would be desirable . 

4 . It appears that glass should not be the only solidification agent 
considered (page 2-4). Additional rationale are needed for selecting 

3 2 62 the glassification technique and for using the combination of ca lc i 
nation and glassification as an environmentally acceptable method for 

_ waste solidification. 

5. It i s EPA's opinion that there i s not sufficient information 
available today to summarize the environmental impact of waste 
buried in bedded salt , contrary to the statement made on page 2-9. 
From discussions with ERDA's Office of Waste Isolation, EPA under
stands that the site selection c r i t e r i a , which are the bas is for 
ascertaining the environmental viability of a bur ia l s i te , have 

— not been fully investigated. 

~~6. EPA believes that the operational facility for deep mine storage 
i s not like the re t r ievable surface s torage facility (RSSF) as indicated 
on page 2-9 . An extensive amount of waste handling would have to 
be used in a deep mine before the adequacy of the emplacement methods 
could be verified. For example, retr ievabil i ty considerations are 
much different for a deep mine than for an RSSF operation. 

a/ Based on a statement by Mr. Thomas F . Lomenick, Union 
Carbide's Office of Waste Isolation, at the Workshop on 
Geologic Data Requirements for Radioactive Waste Management 
Assessment Models, held at Santa F e , New Mexico, June 28-
July 1. 1976. 
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7. There should be a projection of total quantities of waste to 
be buried at a Federa l reposi tory before determining the amount 
of acreage needed for development and the total years of operation 
at a disposal si te. The statement on page 2-10, that 2 0 acre per 
Reference Reactor Year (RRY) is the commitment of land for waste 
disposal needs further justification. 

8. NRC should indicate the bas,is for their calculations of (a) 85 
mi l l i rem exposure to an individual a thousand meters from |he stack 
and (b) the fifty year population dose commitment of 5 x 10" person-
r em attributable to a RRY for the operation of a repository (page 2-10). 

9. The document should give a quantifiable number for the increase 
in accident risk from the non-separation of plutonium m the high-level 
waste sys tem (page 2-12). This would give an indication of the increased 
exposure potential of future generations from plutonium in the waste 
disposal sys tem. 

10. EPA believes that NRC should discuss the possibility and, 
therefore , the environmental impact of the U.S. burying spent fuel 

3 4 1 7 that is generated m foreign countries which use U. S. vendors 
as suppliers for the reac tor and steam supply system and the 

_ ,core fuel. 

[ 11. The document should indicate the bas is for the 0. 5 % figure 
3 2 6 1 (page 4-11) for the U and Pu ending up in the high-level waste 

L_ s t r eam. 

["" 12. More information is needed on the projected quantity of 
3 2 5 6 cladding hulls which a re to be t rea ted , packaged and either stored 

|__ o r disposed. 

13. The effects of l a rge amounts of Pu on repository size were 
mentioned, but there was no statement of increased isolation t ime. 

3 2 8 2 Section 4 . 5 . 5 should identify the t ime period for which geologic 
integrity of a reposi tory should be maintained and should discuss any 

— differences due to plutonium s torage . 

"~ 14. It i s stated on page 4-163 that the "The probability of human 
mtrustion in a reposi tory has been assessed as falling between 10" 
and 10 (Sec. 4.4 2)". This statement does not indicate whether 
the probabilities a re per year o r over all t ime If per year as 
indicated in section 4 . 4. 2, then the statement is inconsistent with 

3 2 9 1 the citation on page 4-87 that " . . . the probability of violation of 
reposi tory integrity as a result of random wildcat drilling to be 
4 x 10-1* per year . . . , " which, because probabilities of human 
intrusion by other means must be added, then serves as a lower 
bound which is g rea te r than the l a rger figure on page 4-163 by a 
factor of 4. 
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VI. MINING AND MILLING 

1. Uranium mill s i tes were not included in decontamination and 
decommissioning (page 2-15) of nuclear facilities for which environ
mental impacts are given in Table 4. 30 The only references to the 
decommissioning process for mi l l s is on page B-9 of WASH-1248, 
which pr imar i ly involves the 50-year-period control that has not 
been broadly accepted by States or Federa l agencies. If one applies 
the decommissioning procedure described in WASH-1248 which 
involves the covering, grading, and seeding of low-level radioactive 
waste tailings piles, it should be noted that this decommissioning 
procedure proved to be inadequate, based on the past history of 
the Atomic Energy Commission 's tailings pile near Monticello, 
Utah. EPA would like to see a definitive itemization of environ
mental impacts from decommissioning of nuclear facilities in 
Table 4. 30, (page 4-133) that includes uranium mi l l s . 

2. The s ta tement , "Little o r no waste resu l t s from mine operat ions,1 

(page 3-6) is questionable m view of EPA Region VIH's experiences 
with writing discharge permits under the NPDES program (Section 
402 of the Federa l Water Pollution Control Act, as amended). Signif
icant volumes of water resul t from mine de-watering operat ions. In 
many c a s e s , deep rock and open pit mines generate waste water high 
in Ra-226. 

3. The description of uranium ore nulling is described as consisting 
of at least four general s teps (page ^-6) . In-situ solution mining to 
leach uranium from underground ore bodies i s not included EPA 
believes that this should have been considered, particularly since 
Vol. Ill of the GESMO Report (page IV-F-30) states 'it is also 
expected that a fraction of future uranium requirements may be 
supplied by solution mining and by-product recovery operat ions, 
which would tend to eliminate the formation of tailings piles and 
reduce emissions of radon, but could have the potential of some 
increase in contamination of ground water. " 

4 . EPA believes that the characterizat ion of mill tailings waste in 
cumulative volumes of waste inventory is not an adequate way of 
describing this waste category (Table 3.4, page 3-16). This waste 
type represen ts the la rges t volume of all the categories , and should 
receive a m o r e accurate character izat ion Some uranium mi l l s , for 
example, separa te their tailings into 'sands ' and "s l imes" , in most 
ca ses , the s l imes contain the major source of radium inventory. The 
' sands" and ' s l imes ' are recognized on page 3-6, but not addressed 
as such in Table 3 4 while high-level, low-level, t ransuranic and 
non-transuranic are further broken down as to type of waste. More 
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thought should be given to the r ea l nature of mill tailings waste in 
view of the large volumes involved and the tremendous quantities of 
radium contained therein. 

5. Table 2-10 does not reflect the revised Table S-3 change for 
radon-222 effluents for mining and milling as published in the 
Federal Register for September 20, 1976 EPA commented on 
this change in a let ter to the NRC dated November 10, 1976. 

VH. SABOTAGE 

3 3 2 3 
3 4 2 5 

1. Page 2-17 mentions consequences of sabotage and also the 
consequences of transportation accidents, if they are related in 
some way, it should be indicated. 

2. Section 4.10 a s se r t s that "the existence of motivation to sabotage 
nuclear facilities has not been proven. " The felling of the meteoro
logical tower at Montague, Mass. , and bombings of various facilities 
in Europe appear to argue to the contrary. If they do not, explanation 
of the correct interpretation of such events should be provided. 

" 3. EPA believes that the quote on page 4-161 from the Reactor 
Safety Study should not be considered applicable to sabotage, as 
it has not been established that the population and weather are 
independent. For example, at a valley site where night time air 
flows are frequently down the valley, it is conceivable that sabotage 
could be coordinated with such conditions. 

" 4. The discussion of the potential for sabotage should include 
the potential consequences of blockage of coolant flow of a number 
of RSSF containers. The potential consequences of ventilation 
stoppage at a bedded salt reposi tory should also be discussed. 

5. EPA believes that the judgmental analysis of impacts associated 
with sabotage does not appear adequately supported by the discussion 
in Section 4. 10. 1 which centers on a rational t e r r o r i s t group or 
individual member of such a group. Sabotage by an individual, not 
acting as a member of a group, but ra ther motivated by individual 
in teres ts either rationally ( e . g . , seeking " ransom" money) or 
irrationally seems plausible The argument on page 4-155, that 
plutonium disposal lacks threat ingredients important to t e r r o r i s m - -
lmmediate effects and an obvious cause-effect relationship—may be 
t rue for physical effects on the persons exposed. However, the 
indirect ' threat" to the public relat ions aspect of the nuclear industry 
of plutonium dispersal would seem rea l and the cause and effect quite 
apparent, so that such threats might seem to have utility to a t e r r o r i s t . 
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3.3.2 ? 

ER 

6. As stated on page 4-162, "a tank content of waste accumulated 
over half a year of reprocess ing" was assumed in calculating total 
number of effects due to a sabotage initiated re lease from a high-level 
liquid s torage tank. In our opinion this not real is t ic since wastes 
may be s tored 5 yea r s before solidification. (In addition, the 
reference to "Ref. 30" appears to be in e r r o r , as it apparently 
was published 5 yea r s before the final WASH-1400.) 
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Enclosure 

EPA LOW-LEVEL RADIOACTIVE WASTE MANAGEMENT 
TECHNICAL PROGRAMS 

FISCAL YEAR 1977 

EPA is attempting to determine the impact of the ground disposal 
of radioactive wastes on a pract ica l , f ield-oriented basis by 
conducting f ie ld studies a t the operating commercial burial f a c i l i t i e s . 
So f a r , we have implemented f i e ld studies at the Maxey Flats and West 
Valley burial s i tes . Our studies have been made in cooperation with 
the States of Kentucky and New York; and with the U.S. Geological 
Survey (USGS). Prior to the beginning of the USGS active program 
of burial site investigations at Maxey Flats and other commercial 
burial s i tes , EPA funded the USGS's preliminary hydrogeologic 
investigation at Maxey Flats . We are presently completing our 
preliminary hydrogeological study, preliminary radiological study, 
preliminary environmental pathways study and evaporator study. 
At West Val ley, we have completed a preliminary radioactivity 
migration study and are in the second year of a four-year detailed 
environmental pathways study. -

We also hope to begin detailed studies of similar scope and 
magnitude at the Barnwell, Sheffield and Beatty burial s i tes. In 
each case, our studies would be conducted in close cooperation with 

.the States and the USGS. Our studies do not duplicate the USGS 
studies but are a logical continuation of these studies. As at West 
Val ley, our f i e l d sampling program is closely aligned wi th , and in 
several cases shared with the USGS. 

In addit ion, we are conducting or sponsoring several smaller 
studies aimed at specific segments of the land burial problem, such 
as determining what wastes are buried in the burial grounds; factors, 
which affect the retention of radionuclides by s o i l ; potential Improve-

_ments which can be made in si te engineering, operations and water 
management; and development of c r i te r ia for selection of a burial 
site. 

Our planned Fiscal Year 1977 technical programs in low-level 
radioactive waste management are listed below. 

FIELD STUDIES 

West Valley: The two major objectives of this project Include 
(1) determining the retention of radioactive and stable nuclides by 

_ fractured/jointed rock and (2) developing a method for analyzing the 
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environmental pathways for a land burial site with particular emphasis 
on the water pathways This is the project's second year and sampling 
stations have been installed and development of an appropriate water 
pathway model will be the main thrust in Fiscal Year 77 It is hoped 
that the data collection methods and model developed at West Valley 
will be to some degree applicable to pathways studies at other shallow 
land burial sites EPA studies will continue to be closely coordinated 
with USGS studies in progress 

Sheffield A proposed preliminary radioactivity and pathways study to 
develop information required for planning and executing a detailed 
analyses of pathways and impacts of the burial facility on the environ
ment, with emphasis on developing a predictive pathways model EPA 
studies would be closely coordinated with USGS studies in progress 

Maxey Flats Implementation of detailed environmental pathways 
study with emphasis on developing a predictive pathways model 
EPA studies would continue to be closely coordinated with ongoing 
USGS studies 

General Support Approximately 40 man months of effort from EPA 
laboratories and research facilities will be allocated to execution 
and guidance of field studies, and to conducting independent field 
studies related to land burial processes and environmental pathways 

GENERAL STUDIES 

Siting and Evaluation of Burial Facilities A workshop to develop 
guidance for the siting and evaluation of low-level radioactive waste 
burial facilities 

Water Pathways Modeling A workshop on groundwater models currently 
available and their suitability for modeling the water pathways at 
land burial sites, and particularly, their applicability to the West 
Valley site. 

Hastes Buried at Maxey Flats - Automated Data Processing (ADP) 
Radwaste Inventory System A final report which will include 
H I results of detailed inventory of radwastes buried at Maxey Flats, 
1963-1972, (2) description of the ADP inventory system developed for 
the Maxey Flats wastes, and (3) the applicability of the Maxey Flats 
ADP Inventory system to the development of a national ADP inventory 
system for commercial radioactive wastes 

Delphi Analysis of Criteria for Low-level Radwaste Facilities 
Feasibility of A study to determine the feasibility of performing 
a Delphi analysis of criteria for a shallow land burial facility for 
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radioactive waste; (including its selection, cviluation, operation 
and decommissioning) If a Delphi analysis is believed to be feasible, 
preparations for the Delphi analysis will be node 

Improvements in Site Engineering and Operations A literature review 
will be made of new and existing engineering operational and water 
managenent techniques which may be adopted for use at radwaste burial 
sites to improve their retention capability 

Radionuclides in the Soil A critical review of the literature on 
the chemical and physical factors which affect the retention of 
radionuclides in soil and rock will be performed and an interpretive 
report will be prepared on how these factors may affect the potential 
migration (or retention) of radionuclides disposed of at a burial site 

Characterization of Reactor Generated Low-Level Radwastes A study is 
underway investigating the radionuclide makeup of LWR radioactive 
wastes presently being consigned to shallow land burial The studies 
were contracted through New York State Energy Research and Development 
Authority and chemical analyses were made of spent ion exchange resins, 
evaporator concentrates, and filter sludges for nine specific radio 
nuclides In addition, analyses of waste samples were made to determine 
gross alpha, beta and gamma activities Waste samples were obtained 
from four reactors A report is in the process of being prepared 
for issue in early 1977 

Environmental Survey of Packaging for Solidified Low Level Radwastes 
A study will be conducted to analyze packaging methods and techniques 
for solidified low-level radwastes, simulating environmental conditions 
involving shallow land burial and deep ocean disposal The survey 
will include packaging practices both in the U S and other countries 
Considerations will include physical, chemical and radioactive properties 
that will affect the durability of the packages 

Inventory and Projections of Low-Level Radwastes for Burial at 
Commercial Facilities EPA is preparing a report of the inventory 
(through June 1976) of low-level radioactive wastes buried at the six 
commercial facilities This data is an update of a 1974 EPA report 
and was compiled through an arrangement with the various State regulatory 
agencies The report will also include a projection or prediction 
of future waste volumes for comparison with existing capacity 

Available Methods of Solidification for Low Level Radwastes EPA 
is preparing a report which reviews the currently available and proposed 
methods of solidification for low-level radioactive wastes available 
1n the U S It will be issued by early 1977 
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Mr. Samuel J. Chilk 
Secretary of the Commission 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 
Attention : Docketing and Service Section 

Re: PR-51 

Dear Mr. Chilk-

•tttPMOMi i t ;ee 

CON 

By letter of December 2, 1976, we submitted legal and 
policy comments in response to the Commission's proposed 
interim rule in this docket on behalf of Commonwealth Edison 
Company, Consolidated Edison Company of New York, Inc., 
The Detroit Edison Company, Exxon Nuclear Company, Inc., 
Niagara Mohawk Power Corporation, Omaha Public Power District, 
The Power Authority of the State of New York, Public Service 
Company of Indiana, Inc., and Rochester Gas and Electric 
Corporation. 41 Fed. Reg. 45,849 (1976). 

We indicated in that submittal that we would be adding 
an analysis of the environmental estimates in the Bishop Report 
developed by Exxon Nuclear Company and an analysis of the 
Commission's Impact Report prepared in conjunction with the 
utility entities. By this letter we transmit those analyses 
for the Commission's consideration in reaching a decision on 
the interim rule. 

Appendix A illustrates the conservatism of the methodology 
of the Bishop Report and provides independent judgment supporting 
the conservatism of its conclusions. 

Appendix B substantiates the conservatism of the Impact 
Report and recommends the use of more realistic calculations 

_of the impact of not proceeding with licensing at this time. 

We urge the Commission to consider explicitly, the 
enclosed data and references in reaching its decision on the 
interim rule. In any event, the data will be a part of the 
record of the interim rulemaking which will illustrate the 
soundness of the Commission's approach for the interim rule 

_to any reviewing court. 

Respectfully submitted. 

LeBoeuf, Lamb, Leiby & MifcRae 
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APPENDIX A 

Comments on Methodology and Conservatism 
of the Bishop Report 

The Bishop Report represents an admirable syn

thesis of NRC Staff experience and information developed (1) 

in specific NRC licensing actions, such as the Barnwell 

reprocessing plant proceedings, (2) in broader NRC studies, 

such as the Final Generic Environmental Statement on the Use 

of Recycle Plutonium in Mixed Oxide Fuel in Light Water 

Cooled Reactors ("GESMO"), and (3) in a wide range of 

studies by other organizations, such as the ERDA study of 

waste management alternatives. Our review of the Bishop 

^Report indicates that the NRC Staff has reached its con

clusions conservatively by overstating the environmental 

effects which may be expected based upon detailed analyses. 

While this approach may be proper for the establishment of 

an Interim rule, we expect and strongly urge that the full-

scale rulemaking which is contemplated will adopt a realis

tic approach and thus arrive at lower estimates of environ

mental effects. 

This Appendix A illustrates the conservatism of 

the Methodology adopted by the Bishop Report in two ways: 

(al through a discussion of several of the particular 

estimates in the Bishop Report and (b) through a comparison 

of the estimated impacts of the Bishop Report's model 

reprocessing plant with the impacts for the Exxon Nuclear 

2 -

Company Fuel Recovery and Recycling Center ("NFRRC"), USNRC 
CON 

Docket No. 50-564, as calculated by Exxon Nuclear. 

The impact estimates in the Bishop Report gen

erally exceed the reasonable or realistic estimates made for 

the NFRRC Environmental Report and in a number of instances 
SV 

exceed even the levels calculated on a worst case basis for 

regulatory design purposes in the NFRRC Preliminary Safety 

Analysis Report. 

1. Examples of Overconservatism ir. the Methodology 

a. Estimates of Annual Releases from Reprocessing 
Plant 

The bases for the calculations in the Bishop 

Report are taken largely from GESMO and the analyses used in 

the licensing of the Barnwell Nuclear Fuel Plant ("BNFP"), 

USNRC Docket No. 50-334. As in GESMO, the Bishop Report 

approach generally uses assumptions of only established 

waste treatment technology, rather than the standards which 
GR3 

SV future activities will meet pursuant to NRC and EPA require

ments and currently developing engineering techniques. To 

illustrate this point we offer three examples, namely the 

calculations- for krypton 85, iodine 129, and tritium: 

(1) No credit is given for krypton 85 removal 

even though techniques are the subject of considerable 

research at this time and GESMO states that this could 

lead to an effective treduct technology by 1983. That 

is, the Oak Ridge National Laboratory's proposed 

design for a Fast Breeder Reactor reprocessing plant 
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and Exxon Nuclear's NFRRC design both including systems 

for partial krypton 85 recovery. And proposed EPA 

standards would require 80% recovery of krypton 85 by 

1983. Of course, such removal will result in increasing 

the quantity of waste for contained disposal, but the 

NFRRC analysis indicates that this is only a small 

increment to the quantity currently subject to disposal 

requirement. 

(2) Another example is the removal factor assumed 

for iodine 129. The Bishop Report is based on a removal 

factor of 40 for iodine 129 (i.e., a release of one-

fortieth or two and a half percent of the iodine 129). 

This is not a realistic assumption and overestimates 

the environmental impact of future fuel reprocessing 

plants. The proposed EPA stnadard for 1983 would 

require a removal factor of 250-300, i.e., a release of 

between two-fifths and one third of one percent of the 

iodine 129. And Oak Ridge National Laboratory's pre

dicted removal factor for the fast breeder fuel repro

cessing plant is over one hundred thousand while"a 

removal factor of 6700 is expected by Exxon Nuclear for 

the NFRRC based upon analyses of the equipment to be 

incorporated therein. 

(3) One hundred percent release of the tritium 

produced (less decay) is assumed in the Bishop Report. 

This ignores two practical factors: release occurs in 

the reactor due to diffusion through the cladding and 

- 4 -. 

some tritium is not released at all sicne it is bound 

to the zircaloy cladding as zirconium hydride. These 

two factors probably create an overestimate of at least 

ten percent. 

b. Normalization to Reference Reactor Year (RRY) 

The normalization of the environmental impacts to 

a RRX requires an estimate of the quantity of nuclear fuel 

which a reactor will discharge each year. This is also 

critical to the environmental analysis since (a) certain 

impacts of the reprocessing facility are relatively inde

pendent of the amount of fuel reprocessed and (b) the 

greater the quantity of fuel consumed the greater will be 

both the fixed and variable impacts. The Bishop Report uses 

an assumption of 35 metric tons per year per 1000 MHe reactor; 

this is conservative and attributes a larger environmental 

impact to each reactor than is actually the case by approx

imately 30%. The basis for the normalization is WASH-1248 

and, for the interim rule, it may be consistent to continue 

to use this conservative assumption. However, a Vuer. 

normalization, based on the other conservative assumptions 

given in the Bishop Report (i.e., 33,000 MWD/MT exposure, 

1000 MHe reference reactor operating at 80% capacity factor 

with 32.6% efficiency), is 27 MT/RRY. 

1000 MWe x 365 davs/y-r x 0,8 

0.326 MWE/MWT X »3,000 MWD/MT * " M T/ R R 1 f T n l B 

level Js more consi^ent with the experience and expectations 
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of utilities, such as Commonwealth Edison Company which has 

operated seven nuclear power plants. 

c. Interim Storage of HLW 

In this section, the Staff states that radioactive 

effluents and exposure to the public will be less than those 

permitted by 10 C.F.R. Part 20. A comparison of this type" 

is outdated by ALARA considerations. Actual numbers are 

expected to be significantly lower. 

d. Low Level Waste Volume Reduction 

Table 4.29 of the Bishop Report presents low level-

waste volumes from the fule cycle without taking credit for 

volume reduction technology. This technology exists, at 

least one utility contract has been signed, and other are 

being evaluated. The technology includes fluid bed drying 

*~and incineration. It is reasonable to assume average volume 

reduction factors in the 20 to 4.0 range for this technology. 

e. Transuranic Waste Treatment and Packaging 

The environmental impact frpm this process is 

absolutely small, and small even relative to the impacts of 

other fuel cycle activities.- However,, At is discussed here 

because the degree of detail on this activity in the Bishop 

Report provides clear evidence of the conservatism of that 

document. The total system removal factor utilized in the 

Bishop Report is conservatively stated as 1.1 x 10 . For 

example, (1) the incinerator removal factor of 250 is under-

^estimated when compared to EPA certification tests; (2) the 

GR3 
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venturi scrubber removal factor is also low by a factor of 

2; and (3) no credit is taken for particular removal by the 

quench column, the packed column scrubber, the condenser, or 

the mist eliminator. 

In addition, the estimate of one percent for the 

release of plutonium to the ventilation system appears 

unnecessarily conservative; open burning or handling in the 

facility would be required to attain such a high release 

fraction. 

f. Permanent Repository 

For waste as unreprocessed spent fuel, the Bishop 

Report assumes that all the fission product gases in the 

fuel are released, go to the surface, and cause environ

mental impacts in the same way as if they were released 

during fuel reprocessing (except for decay). This is a very 

conservative assumption. Ceramic fuel provides a high 

degree of containment of fission products. It is also 

difficult to visualize full releases of carbon 14 and iodine 

129 as gases. Further, release of 1200 feet below the 

ground is also difficult to accept*_ . . 

2. Detailed Comparisons of Overconservatism between the 
Bishop Report and NFRRC 

aoc^-The Environmental Report for Exxon Nuclear's Nuclear 

Fuel Recovery and Recycling Center contains estimates for 

the environmental impacts on a realistic basis. The Pre

liminary Safety Analysis Report ("PSAR"), which has been 



docketed already, contains the same estimates on a conservative 

basis. A tabular comparison of the Exxon Nuclear estimates 

and those of the Bishop Report is given in Table A-l. This 

shows that, for the majority of the environmental impacts, 

the Bishop Report numbers are conservative when utilized for 

an environmental assessment. The Bishop Report numbers are 

more closely aligned with the NFRRC PSAR values, but even in 

that case they are generally more conservative. 

3. Accidents 

The Staff has judged on the basis of analysis of 

representative accidents that the impacts from accident 

sequences other than those analyzed are negligible. This is 

a reasonable conclusion based on Exxon Nuclear's accident 

analyses in support of its NFRRC. A comparison is made of 

Al reprocessing plant accident doses between the Bishop Report 
SV 

and Exxon Nuclear's ER and PSAR in Table A-2. It is ob

served in all cases where a comparison can be made that the 

Bishop Report numbers exceed those of the NFRRC ER and, 

further, the impacts of accidents not considered in the 

Bishop Report"are lower than'those considered. "This supports 

the Staff's judgment made in the Bishop Report. 

4. Sabotage 

Section 4.0 of the Bishop Report is largely qual

itative in nature and summarizes several recent and ongoing 

studies. The Bishop Report position is that no sabotage 

attempts have been identified, that no identifiable group 

with motivations to establish such a threat has been detected 

- 8 -

and that no domestic threat has occurred. In addition, 

reprocessing plants and waste storage facilities are governed 

by regulations for sabotage and nuclear theft prevention and 

intrinsic design features exist which make the risk of 

serious health and safety consequences of such threats very 

low. 

Nevertheless, it is true that the progress on 

sabotage risk assessment for fuel reprocessing plants lags 

that for nuclear power plants, and much work is still 

required and is planned by both NRC and ERDA. The GESMO 

rulemaking should shed important light on this subject, 

especially in the forthcoming Safeguards Supplement. 

The Staff's conclusions are considered sufficient 

for the interim rule. It is expected, however, as addi

tional study proceeds, both in defining the credible threats 

and in providing more consistent and realistic assessments 

of the consequences, that the NRC Staff's conclusions will 

be based on more concrete detail. However, in the light of 

current knowledge, the judgment that the environmental 

impact from events of sabotage is .negligible is correct and 

any further work should strengthen the basis for that 

judgment rather than weaken it. 



Table A-l 

A Comparison of Environmental Impacts from 

• Model Fuel Reprocessing Plant 

(normalized to 1000-MWe Reactor at 80% Capacity for 1 Year) 

Batural Resource Dae 

(Acres) (•> 
Temporarily Committed 

undisturbed Area 

Disturbed Area 

Permanently Committed 

Overburden Moved (106 MT) 

(f) 

NFRRC (a) 

Water (millions of gallons) 

Discharged to Alr(s) 

Dlmebarged to Water Bodies 

discharged to Ground 

Total Water 61.4 

Bishop Report 

32 

28.5 

3.5 

0.12 

0.1 

6.6 

54.8 

(b) PSAR(c) 

26 

24.4 

1.9 

0.84 

0.05 

6.6 

1.9 

ER<d> 

32 

30 

2.3 

1.0 

0.06 

8.1 

1.9 

8.5 

Foe.ll Fuel 

Uectric Energy (thousands 

-ef MW-hr) 4.0 

Effluents 

tib*mlcal Taw trie ton*) 

C...W 
Sulphur oxide (SO ) 

litrogen oxide (NO ) 

Rydrocarbone 

Carbon monoxide (CO) 

Particulates 

Flouxine (F") ( 1 ) 

5.4 

21.9 

0.5 

0.5 

0.6 

0.05 

3.1 

12.8 

0.31 

0.014 

0.56 

0.5 

3.7 

12.8 

0.33 

0.016 

0.57 

0.6 
Hydrochloric Acid (HC1) 0.0006 

Table A-l Cont. 

Natural Resource Use 

Liquids (:l) 

Fluoride 

Calcium Ion (Ca ) 

Chlorine ion (CI) 

Sodium ion (Na ) 

Radiological (Curies) 

Gaaea 

Tritium (H-3)(k> 

Carbon 14 (C-14) 

Krypton 85 (Kr-85) 

Strontium 90 (Sr-90) 

Ruthenium 106 (Ru-106) 

Iodine 129 (1-129) 

Iodine 131 (1-131) 

Uranium (U) 

Plutonium alpha 

activity (Pu ) 

Plutonium alpha 

activity (Pu ) 

Americium 241 (Am-241) 

Americium 243 (Am-243) 

Curium 242 (Cm-242) 

Curium 244 (Cm-244) 

Liquids 

Tritium (H-3) 

Ruthenium 106 (Ru-106) 

Thermal (billions of BTU) 

Fossil Fuel 

Decay Heat( ' 

Total 

Radiological (man-rem) 

Occupational 

Blahop Report 

0.02 

— 
— 
0.09 

0.002 

(b) 
NFRRC(a) 

PSAR(c' 

3.4 

0.0046 

1.2 

0.11 

0.12 

RR<d> 

4.1 

0.0056 

1.5 

0,13 

0.15 

18,100 

24 

400,000 

0.01 

0.14 

0.03 

0.83 

0.000039 

0.00088 

0.02 

0.000014 

0.0000011 

0.0015 

0.00011 

47.4 

28.1 

75.5 

20,500 

15.6 

39,800 

0.00018 

0.36 

0.0022 

0.04 

0.00000023 

0.00055 

17,000 

16 

13,300 

0.00002 

0.0029 

0.00016 

0.0025 

0.00000002 

0.000075 

0.00000096 

0.00000036 

0.00017 

0.00012 

0.00000018 

0.000000044 

0.000022 

0.00001 

22 

69 

91 

19 

68.5 

87.5 

22 

http://Foe.ll


Table A-l 

Footnotes 

(a) NRC Uocket 50-564. The environmental report is to be finally docketed 
easly December, 1976. 

(b) Bishop Report numbers are normalized to 35 MT/y to be processed 
from the reference reactor (1000 MWe). See, Bishop Report § 3.2.6. 

(c) PSAR numbers are normalized to 22 MT/y to be processed from reference 
reactor. 

1000 MWe x 365 day/yr x 0.8 . 2 M T / y e a r 

0.33 MWe/MWt x 40,000 MWD/MT ' y 

(d) ER numbers are normalized to 27 MT/y to be processed from reference 
reactor. 

1000 MWax 365 day/yr x 0,8 , „ MT/vear 
0.33 MWe/MWt x 33,000 MWD/MT ,y 

(e) In addition to the difference in normalization factor there is a 
distinction hetween the gross land area used by the Bishop Report for 
the model reprocessing plant and the land area which is the subject of 
the NFRRC. The Bishop Report assumes a site of 2,000 acres while the 
NFRRC assumes a site of 2,500 acres. Bishop Report 5 4.1.3, 111; 
NFRRC PSAR § 1.2.1.1. 

(f) The larger permanent commitment of land stated for the NFRRC is 
partially due to the presence of a 7,000 MTU irradiated fuel and 
storage facility on the site. 

(g) The Bishop Report's estimate for water discharges to the air should 
be viewed as conservative in spite of the fact that the NFRRC numbers 
are equal or larger. Since one can make an arbitrary assumption 
allocating discharge to either air or water thus making the total 
discharge the significant figure. Further, the distinction between 
the PSAR and ER statements of water discharges.to the-air are?the'same 
wtreTT the difference" in normalization factors is considered. 
See nn.(c) and (d) supra. 

(E) The tfuipnur oxide, nitrogen oxide, hydrocarbons, carbon monoxide and 
particulates are from the fossil fuel power plant, not the nuclear 
activities. The values presented here represent forthcoming revisions 
to t.ie PSAR and ER. They are tentative values and are uncertain since 
the final values are dependent on the sulphur content of fuel, final 
plant design, etc. The emissions will, of course, meet Tennessee 
State Air Quality Standards. 

(1) Fluorine emissions from NFRRC are due to the presence of a fluorine 
plant and fluorlnation plant. It is not clear in reading GESMO if 
both of these iacilities are considered. 

Table A-l Cont. 

Footnotes 

(J) Chemicals discharged in liquid streams differ between NFRRC and 
the Bishop Report primarily due to content of these chemicals in 
the intake waters and differences in water treatment additions. No 
process derived chemicals are discharged in the liquid effluents in 
either the Bishop Report or the NRFFC analyses. 

(k) NFRRC tritium numbers are different from the Bishop Report for a 
number reasons. In the NFRRC ER, 153, of the tritium is assumed held 
In the zircaloy clad; also NFRRC tritium estimates are based on a 25X-
75X M0X-U02 ratio of fuel throughput. 

(1) NFRRC number for decay heat is higher because of 7000 MT storage 
capacity for spent fuel. 



Table A-2 

Summary of NFRRC Accident Doses vs. NUREG-0116 and GESMO 

(Whole Body Doses Unless Otherwise Noted) 

Accident 

Fuel Assembly Drop 

Charge 90-day cooled fuel 

Red oil explosion in plutonium concen

trator 

Hydrogen explosion in plutonium nitrate 

storage tank 

Explosion in high level waste calclner 

Explosion in vessel off gas iodine 

absorber 

Explosion and fire in solvent treatment 

ion exchange bed 

HA column solvent fire 

Zirconium cladding fire 

Fire in the low level waste storage vault 

Critically in a processing cell 

Leak in high level waste concentrate 

Malfunction of dissolver off gas iodine 

absorber 

PSAR (ch 9) 

1.6 

0.41 

0.93 (Bone) 

0.03 

24 

0.0004 

0.3 

0.90 (Bone) 

0.68 

0.6 

54 (Thyroid) 

0.013 

ER 

0.0000062 

0.00053 

.0014 (Bone) 

0.000053 

0.077 

0.0000043 

0.0067 

0.0041 

0.017 

0.0047 

0.76 (Thyroid) 

0.00000053 

NUREG-0116 

24 

.013 

19. (Bone) 

13,5 (Bone) 

56 (Thyroid) 

0.082 0.0019 

Accident 

Failure of krypton storage cylinder 

Failure of high level waste canister 

Failure of uranium fluorine product 

collector tank 

Red oil explosion in high level waste 

concentrator 

Table A-2 Cont. 

PSAR (ch 9) 

22 

0.0000023 

0.0000033 

2.1 (Bone) 

NFRRC 

ER 

1.5 

3.9 x 10"13 

0.0000004 

0.0034 (Bone) 

NUREG-0116 GESMO 

» « 

6.9 (Bone) 

(a) Tha krypton storage cylinder accident la not applicable In consideration of the Bishop laport 
or GESMO slaca neither of these studies allows for the collection) of krypton. 
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APPENDIX B 

Comments on Impacts of Later Reversing a 
Decision to Adopt or Not to Adopt An Interim 
Rule Permitting Construction or Operation 

of Nuclear Power Plants 

("Impact Report") 

The Commission has decided to proceed with the 

licensing of nuclear reactors on the basis of the Bishop 

Report. 41 Fed. Reg. 49,898 (1976). In doing so, the 

Commission stated that "it [is] improbable that the assess

ment [in the Bishop Report] that such impacts are slight 

will prove to be dramatically in error" and also stated that 

"the interim rule as promulgated will closely resemble the 

proposed rule . . . and . . . will not produce results 

significantly different from those obtained under the 

current rule." In these circumstances, the Commission 

concluded "a halt in licensing activity is more likely to 

have a severe social and environmental impact than continued 

licensing on the conditional basis." 41 Fed. Reg. 49,899 

(1976). 

Appendix A supports the Commission's conclusions 

as to the slightness of the impact of the nuclear fuel cycle 

in the evaluation of a power reactor, even on the conser

vative basis used there. The comments presented here in 

Appendix B are presented on behalf of the utility entities 

and are limited to certain areas in the Impact Report where 

we respectfully submit that the Commission's understatement 

may be revised to strengthen the argument for continuing 

with licensing on the basis of the interim rule. 

In brief, out evaluation of the economic and other 

social impacts of exclusive reliance on fossil fuel for new 

electric generation indicates that the Commission has under

stated the possible effects of such an excessive reliance on 

oil and coal. This burden on fossil fuels would probably 

result in disproportionate increase in economic costs to the 

economy as a whole, adverse effects on the balance of pay

ments and increased reliance on foreign sources of both oil 

and coal. Also, the effects of delay on construction costs 

may, given recent history, be greater than those estimated 

by the Impact Report. Finally, the Impact Report's assessment 

of these effects may be understated if one posits that the 

period before issuance of the final rule will probably 

exceed significantly the 12-month period considered in the 

Impact Report. This combination of faptors, as well as 

others not discussed herein, indicates the impact of not 

continuing with licensing has been significantly under

stated . 

Comparative Fuel Costs 

The Impact Report estimates fuel costs for 1977 

for a nuclear power plant at 3.5 mills/kwh, for a coal plant 

at 11 mills/kwh and for an oil plant at 24 mills/kwh. These 
i 

costs are estimated on the basis of increases since 1975 for 

nuclear of 16.66% (general fuel cycle cost increases and the 

surge in uranium prices) and increases of approximately 5% 

per year (i*e., 1C,.25%) for coal and oil. 
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To calculate further increases in fuel costs 

arising from delays, the Impact Report assumes 8% annual 

escalation for the nuclear fuel costs and 5% annual esca

lation for coal. The Impact Report also estimates that 130 

reactor months of delay in the" construction of nuclear power 

would increase the coal demand by 27 million tons or oil 

demand by 107 million barrels. 

These calculations neglect important market forces 

They, do not account for the actions of the Organization of 

Petroleum Exporting Countries (OPEC) that have been taken 

and may be taken in the future to increase the price of oil 

nor the reverberating costs increases that such oil price 

rises would have on ancillary sectors of the economy, such 

as transportation. They do not consider the effect that 

increases in the price of oil will have on the price of coal 

as a, matter of interfuel competition where a particular 

utility system or pool has the choice of utilizing coal or 

oil units. They also do not discuss the effect on coal 

prices of a possible Government policy to reduce the use of 

oil..—"The neglect of tTiese-factors may cause a serious 

underestimate of the economic impact of reliance on fossil 

fuels. 

The importance of these considerations is high

lighted by the recent actions of OPEC in raising oil prices 

whare Saudi Arabia and the United Arab Emirates have decided 

to raise oil prices by 5* on January 1, 1977 and the other 
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OPEC countries (the suppliers of about 70% of OPEC's oil) 

have decided to raise prices by 10* on January 1, 1977 and 

an additional 5%. on July 1, 1977 for a total increase of 

approximately 15.5%. 

As to coal, we* have seen that the spot price may 

increase radically when demand suddenly increases. For 

example, during the 1973-1974 oil embargo, FPC documents 

indicate that the price for spot purchases increased from 

$10.81 to $26.55 per ton. Thus a 29% increase in demand 

caused a 146% increase in the price per ton in the spot 

market. And during 1975, when the demand dropped by 13 

million tons, the spot market price only dropped to $23.81 

per ton. 

Further, from the point of view of the balance of 

payments: one must consider the effect of not only oil 

demand but also coal: some utilities in the face of an 

increased demand for coal have turned to foreign sources as 

diverse as Poland and Australia. See, e.g., FPC News 

Release No. 20871 (Nov. 22, 1974). 

Conservatism of Construction Escalation Rates 

The Impact Report usee certain 15-year average 

escalation rates for labor, materials and equipment to 

estimate the inflation effects of delaying construction of 

nuclear power plants. See page 10. These inflation rates, 

while accurately stated for the 15-year period, may not 

accurately reflect current judgments of appropriate inflation 



factors'. The degree of understatement, given recent ex

perience, i s best i l l u s t r a t e d in the chart below. 

This chart shows tha t while the ra tes used in the 

Impact Report are s l i gh t ly greater than the 15-year averages 

of the i l l u s t r a t i v e indices , those ra tes are considerably 

below the averages for the most recent four years . 

Annual escalation rate (Z/year) 
Index description 15-year av. 8-year av. 4-year av. 

1961-75 1968-75 1972-75 

Labor 

NRC Impact Report 8.1 

BLS - Contract Construc
tion without fringes 6.02 7.4 6.3 
eatimates with fringes 7.37 

AISI - Steel Workers 
without fringes 5.90 9.37 11.45 
with fringes 7.22 11.12 14.39 

Materials 

NRC Impact Report 5.6 
BLS Steel Mill Products 5.28 9.80 14.78 
BLS Industrial Commodities 4.33 7.63 13.30 

Equipment 

NRC Impact Report 6.0 
Marshall and Stevens 

Equip. Cost Index 4.58 6.55 10.2 

Gross National Product 
Delfator 4.39 6.27 8.1 
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While we agree that the prediction of inflation 

rates is subject to argument, -the Impact Report's choice of 

rates does risk understatement in view of recent history. 

Note, for example, that if one were to employ the average 

inflation rate for the most recent four years, the cost of a 

delay in the construction of nuclear power reactors would be 

increased from $4 million per reactor per month to $9 million 

per reactor per month, an increase in the cost of delay of 

approximately 80%. 

The Relevant Period of the Delay 

The impact report uses 12 months as the relevant 

period for the delay to be considered. This is a substan

tial underestimate of the time for the full-scale rule

making. The Commission has proposed to allow an 18-month 

time frame for the interim rule and we, in the main body of 

our comments, have suggested that this also is too short on 

the basis of past experience. This factor is extremely 

important since there is not merely a lineal effect in 

increasing the number of months of delay for the reactors 

named, in the Impact Report but also a geometric etfect' due 

to the increasing number of reactors that would have to be 

considered in the equation as the period of delay becomes 

longer. 



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS 
WASHINGTON O C 206S5 

January 14, 1977 

Mr. Lee V. Gossick 
Executive Director for Operations 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 3 4 14 

SUBJECT: REPORT ON ENVIRONMENTAL SURVEY OF THE REPROCESSING AND WASTE 
MANAGEMENT PORTIONS OF THE LWR FUEL CYCLE (NUREG-0H6) 

Dear Mr. Gossick: 

At its 201st meeting, January 6-8, 1977, the Advisory Committee on Reac
tor Safeguards completed a review of the NRC Task Force report on the 
Environmental Survey of the Reprocessing and waste Management Portions 
of the LWR Fuel Cycle (NUREG-0116). This report was also considered at a , , . 
meeting of the Waste Management Subcommittee with the NRC Staff and mem
bers of the Task Force in Washington, D.C. on November 19 and 20, 1976, 
. and at the 200th meeting of the Committee, December 9-11, 1976. 

In the course of its review, the Committee noted several areas which 
CONi appear to be in need of further discussion and evaluation. These are 

|_ enumerated below. 

Conservatisms used in the Analyses 

In assessing the impact of fuel reprocessing and waste management, the 
Task Force placed primary emphasis on providing dose rate estimates 
which represent upper limits. To quantify the relationship of these 

3 4 1 4 estimates to those based on realistic approaches, however, there is 
need for information on the magnitude of the impact of the associated 
conservatisms. Two examples where such information would be helpful 
are: 3 2 ; 

1. fuel Irradiation Assumptions.- For purposes of calculations, the 
Task Force assumed a high level of burnup for the reactor fuel. This 
assumption resulted in upper level estimates for the fission product con
tent of the spent fuel and its associated heat load, and for postulated 
radionuclide releases accompanying accident conditions. At the same time, 
however, it resulted in reduced population dose estimates associated with 
uraniun mining, milling and enrichment. The Committee recommends that ad
ditional calculations be performed to assess the complete range of changes 
which different assumptions for fuel burnup would make in the related im
pacts on the population and the environment. 

SI « 
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2. Reclassification of Transuranic Wastes - The permissible trans-
uranic content of radioactive wastes which can be sent to a commercial 
low-level burial site is currently being reevaluated. If this limit is 
reduced, increased volumes of material presently classified as lew-level, 
non-transuranic waste will have to be sent to Federal repositories. Since 
such a change would affect personnel doses, as well as transportation and 
land use requirements, the Committee recommends that an analysis of the 
impact of a change of this type be included in the report. 

Dose Estimates 

Due to time contraints in the preparation of the report, the Task Force 
stated that they were unable to perform independent evaluations of 
population dose estimates associated with given release rates for specific 
radionuclides. The Committee believes that independent analyses are im
portant, particularly from the standpoint of providing a basis for judging 
the accuracy and adequacy of the estimated environmental impacts. The 
Committee recommends that the NRC Staff arrange to have such analyses per
formed, including a detailed listing of the underlying assumptions used in 
the computations. 

Environmental Impact of Low-Level Wastes 

In general, the Committee believes that the discussion of low-level wastes, 
as given in the present report, is inadequate. For example, the potential 
for short-term impact owing to the migration of radionuclides (such as3 H) 
that have moderate half-lives may warrant attention. In addition, con
trary to the information presented in Section 2.7 of the report, many low-
level wastes will contain long-lived radionuclides (such as59 Ni, 129 i, 
and certain of the transuranics). The possible migration of these radio
nuclides from shallow low-level burial sites needs evaluation. In particu
lar, increased attention should be directed to chemical changes which can 
lead to variations in rates of migration of specific radionuclides and the 
availability of such nuclides for plant and animal uptake. Such changes 
could lead to order of magnitude increases in associated population doses 
and order of magnitude decreases in the permissible quantities of such 
nuclides that can be sent to shallow land burial. Sensitivity analyses 
of the impact of such changes should also be performed. 

Additional subjects in need of evaluation include the potential for 
accidents at shallow low-level waste burial sites, better documentation 
of occupational exposure data at such facilities, and the relationship of 
site location, size and characteristics to the potential for associated 
environmental and public health impacts. 
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Integrated Scenarios - Year 2000 

Environmental impacts of the fuel reprocessing and waste management 
portions of the LWR fuel cycle are summarized in the report on the basis 
of a reference reactor year. The Committee believes it would be useful 
to include data projecting the impact of the total nuclear industry at 
periodic intervals up to the year 2000. Included in such projections 
should be estimates at given points in time of the number and total 
generating capacity of commercial nuclear power plants in operation and 
the number and size of associated fuel reprocessing plants and geologic 
repositories. 

Report Documentation 

' Members of the Committee and its consultants found it difficult to 
evaluate conclusions expressed in the report, especially in those cases 
where they were based on data presented in NUREG-0002. Clarification 
of correlations of the fuel cycle facility models used in the two reports 

_ would be helpful. 

00 N C ^ 

The Committee will continue to follow progress in the NRC Staff's 
evaluations of the environmental impact of fuel reprocessing and waste 
management and will provide additional comments as appropriate. 

Sincerely yours, 

%-GLJL^ 
M. Bender 
Chairman 

"Environmental Survey of the Reprocessing and Waste Managenent Portions 
of the LWR Fuel Cycle," Report NUREG-0116 (Supp. 1 to WASH-1248), U.S. 
Nuclear Regulatory Commission, Washington, D.C. (October 1976). 

Final Generic Environmental Statement on the use of Recycle Plutonium 
in Mixed Oxide Fuel in Light Water Cooled Reactors, Report NUREG-0002, 
U.S. Nuclear Regulatory Commission, Washington, D.C. (August 1976) 

CL FF F NCH Q 
GOVERNOR 

0 ^.0 'x~5/0///x</fS*t) 

TO Office of Nuclear Material Safety and Safeguards 
U S Nuclear Regulatory Commission 
Washington, D C 20555 State Clearinghouse Number 

76102001 

Date January 20, 1977 

DRAFT ENVIRONMENTAL IMPACT STATEMENT 

Environmental Survey of the Reprocessing and Waste Management Portions of the 
LWR Fuel Cycle 

(X) 1 The State Clearinghouse has received a copy of the Draft EIS as noted above 

(-) 2 After proper notification, no State aqency has expressed an interest in 
conferring with the applicant(s) or commenting on tne proposed project 

(-) 3 The proposed project is ( ) consistent ( ) i-nconsistent with an applicable 
State plan for Mississippi 

(-) i Although there is no applicable State plan for Mississippi, the proposed 
project appears to be ( ) consistent ( ) inconsistent with present State 
goals and policies 

COMMENTS The attached State Law is forwarded as the comment on this Environmental 
Impact Statement This is the State of Mississippi position as expressed 
by all concurrent agencies 

Sincere ly , 

OTB<W^ 

MB/lq 

Milton Baxter, Ed D 
Assistant to the Governor for Planning 
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(e) 'Atomic energy shall mean all forms of energy released 
m the course of nuclear fission or nuclear fusion or other atomic 
transformations 

(f) JSoard shall mean the State Board of Health, 

(g) By product material shall mean any radioactive ma 
tenal except special nuclear material yielded in or made radio 
active by oxposure to the radiation incident to the process of 
producing or utilizing special nuclear material 

(h) Commission shall mean the United Statos Nuclear 
Regulatory Commission formerly known as the United States 
Atomic Energy Commission 

(1) Council shall moan the Mississippi Radiation Advisory 
Council 

(j) Electronic product shall mean any manufactured pro 
duct or device or component part of such a product or device that 
has an electronic circuit which during operation can generate or 
emit a ph> sical field of radiation 

(k) Emergency shall mean any condition existing outside 
the bounds of nuclear operating sites owned or licensed t y a fed 
eral agency or any condition existing within or outside of the 
jurisdictional confines of a facility licensed by the agency and 
arising from by product material source material, special nuclear 
material or other radioactive materials which is endangering or 
could reasonably be expected to endanger the health and safety of 
the public or to contaminate the en\ ironment 

(I) Ionizing radiation shall mean gamma rays and x rays 
alpha and beta particles high speed electrons neutrons protons 
and other nuclear particles but not sound or radiowoves or vis 
ble infrared or ultraviolet light 

(m) I icen c shall meun a license issued pursuant to r 
gulalions promulgated under the provisions of this act 

(n) Non ionizing ltadntion shall mean radiation not d^ 
fined as ionizing radiation including but not limited to such 
sources as lasers moc or microwave devices but does not 
include sonic or infrasei *. waves or thermally produced visib e 
and infrared light 

(o) Nuclear energy shall mean all forms of energy released 
m the course of nuclear fission or nuclear fusion or other atorrcc 
transformations 

(p) Person shall mean any individual corporation part 
nership firm association trust estate public or p m a t c insti 
tation group agency political subdivision of this stute anv 
other state or political subdivision or agency thereof and any 
legal successor representative agent or agency of the foregoing L 
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other than the United Stated Nuclear Regulatory Commission, 
or any successor thereto, and other than federal government 
agencies licensed by the United States Nuclear Regulatory Com 
mission, or any successor thereto, 

(q> "Radiation" shall mean gamma rays and x rays, alpha 
and beta particles, high speed electrons, protons, neutrons, and 
other nuclear particles, and electromagnetic radiation consisting 
of associated and interacting electric and magnetic waves and 
ultrasonic waves, 

(r) Radiation machine" shall mean any device capable of 
producing radiation or nuclear particles when the associated con 
trol devices of the machine are operated, 

(s) Radioactive material" shall mean any solid liquid or 
gas which emits radiation spontaneously, 

(t) Registration shall mean a registration issued pursuant 
to regulations promulgated under the provisions of this act 

(u) Source of radiation shall mean any radioactive material 
or any device or equipment emitting or capable of producing 
radiation 

(v) Source material' shall mean (1) uranium, thorium or any 
other material which the agency declares to be source material 
after the United States Nuclear Regulatory Commission, or any 
successor thereto has determined the material to be such or 
(2} ores containing one (1) or more of the foregoing materials, 
in such concentration as the agency declares by order to be source 
material after the United States Nuclear Regulatory Commas 
sion or any successor thereto has determined the material in 
such concentration to be source material and 

(w) Special nuclear material shall mean (1) plutonium 
uranium 2JJ uranium ennched in the isotope 233 or in the isotope 
2Jr> and any other matuial which the agency dcclurcs to be special 
nuclear material after the United States Nuclear Regulatory Com 
mission or any successor thereto has determined the material to 
be such but does not include source material or (2) any ma 
tenal artifically ennched by ony of the foregoing but does not 
include source material 

Section 4 (1) The State Board of Health is hereby desig 
nated as the state agency to administer a state wide radiation 
protection program consistent with the provisions of this act 

(2) There is hereby created and established the Mississippi 
Radiation Advisory Council as a seprate division of the agency 
It is made the duty of the council, and it is hereby granted the 
authonty to 

(a) Advise the agency in the development of comprehensive 
policies and programs for the evaluation determination and re 
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CHAPTER 469 

SENATE B I L L No 2229 

AN ACT to establish a state wido radiatirn protection program to create the 
Mississippi Radiation Advisory Council to designate duties and powera of 
the advisory council to provide for licensing and registration of sources of 
radiation to provide legal counsel for tort claims against persons rendering 
emergency assistance to require records of radiation to be maintained to 
provide administrative procedures and judicial review to provide for im 
pounding sources of radiation to provide for transportation of radioactive 
materials to provide penalties for violations of this net to repeal sections 
413 31 41 3 33 and 41 3 35 Mississippi Code of 1972 which designate the 
state radiation control agency and for related purposes 

Be it enacted by the Legislature of the State of Mississippi 

Section 1 This act may be cited as the Mississippi Radiation 
Protection Act of 1976 

Section 2 It is the policy of the State of Mississippi in fur 
therance of its responsibdity to protect the public health and 
safety 

(a) To institute and maintain a program to permit develop 
ment and utilization of sources of radiation for purposes consis 
tent with the health and safety of the public and 

(b) To prevent and/or reduce associated harmful effects of 
radiation upon the public through the institution and maintenance 
of a regulatory program for all sources of radiation providing 
for (1) a single, effective system of regulation within the state 
(2) a system consonant insofar as possible with those of other 
states and (3) compatibility with the standards and regulatory 
programs of the federal government for by product source special 
nuclear materials other radioactive materials and other sources 
of radiation 

Section 3 llio following terms as used in tins act shull liuvc 
the meaning hereinafter ust ribod to them unit si i different 
meaning is required by tho umtoxt 

(a) Aet shall mean the Mississippi Radiation Ptoleeliou 
Act of 197b 

(1>) Agency ahull nicuii tho Mississippi Mute Board of 
Health 

(c) Agreement materials shall mean those materials It 
censed by the stato undor agrocmont with tho United States Nu 
clear Regulatory Commission and which include by product 
source or special nuclear matenals m a quantity not sufficient 
to form a critical mass, as defined by the Atomic Energy Act 
of 1954 as amended, 

(d) Agreement states shall mean any state wh ch had con 
summated an agreement with the United States Nuclear Reg 
ulatory Commission under the authority of Section 274(b) of the 
Atomic Energj Act of 1954 as amended (73 Stat 689) providing 
for acceptance by that state of licensing authonty for agreement 
materials and the discontinuance of such activities bv the com 
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(f) Require 'or new construction and material alterations 
submission of plans specifications and reports on (1) design 
and protective shielding of installations for sources of radiation 
aid (2) systems for the disposal of radioactive waste material 
and (3) the determination of any radiation hazard The agency 
may render opinions approve or disapprove such plans and speci 
f cations 

(g) Require all sources of radiation to be shielded tron* 
ported handled used stored or disposed of in such manner as 
to comply with the provisions of this act and rules regulations 
and standards promulgated thereunder 

In) Collect and disseminate information relating to the con 
trol of sources of radi tion including but not hmitea to ( l)main 
tcmncc of a fie of all license applications issuances denials 
emcudmcnts transfers renewals modif cations suspensions and 
revo ations and (2) n aintenance of a file of registrants possessing 
sources of radiation requiring registration under the provisions 
of this act and regulations thereunder and any administrative or 
judicial action pertain ng thereto 

(l) Require on forms prescribed and furnished by the agency 
registration periodic re registration or bcensing of persons to use 
manufactjre produce transport transfer receive acquire own 
or possess sources of radiation 

(j) Exempt certain sources of radiation or kinds of uses or 
users from the licensing or registra ion requirements set forth in 
this act when the agency determines that the exemption of such 
sources of radiation or kinds of users or uses wdl not constitute 
a significint risk to the health and safety of the public 

|k) Promulgate rjles und regu ations pursuant to this act 
wnicli may provide for recognition of other state and federal 
licenses and reg stra ions as the agency shah deem desirable 
sebjeeL to suel reqc emcnLs as it mu., prescribe and exercise 
all ineidental powers necessary to c r y out the provisions of this 
act 

(1) Conduct environmental radiation surveillance and mon 
ltoring programs for evaluating le/els of radioactive materials 
in t K environment including but not hnuted to levels of radio 
ac i\e materials near nuclear powered electrical generating plants 
and other nuclear facilities 

(m) Provide by rules and regulations for an electronic pro 
ducts safety program to protect the public health and safety 
Such program shall aathonze regulation and inspection of sources 
of non ionizing radntion througho i t the state 

(n) Respond to any emergi icy which involves possible or 
actual of radioactive materials respond coordinate de 
contamination and otherwise protect the public health and safety 
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in any manner deemed necessary This act does not in any way 
alter or change the provisions of the Executive Order No 185 
dated August 26 1974 concerning response during an emergency 
by the State Ci\ d Defense Council and 

(o) Develop and implement a responsible data management 
program for the purpose of collecting and analyzing statistical 
information necessary to protect the pubbc health and safety 

Section 7 (1) The agency shall provide by rule and regulation 
for licensing and registration of persons to use manufacture 
produce transport transfer receive acquire own or possess 
sources of radiation installations or equipment utilizing such 
sources Such rule or regulation shall provide for amendment sus 
pension or revocation of licenses or registrations Each application 
tor a specific icense shall bo in writing on forms prescribed and 
furnished by tho agency and yhatl state and be accompanied by 
such information or documents including but not limited to 
plans specifications and reports for new construction or material 
alterat ons as the agency may determine to be reasonable and 
necessary to decide the qualifications of the applicant to prptect 
the public health and safety The agency may require all appb 
cations or statements to be made under oath or affirmation 
Each license shall be m such form and contain suet terms and 
conditions as the agency may deem necessary No 1 cense issued 
under the authority of this act and no nght to possess or utilize 
sources of radiation granted by any license shall be ssigned or 
in any manner disposed of and the terms and eonr tions of all 
licenses shall be sjbject to amendment revisions oi modification 
by rules regulations or orders issued in accordance with the pro 
visions of this act 

(2) Any person who on the effective date of anv agreement 
with the commission possesses a license issued by the commission 
shall be deemed to possess the same pursuant to a luense issued 
under this ucL whieh si all expire oitlur ninety 19J) d lys after 
receipt from tho agency of a notice of expiration of sach license 
or on the date of expiration specified in the federal license which 
ever is earlier 

(3) Each registration shall be in writing on forms prescribed 
and. furnished by the agency The agency may require all reg 
istrations or statements to be made under oath or affirmation 
Each registration shall be in such form and contain such terms and 
conditions as the agency may deem necessary No registration 
issued under the authority of this act and no right to possess or 
utilize sources of radiation granted by any registration shall be 
assigned or in any manner disposed of and the terms and con 
ditions of all registrations shall be subject to amendment re 
visions or modifications by rules regulations or orders issued 
in accordance with the provisions of this act 
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duction of hazards associated with the use of radiation and 

(b) Assist in the formulation and approval of rules regu 
lations and standards relating to receipt possession use trans 
fer ownership acquisition manufacture production transpor 
tation handling servicing installation storage disposal sale 
lease or other disposition of sources of radiation as may be neces 
sary to carry out the provisions of this act The recommendation 
of nationally recognized bodies in the field of radiation protection 
shall be taken into consideration in the formulation of such rules 
regulations and standards 

Section 5 (1) The council shall consist of seven (7) members 
and one (1) ex-officio member who shull be appointed as follows 

(a) One tl) member of the Senate appointed by the Lieuten 
nant Governor for a term of two (2) years 

(b) One {1} Member of the House of Representatives appoint 
ed by the Speaker of the House for a term of two (2) years 

(c) Five (5) members appointed by the State Board of Health 
as follows 

d) One (1) member from the Mississippi Medical Associa 
tion for a term of three (3)years 

(n) One (1) member from the Mississippi Dental Associa 
tion for a term of three (3) years 

(in) One (1) member from the Mississippi Radiological 
Society for a term of four (4) years 

(iv) One (1) member having recognized knowledge in the 
radiation field from private industry in Mississippi for a term of 
four(4)years and 

(v) One (1) member havintj recognized knowledge in tho 
nidi turn f eld From one (I) of tho Mississippi institutions of higher 
learning for a tormof foj-(4) yeurs 

(2) (a) The Director of tho Division of Radiological Health 
within the State Hoard of Health shall servo ex-officio as socre 
ttiry I he chairman of tho council aholl IK ncloctod by und from 
the council membership 

(b) lhtftouncil shall meet at the coll of the chairman but 
at least once a year 

Uoon the request of four (4) or more member* It shall be the 
duty of the chairman to coll a meeting of the council Minutes of 
the meetings of the council shall be transmitted to the secretary 
and executive officer of the State Board of Health 

A majority of the council shall constitute a quorum to con 
duct business 
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(c) Any member may be removed prior to the expiration of 
his term by the authonty who appointed him to serve His re
moval may be based upon wilful neglect of duty or impropriety 
in office 

(3) Members of the council shall be reimbursed for their actual 
and necessary expenses including food lodging and mileage as 
authorized by Section 25 3 41 Mississippi Code of 1972 required 
for attendance at council meetings Council members shall receive 
a per diem for attendance at council meetings in the amount of 
Twenty two Dollars and Fifty Cents ($22 50) 

(4) All clencal and other services required by the council 
shall be supplied by the agency 

Section 6 In order to provide for the protection of the public 
health and safety the agency is empowered to 

(a) Develop comprehensive policies and programs for the 
evaluation determination and amelioration of hazards associated 
with the use of sources of radiation Such policies ami programs 
shall be developed with due regard for compatibility with federal 
programs for the control and regulation of sources of radiation 

(b) Advise consult and cooperate with other pubbc agencies 
and with affected groups and industries 

(c) Encourage participate In or conduct studies investiga 
tions public hearings training research and demonstrations 
relating to the control of sources of radiation the measurement 
of radiation the effect upon public health and safety of exposure 
to radiation and related problems 

(d) Adopt promulgate amond and repeal such rules rcgula 
tions and standards which may provide for hconsing or rogistr 
otion relating to tho rocoipt possession uso transfer ownership 
acquisition manufacture production transportation handling 
storugo diaposnl nolo louso or other disposition of sourcoa of 
radiation us muy be nocessary to carry out tho provisions of this 
act Tho recommendations of nationally recognized experts in the 
field of radiation protection shall be taken into consideration 

(u) Provide nocessary und deslrublo sorvicos to any agency 
of the stale which will acquire, lease, develop or operate land and 
facilities to bo used for fostering development of the stato s oco 
nomic potential In the nuclear energy field. Including, but not 
limited to the concentration or storage of radioactive by-products 
and wastes Such aervicea may Include, but ore not limited to, 
site evaluation critique of private or public site monitoring ac 
tivities and developing plans for perpotual custody and mam 
tenance of radioactive materials held for custodial purposes at 

I any publicly or privately operated facility located within the state. 

S-17S 
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Section 13 (1) The agency is authorized to adopt, promul
gate, amend and repeal rules and regulations governing the trans
portation of radioactive materials in Mississippi, which, in the 
judgment of the council, shall promote the public health, safety 
or welfare and protect the environment 

(a) Such rules and regulations may include, but shall not 
be limited to, provisions for the use of signs designating radio 
active material cargo, for the packaging marking, loading and 
handling of radioactive materials and the precautions necessary 
to determine whether the material when offered is in proper con 
dition for transport, and may include designation of routes in this 
state which are to be used for the transportation of radioactive 
materials 

(b) Such rules and regulations shall not include the earner 
vehicle or its equipment the licensing of packages, nor shall they 
apply to the handling or transportation of radioactive material 
within the confines of a facility licensed by or owned by a federal 
agency 

(c) The agency in consultation with the council, is authorized 
to adopt by reference in whole or in part, such federal rules and 
regulations governing the transportation of radioactive material 
which are established by the United States Nuclear Regulatory 
Commission the United States Federal Aviation Agency, the 
United States Department of Transportation the United States 
Coast Guard or the United States Post Office (or any federal agency 
which is a successor to any of the foregoing agencies), as such fede 
ral rules may be amended from time to time 

(d) The agency shall not promulgate any rules or regulations 
pertaining to mntters within the jurisdiction of the United States 
Department of Transportation or the United States Federal Avia 
tion Administration under th" Hazirdous Materials Transpor 
t i t ion Aet c\cept to the extent that the agency adopts bv re 
fcrcncc rules or r< gulations issued by tho United States Depart 
m o t of IVansportation or the United States Federal Aviation 
Administration and except as provided in 49 U S C Section 
1811(b) 

(2) The agency is authorized to enter into agreements with 
the respective federal agencies designed to avoid duplication of 
effort ana/or conflict in enforcement and inspection activities so 
that 

(a) Rules and regulations adopted by the agency pursuant 
to this act may be enforced, within their respective jurisdictions 
by any authoized representatives of the agency and other state 
agencies according to mutual understandings between such 
agencies of their respective responsibilities and authonties 

(b) The agency, through any authorized representative is 
authorized to inspect any recoras of persons engaged in the trans 
portation of radioactive materials during the hours of business 

f* ft 

* B D 

REGULAR LEGISLATIVE SESSION, 1976 13 

operation when such records reasonably relate to the method 
or contents of packaging, marking, loading handling or shipping 
of radioactive materials within the state 

(c) The agency, through any authorized representative, may 
enter upon and inspect the promises or vehicles of any person 
engaged in the transportation of radioactive materials during 
hours of business operation, with or without a "warrant for the 
purpose of determining compliance with the provisions of this 
act and the rules and regulations promulgated hereunder 

(3) Upon a determination by the agency that any provision 
of this act or the rules and regulations promulgated hereunder 
are being violated or that any practice in the transportation of 
radioactive materials constitutes a clear and imminent danger 
to the public health, property or safety, it may issue an order 
requiring correction 

Section 14 (1) Upon completion of any project or activity 
regarding emergency response to and coordination of decontami 
nation of radiation accidents or perpetual maintenance and cus 
tody of radioactive materials each agency of the state that has 
participated by furnishing personnel, equipment or material shall 
deliver to the agency record of the expenses incurred by that 
agency The amount of incurred expenses shall be disbursed by 
the Secretary and Executive Officer of the State Board of Health 
to each agency from funds available therefor Upon completion 
of such project or activity, the agency shall prepare a statement 
of all expenses and costs for the project or activity expended by 
the state and shall make demand for payment upon the person 
having control over the radioactive materials or the release thereof 
which necessitated said project or activity Any person having 
control over the radioactive materials or the release thereof and 
any other person causing or contributing to an incident necessi 
tating such project or activitiy stated in this subsection shall 
bo directly liable to tho stato for tho necessary expenses ineurrcd 
thereby and the state shall have a cause of action to rceover 
from any or all such persons If the person having control over 
the radioactive materials or the release thereof shall fail or re 
fuse to pay the sum expended by the state the agency shall refer 
the matter to the Attorney General of Mississippi who shall 
institute an action in the name of the state in the chancery court 
of the county in which the project or activity uas undertaken 
by the state to recover such cost and expenses 

(2) In any action mstituted by the Attorney General under 
this act a verified and itemized statement of the expenses incurred 
by the state in any project or activity stated in subsection (1) of 
this section shall be filed with the complaint and shall constitute 
a prima facie case and the state shall be entitled to a judgment 
thereon in the absence of allegation and proof on the part of the 
defendant or defendants that 
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Section 8 (1) Authorized representatives of the agency shall 
have the authority to enter upon any public or private property 
of permittees registrants and licensees including private dwell 
ings used for business purposes at all reasonable times for the 
purpose of determining compliance with the provisions of this act 
and rules regulations and standards adopted hereunder Author 
i?ed representatives of the agency only in the event of a declared 
emergency shall have the authortiy to enter upon any public or 
private property including private dwellings used for business 
purposes at all reasonable times for the purpose of determining 
compliance with the provisions of this act and rules regulations 
and s andards adopted hereunder 

(2) I he agency is authorized to institute training programs 
for its personnel to carry out the provisions of this act and may 
rn tkc personnel av Til ifoic for participation in any program or 
programs of the federal government other states or interstate 
agencies in furtherance of the purposes of this act 

(3) The agency is authorized to institute educational pro 
grams for the purpose of training or educating persons who may 
possess use handle transport or service sources of radiation 

(4) The Governor is authorized to enter into agreements 
with the federal government other states or interstate agencies 
whereby this state will perform on a cooperative basis with the 
fede-al government other states or interstate agencies inspec 
tions emergency response to radiation accidents and other func 
ions rehtcu to the eontrol of radut on 

Section 9 In any and all tort claims against any person which 
arise while that person is rendering assistance during an 
emergency (1) at the request of any authorized representative of 
tin n »iuy or (2) pursunnL to n a rceincnt for mutual state 

di( I H il assnt i n JS provulec for n Seetio 8(4) of this net 
the provisions of Sietion 7 5 4 1 Vhs^sMppi Couc of 1972 shall 
ipply i> if Midi pt r on wuc an employ t of this stato 

Stttion 10 (I) Ilu agency is authorized to require each pel son 
who pn-^i ssi s or uses a aouree of radiation (a) to maintain 
appropn IU reeords relating to its receipt storage use transfer 
or dispc sal and m mtuin such o her records us the agency i iny 
requite subject to such exemptions a*- may be provided by rules 
and regulations and (b) to maintain appropnate records snowing 
the radiation cxpu r of all individuals for whom personnel mon 
itonng may be required by the agency subject to such exemptions 
as ma\ be provided by rules andreguia tions Copies of all records 
required to be kept by this act snail be submitted to the agency 
or its duly authorized agents upon request 

|2) The agency is authonzed to require that any person pos 
sessinj, or using a souree of radiation at the request of any 
employee furnish to caeh employee for whom personnel mon 
itonng is required a copy of such employee s personnel exposure 

fr 
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record annually and upon termination of employment and at any 
time such employee has received excessive exposure 

Section 11 (1) The agency may refuse to grant a license or 
registration as provided in Sections 6 and 7 of this act to any 
applicant or registrant who does not possess the requirements 
or qualifications which the agency may prescribe in rules and reg 
ulations The agency may suspend revoke or amend any license 
or registration in the event that the person to whom such license 
or registration was granted violates any of the rules and regulations 
of the agency or ceases or fails to have tiie reasonable facilities 
prescribed by the agency Provided, that before any order is en 
tcrcd denying an application for a license or registration or 
suspending revoking modifying or amending a license or reg 
istration previously granted the applicant or person to whom such 
license or registration was granted shall be given notice and 
granted a hearing by the State Health Officei 

(2) Whenever the agency in its opinion finds that an 
emergency exists requiring immediate action to protect the pubbc 
health and safety the agency may, without notice or hearing 
issue an order reciting the existence of such emergency and re 
quiring that such action be taken as is necessary to meet the 
emergency Notwithstanding any provision of this aet such order 
shall be effective immediately Any person to whom such order 
is directed shall comply therewith immediately and on application 
to the agency shall be afforded a heanng within ten (10) days 
On the bnsis of such a hearing tho emergency order shall be con 
turned modified or revoked within thirty (30) days after such 
hearing ns tl board with consultation of the couneil may deem 
appropriate under the evidence 

( )) Any applicant or person to whom a license or registration 
was granted who shall be aggnoved by any order m the a^mey 
or its duly authorized agent denying such applicutm >r suspend 
nil' IL v( lunj or amending sut h license or icL,istrnti< n in ly appeal 
directly to tho Chancery Court of tiie 1 irat Judiei il Distrut of 
I Iinels County Mississippi 

Section 12 (1) Authorized representatives of the agency shall 
hu\ e the authority in the event of an emergency to impound or 
order the impounding of sources of radiation in the possession of 
any person who is not equipped to observe or fails to observe 
the provisions of this act or any rules or regulations ssued there 
under 

(2) The agency may release such sources of rad ation to the 
owner thereof upon terms and conditions in accordance with the 
provisions of this act and rules and regulations adopted there 
under or may bnng an action in the chancery court of the county 
wherein the eauso of uction occurred for an order condemning sucn 
sources of radiation and providing for their destruction or other 
disposition so as to protect the public health and safety 
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Irradiators 150 00 
Licenses for posses 
sion and use of radio 
active material in 
qualities of 20 000 
Curies or more in sealed 
sources for irradiation 
of materials 
Ci\il Defense 50 00 
Licenses for posses 
sion and use of radio 
active material for 
Civil Defense activi 
ties 
AU other specific h 
censes other than those 
specified above 75 00 
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75 00 

SCHLDLLE OF FI r s TOR 
GENERAL LICENSE DEVICES 

Initial registra ion and annual fees for the recipt possession 
or use of radioact ve material under a general license shall be 

. S25 00 per registration 
SCHEDULE OF FEES FOR 

X RAY TUBE 
Fees for the initial registration and annual renewal of each 

. X r^y tube shall be $20 00 

SCHEDULE OF FEES FOR 
PARTICLE ACCELERATORS 

AND 
NEUTRON GENERATORS 

Fees for the initial registration and annual renewal of each 
part cle icceleiator und neutron cencrn'or shall be $40 00 

SCHEDULE 0 ^ F - ES FOR 
NUCLEAR REACTORS 

A person pocsessing a Nuclear Regulatory Commission h 
cense or permit authorizing a nuclear reactor in the State of 
Mississippi for commercial production of electrical energy utilizing 
special nuclear material sufficient to form a critical mass shall 
pay an annual fee of $7 00 per megawatt (thermal) rating for each 
such reactor so licensed or permitted When more than one reactor 
is on the same site the fee or sum of each such reactor after the 
first shall be SI 00 per megawatt (thermal) 

Section 17 It all be unlawful for any person to use manu 
facture produce t ansport transfer receive acquire own or 
possess any source of radiation unless licensed registered or 
exempted by the agency in accordance with the provisions of 
this act and the rules and regulations adopted and promulgated 

r 
BD 

hereunder The provisions of this act regarding licensing permits 
registration ana bonding shall no apply to the use ownership 
transportation acquisition receipt or transferral of houscholc 
consumer products when so used owned transported acquired 
received or transferred by retailers or consumers of the State 
of Mississippi 

Section 18 Ordinances resolutions or regulations now or 
hereafter in effect of the governing body of a municipality or 
county or the political entity relating to sources of radiation shall 
not be superseded by this act provided that such ordinances or 
regulations are and continue to be no more restru tive than and 
consistent and compatible with the provisions of this act as 
amended and rules and regulations promulgated by the agency 

Section 19 Any person who willfully and knowingly violates 
any provisions of this act or rules and regulatioi s promulgate 1 
hereunder or who hinders obstructs or otherwise interferes v ith 
any authorized representative of the agency m the discharge of 
his offici il duties in making inspections as pro ded in Section 
(8) (1) or his act or in m pounding sources oi r«-d «tion a-- pro 
vided in Section 12 of this act shall be guilty of a misdemeanor 
and upon onviction thereof shall be fined no ess than One 
Hundred Dollars ($100 CO) nor more than Five rl Jidred Dollars 
($500 00) or imprisoned for not more than thi \ (30) doys or 
both such f ne and impnsonment 

Section 20 When the agency determines that any waters 
contain any radioactive materials the agency shall submit a 
report so advising the Mississippi Air and Water Pollution Control 
Commission 

Section 21 Sections 413 31 413 33 and 413 35 Missis 
sippi Code of 1972 which designate the Mississippi State Board 
of Health as the State Radiation Control Agency provide for 
an advisory committee and provide penalties for violation oi 
regulations are hereby r< pculccl 

Section 22 Nothing in this act shall be construed to confei 
jurisdiction to the State of Mississippi over t' construction 
operation or maintenance of nuclear powered steam electric gen 
crating plants licensed and regulated by the United States Nuclear 
Regulatory Commission or any successor agency 

Section 23 This act shall take effect and be in force from and 
after passage 
Approved May 25 1976 

CHAPTER 470 

SENATE BILL No 2230 

AN ACT to prov de that persons convicted of a third or subsequent felonj 
offense be incarcerated without parole for the maumum term of imprison 

BD| 
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(a) the statement of expenses incurred by the state is not 
correct because of an error in the calculation of the amount 
due or 

(b) the statement of the amount due is not correct because 
of an error m not properly crediting the account with any cash 
pay ment or payments or other satisfaction which may have 
been made thereon 

Section 15 No person shall use manufacture produce trans 
port transfer receive acquire own or possess radioactive 
materials until that person shall have procured and led with the 
agency such bond insurance or other security as the agency may 
by regulation require Such bond insurance or other security 
shall 

(a) run in favor of the State of Mississippi m the amount 
set by the agency which shall be a reasonable amount commensu 
rate with the possible danger and potential damage which may 
occur due to the use manufacture production transportation 
transfer receipt acquisition or possession of radioactive ma 
tenals provided however that the minium amounts shall be as 
follows 

(i) One Hundred Thousand Dollars ($100 000 00) for all 
damages because of bodily injury sustained by one (1) person 
as the result of any one (1) occurrence and Three Hundred 
Thousand Dollars (S300 000 00) for all damages because of bodily 
injury sustained by two (2) or more persons as the result of any 
one (1) oeeurrence 

(n) One Hundred Ihousand Dollars ($100 000 00) for all 
claims arising out of damage to property as tho rosult of any ono 
(1) oeeurnnee includinc, completed on itions with an nggret,uto 
limit of l ime Ilundieel Ihousunu Dollars ($300 000 00) for all 
property damage to wl ieh tho policv ap ihtd and 

(b) Have us L.U irantor on su<h bond or insurance a surety 
company licensed to do business in the btuto of Mississippi 

Section 16 All initial application and registration fee and 
annual fees due under Section 16 of this act shall be paid directly 
to the agency for deposit i„ Radiological Health Operations 
Fund in the State 1 rcasury 1 e vfississippi State Board of Health 
shall submit f parate budget for carrying out the provisions 
of this act SaiJ budget shall be subject to and shall comply with 

acquirements of the State Budget Law being Sections 27 103 1 
tnrough 27 103 75 Mississippi Code of 1972 In order to supple 
ment state radiological health budget allocations authorized to 
carry out and enforce the provisions of this act, the agency is 
hereby authorized to charge and collect fees in accordance with 
the following schedules 

< * ^ 
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SCHLDULE OF FEES FOR 
RADIOACT IVL MAI ERIAL I ICrNSI S 

Category Application Tee Annual Ft 
I Waste Disposal $ 3 000 00 $ 3 000 01 

Licenses specifically 
authorizing the receipt 
of low level waste 
radioactive material 
from other persons 
for the purpose of com 
mcrcial disposal by 
land burial by the 
wuste disposal licensee 

II Nuclear Laundries 250 00 250 OC 
Licenses for commercial 
collection m laundries of 
items contaminated 
with radioactive 
material 

III Distributors of Gen 
erally Licensed Devices 150 00 150 0C 
Licenses issued to 
distribute items con 
taming radioactive 
material to persons 
generally licensed 

IV Human Use 
(a) Licenses issued 
for human use 100 00 100 00 
of r idioactive material 
in s ileel soure eon 
tai ed in teletherapy 
devices 
(l>) leenses issue d t o 7a 00 75 00 
pin sieians or medical 
institutions for human 
use of radioactive 
material except licenses 
in category IV(a) 

V Industrial Radiography 150 00 150 00 
Licenses issued for 
industrial radiography 
operations 

VI Well Logging and 
Well Surveys and 
Tracer Studies 100 00 100 00 
Licenses for possession 
and use of radioactive 
material for well log 
ging well survey s 
andtracer studies 



APPENDIX C 

DOSE CALCULATION METHODOLOGY AND HEALTH RISKS FROM IRRADIATION 

A. DOSE CALCULATION METHODOLOGY 

1.0 INTRODUCTION 

All dose conversion calculations have been made following the recommendations of the Interna

tional Commission on Radiological Protection, ICRP, unless noted otherwise. Calculations of 

internal doses were performed using the dosimetric data given by ICRP Committee II and ICRP 
2 

Publication 6. For radioiodines the biological half-life given in ICRP 6 was used. Table IV 

J(A)-1 tabulates the updated radioiodine dose factor expressed in the form of concentrations 

yielding the maximum permissible organ dose of ICRP Committee II, such that a comparison can be 

made to the maximum permissible concentrations. Mere recent information contained in ICRP 
3 

Publication 10 was also considered. For those cases in which the more recent data of ICRP 10 

caused a significant change (a factor of 2) in dose factors from those implied by ICRP 2 and 6, 

updated dose factors were prepared. These updated dose factors are shown in Table IV J(A)-1 as 

maximum permissible concentrations. A few isotopes which occur as daughter products in actinide 

decay chains are not listed in the ICRP publications. For these isotopes, dose factors were 
4 

taken from the latest Oak Ridge data contained in the INPEM code. These isotopes and the 

effective maximum permissible concentrations implied by the INREM data are also shown in Table IV 

J(A)-1. The only isotopes for which the internal dose calculations were not made on the basis of 

dose factors were carbon-14 and 1-129. Carbon-14 and 1-129 dose calculations were made by 

assuming that all body carbon and iodine reach the isotopic equilibrium of C in the air and 

1-129 in the stable iodine pool. Doses were then made on the basis of the maximum permissible 

body burden given in ICRP II. 

In summary, except for the specific isotopes listed in Table IV J(A)-1, internal dose calcu

lations have been made using dosimetric data of ICRP Publications 2 and 6. All data on breath

ing rates, organ masses, etc., for humans are those of the standard person of ICRP 2. 

2.0 DOSE DEFINITIONS 

All doses were calculated to represent a 50-year dose commitment which would be received by 

a population spending one year in the area of concern. The isotopic concentration levels in 

the environment used in the dose calculations were those which' would exist during the final 

year of plant lifetime. A 40-year plant operational lifetime was assumed for calculating 

buildup of long-lived activity in the environment. 

The calculated dose represents the dose which would be received by a population existing 

during the final year of plant operation. In this sense the dose represents the dose received 

from one year's activity (breathing, eating, etc.). However, the doses include a future 
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Table IV J(A)-1 

DOSE FACTORS THAT DIFFER FROM THOSE OF ICRP 2 AND 6 

Isotope 

39Sr 

90Sr 

132Te 

226Ra 

INPEM DOSE 

243mpa 

234Pa 

237, 

Organ of 
Reference 

Bone 

Total Body 

Bone 

Total Body 

Thyroid 

Bone 

FACTORS4 

Total Body 

Bone 

Liver 

Kidney 

Lung 

Total Body 

Bone 

Liver 

Kidney 

Lung 

Total Body 

Bone 

Kidney 

Lung 

UPDATED IODINE MODELS1'2 

131 j 

133. 

Total Body 

Thyroid 

Total Body 

Thyroid 

Maximum Permissible Concentrations 

Water (uCi/cm3) 

3.4 x 10 

2.7 x 10~ 

3.3 x 10 

2.7 x 10 

1.6 x 1C~ 

1.3 x 10" 

43 

54 

120 

31 

193 

235 

525 

139 

0.57 

1.3 

0.13 

-4 

-6 

-5 

1.8 x 10" 

2.2 x 10 

8.1 x 10" 

8.6 x 10 

-5 

-5 

Air (uCi/cm3) 

2.9 x 10 

2.2 x 10" 

2.7 x 10 

2.3 x 10 

2.1 x 10" 

1.1 x 10' 

-8 

-10 

-9 

•10 

1.9 x 10 

2.5 x 10" 

5.0 x 10" 

-6 

3.2 x 10 

8.5 x 10" 

1.1 x 10" 

2.2 x 10" 

6.1 x 10" 

1.4 x 10" 

2.4 x 10 

5.4 x 10 

5.8 x 10" 

2.9 x 10" 

-7 

-6 

-6 

2.6 x 10 

3.1 x 10 

1.2 x 10" 

1.2 x 10" 

-7 

-9 
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integration over the next 50 years of life* from any isotope taken into the body which will 

continue to reside in the body even after intake has stopped. Thus, the calculated internal 

doses are 50-year dose commitments which result from a one year exposure. 

3.0 POPULATION DOSE BASIS 

Doses from most radioisotopes were based on the airborne concentration in the receptor region and 

calculated from the standard pathways modeling described subsequently in greater detail. However, 

doses from noble gases, tritium, 1-129, and carbon-14 were calculated as special cases. In the 

case of noble gases, the dose results solely from plume submersion and direct intake by breathing. 

A semi-infinite plume submersion model was used for the calculations. Doses from carbon-14 were 

calculated by assuming that all carbon in the body reaches the same equilibrium composition as 

the carbon-14 prevailing in the air at the receptor point. This is a maximum specific activity 

the body could obtain. The specific activity of C in the atmosphere at the receptor point was 
14 3 3 

determined by dividing the C activity (in Ci/m ) by a typical value of 0.16 g carbon/m which 

exists (as C02) in air. Doses from tritium were calculated on the basis that concentrations of 

tritium in plants will reach a limiting concentration of one-half of the concentration in the 

moisture in air. A value of 8 g water/ 

activity of tritium in atmosphere water. 

c o 7 

moisture in air. A value of 8 g water/m in the atmosphere was used to determine the specific 

The very long half-life of 1-129 (1.6 x 10 yr) suggests that complete isolation of this species 

within the various geospheres cannot be ensured. It appears reasonable, however, to assume the 

waste management practices and procedures would be such that the rate at which I-129 might enter 

the environment would be less than the mixing rates associated with the possible iodine pools in 

the global iodine cycle. In addition, it appears reasonable to suggest that radiological decay 

would not remove a significant portion of the potential 1-129 entering the environment, nor would 

this removal mechanism be important in determining a reasonable estimate of the 1-129 specific 

activity. These assumptions suggest that one can consider 1-129 participation in the global 

iodine cycle when released in a chronic manner. 

Stable iodine is non-uniformly distributed in the environment with the largest fraction being in 

sea water. Evaporation of sea water and subsequent exchanges with the terrestrial environment 
24 

through rainfall and runoff probably is the distribution mechanism of iodine. Assuming 10 

grams to be the mass of ocean waters with an iodine concentration of 0.06 ppnr ', there is a 

stable iodine pool of about 6 x 1 0 g. For computing the annual population dose commitment, 

therefore, the release of 1 Ci of 1-129 can be considered to result in a specific activity of 
-17 -5 

1.7 x 10 Ci/g-I or 1.7 x 10 pCi/g-I. A specific activity of 1 pCi/g.I in thyroid tissue 

delivers a dose rate of about 4.2 x 10" rem/yr^ . Using 10 as an upper bound on the world's 

population size, the annual population dose would be: *In fact, the forward integration over time is already included in the maximum permissible 
concentrations (MPC's) used by ICRP. The MPC's are used to imply a yearly dose, but the 
yearly dose is that dose which would be reached after 50 years of continuous uptake. It can 
be shown that Lhe concentration in the body in the 50th year from a constant unit of uptake 
over 50 years is numerically equal to the 50-year dose commitment integral resulting from a 
unit uptake in the first year. Thus, the yearly dose implied by the ICRP MPC's can be used 
directly to derive 50-year dose commitment values. 

R.ef, (1) Geochemistry and the Environment, Vol I, National Academy of Sciences, p. 26, 1974. 

Ref. (2) Soldat, J. K., "Environmental Behavior and Radiation Doses from Iodine-129," BNWl-SA-
4879, 1974. 
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1 .7 x 10" pCi/g-I x 4.2 x 10~7 rem-g-I x 10 1 0 persons 
Ci pCI-yr 

or 0.071 person-rem/yr/Ci. 

Population doses for a given facility can be calculated by summing concentration values times 

population density over the entire affected population. For generic facilities, the actual 

population densities and concentration values are not known. Therefore, population doses were 

estimated using average population densities. These averages represent higher than tnose 

encountered in specific sites. 

3.1 Atmospheric Pathway Modeling 

The potential exposure pathways which were evaluated for atmospheric releases were inhalation 

and dietary intake contributions to internal doses and plume submersion and ground plane 

irradiation contributions to external doses. 

3.1.1 Inhalation 

Inhalation doses include two different components; inhalation of material soon after release 

and inhalation of deposited material after resuspension. For inhalation doses from resuspended 

material, the resuspension concentration of material from 40 years of continuous deposition was 
Q 

calculated. Based on measurements of Pu resuspension, a resuspension coefficient, K, was 
_5 

estimated to be 10 /m initially and to decay with a 50-day half-life until it reaches a 
-9 steady value of 10 /m. Using this resuspension coefficient and allowing for buildup of 

daughter products, the resuspension concentration, C„ , in air is given by: 

c L = c! x 10"5x Vn x I A. I Res a g ,,_, k „£• A +A i ,, . < k-1 i-o i s - (An -A£) 

m=o 

9 .. „ .. I , i ,_ -A„ti _ a -\t2 v 
C x 10 x V x n A. v (e i 1 - e 
a g k=1 k I — • 1 =° I (Am -\] 

m=o 

CR = Resuspension concentration of isotope i in air, Ci/m 

° 3 

Cg = Original parent air concentration, Ci/m 

V = Deposition velocity (0.01 m/sec) 

A. = Radiological decay constants of parents and daughters, sec" 

t, = Time for the resuspension coefficient to reach 10" /m (5.74 x 10 sec) 
t9 = Assumed plant lifetime (40 years) 



The parent nuclide is denoted with an index value of 0. When the index is equal to 0, the 
o 

empty product [n ] is equal to unity. 
k=l 

The expression is rather complex, but in the limiting case where a long-lived isotope is 

deposited and the original isotope is of primary concern, the limiting resuspension concen

tration will be 0.64 of the initial plume concentration. 

In the above formula, deposited isotopes are depleted only by radioactive decay. The decrease 

in the resuspension coefficient with time is accounted for by the agglomeration of the radio

isotopes into larger particles, but not by any removal of the deposited materials. Removal of 

deposited material would reduce the actual dose. 

3.1.2 Dietary Intake 

Dietary doses were calculated for intake of vegetation, milk and meat. The individual intake 
g 

of each type of food used in the calculation was: 

Vegetation - 400 grams/day 

Milk - 350 grams/day 

Meat - 250 grams/day 

Isotopes were assumed to be deposited directly on vegetation as well as deposited on soil and 

taken up by plant roots. Transfers of isotopes from soil to plants and from plants to animals 

were based on relative concentration data of stable elements in the pathway of concern. The 

transfer factors used in the calculations are given in Table IV J(A)-3. ' ' 

Concentrations of isotopes on the soil assumed buildup of the isotope from continuous deposi

tion over a facility lifetime (40 years). Also included was ingrowth of radioactive daughter 

products. The following equation was used to estimate the buildup of isotopes on the soil: 

s a g 

l 
n 
j=l 
n A . 

J 

i -x f 
1 \- e ht (2) 
h=o X. i /, , \ 

h n (Ap " Ah ) 

p=o 
P?<h 

C = Concentration of isotope i on soil, Ci/m 

C = Concentration of the parent isotope in air, Ci/m 
a 

X = Radiological decay constant per second 

V = Deposition velocity, m/sec 

Since no loss of radioisotopes by weathering or other removal mechanisms is considered, the 

calculated results are expected to be conservative. 

The concentrations of radioisotopes in vegetation which result from buildup of radioisotopes in 

the soil were determined by assuming a 20 cm soil depth for mixing in the root zone and a soil 
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Table IV J(A)-3 

STABLE ELEMENT TRANSFER DATA1°* 

El em 

H 
He 
Li 
Be 
B 
C 
N 
D 
F 
Ne 
Na 
Mg 
Al 
Si 
P 
S 
CI 
Ar 
K 
Ca 
Sc 
Ti 
V 
Cr 
Mn 
Fe 
Cd 
Ni 
Cu 
Zn 
Ga 
Ge 
As 
Se 
Br 
Kr 
Rb 
Sr 
Y 
Zr 
Nb 
Mo 
Tc 
Ru 
Rh 
Pd 
Ag 
Cd 
In 
Sn 

BTv 

Veg/Soil 

4.8E 00 
5.0E-02 
8.3E-04 
4.2E-04 
1.2E-01 
5.5E 00 
7.5E 00 
1.6E 00 
6.5E-04 
1.4E-01 
5.2E-02 
1.3E-01 
1.8E-04 
1.5E-04 
1.1E 00 
5.9E-01 
5.0E 00 
6.0E-01 
3.7E-01 
3.6E-02 
1.1E-03 
5.4E-05 
1.3E-03 
2.5E-04 
2.9E-02 
6.6E-04 
9.4E-03 
1.9E-02 
1.2E-01 
4.0E-01 
2.5E-04 
1.0E-01 
1.0E-02 
1.3E 00 
7.6E-01 
3.0E 00 
1.3E-01 
1.7E-02 
2.6E-03 
1.7E-04 
9.4E-03 
1.2E-01 
2.5E-0I 
5.0E-02 
1.3E 01 
5.0E 00 
1.5E-01 
3.0E-01 
2.5E-01 
2.5E-03 

Fm(Cow) 

Milk(D/L) 

1.0E-025 

2.0E-02 
5.0E-02 
1.0E-04 
2.7E-03 
1.2E-02 
2.2E-02 
2.0E-02 
1.4E-02 
2.0E-02 
4.0E-0211 

1.0E-02 
5.0E-04 
1.0E-04 
2.5E-02 
1.8E-02 
5.0E-02 
2.0E-02 
1.0E-02 
8.0E-0311 

5.0E-06 
5.0E-06 
1.0E-03 
2.2E-03 
2.5E-04 
1.2E-03 
1.0E-03 
6.7E-03 
1.4E-02 
3.9E-02 
5.0E-05 
5.0E-04 
6.0E-03 
4.5E-02 
5.0E-02 
2.0E-02 
3.0E-02 
8.0E-0411 

1.0E-05 
5.0E-06 
2.5E-03 
7.5E-03 
2.5E-03 
1.0E-06 
1.0E-02 
1.0E-02 
5.0E-02 
1.2E-04 
1.0E-04 
2.5E-03 

Ff 

Meat(D/KG) 

1.2E-02 
2.0E-02 
1.0E-02 
1.0E-03 
8.0E-04 
3.1E-02 
7.7E-02 
1.6E-02 
1.5E-01 
2.0E-02 
3.0E-02 
5.0E-03 
1.5E-03 
4.0E-05 
4.6E-02 
1.0E-01 
8.0E-02 
2.0E-02 
1.2E-02 
4.0E-03 
1.6E-02 
3.1E-02 
2.3E-03 
2.4E-03 
8.0E-04 
4.0E-02 
1.3E-02 
5.3E-03 
8.0E-03 
3.0E-02 
1.3E 00 
2.0E-01 
2.0E-03 
1.5E-02 
2.6E-02 
2.0E-02 
3.1E-02 
6.0E-04 
4.6E-03 
3.4E-02 
2.8E-01 
8.0E-03 
4.0E-01 
4.0E-01 
1.5E-03 
4.0E-03 
1.7E-02 
5.3E-04 
8.0E-03 
8.0E-02 

El em 

Sb 
Te 
I 
Xe 
Cs 
Ba 
La 
Ce 
Pr 
Nd 
Pm 
Sm 
Eu 
Gd 
Tb 
Dy 
Hd 
Er 
Tm 
Yb 
Lu 
Hf 
Ta 
W 
Re 
Ds 
Ir 
Pi 
Au 
Hg 
Tl 
Pb 
Bi 
Po 
At 
Rn 
Fr 
Ra 
Ac 
Th 
Pa 
U 
Np 
Pu 
Am 
Cm 
Bk 
Cf 
Es 
Fm 

Biv 

Veg/Soil 

1.1E-02 
1.3E 00 
2.0E-02 
1.0E 01 
1.0E-02 
5.0E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.4E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
1.7E-04 
6.3E-03 
1.8E-02 
2.5E-01 
5.0E-02 
1.3E 01 
5.0E-01 
2.5E-03 
3.8E-01 
2.5E-01 
6.8E-02 
1.5E-01 
1.5E-01 
2.5E-01 
3.5E 00 
1.0E-02 
3.1E-04 
2.5E-03 
4.2E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-04 
2.5E-04 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 
2.5E-03 

Fm(Cow) 

Milk(D/L) 

1.5E-03 
1.0E-03 
6.0E-0325 

2.0E-02 
1.2E-0211 

4.0E-0411 

5.0E-06 
6.0E-0411 

5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
2.5E-02 
5.0E-04 
2.5E-02 
5.0E-03 
5.0E-03 
5.0E-03 
5.0E-03 
3.8E-02 
2.2E-02 
6.2E-04 
5.0E-04 
3.0E-04 
5.0E-02 
2.0E-02 
5.0E-02 
8.0E-0311 

5.0E-06 
5.0E-06 
5.0E-06 
5.0E-04 
5.0E-06 
2.0E-06 
5.0E-O6 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 
5.0E-06 

Ff 

Meat(D/KG) 

4.0E-03 
7.7E-02 
2.9E-03 
2.0E-02 
4.0E-03 
3.2E-03 
2.0E-04 
1.2E-03 
4.7E-03 
3.3E-03 
4.8E-03 
5.0E-03 
4.8E-03 
3.6E-03 
4.4E-03 
5.3E-03 
4.4E-03 
4.0E-03 
4.4E-03 
4.0E-03 
4.4E-03 
4.0E-01 
1.6E 00 
1.3E-03 
8.0E-03 
4.0E-01 
1.5E-03 
4.0E-03 
8.0E-03 
2.6E-01 
4.0E-02 
2.9E-04 
1.3E-02 
1.2E-02 
8.0E 00 
2.0E-02 
2.0E-0212 

3.4E-02 
6.0E-0212 

2.0E-0412 

8.0E 02 
3.4E-0412 

2.0E-0412 

1.4E-0512 

2.0E-0412 

2.0E-0412 

2.0E-0412 

2.0E-0412 

2.0E-0412 

2.0E-0412 

*2.0E 02 is 2.0 x 10"2 

Note: Superscript numbers refer to references 
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3 
depth for mixing in the root zone and a soil density of 1.5 g/cm , i.e., mixing layer density 

2 
thickness of 30 g/cm . The expression used for estimating the concentration of isotopes in 

vegetation resulting from deposition onto soil is: 

c L v
 = cs x v (3 x 1Q5) (3) 

C = Concentration of isotope i in vegetation, Ci/g - veg 

U. = the transfer factor given in Table IV J(A)-3 for transfer of isotopes from 

soil to plants, Ci/g - veg ^ Ci/g - soil 

5 
The numerical constant 3 x 1 0 is the product of the mixing layer density thickness and the 

2 2 5 2 4 2 2 
conversion of m to cm , i.e., 3 x 10 - 30 g/m x 10 m /cm . 

Concentrations of isotopes directly deposited on vegetation reflect an effective 13-day weather-
13 

ing removal half-life from plant leaves in addition to the radiological half-life. Deposi
tion onto both soil and vegetation are treated assuming the full original airborne concen
tration (i.e., deposition of isotopes on the soil was not depleted to account for the isotopes 
deposited on vegetation before they reach the soil). Therefore, material weathered from the 
plants to the soil has already been considered. Of the airount directly deposited on vege-

13 
tation, 30 percent was assumed to be captured by the plant. For plants which will be used as 

processed foodstuffs, a plant density of 2,300 grams vegetation/m was used to define plant 
13 

uptake from direct deposition. For grasses on pastureland used to define part of a cow's 
2 14 

uptake, a vegetation density of 440 grams/m vegetation was used. These numbers are typical 

of average agricultural and pasturelands. The expression for the concentration of isotopes in 

processed food material is: 

Cv = Ca x Vg / 7 7 0 0 {\ + Xl] (4) 

where 

c"" = Concentration of isotope i in vegetation, Ci/g - veg 

C = Isotopic concentration in the air, Ci/m a 

X = Weathering decay constant, 6.17 x 10" , sec" 

x^ = Radiological decay constant, sec" 

The constant 7700 is the ratio of the vegetation density and the fractional capture, i.e., 7700 

= 2300 g/m2/0.3. 

Deposition of resuspended material on vegetation is accounted for by including resuspension 

concentrations in the airborne isotopic concentrations (i.e., C including C of equation 3 

plus C°, if appropriate). The concentration of isotopes in pastureland vegetation, C^„, is a pv 
given by a similar expression: 
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Cjv = C ^ x V g / 1 5 0 0 ( X w + X ^ ) (5) 

C = Concentration of isotope i in pastureland vegetation, Ci/gm. veg. 

The constant 1500 is the quotient of the pasture land density and the fractional capture, i.e., 
2 

1500 = 440 g/cm /0.3. The total dietary human uptake from vegetation is thus the sum of C + 
C times the assumed diet of 400 g.veg/day. A decay time of 7 days was assumed in transfer 

of vegetation foodstuffs from the field to their ultimate use by the consumer. 

For animal uptake of vegetation which might result in transfer of isotopes to man from meat or 

milk, a total animal uptake value of 50 kg per day was assumed. To maintain a high produc

tivity, animals are generally offered feeds such as harvested forages and grains to supplement 
14 or replace the pasture intake. 

Milk animals were assumed to obtain 80% of the daily intake from pasture and 20% of the daily 

intake from harvested forages and grains. Beef animals were assumed to obtain 50% of the daily 

intake from pasture and 50% from harvested forages and grains. Nc radioactive decay time was 

considered between deposition on pastureland and animal consumption, but a 2 month delay was 

assumed between harvest of forages and grains and their consumption by the animal. 

The total human uptake of isotopes from the meat and milk pathways was calculated from the 

total daily animal uptake of isotopes given above using the meat and milk transfer factors 

given in Table IV J(A)-3. Delay times between consumption of vegetation by an animal and 

ultimate consumption of meat or milk from that animal of one day for milk and 7 days for meat 

were used. 

3.1.3 Plume Submersion 

Plume submersion doses were calculated on the basis of a semi-infinite cloud model. Total body 

and organ doses were calculated on the basis of the total energy deposited with 5 cm of tissue 
1 5 

shielding. Lung doses included both the external dose as well as the dose from inhaled 

material following the treatment of Snyder. All gamma and beta energy from inhaled material 

is deposited in the total lung mass with no attenuation. Skin doses were calculated for gamma 
2 

and beta energies using a 7 mg/cm dead skin layer atte 

used for plume submersion are shown in Table IV J(A)-4. 

2 15 
and beta energies using a 7 mg/cm dead skin layer attenuation. The dose conversion factors 

Table IV J(A)-4 

PLUME SUBMERSION DOSE FACTORS 

Isotope Whole Body 
39Ar 9.2 x 10"5 

41Ar 3.1 x 10"1 

8 3 mKr 2.4 x 10"6 

8 5 mKr 3.7 x 10"2 

Dose = Rem 

Luna 

5.3 x 10"4 

4.4 x 10"1 

9.4 x 10"5 

3.7 x 10~2 

per 
3 

Ci-sec/m 

Skin 

3.3 x 10"2 

3.1 x 10"1 

6.5 x 10"4 

8.9 x 10"2 
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Table IV J(A)-4 (Continued) 

PLUME SUBMERSION DOSE FACTORS 

Isotope 

*hT~ 
87Kr 
88Kr 
89Kr 
90Kr 
131mXe 

133mXe 

133Xe 

135mx 

135Xe 

137Xe 
138Xe 

Whole Body 

5.1 x 10"4 

1.9 x 10" 

4.7 x 10" 

5.3 x 10" 

5.0 x 10 -1 

2 

8 

9 

9 

4 

4 

2 

9 

0 

3 

9 

4 

5 

8 

X 

X 

X 

X 

X 

X 

X 

10" 

10" 

10" 

10" 

10" 

10" 

10" 

0 

3 

3 

2 

2 

2 

1 

Dose = Rem per Ci-sec/m 

Lung. 

-1 

1.1 x 10" 

1.9 x 10" 

4.7 x 10" 

5.3 x 10 

5.0 x 10"1 

3.3 x 10"3 

8.4 x 10"3 

9.6 x 10"3 

9.9 x 10"2 

5.8 x 10"2 

4.9 x 10" 

2.8 x 10 -1 

Skin 

4.3 x 10" 

2.5 x 101 

6.1 x 10" 

9.2 x 10 

8.1 x 10" 

2.1 x 10" 

4.3 x 10" 

2.2 x 10" 

1.4 x 10" 

1.3 x 10" 

4.4 x 10 

4.4 x 10" 

0 

-1 

-1 

3.1.4 Ground Plane Irradiation 

Ground plane irradiation dose calculations for most isotopes were made following the treatment 

used in the Oak Ridge EXREM III code. This consists of determining the gamma fluence at 100 

cm above an assumed infinite groundplane. Buildup of long-lived activity on the ground from 40 

years of continuous deposition, including ingrowth of daughter products, was treated using 

equation (2). No beta doses from ground plane irradiation were treated because vegetation on 

the ground, clothing, and the travel distance in air all combine to make this dose contribution 

very smell. The total body dose factors used in the calculations are shown in Table IV J(A)-5. 

Most of these dose factors were taken from the EXREM data compilation. However, the few 

isotopes listed in Table IV J(A)-5 that were not included in the EXREM data were taken from 

other sources. 

222 
3.1.5 Special Consideration of Rn from Uranium Mines and Mill Tailings Piles 

The radon emanation from a source was considered to be unaccompanied by the radioactive decay 
222 

descendants (daughters). The daughter product ingrowth was calculated as the Rn traveled 

from the point of release to the receptor. For individual doses, the hypothetical receptor is 

located 500 meters from the mine and 1,300 meters from the mill tailings piles. Ingrowth of 

daughter products is estimated using a transport rate of 2 meters/sec. 

22? 
Plume submersion doses attributable to Rn daughters and resuspension and ground plane ir
radiation from deposited Pb and its descendants were also evaluated. 
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3.2 Hydrological Pathway Modeling 

The pathways to humans analyzed for radionuclides released to waterways were consumption of 

drinking water, fish, irrigated crops, beef, and milk contributions to internal doses and shore 

line use contribution to external dose. 

3.2.1 Drinking Water Dilution 

For maximum individual dose estimations, the radioactive effluent was assumed to undergo a 

prompt dilution from an average river flow of 200 cfs. This flow value was used to calculate 

the radionuclide concentration in the immediate discharge vegion. Maximum doses to individuals 

consuming 700 liters/year of drinking water from this location were calculated directly from 

the average radionuclide concentration after allowing for a 12-hour delay. 

3.2.2 Fish Consumption 

Based on the annual average concentration in the discharge region, the quantity of raaionu-
21 

elides in fish flesh was estimated using the biological accumulation factors listed in Table 

IV J(A)-6. Thus, 

C? = 5.6 x 10"9 x Qi x (B/»F). (6) 

where 

Concentration of radionuclide i in fish flesh, pCi/g 

Release rate of radionuclide i, Ci/yr 

(BAF). = Biological accumulation factor for radionuclide i, Ci/gm per Ci/cc 
_g 

The constant 5.6 x 10 reflects the conversion of the release rate to uCi/sec and the flow 

race to cc/sec, 5.6 x 10"9 = 106 yCi/c x yr/3.15 x 107 sec x sec/200 ft3 x ft3/2.83 x 104 cc. 

3.2.3 Irrigated Vegetation 

Individuals can also receive doses from consuming food crops irrigated with water containing 

released radionuclides. Radioactive material in vegetation results from deposition onto the 

plant foliage and from uptake from the soil of activity deposited on the ground. The con

centration of any radionuclide except tritium in vegetation is given by: 

0.25 [1-exp (-xEi te)] B* [1-exp (-x1 tb)] 
Li " Li l Yv xEi

 + Pxi exp (-X.jth) (7) 
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Table IV J(A)-5 

GROUND SHINE DOSE FACTORS 

Nuclide 

1 4 c 
22 

24, 

51 

54 

56, 

55 

59 

58 

60, 

65 

Na 

Na 

Cr 

Mn 

'Mn 

Fe 

Fe 

Co 

Co 

Zn 
69m 

69 

86| 

89 

90, 

91 

90 y 

91mv 

91 v 

92„ 

Zn 

Zn 

Rb 

Sr 

Sr 

Sr 

95 

97Z 
95, 

97 

99, 

Zr 

Nb 

Nb 

Mo 

147 

148, 

151 

153 

154 

155, 

210 

212 

210, 

Pm 
* 

Pm 

Sm 

Sm 

Eu 

Eu 

Pb 

Pb 

B1 
212 
^ B i 
224, 

226, 

Dose Factor ~ 
Rem per Ci-sec/m 

0 

0 

9.2 x 

1.4 x 

1.9 x 

3.2 x 

3.1 x 

5.9 x 

4.7 x 

3.6 x 

9.8 x 

2.3 x 

1.7 x 

0 

3.5 x 

0 

0 

2.9 x 

0 

2.2 x 

1.0 x 

4.4 x 

2.9 x 

7.1 x 

2.9 x 

2.7 x 

7.0 x 

l O " 3 

10"2 

l O " 4 

l O " 3 

10" 3 

10" 6 

10" 3 

10" 3 

10" 3 

10" 3 

10" 3 

10" 4 

10" 3 

10" 3 

10" 5 

10" 4 

10" 3 

10" 4 

10" 3 

10" 3 

10" 4 

Nuclide 

Ra 

Ru 

7 

1 

8 

5 

2 

7 

6 

4 

4 

3 

9 

8 

6 

1 

9 

2 

4 

8 

.2 

.0 

X 

X 

X 

X 

X 

X 

X 

0 

X 

X 

X 

10" 

10" 

10" 

10" 

10" 

10 

10 

10 

10 

10 

-4 

-5 

99m. 
tc 

99. 

103, 

106Ru 
103m, 

Tc 

Ru 

110m 

125c 

Rh 

'Ag 
JSb 

I27m-r 

127 Te 
129m. 

129Te 

131m. 

te 

te 
132 

129 

131 

132 

133 

135 

134 

136, 

137 

140, 

140, 

141 

143 

144, 

143 

147 

2 3 2U 
2 3 3U 
2 3 4U 
2 3 5U 
2 3 6U 
2 3 7U 
2 3 8U 
237 

239 

238 

239, 

240, 

Te 

Cs 

Cs 

Cs 

Ba 

La 

Ce 

Ce 

Ce 

Pr 

Nd 

Np 

Np 

Pu 

Pu 

Pu 

Dose 
Rem per 

5. 

2. 

1. 

1. 

2. 

8. 

1. 

2. 

3. 

5. 

8. 

1 . 

1. 

9. 

2. 

6. 

6. 

8. 

2. 

8, 

9, 

3. 

1 

8 

6 

1 

2 

1 

9 

1 

1 

1 

4 

7 

1 

4 

9 

2 

0 

2 

1 

0 

4 

7 

3 

3 

4 

0 

8 

6 

1 

,7 

,8 

.1 

.1 

.3 

.8 

.1 

.2 

.3 

.9 

.2 

.9 

.5 

.5 

.0 

.0 

.2 

.0 

.2 

.9 

.0 

.3 

.0 

Factor ~ 
Ci-sec/m 

X 

0 

X 

0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10"4 

10" 3 

10"5 

10"2 

10" 3 

10"5 

10" 5 

10" 4 

10" 4 

l O " 3 

10"4 

10" 4 

10" 3 

l O " 3 

10"3 

l O " 3 

10"3 

l O " 3 

10"3 

l O " 4 

10" 3 

10"4 

lO " 3 

10" 5 

10" 4 

10"7 

10" 5 

10" 5 

10" 4 

10" 5 

10" 3 

10" 5 

10" 4 

10"4 

10" 5 

10" 6 

10" 6 
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Table IV J(A)-5 (Continued) 

w^ ,~^^, 0 Dose Factor ~ 

Nuclide Rem per Ci-sec/m1" Nuclide Rem per Ci-sec/m 

228Ra 2.1 x 1 0 - 241 p u 0 

228. 2.9 x 10"J 242n.. 8.6 x 10"6 

234Pa 

Dose Factor 0 

Rem per Ci-sec/m1" 

2.1 x 

2.9 x 

5.3 x 

1.9 x 

4.1 x 

1.1 X 

5.3 x 

1.0 x 

1.4 x 
1 o .. 

10" 4 

10" 3 

l O " 5 

10" 5 

l O " 4 

10" 5 

10" 5 

l O " 3 

10" 6 

,„-2 

JAc -.* A .U ^ p ( j 

3Th 5.3x10- 241Am 

°Th 1.9x10-5 242Am 

lTh 4.1 x lO"4 243Am 
2Th 1.1 x 10-5 242Cm 

228Th 5.3x10- 241Am 2.4 xlO"4 

230T. 1.9 x lO"5 242„_ 1.8 x 10"4 

231Th 4.1 x 10- 243Am 2.1 x 10"4 

232Th 1.1x10" 242Cm 9.2x10"^ 

234T. 5.3 x 10"b 243r_ 7.5 x 10"b 

Th 0 Cm 

Pa 
pPa 

233pa 1.0 x 10" J 244Cm 5.7 x 10"5 

234m, 

13 17 

*Dose factors for these isotopes from other data, the remaining factors from EXREM data. 

Element 

H 

He 

Li 

Be 

B 

C 

N 

0 

F 

Ne 

Na 

Me 

Al 

Si 

P 

S 

CI 

Ar 

K 

Ca 

Sc 

Ti 

Tabl le IV J (A) -6 

BIOACCUMULATION FACTORS21 

(pCi/kg 

Fish 

9 .0x l0 _ 1 

1.0 

5.0X10"1 

2.0 

2 . 2 x l 0 " ] 

4.6x103 

1.5x l0 5 

9 .2x l0 _ 1 

l .OxlO1 

1.0 

1 . Oxl 02 

5.CX101 

l .OxlO1 

2.5 

l .OxlO5 

7 .5x l0 2 

5 .0x l0 ] 

1.0 

l .OxlO 3 

4.0X101 

2.0 

l .OxlO3 

per p C i / l i t e r ) 

Inver tebra te 

9 .0x l0 _ 1 

1.0 

4.0X10"1 

l .OxlO1 

5.0X101 

9 .1x l0 3 

1.5x l0 5 

9 .2x l0 _ 1 

l .OxlO2 

1.0 

2 .0x l0 2 

l .OxlO2 

6.3X101 

2.5X101 

2 .0x l0 4 

1 . Oxl 02 

1 . Oxl 02 

1.0 

8 .3x l0 2 

3.3x l0 2 

l .OxlO3 

3 .0x l0 3 

Plant 

9.0X10"1 

1.0 

3.0 

2.0X101 

2.2 

4 . 6 x l 0 3 

1.3x l0 4 

9.2x lO" ] 

2.0 

1.0 

5 .0x l0 2 

l .OxlO2 

4 .2x lO" 2 

1.3x l0 2 

5 .0x l0 5 

l .OxlO2 

5-OxlO1 

1.0 

6 .7x l0 2 

1 . 3x102 

1 . Oxl04 

5.0x l0 2 
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Table IV J(A)-6 (Continued) 

Element 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

Ga 

Ge 

As 

Se 

Br 

Kr 

Rb 

Sr 

Y 

Zr 

Nb 

Mo 

Tc 

Ru 

Rh 

Pd 

Ag 

Cd 

In 

Sn 

Sb 

Te 

I 

Xe 

Cs 

Ba 

La 

Ce 

Pr 

Nd 

Ph 

Sm 

Eu 

Fish 

l .OxlO1 

2. OxlO2 

4.OxlO2 

l .OxlO2 

5. OxlO1 

l .OxlO 2 

5. OxlO1 

2. OxlO3 

3 .3x l0 2 

3.3x103 

l .OxlO 2 

1.7xl02 

4 . 2 x l 0 2 

1.0 

2. OxlO3 

3. OxlO1 

2.5X101 

3.3 

3.OxlO4 

l .OxlO1 

1.5X101 

l .OxlO1 

l .OxlO1 

l .OxlO1 

2.3 

2. OxlO2 

l .OxlO5 

3.0x103 

1.0 

4.0x10^ 

1.5X101 

1.0 

2.OxlO3 

4.0 

2.5X101 

1.0 

2.5X101 

2.5X101 

2.5X101 

2 . 5 x i 0 ] 

2.5X101 

Inver tebra te 

3. OxlO3 

2. OxlO3 

9. OxlO4 

3 .2x l0 3 

4.OxlO2 

1 . Oxl O2 

4. OxlO2 

1.Oxl 04 

6 .7x l0 2 

3.3X101 

4. OxlO1 

1.7x l0 2 

3 .3x l0 2 

1.0 

l .Ox lO 3 

l .OxlO2 

l .Ox lO 3 

6.7 

l .OxlO2 

l .OxlO1 

5.0 

3. OxlO2 

3. OxlO2 

3 .0x l0 2 

7 .7x l0 2 

2. OxlO3 

l .OxlO5 

l .OxlO 3 

l .OxlO1 

1 . Oxl O5 

5.0 

1.0 

1 . Oxl O2 

2. OxlO2 

l .OxlO 3 

l .OxlO 3 

1 . Oxl O3 

l .Ox lO 3 

1.Oxl 03 

1 . Oxl O3 

l .OxlO 3 

Plant 

l .OxlO2 

4. OxlO3 

l .OxlO 4 

1 . Oxl 03 

2. OxlO2 

5. OxlO1 

2. OxlO3 

2. OxlO4 

1.7x l0 3 

3.3x101 

3. OxlO3 

1.Oxl 03 

5. OxlO1 

1.0 

l .Ox lO 3 

5. OxlO2 

5. OxlO3 

1 . Oxl 03 

8. OxlO2 

1 . Oxl O3 

4. OxlO1 

2. OxlO3 

2. OxlO2 

2. OxlO2 

2. OxlO2 

l .Ox lO 3 

1 . Oxl 05 

1 . Oxl O2 

1.5x103 

2* 
1.0x10 

4. OxlO1 

1.0 

5. OxlO2 

5. OxlO2 

5. OxlO3 

4. OxlO3 

5. OxlO3 

5. OxlO3 

5. OxlO3 

5. OxlO3 

5. OxlO3 

*ORNL - Private Communication 

C-13 



Table IV J(A)-6 (Continued) 

Element 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 

Hf 

Ta 

W 

Re 

Os 

I r 

Pt 

Au 

Hg 

Tl 

Pb 

Bi 

Pd 

At 

Rn 

Fr 

Ra 

Ac 

Th 

Pa 

U 

Np 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

Fm 

Fish 

2.5X101 

2.5X101 

2.5X101 

2.5X101 

2.5X101 

2.5X101 

2.5X101 

2.5X101 

3.3 

3.0x104 

1.2x l0 3 

1.2xl02 

l .OxlO1 

l .OxlO1 

l .OxlO2 

3.3X101 

l .OxlO3 

l .OxlO4 

l .OxlO2 

1.5X101 

5.0x102 

1.5X101 

5.7X101 

4.OxlO2 

5.OxlO1 

2.5X101 

3.OxlO1 

l . l x l O 1 

2.0 

l .OxlO1 

3.5 

2.5X101 

2.5X101 

2.5X101 

2.5X101 

l .OxlO1 

l .OxlO1 

Inver tebra te 

l .OxlO3 

l .OxlO3 

l .OxlO3 

l .OxlO3 

l .OxlO3 

l .OxlO3 

l .OxlO3 

l .OxlO3 

6.7 

6 .7x l0 2 

l .OxlO1 

6.OxlO1 

3.OxlO2 

3.OxlO2 

3.OxlO2 

5.OxlO1 

l .OxlO5 

1.5x l0 4 

l .OxlO2 

i * * 
2.4x10' 

2.OxlO4 

5.0 

1.0 

l .OxlO2 

2 .5x l0 2 

l .OxlO3 

5.OxlO2 

l . l x l O 2 

6.OxlO1 

4.OxlO2 

l .OxlO2 

l .OxlO3 

l .OxlO3 

l .OxlO3 

l .OxlO3 

l .OxlO2 

l .OxlO2 

Plant 

5.OxlO3 

5.OxlO3 

5. OxlO3 

5.0x103 

5.OxlO3 

5.OxlO3 

5.OxlO3 

5.OxlO3 

l .OxlO3 

8. OxlO2 

1.2x l0 3 

2 .4x l0 2 

2.OxlO2 

2.OxlO2 

2.OxlO2 

3.3X101 

l .OxlO3 

l .OxlO5 

2.OxlO2 

1* 
2.4x10' 

2.OxlO3 

4. OxlO1 

1.0 

8.OxlO1 

2 .5x l 0 3 

5.OxlO3 

1.5x l0 3 

l . l x l O 3 

5.OxlO"1 

3.OxlO2 

3 .5x l0 2 

5.OxlO3 

5.OxlO3 

5.OxlO3 

5.OxlO3 

l .OxlO 3 

l .OxlO 3 

•Derived from data in Bower, H.J.M. Trace Elements in Biochemistry, 
: New York, Academic Press (1966). 
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where 

C^ = Concentration of radionuclide i in edible portion of crop v, pCi/kg 

Cw = Concentration of radionuclide i in irrigating water, pCi/J. 

2 
I = Irrigation rate, 1/m /hr 

X-. = Effective removal constant for radionuclide i from crops, hr" ; 

Xr-,- = X., + X where X is the removal constant for loss by weathering Ei i w w 

(removal half-life of 13 days) and x. is the radioactive decay constant 

C. = Concentration of radionuclide i in feed for beef cattle only, pCi/kg 

t = Time that crops are exposed to contaminated water, hr 
2 

Y
v
 = Agricultural productivity, kg (wet weight)/m 

B. = Transfer factor for radionuclide i from soil to edible plant parts, 

pCi/kg (wet weight of plants) per pCi/kg (dry soil) 

t. = Midpoint of the soil exposure time, hr 

2 
P = Effective "surface concentration" of soil, kg (dry soil)/m . By assuming 

a uniform mixing of all radionuclides in a plowlayer of 15 cm, P is 

equal to 240 kg/m 

t. = Time interval between harvest and consumption of food, hours 

(for tritium, 

Cv = C W . ) 

3.2.4 Beef and Milk Pathways 

The consumption of milk and meat produced by animals consuming contaminated forage and drinking 

water can result in doses to humans. For this evaluation, it was assumed that meat animals 

consumed contaminated forage and water. Dairy animals were assumed to be consuming contam

inated drinking water only. The radionuclide concentration in animal products is proportional 

to the animal's intake of the radionuclide in feed and water. Thus, for all radionuclides 

except tritium, 

CA = SA [cj + 60 Cw] x 103 (8) 

where 
A 

Ci = Concentration in animal product, pCi/1 or pCi/kgm 

S. = Transfer factor for radionuclide i (listed in Table IV J(A)-3), 

pCi/cc milk per pCi/day intake or pCi/kg meat per pCi/kgm veg 
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C- = Concentration in feed, pCi/kgm 

Cw = Concentration in water, pCi/1 

The factor of 60 is the animal's daily water intake (1/d). 

For tritium, 

CA = 3k Cw (w + 60) (9) 

where 

a 
C = Tritium concentration in milk or meat, pCi/1 or pCi/kg 

k = Reciprocal of body water volume (0.0041 1" for beef cattle and 

0.0028 l"1 for dairy cattle) 

Cw = Tritium concentration in water, pCi/1 

w = Water intake rate via fresh forage (28 1/day for beef cattle orQx) 

The factor of 3 is the inverse of the water elimination rate (day). 

3.2.5 External Exposure 

External exposures to individuals utilizing the riverbank for recreational purposes for 70 

hours/year were also evaluated using the following expression: 

S. = 100 Ti Cy: [1 exp (-x.jt)] (10) 

where 

2 
S- = Shoreline surface contamination of radionuclide i, pCi/m 

T^ = Radiological half-life of radionuclide i, day 

w 
C = Concentration in river of radionuclide i, pCi/1 

x- = Radiological decay constant for radionuclide i, hour" 

t = Length of time sediment is exposed to contaminated water, hours 

(assumed to be midpoint of facility operating life - 20 years) 

The factor 100 is an experimentally derived constant. Individual doses are calculated from the 

shoreline surface concentrations using the dose factors listed in Table IV J(A)-5. 
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4.0 POPULATION DOSES 

4.1 Atmospheric Pathway 

Expressions for calculating population dose can be derived as follows: 

At any time, t, the amount of radionuclide (i) in the environment is: 

Qi (t) = 3.2 x 10'8 Qi (1-e "Vj/X.. (11) 

where 

Q. (t) = Amount of radionuclide i in the environment at time t, Ci 

Q. = Release rate of radionuclide i, Ci/yr 

\. = Radioactive decay constant for radionuclide i, sec" 
p _Q 

The constant 3.2 x 10" is the conversion from years to seconds, i.e., 3.2 x 10 yr/sec. 

Populations can be directly exposed to radionuclides deposited onto the ground. The surface 

concentration, C.., over an arbitrary area A is: 

CAi (t) = 3.2 x 108 Qi (1-e -X1t)/Ax1 (12) 

where 

2 
C.. (t) = Areal concentration of radionuclide (i) at time t, Ci/m 

2 
A = Area of interest, m 

Total body doses to individuals standing on the contaminated surface were calculated using the 

radionuclide dose constants found in Table IV J(A)-5 with following expression: 

DGi = KGi • CAi(t) (13) 

where 

2 
Kg. = Dose factor for radionuclide i, mrem/yr per Ci/m 

The population dose is then: 

TGi = P • D G i (14) 

where 

P = Total number of exposed people 
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Since P/A = p, where p is the population density in units of people per square meter, the 

population dose can be expressed as 

TGi = 3.2 x 10"8
 P KGi Qi (l-e"Xit)/xi (15) 

The total population dose from all radionuclides is the sum of the population dose from each 

individual radionuclide. 

For the inhalation exposure pathways the airborne concentration, x» of depositable radionuclides, 

can oe related to the ground concentration, CA, as follows: 

CAi(t) = xiU?(l-e"
Ait)/Xi (16) 

or x = CAi(t)xi/Ug(l-e"
Xit) (17) 

where 

V = Deposition velocity, m/sec 

2 
CA - Surface concentration, Ci/m 

x = Decay constant appropriate to radionuclide, per sec 

The above considerations of population doses were modified when considering population doses 

from food uptake. The total exposed population from fallout on food crops is determined not by 

the density of people in the area of the food crop but by the number of persons that can be fed 

by the crops grown on a unit area. Values of agricultural productivity were determined by 

assuming the agricultural land area east of the Mississippi could support the entire U.S. 
Q 

population at the per capita diet given below: 

Vegetation = 400 g/day 

Meat = 250 g/day 

Milk = 350 g/day 

On this basis, the following agricultural productivity figures were computed: 

Vegetation = 100 kg/day square mile 

Meat = 65 kg/day square mile 

Milk = 9C kg/day square mile 

Thus, the implied number of people supported per unit area of agricultural land is: 

Virtual people per unit area, vegetation = —j= 250 people/square mile 

65 
Virtual people per unit area, meat = -^ = 260 people/square mile 

90 
Virtual people per unit area, milk = 35-= 260 people/square mile 
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The above number of virtual people were used in calculating dietary doses, rather than the 

average population density of 160 people/square mile used for other population pathway doses. 

Since uranium mines and mills are primarily located in the Colorado plateau, population doses 

were calculated using modified assumptions. Population doses were estimated by assuming a 
2 

distance of 2,000 miles to the east coast and an initial population density of 7.5 people/mile . 
2 

The population density was increased exponentially so that it reached 160 people/mile at the 

east coast. Food production values and the associated virtual populations were varied using 

the same proportionality. 

Production and subsequent deposition of radon daughters was accounted for in the model. 

The above considerations for population doses imply deposition of the airborne release and are 

not valid for airborne releases of noble gases or other isotopes dispersed in gaseous form. 

Population doses from noble gases, tritium, and carbon-14 were thus calculated on a different 

basis. 

Short-lived noble gases were dispersed to the atmosphere without deposition. Radioactive decay 

limits the spread of these gases. The population dose, after integrating along a 1,500 mile 

plume path length, is given by: 

Population dose = KQp (1 - exp (-Xr/v))/xL (18) 

where 

x = Radioactive decay constant, per sec 

r = Path length, m 

v = Average wind speed, m/sec 

L = Height of the assumed vertical air mixing, m 

Other parameters were defined earlier. 

Population doses from krypton-85, tritium, and carbon-14 were calculated in two steps. The 

first component of the population dose occurs immediately after release and was determined 

using equation (18) above. For tritium and carbon-14, the dose constant, K, and the population 

density reflect the appropriate pathways. For krypton-85, only the submersion pathway is 

operative. 

The second part of the population dose occurs some time after release. Population doses from 

krypton-85 and carbon-14 were calculated by diluting the curies released into the world's 
24 5 

atmosphere. The volume of the world's atmosphere is 3.8 x 10 cc. The world population of 5 
Q 

x 10 people was assumed to be exposed to the radionuclide concentration after 40 years of 
buildup. Tritium was treated similarly except that it was diluted by the earth's circulating 

22 22 
water volume of 2.7 x 10 cc. 
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For krypton-85 and tritium, the only removal mechanisms operating were radiological decay. For 

carbon-14, environmental removal mechanisms accounted for an observed removal half-life of 
5 23 

about 6 years. ' 

4.2 Hydro!ogical Pathway 

For radionuclides released to the liquid environment, it was assumed that the plant was sit

uated at the beginning of a large watershed where the initial river flow rate was 200 cfs. 

The total length of the river was assumed to be 500 miles with 7 population centers distributed 

along its length. People at these centers were furnished drinking water, fish, irrigated 

foods, and milk and meat from animals consuming irrigated feed and water. 

Dilution from the point of discharge was determined by the ratio of the flow rate at the point 

of interest and the flow rate at the discharge. The first city was assumed to be 15 miles 

downstream from the plant site with a population of 4,300. The size of subsequent population 
24 

centers was assumed to increase in proportion to the river flow. Water usage parameters were 

used to describe the river area. Table IV J(A)-7 lists the assumed characteristics of the 

river and the associated populations. 

C-20 



Table IV J(A)-7 

CHARACTERISTICS OF REFERENCE FACILITY WATER SOURCE 

Reach 
(miles) 

0-30 

30-60 

60-100 

100-200 

200-300 

300-400 

400-500 

Totals 

Average 
Distance 
(miles) 

15 

45 

80 

150 

250 

350 

450 

Dilution 
Factor 

1.1 

1.8 

3.5 

9.9 

26 

50 

81 

Transit 
Time 
(hours) 

11 

33 

58 

no 

180 

260 

330 

Population 
Drinking Water 

(people) 

4,300 

7,000 

18,000 

130,000 

330,000 

630,000 

1,100,000 

2,100,000 

Edible 
Fish Catch 
(kgm/yr) 

37 

60 

160 

1,100 

2,900 

5,500 

9,000 

19,000 

Shoreline 
Usage and 
(hours) 

2,800 

7,300 

24,000 

200,000 

530,000 

1,000,000 

1,700,000 

3,500,000 

Swimming 
Boating Usage 

(hours) 

860 

2,300 

7,400 

62,000 

160,000 

310,000 

530,000 

1,100,000 

Irrigated 
Vegetation 
(kgm/yr) 

110,000 

180,000 

470,000 

3,300,000 

8,600,000 

16,000,000 

27,000,000 

56,000,000 

Irrigated 
Beef Cattle Feed 
(kgm/yr meat) 

30,000 

47,000 

120,000 

860,000 

2,200,000 

4,200,000 

6,900,000 

14,000,000 

Irrigated 
Milk Cow Feed 
(kgm/yr milk) 

62,000 

98,000 

250,000 

1,800,000 

4,600,000 

8,700,000 

14,000,000 

30,000,000 



B. HEALTH RISKS FROM IRRADIATION i 

1.0 RISK CHARACTER OF RADIATION PATHOLOGY 

Soon after X-rays were discovered in 1895, it became apparent that excessive exposure to ionizing 

radiation could be injurious. However, below those dose levels that are known to produce specific 

acute or short term effects in all exposed individuals, the fraction of exposed individuals 

manifesting some form of chronic or long term injury will depend on the magnitude of the dose 

administered, as well as upon the dose rate. Hence, the response of an individual has a 

probabilistic character, and the chance that one may be affected can, therefore, be expressed 

in terms of a risk per unit dose of radiation exposure. 

The expression of this risk must also identify the period of time over which the probability of 

a syndrome's occurrence is being considered, because, characteristically, there is a lapse of 

time between irradiation and the manifestation of symptoms. Although the delay, or latent 

period, may increase with lower doses and with protraction of the administered dose, no allowance 

is made for such variation in this discussion, and each specific cancer type has been characterized 

by its own latency. See Table IV J(B)-1. 

The duration of risks considered are generally those of either the full lifetime or the first 

30 years post-latency, whichever comes first. In addition, in any population with a spectrum 

of ages, the age at exposure must also be taken into account in the calculation of risks, since 

there are some recognized significant age differences in radiation sensitivity. 

1.1 Unobservability of Small Theoretical Risks 

The syndromes or pathological effects produced by irradiation are not unique, but also occur 

with an appreciable probability in populations that are not exposed to man-made sources of 

radiation. This absence of uniqueness makes it impossible to determine if any particular mani

festation in any given individual might have been caused by radiation, especially when the 

exposure may have occurred at low total doses and dose rates. 

Table IV J(B)-1 

RISK ESTIMATORS DERIVED FROM THE BFIR AND RASMUSSCN REPORTS 

Occurrence per 
million person-rem 

Total risk of cancer mortality 135 

Risk of lung cancer mortality 22.2 

Risk of bone cancer mortality 6.9 

Risk of thyroid cancer mortality 13.4 

Risk of thyroid cancer & benign nodules 331.5 

Risk of specific genetic defects 158 

Risks of defects with complex etiology 100 

Total genetic defect risk 258 

Latent 
period (yr) 

0-15 

15 

10 

10 

10 

Duration of 
r isk (yr) 

10-30 

30 

30 

30 

30 
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At doses in the range where increased incidence of syndromes can be distinguished from normal 

incidence by epidemiological study, there is some evidence that for the low LET* radiations 

the risk of cancer induction, for example, diminishes more rapidly with decreasing dose than 

would be linearly projected. This suggests that there may be a threshold for radiation 

exposure; that is, a dose below which the risk of injury is zero. 

For this environmental statement, however, it is postulated that radiation produced syndrome 

risks are proportional to the dose received by individuals, commensurate with the risks at 

dose levels which have been clinically observed to produce those syndromes. 

2.0 RISK QUANTIFICATION 

The quantitative estimation of pathological risks employs data derived from medical, accidental, 

or occupational exposure of humans to various radiation sources. Studies of expected pathological 

risks from irradiation have been summarized by a National Academy of Sciences-National Research 

Council (NAS-NRC) committee and by the United Nations Scientific Committee on the Effects 
2 

of Atomic Radiation. Both reports have arrived at comparable risk estimates of the expected 

mortality from radiation-induced cancer, but the NAS-NRC document, referred to as the BEIR 

report, presents these estimates in a form that is more readily applied to the estimation of 

risks in populations that include the normal age distribution. Additional data and considera-
3 

tions were applied to these risk estimates in the preparation of the Rasmussen Report. The 

upper bound risk factors pertinent to a continually exposed population have been selected there

from for cancer risk estimates in this statement. 

2.1 Cancer Risk Estimators 

3 
The Rasmussen Report (Appendix VI Section G1.3) presents cogent reasons for using the "absolute 

risk" values of the BEIR report instead of the "relative risk" estimates. The choice of a 30-

year post latent period of risk or the remaining life expectancy, whichever is shorter, for 

chronic exposure of a population with a defined age distribution, and some modifications of the 

BEIR report risk coefficients due to recent considerations, are explained in the Rasmussen 

Report, Appendix VI, Sections 9.3.2.2 and 9.3.2.3. Tables IV-9-4 and IV-9-8 (ibid.) provide the 

basis for the cancer risk estimators in Table IV J(B)-1 of this appendix. The latent period and 

duration of risk are also given in the table. The zero latency and 10-year risk duration values 

refer only to leukemias that might occur in children who were exposed before birth. 

3 
Though these risk estimates are the upper bound estimates given in the Rasmussen Report, higher 

estimates can be developed by use of the "relative risk" model along with the assumption that 

risk prevails for the duration of life. This would produce risk values up to sevenfold greater 

than those used in GESMO. That would place an upper limit to the range of our uncertainty. The 

lower limit would range from zero risk to values near those in Table IV J(B)-1, depending upon 

total dose, dose rate and radiation energy or LET. 

*LET: Linear Energy Transfer 
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A mortality rate of 10% for thyroid cancer is used in Table IV J(B)-1. Clinical data indicate 
131 

that I irradiation of the thyroid from deposition within the organ is less effective by more 

than an order of magnitude in producing either benign or malignant nodules than irradiation of 

the organ by X-rays from an external source. In GESMO, the risk per rem contributed by radio-

iodine in the thyroid is taken to be 10% of the risks indicated in Table IV J(B)-1. 

2.2 Genetic Risk Estimators 

The BEIR report is also employed to derive the genetic risks that might be attributed to irradia

tion of the gonads. Genetic risks are entirely translated from experience with external irradia

tion of laboratory animals. However, the available limited human experience with external ir

radiation 1s consistent with these observations. 

The genetic risks include the full spectrum of genetic defects seen in the United States and 

other Western nations. Their effects upon the carrier may range from a lethal action at or 

near birth to minor metabolic consequences that may be nearly undetectable. The genetic 

spectrum ranges from dominant single gene mutants, whose effects may be categorically recognized, 

to subtle genetic contributions to disease conditions that are predominantly of environmental 

or nongenetic origin. As a consequence, it is not appropriate to compare or equate estimates 

of genetic risk directly with the cancer risks. The latter are health consequences where case 

incidence and case mortality are substantially one-to-one. (This is the situation for the lung 

and bone cancer risks set forth here, though it is not the situation for thyroid and other 

cancers that are known to have a low risk of mortality.) 

The disparity between genetic and cancer risk is further clarified by noting that the genetic 

estimate incorporates two distinctly different types of genetic defects. The first relates to 

categorical or specific genetic conditions usually attributed to single genes, while the second 

type of genetic disability concerns the diseases of complex etiology, such as congenital 

anomalies and constitutional or metabolic diseases that have an ill-defined genetic component. 

The BEIR report indicates an uncertainty of risk estimation over a tenfold range for both types 

due to uncertainty in the value of the mutation rate doubling-dose. The second type of defect 

has an additional tenfold uncertainty attributed to the lack of precise knowledge of the 

magnitude of the genetic component of the defects with complex etiology. 

In GESMO the geometric mean is used to simplify comparisons in tables, but the reader should 

bear in mind that a range of risk uncertainty extends a factor of 3.16 above and below this for 

specific genetic defects and a factor of 10 for defects with complex etiology. These genetic 

risks are expressed in Table IV J(B)-1 as probabilities of genetic defect per million person-rem 

of exposure to the parent population per generation. 

3.0 CONSERVATISM OF RISK ESTIMATORS 

These estimates of cancer and genetic risk, as previously noted, are all basically derived from 

risk values developed in the BEIR report. That report assumed the dose-response relationship 

was linear and passed through the origin. In other words, no threshold or indifference dose 
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was assumed. Although it was recognized that the minimum risk could well be zero, arguments 

were also presented to support the nonthreshold contention. The linear nonthreshold concept 

was considered to be in the public interest for risk assessment. Unfortunately, no evaluation 

has yet been made of the potential economic cost that might be due to the linear assumption, 

as compared to other assumptions. 

The risks for cancer mortality were generally extrapolated from human experience at relatively 

high dose rates and total doses. The risks are considered to be maximum estimates for the low 

LET radiations, such as conventional X or gamma radiation, as these radiations have generally 

shown a twofold to tenfold reduced effectiveness at low dose rates (0.1 rad per hour or less). 

On the other hand, 5 MeV alpha particles, due to their high ionization density, are not expected 

to demonstrate the same protraction effect. Therefore, there may be less conservatism built 

into the risk estimates following exposures to the transuranic elements. 

The genetic risks are derived from mutation rate studies carried out on mice that had been exposed 

to low LET radiation delivered at low dose rates. The experimental data show a linear dose 

response curve, through the origin, so that no intrinsic factor of conservatism is incorporated 

in the genetic risks as noted for the cancer risk estimates following a low LET exposure. A 

quality factor (Q) of 10 is used to adjust rad doses upward to allow for the higher mutagenic 
4 

potential of high LET radiation. A recent ICRP report notes that mutation rate studies with 

fast neutrons, a high LET radiation, when compared to gamma radiation, have generally shown 

an RBE of about 20 at low dose rates and about 5 at high dose rates. As the base line genetic 

risks used in this report are developed from low dose rate data, the Q of 10 might be considered 

low by a factor of two, but no official position has been taken on this issue by the International 

Commission on Radiological Protection. 
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C. DOSE COMMITMENT AND HEALTH EFFECTS FOR RELEASES AS PER NUREG-0116 

Based upon the dose methodology and risk estimators described above, the total body dose to 

the U.S. population and estimates of fatal cancers attributable to the radiological releases 

identified in Tables 2.1 through 2.10 of NUREG-0116 have been calculated. Addenda to Tables 

2.1 through 2.10 which indicate the results of these calculations are included in this Appendix 

(NOTE: Footnotes cited in the following addenda refer to footnotes in the original tables in 

NUREG-0116.) 
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ADDENDUM TO TABLE 2.1 (NUREG-0116) 

SUMMARY OF ENVIRONMENTAL IMPACTS OF REPROCESSING PER RRY 
(U-recycle only) 

Effluents - Radiological (curies) 
Gases (including entrainment) 

Rn-222 

Ra-226 

Th-230 

Uranium 

C-14 

Tritium 

Kr-85 

1-129 

1-131 

Fission Products 

Transuranics 

Ru-106 

Liquids 

Totals 

Reprocessing 

Curies U.S. Person-rem T.B. 
Fatal 

Cancers 

3.9E-5 

24 

1.81E+4 

4E+5 

0.03 

0.83 

0.18 

0.023 

0.14 

— 

2.4E-4 

no 
200 

20 

1.4E-2 

0.32 

1.5 

0.32 

0.25 

— 

(Total Only) 

330 0.045 
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ADDENDUM TO TABLE 2.2 (NUREG-0116) 

SUMMARY OF ENVIRONMENTAL IMPACTS OF MANAGEMENT OF HIGH-LEVEL WASTES 
BEFORE DISPOSAL PER RRY 

(U-only recycle) 

Effluents - Radiological 

Gases (including entrainment) 

Rn-222 

Ra-226 

Th-230 

Uranium 

C-14 

Tritium 

Kr-85 

1-129 

1-131 

Fission Products 

Transuranics 

Curies 

4.3E-11 

790 

5.9E-4 

1.1E-5 

2.6E-2 

4.6E-5 

Solidification 
Fatal 

U.S. Person-rem T.B. Cancers 

2.7E-10 

2.7E-4 

4.2E-6 

0.22 

6.4E-4 

Liquids 

Total 

8.9 0.0012 

Note: If interim storage utilized at either FRP or RSSF, numbers for fission product gases 
are: Curies 1E-5 

U.S. Person-rem T.B. 8.6E-5 
New Total 8.7 Person-rem 
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ADDENDUM TO TABLE 2.3 (NUREG-0116) 

SUMMARY OF ENVIRONMENTAL IMPACTS OF MANAGEMENT OF TRANSURANIC-CONTAMINATED 
WASTE BEFORE DISPOSAL PER RRY 

(U-only recycle) 

Curies U.S. Person-rem T.B Fatal Cancers 
Treatment 

Combustible Noncombustible 
Effluents -
Radiological 

Gases (includi 
entrainment) 

Rn-222 

Ra-226 

Th-230 

Uranium 

C-14 

o Trit ium 

" Kr-85 

1-129 

1-131 

ing 

Fission Products 

Transuranics 

Combustibl 

7 

1 

1 

1 

- -

- -

- -

- -

- -

- -

.2E-7 

.7E-5 

.8E-3 

.1E-9 

Treatment 
le Noncombustible 

- -

- -

- -

4E-10 

— 

— 

3E-7 

8E-6 

1E-6 

2E-7 

Interim Storage 
at FRP 

- -

- -

- -

- -

— 

- -

- -

- -

— 

1E-6 

Combusti 

- -

- -

- -

- -

- -

— 

3.3E-7 

6.6E-6 

1.5E-2 

1.5E-8 

Treatment 
ble Noncombustible 

--

— 

— 

2.5E-9 

— 

— 

1.4E-7 

3.1E-6 

8.6E-6 

2.8E-6 

Interim Storage 
at FRP 

— 

— 

— 

— 

— 

— 

--

--

— 

1.4E-5 

Interim Storage 
at FRP 

Totals 0.015 1.5E-5 1.4E-5 2E-61 2E-9* 1.9E-9* 

* Fatal cancer totals are derived from corresponding U. S. Person-rem totals. 



ADDENDUM TO TABLE 2.4 (NUREG-0116) 

SUMMARY OF ENVIRONMENTAL IMPACTS OF DECOMMISSIONING PER RRY 
(Both Cycles) 

Curies U.S. Person-rem T.B. Fatal Cancers 

Effluent - Radiological 

Gases (incluc 

Rn-222 
Ra-226 
Th-230 
Uranium 
C-14 
Tritium 
Kr-85 
1-129 
1-131 
Fission 

ling entainment) 

Products 
Transuranics 

Total 

Liquids 

Uranium 

Fission and 
Activation 

Ra-226 
Th-230 
Th-234 
Ru-106 
Tritium 

& daughters 

Products 

U-only 
Recycle 

_ 
4.5E-7 
4.5E-7 
7.3E-6 
-
-
-
-
-
-
-

5.4E-6 

4.5E-6 

„ 

-
-
-

No 
Recycle 

_ 
5.3E-7 
5.3E-7 
7.9E-6 

-
-
-
-
-
-
-

5.4E-6 

5.9E-6 

_ 
-
-
-

U-Only No U-Only No 
Recycle Recycle Recycle Recycle 

7.4E-4 
9E-6 
4.5E-5 

8.7E-4 
1.1E-5 
4.9E-5 

7.9E-4 9.3E-4 1.1E-7* 1.3E-7* 

1.6E-5 1.6E-5 

9E-5 1.2E-4 

Total 1.1E-4 1.4E-4 1.5E-8* 1.9E-8* 
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ADDENDUM TO TABLE 2.5 (NUREG-0116) 

SUMMARY OF ENVIRONMENTAL IMPACTS OF MANAGEMENT OF SPENT FUEL 
AS A WASTE BEFORE DISPOSAL PER RRY 

Effluents-Radiological Curies 

Gases (including entrainment) 

Kr-85 3500 

Liquids 0 

U.S. Person-rem T.B. Fatal Cancers 

0.18 2.4E-5 

0 0 
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ADDENDUM TO TABLE 2.8 (NUREG-0116) 

SUMMARY OF ENVIRONMENTAL IMPACTS OF DISPOSAL OF LONG-LIVED WASTES 
AT A FEDERAL REPOSITORY PER RRY 

(Both cycles) 

Effluents-Radiological 

Gases(including entrai 

Rn-222 

C-14 

Trit ium 

Kr-85 

1-129 

Fission Products 

Transuranics 

Total 

Liquids 

Curies 
U-Only No 

Recycle Recycle 

nment) 

7.1E-3 

- -

6.8E-6 

1.1E-4 

- -

4.2E-5 

1.1E-5 

0 

7.1E-3 

19 

1.4E+4 

2.9E+5 

1.3 

4.2E-5 

1.1E-5 

U.S. 
U-Only 

Recycle 

9.2E-4 

--

7.5E-8 

5.5E-9 

--

3.6E-4 

1.5E-4 

1.9E-3 

Person-•rem T.B. 
No 

Recycle 

9.2E-4 

8.7 

150 

15 

0.6 

3.6E-4 

1.5E-4 

170 

Fatal 
U-Only 

Recycle 

1.9E-7 

Cancers 
No 

Recycle 

2.3E-2 
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ADDENDUM TO TABLE 2.9 (NUREG-0116) 

SUMMARY OF IMPACTS OF MANAGEMENT OF WASTES DURING ALL OPERATIONS PER RRY 
(Both Cycles) 

Ef f luen ts - Radii 

Gases ( inc lud 

Rn-222 

Uranium 

C-14 

T r i t i u m 

Kr-85 

1-129 

1-131 

F iss ion 

ling 

Dlogical 

Curies 
U-Only No 

Recycle Recycle 

entrainment) 

Products 

Transuranics 

7.1E-3 

4.4E-10 

--
790 

1.1E-4 

5.9E-4 

3.6E-5 

0.028 

5.8E-5 

7.1E-3 

--
19 

1.4E+4 

2.9E+5 

1.3 

--
4.2E-5 

1.1E-5 

U.S. 
U-Only 

Recycle 

9.2E-4 

2.8E-9 

--
8.7 

5.5E-9 

2.7E-4 

1.4E-5 

0.24 

7.9E-4 

Person-rem T.B. 
No 

Recycle 

9.2E-4 

--
8.7 

150 

15 

0.6 

--
3.6E-4 

1.5E-4 

Fatal 
U-Only 

Recycle 

Cancers 
No 

Recycle 

Total 8.9 170 1.2E-3 2.3E-2 

Liquids 0 
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ADDENDUM TO TABLE 2.10 (NUREG-0116) 

SUMMARY OF IMPACTS OF REPROCESSING AND WASTE MANAGEMENT PER RRY 
(Columns F, G, and H of Table S-3A) 

ReprocessTng(NUREG-0n6) Waste ManageKjent(NUREG-0116) 
Fuel Cycle Totals 

Curies Person-rem Fatal cancers 
Effluents-Radiological Curies'Person-rem FataTCancers Curies Person-rem fatal Caj&ecg. NUREG-0116 WASH-1248 NUREG-0116 WASH-1248 NUREG-0116 wASH-1248 

Gases (includ 

Rn-222 

Ra-226 

Th-230 

Uranium 

Trit ium 

Kr-85 

1-129 

1-131 

0 Ru-106 

£ Fission 

Transura 

C-14 

ing 

Prod 

nics 

entrainment) 

'ucts 

--
--
— 

3.9E-5 

1.8E+4 

4E+5 

0.03 

0.83 

0.14 

0.18 

0.023 

24 

--
— 
— 

2.4E-4 

200 

20 

1.4E-2 

0.32 

0.25 

1.5 

0.32 

110 

7.1E-3 

5.3E-7 

5.3E-7 

7.9E-6 

1.4E+4 

2.9E+5 

1.3 

9.2E-4 

8.7E-4 

1.1E-5 

4.9E-5 

150 

15 

0.60 

0.003 

3.0E-4 

19 

0.026 

4.3E-3 

87 

74.5 

0.02 

0.02 

0.034 

1.81E+4 

4E+5 

1.3 

0.83 

0.18 

0.023 

24 

74.5 

0.02 

0.02 

0.034 

1.67E+4 

3.5E+5 

2.4E-3 

0.024 

1.0 

0.004 
— 

9.7 

33 

0.40 

0.21 

200 

20 

0.60 

0.32 

0.15 

0.33 

no 

9.7 

333 

0.40 

0.21 

180 

18 

1.1E-3 

9.4E-3 

8.6 

0.056 

— 

Totals 330 4.5E-2 250 5.3E-2 370 250 5.0E-2 3.4E-2 

Liquids 

Uranium & Daughters 

Fission & Activation 
Products 

Ra-226 

Th-230 

Th-234 

Trit ium 

Ru-106 

0 

0 

0 

0 

0 

0 

0 

Total 

5.4E-6 

5.9E-6 

1.6E-5 

1.2E-4 

1.4E-4 1.9E-

2.1 

5.9E-6 

0.0034 

.0015 

0.01 

--
--

2.1 

--

.0034 

.0015 

0.01 

2.5E+3 

0.15 

6.1 

1.2E-4 

95 

0.010 

2.2E-6 

--
--

6.1 

— 

95 

0.010 

2.2E-6 

46 

0.017 

100 150 1.4E-2 2.0E-2 



APPENDIX D 

DERIVATION OF ENVIRONMENTAL IMPACT SUMMARY DATA 

FOR TABLES 2.9 AND 2.10 IN NUREG-0116 

Both Table 2.9 and Table 2.10 are obtained by the addition of contributions from 

other tables in Chapter 2. In Table 2.10 there are contributions from Table S-3A of 

WASH-1248. 

Table 2.9, SUMMARY OF IMPACTS OF MANAGEMENT OF WASTES DURING ALL OPERATIONS PER RRY, 

consists of two columns of data for the U-Only Recycle and for the No Recycle fuel 

cycles respectively. 

For a given impact for the U-Only Recycle Option add contributions from columns 1, 2 

and 3 of Table 2.2 and columns 1, 2 and 3 of Table 2.3 and Table 2.6 and column 1 

of Table 2.8. Thus, for a specified impact: 

Table 2.9 (U-Only Recycle) = Col. 1 (Table 2.2) + Col. 2 (Table 2.2) + 

Col. 3 (Table 2.2) + Col. 1 (Table 2.3) + 

Col. 2 (Table 2.3) + Col. 3 (Table 2.3) + 

Table 2.6 + Col. 1 (Table 2.8) 

For the No Recycle Option add contributions from columns 1 and 2 of Table 2.5 and 

Table 2.6 and column 2 of Table 2.8. Thus, for a specified impact: 

Table 2.9 (No Recycle) = Col. 1 (Table 2.5) + 

Col. 2 (Table 2.5) + 

Table 2.6 + Col. 2 (Table 2.8) 

The rationale for Table 2.9 is succinctly stated in the title at the head of each 

of the two columns, Total Waste Management Impact. For the reader Table 2.9 gives the 

total impact of all waste management operations wherever in the fuel cycle they occur 

with exceptions, as noted, of transportation and decommissioning (see footnote 

a, Table 2.9). 

In Table 2.10, SUMMARY OF IMPACTS OF REPROCESSING AND WASTE MANAGEMENT PER RRY, are 

given not only new impact data for the reprocessing, waste management, and transporta-

ion steps of the fuel cycle, as well as these data from WASH-1248, but also the 

old S-3 total fuel cycle impact table from WASH-1248 and a revised total employing the 

new results for the steps of the fuel cycle detailed above. 
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The Reprocessing data shown in Table 2.10 for NUREG-0116 are obtained from Table IV 

E-8 of NUREG-0002 of the GESMO. The model FRP in Table IV E-8 has a 2000 MT/yr 

capacity. For an average annual fuel reload requirement of 35 MT/yr per reactor, the 

FRP is capable of servicing 57 reactors a year. The Reprocessing data in Table 

2.10 for NUREG-0116 are obtained by the process of dividing the data of Table IV E-8 

by 57 and then dividing by 30, the lifetime of the FRP. Note that the data for 

Temporarily Committed and Disturbed and Undisturbed Area impacts are not divided by 

30 (see footnote h Table 2.10). 

The Waste Management column data shown in Table 2.10 for NUREG-0116 are obtained by 

examining for each impact the values for the No Recycle and the UOnly Recycle Options 

and choosing the higher result. For a given impact in the U-Only Recycle Option 

add contributions from column 3 of Table 2.2 and column 1 of Table 2.4 and Table 2.6 

and column 1 of Table 2.8. Thus for a specified impact: 

Table 2.10 (U-Only Recycle) = Col. 3 (Table 2.2) + Col. 1 (Table 2.4) 

+ Table 2.6 + Col. 1 (Table 2.8) 

The above sum is the Table 2.10 impact value if, and only if, it exceeds the value 

for this impact calculated for No Recycle. For the No Recycle Option it is 

necessary to add contributions from column 2 of Table 2.4 and Table 2.6 and column 

2 of Table 2.8. Thus for a specified impact, Table 2.6 and column 2 of Table 2.8. 

Thus for a specified impact: 

Table 2.10 (No Recycle) = Col. 2 (Table 2.4) + 

Table 2.6 + Col. 2 (Table 2.8). 

The above sum is the Table 2.10 impact value if, and only if, it exceeds the value 

for this impact calculated for U-Only Recycle. 

In Table 2.10 the Fuel Cycle Totals column for WASH-1248 is simply, for each impact, 

the sum of the values for each step of the fuel cycle shown in Table S-3A of WASH-1248 

In general for the Totals column for NUREG-0116 the same procedure is followed using 

the NUREG-0116 revised values for Reprocessing, Waste Management, and Transportation 

in place of the Table S-3A results for those three steps of the fuel cycle. However 

exceptions exist to simply taking a summation where our choice of fuel cycle 

option requires that either Reprocessing or Waste Management alone be added. Note 

that, if Reprocessing is chosen as larger, the U-Only Recycle Option waste management 

contribution is added to Reprocessing, but for the impacts involved in this exception 

the waste management contributions are too small to be observed in the sum. 

The four exceptions to the general summation procedure are gaseous release of Tritium, 

Kr-85, 1-129 and C-14. For each of these radiological impacts do not add Reprocessing 

and Waste Managment contributions in summing the Fuel Cycle Total. Instead add only 

the larger of the two. 

D-2 



Note that the differences between Reprocessing and Waste Management values for the 

above isotopes in Waste Management are due to assuming the No Recycle Option and that 

all gaseous isotopes escape into the atmosphere when the spent fuel is stored in the repository. 

For this No Recycle Option, however, the period that the fuel ages in a storage pool at a reactor 

site results in an impact assessed for Reactors and not for Waste Management. 
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APPENDIX E 

ERRATA FOR 

ENVIRONMENTAL SURVEY OF THE REPROCESSING AND WASTE MANAGEMENT PORTIONS OF THE 

LWR FUEL CYCLE (NUREG-0116) 

Page 2-3 

Last paragraph under Reprocessing, third line, delete "plutonium conversion and." 

Page 2-17 

Second paragraph, last line, delete "accidents," and in its place add "sabotage events and 

ten early deaths, and 400 latent cancer deaths for the highly unlikely sabotage of a high level 

waste storage tank." 

Page 2-21, Table 2.1 

Under Effluents-Radiological (curies), Gases, add: 

Ru-106 0.14 

Page 2-27, Table 2.6 

Under Effluents-Radiological (cur ies), 

Gases (including entrapment) from 0.0C 

to 0.0b 

Solids (buried) 

Other than high level from 4700 

to ll,000d 

Delete footnote (d) and replace with: 

The releases from shallow land burial cannot be expressed in the simple terms of "an effluent." 

The operating principle of shallow land burial is: the waste form, waste packaging, trench 

design, water management, and soil characteristics, are such that they will delay the release 

of radionuclides to the biosphere until the radionuclides will have decayed to innocous levels. 

Calculated dose commitments from groundwater transport are tens of person-rems or less per RRY. 

Actual determination of dose commitments are site specific." 

Page 2-29, Table 2.8 

Change entries as follows: 
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Effluents - Radiological under U-Only Recycle under No Recycle 

Transuram'cs from 1.1 E-3 from 1.1 E-3 

to 1.1E-5 1.1E-5 

Page 2-30, Table 2.9 

Change entries as follows: 

Effluents - Radiological under U-Only Rcycle under No Recycle 

Transuram'cs from 0.0011 from 1.1 E-3 

to 5.8E-5 to 1.1E-5 

Solids (buried on site) 

other than high level 

(shallow) from 4700 from 4700 

to TO,700 10,700 

Page 2-31, Table 2.10 

This table, extensively revised, now appears at the end of Section 2.1 of this document. 

Pages'2-34 thru 2-36, Table 2.11 

Delete Table 2.11 

Page 3-9 

Under Fuel Reprocessing, last line, change reference to (GESMO, Ch. IV, E and H). 

Page 3-10 

Under Fuel Element Hulls and Hardware, lines 7 and 12, change reference to (GESMO, Ch. IV, 

E and H). 

Page 3-11 

Under Chemical Wastes - UF, Conversion, line 5, change reference to (GESMO, Ch. IV, E and H). 

Page 3-13, Table 3.1 

Change entry as follows: 

Source under Annual Capacity 

Enrichment from 8,750 to 8.75 
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Page 3-15, Table 3.3 

Change entry as follows: 

Fuel Cycle Operation under Annual Capacity 

Enrichment from 8,750 to 8.75 

Page 4-5, Table 4.1 

Footnote **, change "has" to "had." 

Page 4-6 

Third paragraph, change last word from "process" to "progress." 

Page 4-7, Figure 4.1 

Change flow diagram as follows: 

HLW Storage Tank Venting 

HLW Solidification Process 

Off-Gas 

Treatment 

Page 4-21 

Under Environmental Impacts, third paragraph, last line, change reference from "9" to "7." 

Page 4-25 

Under Bases for Impacts, first paragraph, third line, change "form since the" to "form hence 

the." 

Page 4-27 

Second line, change from "in Section 4.2.5.3" to "in Section 4.2.5.4." 

Page 4-34 

Second line, change "less desirable and" to "less dispersible and." 

Page 4-35 

First complete paragraph, f i r s t l i ne , change " f i rs t -year bone dose" to " f i f ty -year bone dose 

commitment." 
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Page 4-51, Table 4.8 

Change entry as follows: 

Particulate 1.6 x 10"8 kg (See Table 4.9). 

Page 4-53, Table 4.9 

Change entry as follows: 

Gases (MT) 

Particulates 1.6 x 10"8 (See Table 4.8) 

Page 4-55 

Under Ventilation Filters, first paragraph, line 8, change reference from "10" to "9." 

Page 4-92, Figure 4.11 

On graph, change "2) URANIUM FUEL RECYCLE" to "URANIUM FUEL CYCLE." 

Page 4-105, Figure 4.12 

Replace Figure 4.12 with attached new Figure 4.12. 

Page 4-132 

Under 4.8.4 Summary of Environmental Effects of Decommissioning, delete entire paragraph 

"Costs of Performing the Operations." 

Page 4-133, Table 4.30 

Change entry as follows: 

Radiological (curies) 

Gases 

Transuranics from 5.0 to 5.0 x 10 

Gases under Reprocessing 
1 

Page 4-154 

First complete paragraph, first sentence, change "perpertrators" to "perpetrators." 
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^•ajje_JM60 

Under 4.10.3 Environmental Effects of Sabotage, second paragraph, last sentence, change to 

read, "The incidents recorded at the Rocky Flats Nuclear Weapons Plant in Colorado caused 

no deaths among the public, even though there was extensive facility damage and burning of 

Plutonium metal." 

Page 4-161 

Second line, change to read, "The most likely consequences of a core-melt accident, which 
37 

might occur once in 20,000 RRY, are projected as follows: " 

Page 4-162 

Under High-Level Liquid Waste Storage Tanks, third paragraph, change to read, "...kilometer 

and a full tank content of procedure to be about 10 early deaths and about 400 latent deaths 

(see Ref. 38 for " 

Second paragraph, change to read "...doses to various organs to thresholds for observed health 

effects " 

Page 4-163 

First complete paragraph, last line, change from "Ref. 38" to "Ref. 40." 

Under Interim Storage Facilities, last line, delete reference "38." 

Page 4-187 

Reference 11, change date from "December 1973" to "June 1974" and add "Report Number KFK-1992." 



Page A - l , Appendix A 

Change entries as fol lows: 

Radionuclide 

H-3 

C-14 

Kr-85 

SR-89 

SR-90 

Y-90 

Ag-llOm 

Te-129 

1-129 

1-131 

Cs-134 

Add footnote as follows: 

Ha l f - l i f e * 

from 12.26 y to 12.35 yt 

from 5770 y to 5730 y 

from 10.4 y to 10.72 y 

from 50.4 d to 50.5 d 

from 28 y to 28.5 y 

from 64.2 h to 64.0 h 

from 249 d to 250.8 d 

from 67.3 m to 69.6 m 

from 1.72 x 107 y to 1.5 

from 8.05 d to 8.04 d 

from 2.19 y to 2.06 y 

l f . H i i o c no»» flDNI _K11 / I ' Corrections to hal f - l ives per ORNL-5114, 'Nuclear Decay Data for Selected Radio-

Nuclides,' Oak Ridge National Laboratory, March 1976." 

Page C-3 

Under Additional Studies Underway, last paragraph, first line, change "Geodetic" to "Geologic." 
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PuC-2 at Theoretical Density 

25 vol/o Pu02 , 75 vol/o NaCI 

25 vol/o Pu02 , 15 vol/o Fe, 60 vol/o NaCI with 5 wt/o H2O 

2.0'h 

1.5 

io l -

0.5 H 

_L _L 
10 15 20 

SLAB THICKNESS (cm.) 

Figure 4.12 KEFF for Pu-Waste in a Salt Repository (Slab Geometry) 



APPENDIX F 

FEDERAL GOVERNMENT WASTE MANAGEMENT PROGRAMS 

In reaching judgments on several issues, the Task Force relied on the directions of 

several programs of the Energy Research and Development Administration (ERDA) and the Nuclear 

Regulatory Commission (NRC) which were described very briefly in Appendix B and Appendix C of 

NUREG-0116. In addition to ERDA and NRC, a number of other federal agencies have programmatic 

activities with regard to nuclear wastes. These include the following: 

F.l The Office of Management and Budget (0MB): chairing of an interagency task 

force for coordination of schedules and scopes of the federal programs. 

F.2 The Environmental Protection Agency: development of generally applicable 

environmental criteria for radiation. 

F.3 The United States Geological Survey (USGS) of the Department of the Interior: 

development of needed data and analytical capabilities in the geological sciences. 

F.4 The National Science Foundation: evaluation of alternatives and special issues. 

F.5 The National Academy of Sciences/National Research Council (NAS): review and 

advice on several aspects of waste management through a special panel of the 

Academy. 

F.6 The Office of Science and Technology Policy (OSTP): advice to the President 

through an overview study of waste management. 

F.7 The Arms Control and Disarmament Agency (ACDA) of the Department of State: 

study (joint with NRC) of international incentives for non-proliferation which 

might be provided by international waste management options. 

Brief descriptions of the programs of the agencies listed above are given in the following 

material to supplement the information in Appendices B and C of NUREG-0116. 

The description of the EPA program was provided as an appendix to their comments on NUREG-

0116 and also appears in Appendix B starting on page B-163. The descriptions of the other 

federal agency interests and programs were supplied by each agency in response to an informal 

request from the Task Force. 
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F.l The Office of Management and Budget 

An interagency Task Force was convened by the Office of Management and Budget (0MB) in 

1976 to review waste management programs currently underway or proposed by federal agencies, 

to help structure the various agency programs into an integrated federal program directed 

toward the effective management of radioactive wastes, and to facilitate the redirection 

of jurisdictional matters which might otherwise result in some aspects being overlooked or in 

some duplication of effort in the federal program. The Task Force is chaired by 0MB and includes 

representatives from the NRC, ERDA, EPA, CEQ (Council on Environmental Quality), NSF (National 

Science Foundation), and USGS. Significant issues addressed by the Task Force include ERDA's 

proposed schedule for the construction of a high-level waste repository, the NRC's role in 

licensing the first of such repositories planned by ERDA, and the agencies' roles in developing 

waste management criteria. 

In addition, the Task Force has developed tentative schedules for federal action with 

regard to low-level wastes, mill tailings, and deconmissioning. 
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F.2 The Environmental Protection Agency 

EPA is attempting to determine the impact of the ground disposal of radioactive wastes 

on a practical, field-oriented basis by conducting field studies at the operating commercial 

burial facilities. So far, it has implemented field studies at the Maxey Flats and West 

Valley burial sites. Its studies have been made in cooperation with the states of Kentucky 

and New York; and with the U.S. Geological Survey (USGS). Prior to the beginning of the USGS 

active program of burial site investigations at Maxey Flats and other commercial burial sites, 

EPA funded the USGS's preliminary hydrogeologic investigation at Maxey Flats. It is 

presently completing its preliminary hydrogeological study, preliminary radiological study, 

preliminary environmental pathways study, and evaporator study. At West Valley, it has 

completed a preliminary radioactivity migration study and is in the second year of a four-year 

detailed environmental pathways Study. 

EPA also hopes to begin detailed studies of similar scope and magnitude at the Barnwell, 

Sheffield, and Beatty burial sites. In each case, the studies could be conducted in close 

cooperation with the states and the USGS. The studies do not duplicate the USGS efforts but 

are a logical continuation of these studies. As at West Valley, the field sampling program 

is closely aligned, and in several cases shared, with the USGS. 

In addition, EPA is conducting or sponsoring several smaller studies aimed at specific 

segments of the land burial problem, such as determining what wastes are buried in the burial 

grounds; factors which affect the retention of radionuclides by soil; potential improvements 

which can be made in site engineering, operations, and water management; and development of 

criteria for selection of a burial site. 

EPA's planned Fiscal Year 1977 technical programs in low-level radioactive waste mangement 

are listed below. 

FIELD STUDIES 

West Valley: The two major objectives of this project include (1) determining the 

retention of radioactive and stable nuclides by fractured/jointed rock and (2) developing 

a method for analyzing the environmental pathways for a land burial site with particular 

emphasis on the water pathways. This is the project's second year and sampling stations have 

been installed and development of an appropriate water pathway model will be the main thrust 

in Fiscal Year 77. It is hoped that the data collection methods and model developed at West 

Valley will be to some degree applicable to pathway studies at other shallow land burial sites. 

EPA studies will continue to be closely coordinated with USGS studies in progress. 

Sheffield: A proposed preliminary radioactivity and pathway study to develop information 

required for planning and executing a detailed analyses of pathways and impacts of the burial 

facility on the environment, with emphasis on developing a predictive pathway model. EPA 

studies would be closely coordinated with USGS studies in progress. 
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Maxey Flats: Implementation of detailed environmental pathway study with emphasis on 

developing a predictive pathway model. EPA studies would continue to be closely coordinated 

with ongoing USGS studies. 

General Support: Approximately 40 person months of effort from EPA laboratories and research 

facilities will be allocated to execution and guidance of field studies, and to conducting 

independent field studies related to land burial processes and environmental pathways. 

GENERAL STUDIES 

Siting and Evaluation of Burial Facilities: A workshop to develop guidance for the siting 

and evaluation of low-level radioactive waste burial facilities. 

Water Pathway Modeling: A workshop on groundwater models currently available and their 

suitability for modeling the water pathways at land burial sites; and particularly, their 

applicability to the West Valley site. 

Wastes Buried at Maxey Flats - Automated Data Processing (ADP) Radwaste Inventory System: A 

final report which will include: (1) results of detailed inventory of radwastes buried at 

Maxey Flats, 1963-1972; (2) description of the ADP inventory system developed for the Maxey 

Flats wastes; and (3) the applicability of the Maxey Flats ADP inventory system to the 

development of a national ADP inventory system for commercial radioactive wastes. 

Delphi Analysis of Criteria for Low-Level Radwaste Facilities, Feasibility of: A study to 

determine the feasibility of performing a Delphi analysis of criteria for a shallow land burial 

facility for radioactive wastes (including its selection, evaluation, operation and decommission 

ing). If a Delphi analysis is believed to be feasible, preparations for the Delphi analysis 

will be made. 

Improvements in Site Engineering and Operations: A literature review will be made of new and 

existing engineering, operational, and water management techniques which may be adopted for use 

at radwaste burial sites to improve their retention capability. 

Radionuclides in the Soil: A critical review of the literature on the chemical and physical 

factors which affect the retention of radionuclides in soil and rock will be performed and an 

interpretive report will be prepared on how these factors may affect the potential migration 

(or retention) of radionuclides disposed of at a burial site. 

Characterization of Reactor Generated Low-Level Radwastes: A study is underway investigating 

the radionuclide makeup of LWR radioactive wastes presently being consigned to shallow land 

burial. The studies were contracted through New York State Energy Research and Development 

Authority and chemical analyses were made of spent ion exchange resins, evaporator concentrates, 

and filter sludges for nine specific radionuclides. In addition, analyses of waste samples 

were made to determine gross alpha, beta, and gamma activities. Waste samples were obtained 

from four reactors. A report is being prepared for early 1977. 
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Environmental Survey of Packaging for Solidified Low-Level Radwastes: A study will be con

ducted to analyze packaging methods and techniques for solidified low-level radwastes, simulating 

environmental conditions involving shallow land burial and deep ocean disposal. The survey 

will include packaging practices both in the U.S. and other countries. Considerations will 

include physical, chemical, and radioactive properties that will affect the durability of the 

packages. 

Inventory and Projections of Low-Level Radwastes for Burial at Commercial Facilities: EPA is 

preparing a report of the inventory (through June 1976) of low-level radioactive wastes buried 

at the six commercial facilities. These data are an update of a 1974 EPA report and were 

compiled through an arrangement with the various state regulatory agencies. The report will 

also include a projection or prediction of future waste volumes for comparison with existing 

capacity. 

Available Methods of Solidification for Low-Level Radwastes: EPA is preparing a report which 

reviews the currently available and proposed methods of solification for low-level radioactive 

wastes available in the U.S. It will be issued by early 1977. 
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F.3 The United States Geological Survey 

I. Introduction. The Department of the Interior Geological Survey Waste Management 

Program is composed of two parts, both of which are directed at identifying and understanding 

the natural hydrogeological processes and principles that control the migration of nuclear 

wastes through the earth's crust. 

II. The Nuclear Waste Management Program. 

A. The disposal of low-level solid nuclear waste generally is by burial in shallow 

trenches at government-designated and controlled disposal grounds in different parts of the 

country. Each of these designated disposal sites is located in a uniquely different hydro-

geological environment. After nuclear wastes are disposed of in this manner, the only way 

they can migrate back to the biosphere is by natural hydrogeological processes or by human 

intervention. 

The Geological Survey has ongoing field investigations at six low-level solid waste burial 

sites and at several of the Survey's research laboratories to identify and understand the 

natural hydrogeological processes and principles which control the migration of these low 

level wastes. Results of the investigation will be used in establishing future low-level 

waste burial sites in optimum hydrogeological environments, designing of monitoring networks 

for both existing and future burial sites, and developing better waste-form criteria and site 

engineering practices to assure the containment of waste nuclides. 

B. The National High Level Waste Terminal Storage Program envisions emplacement of 

solidified high-level radioactive waste in various geological media at multiple locations 

throughout the United States. The Geological Survey participates in this program through 

geologic and hydrologic investigations in several regions where potential repositories are 

thought to exist. The Geological Survey also proposes to cooperate in the National Waste 

Terminal Storage Program by conducting research on the multi-component physico-chemical system 

that will develop in and around a high-level waste repository as a result of the waste/rock 

interaction. This research will help identify unforeseen effects of waste/rock interactions 

resulting from the placing of waste materials which are not in thermal, mechanical, or chemical 

equilibrium with their natural environment in complex hydrogeological host media. The effect 

of natural disturbances on local equilibrium must also be considered. 
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F.4 The National Science Foundation 

To provide background and expert review of waste management as well as other aspects of 

the nuclear fuel cycle, the NFS has contracted with the American Physical Survey (APS) to 

provide an independent evaluation of the physical-technical aspects of various fuel cycles. 

Emphasis is on the relationship between the various cycles and the alternatives for waste 

management, while considering the implications for energy resource utilization and for future 

reactor development. The study was conducted during the summer of 1976, and every effort is 

being made to have the final report available early in 1977. 

The work is being carried out by a group of scientists and engineers selected and managed 

under the auspices of the APS. The study group includes people from a wide range of technical 

disciplines, and is monitored by a review committee of eminent scientists appointed by the APS. 

The study itself covers the physical-technical issues important in uranium, plutonium, and 

thorium fuel cycles. 

The study group examined reprocessing of spent nuclear fuel and its relationship to waste 

management alternatives. The group examined the current technology of reprocessing plants and 

improvements being considered for the future to accommodate the uranium-plutonium spent fuels 

characteristic of LWR's and also enriched uranium or uranium-thorium fuels proposed for some 

advanced reactors. In addition, the group studied the principal alternatives for storage and 

disposal of radioactive waste, with examination of their relative prospects for isolating the 

wastes from the human environment, and with examination of special methods that might be used to 

accommodate or facilitate disposal of actinide waste. 

The study group is attempting to identify and examine the most crucial issues in the 

relationships among waste management options and other aspects of nuclear fuel cycles, in order 

to provide an independent review of the present state-of-the-art and the possibilities for 

advancements that can be made through future research and development. 
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F.5 The National Academy of Sciences/National Research Council M 

INTRODUCTION 

The National Academy of Sciences (NAS) is a private, non-profit corporation, independent 
of the federal government, that is responsible for advising the federal government on scientific 
and technological matters. It operates through the National Research Council. Since 1955, the 
Academy, through the Committee on Radioactive Waste Management (CRWM) and its predecessors, has 
been concerned with problems involved in properly managing the nation's radioactive waste. At 
present, the CRWM is involved in several activities related to the general radioactive waste 
problem. These include studies on the solidification of high-level liquid waste and on problems 
involving wastes stored at the AEC facilities at Hanford, Washington. Additional studies on other 
aspects of the waste management problem are planned for the near future. 

BACKGROUND 

In 1955, at the request of the Atomic Energy Commission (AEC), the National Academy of 
Sciences established the Committee on Waste Disposal to study the feasibility of disposing of 
radioactive waste materials on land. The Committee sponsored a conference at Princeton Univer
sity in September 1955, during which a number of important ideas emerged, including recommenda
tions to dispose of radioactive waste in salt deposits and to solidify liquid waste. Since 
that time several additional studies have been undertaken by the Committee and its successors. 
In 1958, for example, a report was prepared for the Committee dealing with the thermal effects 
expected from disposing of radwaste in geological formations. In 1966, the Committee on 
Geological Aspects of Radioactive Waste Disposal, acting as an advisor to the AEC Division of 
Reactor Development and Technology, analyzed the safety of the operations and procedures at the 
AEC's nuclear facilities. The Committee was concerned particularly with the geological aspects 
of the problem. Most recently (December 1976), the CRWM through its Panel on Land Burial has 
examined the problems of shallow land burial of low-level radioactivity-contaminated solid 
wastes and has made recommendations for future methods of operation. 

PRESENT ACTIVITIES 

At the present time (February 1977), the CRWM has two active panels investigating different 
aspects of the radwaste problem. One (the Panel on Hanford Waste), supported by ERDA and CEQ, is 
looking at the scientific, technological, and environmental problems stemming from the storage 
of military radioactive wastes at the AEC facilities in Hanford, Washington. The report of this 
Panel is expected in mid-1977. The other (Panel on Waste Solidification), supported by the 
Nuclear Regulatory Commission, is concerned with the problem of converting liquid high-level 
radioactive wastes into a stable solid form. The panel will compare and evaluate the various 
options available in terms of their relative safety and effectiveness, and will issue a report 
at the end of 1977. 
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FUTURE PLANS 

Several new Committee activities are under consideration at the present time. Two of them 

are in response to requests from the Nuclear Regulatory Commission. They include a study on the 

disposal of high-level radioactive waste below the ocean floor, and a study on the criteria 

needed to govern the proper disposal of high-level waste in deep geological formations. 

An additional study has been discussed for possible investigation by the Committee or its 

Panels, involving a system analysis of the entire nuclear fuel cycle as it may relate to 

optimizing waste management. 

The CRWM also expects to carry out additional studies for ERDA on the defense wastes at 

the Savannah River Laboratory and the Idaho National Engineering Laboratory. These studies 

will be similar to the current investigations at the Hanford Reservation. 
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F.6 The Office of Science and Technology Policy 

To provide advice to the President on policy decisions regarding options for nuclear 

waste management, OSTP has commissioned a system analysis of the nuclear fuel cycle with special 

emphasis on nuclear waste management. The study is intended to analyze scientific and tech

nological information as a basis for understanding various policy alternatives and the present 

political climate for nuclear energy development. In the process, the institutional, economic, 

and social dynamics of the impact of nuclear energy as well as the technical problems will be 

considered. Results are expected in late spring of 1977. 
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F.7 The Arms Control and Disarmament Agency 

ACDA is interested in those aspects of nuclear waste management which are directly related 

to its concerns with nonproliferation. Such interests include the potential of spent fuel 

buy-back, permanent spent fuel storage, and the co-location of waste storage with international 

reprocessing centers. A study to develop criteria for determining how the linkage of multi

national reprocessing centers and international waste management policies would affect non-

proliferation goals is being jointly funded by NRC and ACDA, and is scheduled for completion 

in spring of 1977. 
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APPENDIX G 

CHANGES IN FUEL CYCLE IMPACTS RESULTING FROM SPENT FUEL DISPOSAL 

Disposing of spent fuel as a waste affects the assessment of environmental impacts 

associated with operations in the front end of the fuel cycle, particularly mining and milling. 

While discussion of such changes was beyond the scope of a survey addressing reprocessing and 

waste management, a brief discussion of the interrelationship of the front and back ends of the 

fuel cycle in which spent fuel is a waste is given below. 

1.0 Other Process Changes With Spent Fuel Disposal 

1.1 Technology 

Disposal, rather than recycling, of spent fuel alters the magnitude of processing in some 

nuclear cycle steps without changing the technology used. In addition, fuel disposal eliminates 

chemical reprocessing of spent fuel, MOX fuel fabrication, and plutonium storage, and the 

impact of these steps. Increased activity occurs at the front end of the cycle if it is assumed 

that the electrical energy supplied by nuclear reactors remains constant without fuel recycle. 

The increase in fuel mining, milling, and fabrication results from the increased virgin uranium 

that must be mined if spent fuel is not reprocessed to recover the fissionable uranium and 

plutonium. 

1.2 Environmental Impact Bases 

The.amount of the front-end activity increase caused by fuel disposal has been estimated 

by several studies as shown in the following table. 

Table G-l 

CHANGES IN U30g REQUIREMENTS 

WITHOUT SPENT FUEL RECYCLE 

Source 

Savannah River Laboratory 

AGNS2 

GESMO3 

Increase in U,0g 

Requirements Without Recycle, %* 

31 

59 

29 

*Increase in cumulative requirements through the year 2000 except for the AGNS study which 
is based on an average fuel requirement. 

Ref. 1 Savannah River Laboratory, Assessment of Nuclear Fuel Reprocessing, DPST-75-448 (Draft) 
(September 1975). 

Ref. 2 R. J. Chlorister, et al. (Allied-General Nuclear Services), Nuclear Fuel Cycle Closure 
Alternatives (April 1976). 

Ref. 3 GESMO, Chapter III, pp. 111-35 and 111-37. 

G-l 



The GESMO increase prorated to an average annual fuel loading was selected as an impact 

basis leading to a 40 percent increase in uranium supply activities. 

Because the technology used in uranium supply is the same with or without recycle, the 

site characteristics, available mitigating techniques, and responses to normal or accident 

conditions differ from recycle only in size of the impact. 

1.3 Environmental Impact of Increased Activities 

The differences in activities between recycle and dispose 1 of spent fuel leads to the 

changes in facility requirements and resource uses shown in the following two tables. These 

tables also reflect the absence of chemical reprocessing plants. Without reprocessing, the 

spent fuel elements themselves would constitute the high-level waste; thus, more than 99% of 

the activity in the waste resulting from the entire fuel cycle would remain in the spent fuel 

assemblies. Also eliminated is most of the impact of processing transuranium wastes. The 

30 
5 

nontransuranium wastes increase <0.01% (or by ^ 100,000 gal) f fuel is not recycled. Simil 

smaller increases occur in decommissioning wastes.' 

Table G-2 

NUMBER OF MODEL PLANTS* IN THE URANIUM 
FUEL CYCLE BY THE YEAR 2000 

Type Facility 

Open Pit Mines 

Underground Mines 

Uranium Mills 

UF, Conversion Plants 

Enrichment Facilities 

U0~ Fuel Fabrication 

Fuel Reprocessing Plants 

M0X Fabrication 

No. of Facilities 
With U and Pu Recy:le 

169 

3,955 

77 

5 

5 

8 

5 

8 

Increase If 
No Recycling 

71 

1,645 

32 

2 

1 

1 

-5 

-5 

*Model plants are defined in Section 3.0 of NUREG-0116. 

Ref. 4 GESMO, Chapter IV, Section H, Table IV H-10, p. IV H-29. 

Ref. 5 GESMO, Chapter IV, Section H, p. IV H-21. 
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Table G-3 

TOTAL RESOURCE USE (1957-2000) FOR SPENT FUEL DISPOSAL6 

Resource 

Acre-years Occupied 

Disturbed Acres 

Permanently Committed Acres 

Cubic Meters for Mill Tailings 

Cubic Meters for other Radioactive Waste 

GWy Electricity 

Gallons Fuel Oil (Transportation) 

Therms Gas 

Tons Coal 

Tons Natural Uranium 

Gallons Water 

The increase in uranium supply facilities required by spent fuel disposal absorbs more tha 

8 times as many workers from other productive pursuits as would be released from the labor 

market by avoiding operation of the reprocessing and MOX fabrication facilities. By 2000, 

47,400 more persons (predominantly miners) would be needed in the uranium supply steps if fuel 
o 

is not recycled. Based on an average mining fatality rate of 0.6 per million person-hours, 

this would result in about 57 additional deaths each year. 

g 
The radiological consequences of accidents of credible magnitude have been estimated for 

the respective model plants in the fuel cycle. In the uranium supply steps of the fuel cycle 

the per plant impact of an accident would not be significantly different with spent fuel 

disposal, but there would be more plants, as indicated in the previous tables. Therefore, the 

probability of accidents would be correspondingly increased. 

The steps eliminated by fuel disposal (reprocessing or irradiated fuel and the fabrication 

of MOX fuel) have comparably low radiological impacts per accident and low accident occurrence 

expectancy (see Sections 4.2 to 4.5 of NUREG-0116). Thus elimination of these steps does not 

significantly decrease the possible impact of accidents. 

Ref. 6 GESMO, Chapter IV, SEction A, p. IV A-12. 

Ref. 7 GESMO, Chapter IV, Section A, p. IV A-4. 

Ref. 8 Accident Facts, National Safety Council, 1974. 

Ref. 9 GESMO, Chapter IV, Section A, p. IV A-5. 
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With spent fuel disposal, the population (environmental) dose commitment over the 1975-

2000 period will decrease at the back end of the fuel cycle where some steps are eliminated, 

and increase at the front end from increased uranium supply operations. The decrease does not 

compensate for the added operations so that there is an increase in total body dose with fuel 

disposal. 

Except for transportation, MOX fuel fabrication, and irradiated fuel reprocessing, 

occupational exposures increase with spent fuel disposal. 

The projected aggregate of all exposures (occupational plus population) for the LWR and 

its fuel cycle industry at the growth projected from 1975 through 2000 is summarized in the 

following table. 

Table G-4 

DOSE COMMITMENT WITH SPENT FUEL DISPOSAL 
(Integrated over 1975-2000) 

Whole Body Dose, Million Person-rem* 

Total U. S. Population 4.4 

Total Occupational 4.2 

Total 8.6 

*The values of Reference 9 have been increased 0.5 million person-rem for population dose 
and 0.1 million person-rem for occupation dose to account for release of 3y and 85Kr from 
the salt repository. 

For perspective, these values should be compared to the nominal background radiological 
Q 

commitment of 6.5 x 10 person-rem that would accrue to the U. S. population in 26 years and to 

the 3 x 10 cancer mortality projected in this population during its lifetime. 

The total annual dose commitment for hypothetical adults living adjacent to the perimeter 

of the plants affected by recycle is insignificant. 
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APPENDIX H 

MANAGEMENT OF LOW-LEVEL WASTES 

I. Introduction and Summary 

This Appendix provides additional information and analysis concerning LLW, and documents 

operating experiences at some existing sites where operational difficulties have been experienced. 

It is divided into sections dealing with: 

Existinq sites: descriptions and experience 

Occupational exposures: records from existing sites 

Accidents: history at existing sites 

Calculations: water migration and population doses under various assumptions 

Analysis: needed criteria and future actions. 

The technology chosen in NUREG-0116 for discussion of commercial LLW disposal was shallow 

land burial. It is presently in use and can reasonably be expected to be used in the future. 

The goal of shallow land burial, as with any disposal technology, is to contain the radioactive 

waste during its hazardous lifetime. Three major factors affect this goal: (1) the physical and 

chemical forms of waste buried; (2) site physiography and hydrogeology; and (3) site operations 

and engineering practices for waste interment. 

The sources of radioactive waste considered in NUREG-0116 and used in the source terms in 

this Appendix contain only limited quantities of very long-lived radionuclides (e.g., TRU radio

nuclides and 1-129). In the analyses, wastes containing substantial quantities of these nuclides 

were assigned to geologic disposal in a federal repository. 

The existing commercial shallow land burial grounds are located in differing physiographic 

areas and have varying hydrogeological characteristics (see Table I). Although the sites use 

essentially similar operation and engineering practices (see Table II), individual site charac

teristics require that operational and engineering practices at certain sites must be carefully 

controlled and monitored to minimize the potential for release of radioactivity from buried 

waste. 

The principal factor contributing to radioactivity release is water. At two sites, (Maxey 

Flats and West Valley) site physiography and hydrogeology, coupled with operating and trench 

engineering practices used in the early years of operation, have resulted in small releases of 

radioactivity and potential small exposure to offsite population groups. At a third site 

(Beatty) the removal of contaminated articles from the site has also resulted in small exposure 

to some members of the surrounding population. These problems have not resulted in risks to 

public health and safety and corrective actions are being taken. 
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West Valley (3) Morehead (50) 

Mean annual precipitation 
(mm) 

Surficial material type 

Thickness (meters) 

Interstitial permeability 
to water (cm/day)(a) 

Bedrock material type 

1000 

Glacial drift, silty 
clay/interbedded sand 
and gravel 

20-30 

Low (0.5) 

Shale 

1200 

Weathered shale; 
clay and sand 

3-5 

Very low (0.02) 

Shale 

Structure 

^ Groundwater: depth to 
shallowest saturated zone 
(meters) 

Depth of continuous ground
water zone (meters) 

Depth to regional aquifer 
(meters) 

Flat-lying 

Variable, 1-20 

20 

None present 

Surface water proximity Onsite 

Flat-lying 

1-2 

10-15 

None present 

500 m 

Flow characteristics Small, perennial Small, perennial 

TABLE I* 

Barnwell Sheffield (D Beatty (1) Ri ichland^19) 

1100 900 

Sand and clay, Glacial drift; 
sand 

0-10 

Very low 
(0.02) 

sand, s i l t , and 
gravel 

20-30 

Variable 
(0.04-40.) 

100 

Alluvial sand 
and gravel 

Over 200 

Variable 
(0.02-0.1) 

Clay, sand, Shale, claystone, Metamorphic and 
and sandstone and coal sedimentary 

Flat-lying 

10-20 

Folded 

5-20 

Folded 

80-90 

200 

Clay, sand, 
and gravel 

Over 150 

Variable 

Volcanic 

Flat-lying 

100 

10-20 5-20 80-90 100 

200 100 80-90 100 

At site 
boundaries 

Small, 
perennial 

At site boundaries 3 km 

Lake to north; Ephemeral, 
small, perennial following storms 
to south 

10 km 

Large, perennial 
(Columbia River) 



Absorptive or ion exchange 
capacity of material sur
rounding burial (a' 

Principal flow paths away 
from burial 

West Valley 

High 

Shale fractures 
and lens in drift 

Morehead 

High 

Shale fractures 

TABLE I* (Cont'd) 

Barnwell 

Moderate 

Pore spaces 
in sand 

Sheffield 

Low 

Pore spaces in 
till 

Beatty 

Moderate 

Unsaturated flow 
in pores 

Richland 

Moderate 

Unsaturated 
flow in pores 

' 'Interstitial permeability and absorptive capacity can be bypassed by flow along fractures or other high-permeability zones. 

*Taken from Table 24.4, Commercial Burial Site Characteristics, ERDA 76-43, "Alternatives For Managing Wastes from Reactors and Post-Fission 
Operations in the LWR Fuel Cycle," U.S. Energy Research and Development Administration, May 1976, Volume 4, page 24.14. 



TABLE II* 

Operation 

Burial Trench Size (meters) 

Provisions for Water 
Collection and Containment 

Waste Disposal Procedures 

re . 

^ Waste Covering Frequency 

Type of Final Cover 

Depth of Final Cover 

Other 

West Valley 

180-210 x 10 
x 6 deep 

Trench sloped 2° 
to provide a low 
end away from 
waste; sump with 
rise pipe at low 
end 

Trench filled 
beginning at one 
end; filled to 
original grade 
level at center 

Daily 

Excavated earth 
fill; compacted; 
topsoil added; 

Morehead 

60-150 x 24 
x 6-8 deep 

Bottom slopes 1° 
min., 0.6 x 0.6 
x 0.6 m pit at 
low corner; stand-
pipe; (2 x 0.6 m) 
clay berm around 
trench 

Random dumping 
beginning one end; 
filled to 0.6m of 
surface 

Daily 

1 m compacted 
clay, mounded; 
reseeded 

Minimum of 3 m 
cover, mounded 
1.5m min. above 
grade 

Trench dug as 
filled. Packages 
must be self-
supporting. Min 
3 m between trenches 
at surface 

1 m cover mounded 
0.6 m above grade 

Trench pumped dry 
following final 
covering 

Barnwel1 

140 x 15 x 
x 5-7 deep 

0.6 x 0.6m drain 
field, with stand-
pipes in center 
bottom; 1° slope 
to end; 1 m minimum broken brick; sump 
of sand in bottom 
of trench 

Sheffield 

150 x 15-1G 
x 6-8 deep 

Bottom slopes to 
centerline and one 
end; 0.6 x 0.6 m 
ditch, filled with 

and stand pipe 

Beatty 

260 x 12-15 
x 8 deep 

Richland 

90 x 8 
x 6 deep 

None required None required 

Trench filled to 
1 m of surface 

Daily 

Packages randomly Entire trench 
emplaced; filled filled to 1 m of 
to 0.6 m of surface surface 

Daily When trench is 
filled 

Entire trench 
filled to 0.6 m 
of surface 

When trench is 
filled 

0.6 m of clay Compacted clay 
between waste cover, surface 
and ground surface; reseeded 
additional mounded 
cover 

Excavated earth Excavated earth 
fill, no compacting fill, no 

compacting 

3 m cover at 
centerline, 1.5 
m at trench edge 

Minimum 1 m final 
cover; mounded 

Minimum 2 m total; 
mounded 0.C m 
above grade 

Minimum 2 m 
total; mounded 
1 m above grade 

2.5 m dirt separ- Min. 3 m at surface 
ates wastes from between trenches 
different generators. 
Min. 3 between 
trenches at surface 

*Taken from Table 24.1, Commercial Waste Burial Ground Operations, ERDA 76-43, "Alternatives for Managing Wastes from Reactors and 
Post-Fission Operations in the LWR Fuel Cycle," U.S. Energy Research and Development Administration, May, 1976, Volume 4, page 24.8 



With the proper mix of control over waste forms buried, site selection, and operation and 

engineering practices (as characterized by the model site described in NUREG-0116), containment 

of waste through its hazardous lifetime can be assured. In addition, although future study may 

disclose alternative disposal methods more suitable than shallow land burial, shallow land 

burial can be a safe method for disposal of most LLW resulting from LWR operation, other fuel 

cycle facility operations, and decontamination of nuclear facilities. 

II. Operational Experience at Existing Sites 

The following tables give characteristics of existing sites (Table I) and operating practices 

at those sites (Table II). Soil characteristics and thickness vary greatly from site to site, 

as does the nature of the underlying bedrock. Annual precipitation in the humid zones ranges 

around 1000 mm (+ 200 mm) on the average. At the arid sites, rainfall is 100-200 mm per year. 

Hydrogeological characteristics vary considerably. Operational practices at the sites vary 

somewhat, and show a marked difference between humid and arid sites. 

Additional discussion follows regarding sites at which operational difficulties have 

occurred. None of these difficulties has led to adverse health effects, and corrective actions 

have been taken. Still, such information gives a historical background against which to place 

the analyses in NUREG-0116 and in this Appendix. 

Maxey Flats, Kentucky 

The Maxey Flats burial ground is licensed and regulated by the Commonwealth of Kentucky, 

an Agreement State. It began operations in 1963. During the late 1960's and early 1970's an 

increasinq volume and quantity of radioactive waste was being buried at the site and rainwater 

began to infiltrate and accumulate in completed trenches. In 1972, monitoring data from 

Kentucky's environmental surveillance program began to indicate the site might be contributing 

radioactivity to the local environment. 

The site is located on a relatively flat hilltop in north central Kentucky, about 300 

feet above surrounding valleys. Most precipitation (annual averaae of about 47 inches) that 

falls on the site runs off into small streams. Site drainage is principally to the east (No-

Name Hollow Creek) through the site's main drain. Precipitation that does not run off is 

either evaporated or consumed by vegetation, or percolates into the nround. The percolating 

fraction flows at a low rate into underground zones. The subsurface material is composed of 

successive layers of different shales and sandstone. The surficial layer is clay. Interstitial 

permeability to water is very low and groundwater is considered to move through cracks and 

fissures in the shale. The ion-exchange capacity of the soil is high. 

Packaged radioactive wastes are randomly buried as received in trenches about 40 feet 

wide, 25 feet deep, and 300 feet long. A trench is opened to its full length and backfilled 

with soil as it is filled. The trenches are sloped about 1 degree, with a sump and standpipe 

at the lowest end for observation of water levels in trenches and for monitoring and pumping of 

trenches. Newer trenches have three sumps along the length of the trench to facilitate water 

removal. When a trench is completed it is covered with a minimum of four feet of compacted 

soil. 
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The water that accumulated in completed trenches was available to leach radioactivity from 

the buried waste and provided a potential pathway for radioactivity transport via groundwater 

through adjacent soil and rock. Kentucky required the site operator to start a program to 

control onsite water, which included pumping leachates from trenches to above-ground storage 

tanks and to install an evaporator to concentrate the liquids for solidification and disposal 

as solids. Also in 1972, the site operator disposed of liquid radioactive waste directly to 

disposal trenches (in violation of license conditions) and Kentucky subsequently required the 

operator to discontinue the receipt of liquid waste for solidification at the site. 

The state and the site operator have conducted environmental monitoring programs at Maxey 

Flats since 1962. Until 1972, no detectable quantities of radioactivity above backgound were 

observed. The routine state program consists of monthly trips to collect samples from natural 

streams, wells, and springs, including drainage and seepage from all sides of the site, 

drinking wells, soil, and vegetation. These sample points ranged up to approximately six miles 

from the site. In November 1973, the state instituted a special six-month environmental mon

itoring study to identify the source and scope of the increased levels of environmental radio

activity identified in the site environs. 

The report of the six-month study , published in December 1974, concluded that the burial 

ground was contributing radioactivity to the local environment; that the activity detected did 

not create a public health hazard; and that further studies were necessary to determine to what 

extent migration was occurring and to assess the long-range public health and safety signifi

cance of the findings. The report stated that tritium, Co-60, Sr-89 and 90, Cs-134 and 137, 

and Pu-238 and 239 were identified in certain individual samples in the unrestricted environ

ment. The levels ranged from slightly above background to orders of magnitude above background 

for certain individual samples. The report identified four possible routes for the release of 

radioactivity by the site: 

1. Surface water runoff 

2. Lateral movement from trenches through the soil zone 

3. Movement from the trenches through fractures in surrounding rocks, and 

4. Atmospheric fallout from the evaporator. 

The report did not assess the relative significance of each transport mode and recommended 

further studies to determine their significance. 

Kentucky required the site operator to continue to remove water from trenches to minimize 

potential for the migration of radioactivity and to bring and maintain the trenches in a dry 

status. It was assumed that water collecting in the trenches results principally from infiltra

tion of precipitation rather than from groundwater movement. Improvements in operations under

taken at the site to prevent water from contacting the waste have included grading and improving 

surface drainage, recapping of older trenches to reduce cap permeability, improving procedures 

for capping new trenches, establishing a vegetation cover over completed trenches, eliminating 

all onsite non-engineered ponds, installing additional sumps in new trenches to facilitate 

water removal, routine backfilling of waste as it is placed in the trench, and removing pre

cipitation from trenches as they are being filled. These efforts, plus the removal of several 
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areas of surface contamination, have apparently been effective in reducing the release of 

radioactivity from the site, and radioactivity levels detectable in the offsite environment 

are decreasing. 

2 
A recent study by the EPA indicates that the principal vehicle of radioactivity release 

from the site appears to be precipitation runoff from the surface of the site. The report 

further notes that contamination of the surface could have resulted from spills during burial 

operations, deposition from the evaporator, and lateral migration through the soil, but the 

relative contributions from these sources could not be determined. The report notes that 

subsurface migration may be occurring but states: 

"Although subsurface migration is apparently the major pathway responsible for the 
presence of radionuclides in the wells, possible contamination during drilling or from 
contaminated surface water entering the wells at the casing-soil interface cannot be 
excluded. Even though subsurface transport might explain the occurrence of radionuclides in 
the test wells, their presence off-site—in the Main East Wash, No-Name Hollow Creek, Rock 
Lick Creek, etc.—appears to be primarily from surface water run-off and evaporator plume 
deposition. Additional geological, hydrological and radiological measurements would be 
necessary to evaluate the extent of subsurface migration of radionuclides from the trenches. 

Potential dose assessments, based on recent maximum levels of radioactivity detected in 

the environment surrounding Maxey Flats, and conservative assumptions regarding the isotopes 

present and pathways to man, have been prepared by Kentucky. The potential doses are well 

within established guidelines, yielding maximum potential annual whole-body doses not exceeding 

50 millirem per year and maximum potential annual skeletal doses not in excess of 155 millirem. 

The site is being studied to better characterize the modes of radioactivity release. 

Results may provide bases for further changes and improvements in site operations. Only the 

future performance on the Maxey Flats site will demonstrate whether improved operational pro

cedures and proper management of onsite water will be effective in assuring essentially complete 

containment of buried waste. Improvements so far seem to be working. However, operation of this 

site at the level of release being detected in the environment today is not creating a hazard to 

the public health and safety, and has provided safe containment of buried waste. 

West Valley, New York 

The West Valley burial ground is licensed and regulated by New York an Agreement State. 

It began operation in 1963. During the late 1960's and early 1970's, increasing volumes and 

quantities of radioactive waste were being buried at the site and rainwater was beginning to 

accumulate in completed trenches in the north burial area. 

The area presently designated for shallow land burial at the Western New York Nuclear 

Service Center is located on a plateau near the middle of the 3,300-acre site. The plateau 

rapidly slopes downward on three sides, providing good surface drainage. Precipitation averages 

about 40 inches per year. The surficial layer consists of four to six feet of granular, glacial 

till. The subsurface layer consists of a stratum (about 55 feet thick) of silty till. The 

silty till is a fine-grained mixture of clay and silt with minor amounts of sand and stones. 

The interstitial permeability to water is low and the ion-exchange capacity is high. 
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Packaged radioactive wastes are randomly buried as received at the site in trenches about 

20 feet deep by 35 feet wide by 600 feet long. A trench is opened as needed and covered as it 

is filled. The trenches are sloped about 2 degrees and a sump with a riser pipe packed in sand 

and gravel at the bottom is placed at the low end of each trench for observation of water 

levels, monitoring, and (recently) for removal of water. As the trench is filled it is back

filled to a depth of about four feet above the original grade. When a trench is completed an 

additional compacted ground cover is provided. (Since 1968 an 8-foot minimum cover has been 

required.) 

3 
During 1973-1974 the licensee and the state conducted a study to better characterize the 

burial ground characteristics and to determine whether migration was occurring at the site. 

The study concluded that there was evidence of some tritium migration away from the burial 

trenches but movement of other nuclides was not detected. The study noted that maintaining a 

trench in a dry condition would minimize the potential for migration of radioactivity from the 

buried waste. Further studies to characterize site hydrogeology were recommended. 

Water levels in the trenches in the old north burial area continued to rise and by 1975, 

had risen to the original soil level from which the trenches had been excavated. In March, 

1975, the state detected seepage from trenches in this area and authorized the operator to pump 

liquids from the trenches to a holding lagoon. The trenches had filled with water and seepage 

was occurring through the soil cap of several completed trenches. Movement did not appear to 

be occurring through the soil or underlying geologic layers. No significant increase in radio

activity in local streams which drain the site was detected. However, the site operator 

voluntarily suspended operation of the site until requirements for further operation were 

agreed to by the state. 

The operating and trench engineering practices used during the early years of operation in 

the north burial area, in conjunction with the site physiography and hydrogeology, appear to be 

the principal contributing factors for the seepage. Water infiltrating the trench cap collected 

in voids between packages and the rate of infiltration through the cap was probably higher than 

in the surrounding undisturbed soil. As the packages decomposed and collapsed, the trench 

cover settled and cracked, further increasing the infiltration rate. The low permeability of 

the surrounding geology prevented lateral movement of water from the trench. Eventually the 

trenches filled and overflowed. (Similar problems have not been detected in the new south 

burial area where improved capping and cap compaction procedures are used which retard water 

infiltration.) 

A 

A state study' regarding the site concluded that migration of radioactivity through the 

soil layer was slight and that rain water infiltration through the trench cover, settlement of 

the covering material, and compaction of buried wastes are the most likely causes of rising 

trench water levels. The paper also concludes that the continuous discharge of untreated 

trench water from the site would not produce a statistically significant health effect. Trench 

water is presently being processed through a low-level waste treatment system and estimated 

doses are lower than those resulting from release of untreated trench water. 
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The licensee and state have conducted environmental monitoring programs at the sites since 

the early 1960's. The routine state program consists of collecting samples from natural 

streams, wells, and springs, including drainage and seepage from the site, and vegetation and 

farm products in the area. Most sampling results are difficult to evaluate as far as the 

contributions from the burial ground are concerned because of close releases from the adjacent 

NFS Reprocessing Plant. However, the 1974 Annual Report of Environmental Radiation in New York 
5 

State indicates "The samples of surface water taken from around the NFS burial site continued 

to show no major source of underground migration of radioactivity from the burial site. The 

data from the first three months of 1975 indicated seepage of radioactivity out of the surface 

cover over trenches #3, #4 and #5. This seepage was visually evident in March 1975. It was 

necessary to pump down trenches #3, #4 and #5 to prevent water from continuing to seep or 

physically break through the cover over the trenches at the lowest points". The state monitoring 

reports for 1975 show detection of low levels of radioactivity resulting from release of trench 

water. 

Several studies are currently underway at the site by the state, USGS and EPA. Following 

detection of the seepage, the state requested ORNL to review the seepage problem and site 

operations and to recommend improvements. ORNL in their report proposed recommendations which 

they believed would alleviate the current seepage problem and reduce the frequency and intensity 

of similar problems in the future. ORNL noted: "leakage of radioactive material at the levels 

anticipated is not likely to pose undue risk to public health or environmental quality but it 

is a matter of public concern." The report recommended removal of water from the trenches, 

prevention of infiltration of incipient precipitation, further study of water movement, and 

improvements in stream monitoring. 

Other Sites 

Humid Sites 

The sites at Sheffield, Illinois and Barnwell, South Carolina are also located in humid 

areas. No comparable water management problems have occurred at these sites. Success in 

avoiding water accumulation in the trenches and resulting prolonged contact with waste is due 

to several interrelated factors concerning site characteristics and operating practices. Site 

features have been compared in Tables I and II. In comparing the four sites located in humid 

areas, precipitation is similar while other site characteristics vary. (Variance is small for 

certain characteristics and large for others). As shown in Table II, most operational charac

teristics at the sites vary although some practices are similar. For example, a comparison of 

the Morehead and Sheffield trench construction, loading, and capping procedures reveals con

siderable similarity, yet radionuclide release at the two sites is significantly different. 

This reinforces the conclusion that proper surface water management is a major factor in 

determining the success of burial-ground operation. 

Examples of techniques that have been used to control onsite surface water include: 

Grading to direct surface-water flow offsite; 

Control of soil from digging new trenches; 

Culvert passages under roadways; 

H-9 



Ut i l i za t ion of natural contours to supplement surface grading; 

Choice of proper materials and shapes for capping. 

The Arid Sites 

No migration of nuclides at arid sites due to natural phenomena has been observed. How

ever, as at the humid s i tes, operational practices have also been responsible for release of 

radioact iv i ty to the surrounding environment. For one arid s i t e , the release was not in surface 

water but through the pilferage and removal of contaminated art ic les sent to the Beatty, Nevada, 

burial ground for disposal. Over a period of years, tools, equipment, and supplies sent to the 

burial s i te for disposal had been removed (in violat ion of license conditions) and used in the 

Beatty community. Investigations were conducted by the state and federal governments and 

contaminated art ic les ident i f ied during surveys were returned to the s i te for disposal. This 

problem is not related to the characteristics of the s i te but rather to management, security, 

and control measures exercised by the si te operator. Since discovery, improved management and 

security measures have been inst i tuted to preclude similar problems in the future. Investiga

tions were also conducted at other sites and no evidence of pilferage was ident i f ied. 

Occupational Exposures 

The handling of shipments of radioactive wastes at the burial grounds results in routine 

personnel exposures. While occupational exposures do not bear d i rect ly on s i te performance, 

data on employee annual whole-body exposures were obtained from various state and federal 

regulatory staffs for completeness of th is survey. The total person-rem and average individual 

exposures are shown in Table I I I . While data are not complete, d i f ferent s i tes , years, and 

operators are ref lected. 

Radiation exposure l imi ts for individuals in restr icted areas are specified in Section 

20.101 of 10 CFR 20. For the whole body, the l im i t is 1 1/4 rems per calendar quarter. Under 

special conditions exposures of up to 3 rems per quarter are allowable. Agreement States have 

equivalent regulations. Only a few exposures greater than 1 1/4 rem/quarter have been reported 

by s i te operators since operations began in 1962. The average individual exposures shown in 

Table I I I ranged from 0.07 to 4.3 rem/year. Quantitative person-rem data on the Kentucky and 

New York sites were not so l ic i ted. Data for the Kentucky si te range up to 0.75 rem/month and 

are typ ical ly 0.3 rem/month. For the New York s i t e , exposures ranged from 0.98 to 4.75 rem/year 

for the period 1973 - 1976. Exposures at the New York si te are due to other ac t iv i t ies at the 

NFS s i te as well as the low-level burial ground. 

The cumulative data in Table IV show the general degree of burial ac t i v i t y at the various 

s i tes. Wastes from a l l sources (fuel cycle and non-fuel cycle) are included. Individual data 

by year used to derive these totals are not given but were used to develop the analysis of 

person-rem shown in Table I I I . In Table I I I , for comparative purposes, the person-rem values 

were divided by the volume and curies of byproduct material buried for the period covered. The 

results demonstrated enough consistency between the sites to use average values to estimate the 
3 -5 

impacts per reference reqctor year (RRY). An average person-rem/ft of 3.9 x 10 can be 

obtained by dividing the total person-rem by the total volume. (The individual entries in 

Table I I I were not averaged.) Similar ly, an average person-rem/curie of 3.4 x 10"4 can be 
calculated. For example, in Table 4.29 on page 4-117 of NUREG-0116, 1100 cubic meters 
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TABLE III 

ANALYSIS OF BURIAL GROUND OPERATIONAL 

EXPOSURE EXPERIENCE 

SITE YEAR AVERAGE ANNUAL 
INDIVIDUAL WHOLE 
BODY EXPOSURE (REMS) 

MAN-REM Volume 

TfFT 
Act iv i ty 
(Curies) 

MAN-REM 
(f t*) 

MAN-REM 
Curie 

Washington 

Nevada 

1974 

1975 

1976 

1973 

1974 

1975 

0.5 

0.6 

1.5 

1.4 

1.9 

1.9 

South Carol ina 1976 

I l l i n o i s 

0.88 

1969-1972 

1973 

1974 

0.68 

0.78 

0.88 

TOTAL 

2.0 

2.4 

7.5 

7 

10 

11 

36.2 

25.7 

12.5 

17.6 

132 

50,000 

53,000 

101 ,000 

137,000 

145,000 

175,000 

1,420,000 

548,000 

304,000 

437,000 

3,370,000 

12,000 

113,000 

104,000 

3,745 

24,000 

18,000 

90,200 

21,500 

2,830 

3,200 

392,000 

4x10 

4.5x10 -5 

7.4x10 -5 

5.1x10 -5 

6.9x10 

6.3x10 

-5 

-5 

2.5x10 -5 

4.7x10 

4.1x10 

4.0x10" 

-5 

1.6x10" 

2.1x10 

7.2x10 

1.9x10 

4.2x10 

6.1x10" 

-3 

4.0x10 -4 

1.2x10 -3 

4.4x10 

5.5x10" 

-3 



TABLE IV 

ESTIMATES OF 

CUMULATIVE WASTES BURIED 

SITE 

Beatty, Nevada 

Maxey Flats, Kentucky 

Hanford, Washington 

Sheffield, Illinois 

West Valley, New York 

YEARS 

1963 -

1963 -

1963 -

1967 -

1963 -

1975 

1975 

1976 

1976 

1974 

VOLUME (ft3) 

1,800,000 

4,500,000 

510,000 

2,400,000 

2,^00,000 

BYPRODUCT 
MATERIAL (CURIES) 

1,300,000 

1,900,000 

540,000 

46,500 

540,000 

Barnwell, South Carolina 1971 - 1976 3,520,000 340,000 

Total 1963 - 1976 15,130,000 ft3 4,666,000 Ci 
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(38,850 f t ) and 4,660 curies are projected per RRY. Using the average values from Table I I I , 

1.5 person-rem based on volume and 1.6 person-rem based on ac t i v i t y could be expected per RRY. 

Further, using the revised curie source term presented in this Appendix, i . e . 11,000 curies, 

3.7 person-rem per RRY (based on ac t iv i ty ) could be expected. The person-rem based on volume 

remains 1.5. 

Accidents 

Sections 20.403 and 20.405 of 10 CFR Part 20 and equivalent regulations of Agreement 

States outline requirements for reporting incidents, overexposures, and release of certain con

centrations of radioactive material. No reports of incidents or release of excessive concen

trations of radioactive material have been reported to the NRC or Agreement States by burial 

ground operators. However, there have been a few accidents on the highways involving transpor

tation of radioactive materials to the site, and breach of container integrity during handling 

operations at the sites. None of these occurrences has involved injury from the radioactive 

materials themselves. 

An analysis of a potential fire involving uncovered materials in a trench was part of the 

final environmental impact statement for the ERDA Hanford facility (ERDA 1538). The source 

terms assumed were Sr-90 and Pu-239. Table III.2-20 from page III.2-23 is included below for 

reference: 

TABLE 111.2-20 (FROM ERDA 1538) 

RADIATION DOSE FROM POSTULATED FIRE IN SOLID WASTE BURIAL TRENCH 

50-Year 

First-Year Dose Dose Commitment 

External 

Whole Body 

Inhalation 

Whole Body 

Lung 

Bone 

Maximum 

Individual, 

rem 

1.1 x 1011 

1.3 x 10"3 

2.1 x 102 

6.3 x 103 

Population, 

person-rem 

9.4 x 109 

4.3 x 101 

6.9 

2.1 

Maximum 

Individual, 

rem 

1.1 x 10"11 

2.8 x 102 

5.0 x 102 

1.7 x 101 

Population, 

person-rem 

9.4 x 109 

9.2 

1.7 x 101 

5.7 x 101 

This analysis overstates the risk at the model burial site, because the analysis includes 

significant quantities of transuranics (i.e. Pu 239) which exceed the quantities expected at 

the model site. 
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Other accident scenarios were considered, such as release of resin beads, free standing 

liquids, crumbling solids, and combustion of compacted trash. It was assumed that the ERDA 

analysis represented the critical case, since it places large quantities of waste material into 

the atmosphere, dispersing it over a wide area, such that inhalation is the critical means of 

intake by man for most isotopes. Poor surface water management (if considered an accident) was 

discussed under operating experience. 

There are over 60 operating years of experience of commercial shallow land burial operations, 

and over 15 million cubic feet of waste have been buried. The historical record does not 

contain evidence of accidents resulting in releases which would present a hazard to the public 

health and safety. Even the analysis of accidents in ERDA 1538 shows a very small consequence 

of an accident. Taken together, the low probability (historical) and low consequences (ERDA 

1538) indicate a negligible exposure per RRD from accidents. 

Site Performance 

The objective of commercial low-level waste burial grounds is to prevent release of radio

activity to the biosphere. Since there is no standard method for appraising site performance, 

a direct comparison between the sites cannot be readily made. The quantity of radioactivity 

that leaves the burial trenches and enters the surrounding environment is the best indicator of 

site performance. It is difficult, if not impossible, to determine the point of maximum re

lease since the burial grounds have no clearly defined release points as other nuclear facilities 

do. Any releases from the burial grounds must be determined through environmental monitoring 

of expected points of release. An analysis of data from environmental monitoring programs 

indicates that radionuclides from Maxey Flats and West Valley have entered surface waters. 

However, the concentrations were less than the maximum permissible concentrations (MPC) allowed 

in 10 CFR Part 20 for releases to unrestricted areas. (One sampling station at Maxey Flats, 

averaged over a year in 1974, exceeded the MPC. During subsequent sampling the station has 

averaged a few percent of MPC.) 

Of the three mechanisms for radionuclide release or migration (groundwater movement, sur

face water movement, and airborne effluents) ground and surface water are the mechanisms most 

difficult to control, the most unpredictable, and of the greatest long-term impact. To illus

trate the performance of shallow land burial, the four sites in humid wet climates were investi

gated using measurements of radionuclide concentrations in ground and surface water and the 

results of previous analyses. 

2 
An EPA study of the Maxey Flats burial site concludes that the principal radionuclides 

3 90 
present in offsite surface water are H and Sr, with the highest measured concentration being 

6 and 27 percent respectively of their MPC in water. The study estimates the total body dose 
3 

from the daily consumption of one liter of water at the highest measured concentration of H in 

well water to be 0.1 mrem/year. A New York State analysis concludes that an annual discharge 

of 10 liters of untreated trench water into local streams near the West Valley site would 

result in a maximum individual annual total body dose of less than 0.04 mrem. 
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Environmental moni tor ing data from three s i tes (Maxey F l a t s , West Va l l ey , and Barnwell) 

were examined. Concentrations o f t r i t i u m , be ta -em i t t e r s , and a lpha-emi t te rs a t moni tor ing s t a 

t ions showing high concentrat ions were averaged. The resu l t s expressed in pCi/ml and percent 

MPC are shown in Table V. (The MPC value used f o r beta-emi t ters i s conservat ive . The measured 
3 

concentrat ions o f H, gross beta, and gross alpha were each averaged and d iv ided by the MPC 

value shown.) The r e s u l t s provide only an approximation of s i t e performance, and i f the data 

had been obtained from d i f f e r e n t l oca t ions (moni tor ing po in ts ) the ca lcu la ted resu l t s could be 

d i f f e r e n t . Natural background r a d i o a c t i v i t y and the con t r i bu t i on of releases from other fue l 

cyc le f a c i l i t i e s (from West Val ley and Barnwell) are included in the data. In a d d i t i o n , the 

three sets o f data are not d i r e c t l y comparable. The Maxey F la ts data are f o r surface water near 

the s i t e , West Val ley data are f o r streams o n s i t e , and the Barnwell data are f o r ons i te 

moni tor ing w e l l s . 

TABLE V 

OBSERVED CONCENTRATIONS IN WATER3 

uCi/ml ( f r a c t i o n MPCb) 

2 8 9 
Maxey F la ts o f f s i t e West Val ley ons i te Barnel l ons i te 

surface water moni tor ing wel ls 
(Jan. 75-Dec. 75) (Feb. 72-Apr i l 76) 

3H 2 x 10"5 (0.01) 104 (0.03) 2 x 106 (0.00) 

surface water 
(Oct. 74-Mar 75) 

2 x 

2 x 

2 x 

10"5 

108 

10 1 0 

0.07 

(0.01) 

(0.06) 

(0.00) 

MPC 

8-emi t ters 2 x 1 0 ° (0.06) 107 (0.34) 3 x 109 (0.01) 

—emi t te rs 2 x 1 0 l u (0.00) 4 x 109 (0.00) 109 (0.00) 

0.4 MPC 0.01 MPC .01c 

a Concentrations are calculated averages from data presented in references. 

MPC (Maximum Permissible Concentration) values are foe unrestricted use of water. 
MPC (3H = 3 x 10"J yCi/ml; MPC (e-emitters) * 3 x 10"7 yCi/ml, 1-129 is less than 1% 
of the isotopic content, Sc-90 is the restrictive isotope; 
MCP (—emitters) = 5 x 10"° uCi/ml, transuranics are the restrictive isotopes. 

cl970-71 background concentration in a city well 6 miles from the burial site was 
.006 MPC. Monitored well concentrations averaged 0.013 MPC during 1972 and less 
than 0.01 MPC for 1974, 1975, and 1976. 

The major source of radioactive nuclides reflected in the Maxey Flats and West Valley data 

is inadequate operation of the sites (spillage, overflow, etc.) rather than migration via 

groundwater. However, some migration via groundwater is a possible explanation. The Barnwell 

site (which has no apparent surface water management deficiencies) data reflect what can be 

achieved even in humid areas with high rainfall. The State of Illinois Department of Public 

Health concluded from fiscal year 1975 monitoring data that all samples taken near (not on) 

the Sheffield site demonstrated background levels of radiation. 
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Sensitivity Calculations j 

Calculations were performed to evaluate the sensitivity of groundwater migration to variable 

leach rates and site characteristics (i.e., soil types, groundwater velocities, and distribution 

coefficients). These calculations were based on the radionuclide transport model contained in 

NUREG-0140 and the rivershed model contained in GESM0-I(2). Typical values for parameters were 

used in the calculations shown in Table VI. The hydraulic gradient (slope of the watertable) 

was assumed to be 0.05 (i.e., a 50-m rise over one kilometer). 

Table VI 

Aquifer Parameters 

Soil 

Type 

Sand 

S i l t 

Clay 

Total 

Porosity 

0.42 

0.45 

0.45 

Effective 

Porosity 

0.30 

0.03 

0.05 

Groundwater 

Velocity (cm/day) 

510 

0.67 

0.0004 

Average 

Bulk Density 

(gm/cm ) 

1.77 

1.73 

1.82 

A river was assumed to be one kilometer from the burial trench. The river yields 38,000 pounds 

of edible fish annually and the watershed has a population of 2,100,000. 

In these models, radionuclides are leached from waste solids and transported by groundwater 

to the river. The radionuclides enter the river over a period of time which depends on the 

leach rate, groundwater velocity, and distribution coefficients for the soil/nuclides. Flow of 

the radionuclides and their eventual uptake by man are based on the statistical use and con

sumption of river waters in the United States. The person-rem calculations are the total dose 

commitment to the population integrated over all times. The pathways considered are: 

Drinking water (agriculture uptake is small) 

Fish consumption 

Recreational water use (direct radiation) 

The source terms are based on typical operating reactor radwaste system experience extra

polated to the RRY (1000 MWe with a PWR/BWR ratio of 2; Table VII) and an estimate of decon

tamination and decommissioning waste per RRY (Tables VIII and IX). These source terms are 

included in errata to NUREG-0116. There is no change to the volumes given in NUREG-0116 for 

low-level waste. 

A 10 manocuries/gram limit on the transuranic content of waste consigned to burial 

grounds was assumed. Specific data for the relative distribution of transuranics is not 

available. For the purposes of the calculations a total concentration of 10 nanocuries/gram 

with a uniform distribution for transuranic nuclides was used. Since Np-237, which is a 

critical nuclide for silt and clay, has a concentration about two order of magnitude less than 

the concentration of plutonium nuclides, the assumption of a uniform distribution is conservative. 
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TABLE VII 

CALCULATED CONCENTRATIONS OF RADIOACTIVE MATERIALS IN 

SOLID WASTES GENERATED DURING OPERATION OF 

LIGHT WATER REACTORS AND SHIPPED TO COMMERCIAL BURIAL GROUNDS 

Nuclide Half-Life Concentrations Notes Total Curies 

(years) (Ci/ft3) (630 M 3) 

H-3 

Co-60 

Cs-137 

Cs-134 

Cr-51 

Fe-55 

Mn-54 

Sr-90 

Pu-238 

Pu-239 

Pu-241 

Np-237 

Am-241 

Cm-242 

Cm-244 

Ni-59 

Tc-99 

1-129 

12.3 

5.3 

30.1 

2.06 

0.075 

2.7 

0.85 

29 

87.8 

24400 

15 

2100000 

433 

0.45 

17.9 

8000 

213000 

15900000 

0.2 

0.07 

0.05 

0.03 

0.03 

0.02 

0.01 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.00004 

0.000001 

0.0000002 

a 

b 

b 

b 

b 

b 

b 

b 

c 

c 

c 

c 

c 

c 

c 

d 

e 

e 

4449 

1557 

1112 

667 

667 

445 

222 

2 

2 
2 

2 

2 

2 

2 

2 

a - The H-3 is a result of neutron activation of boron in the control rods or primary coolant. 
The control rods are not replaced annually and were previously considered under decommis
sioning. The nominal life of control rods is 10-15 years. The control rods are replaced 
in batches. 

b - Calculated from volumes, radioactivity content and isotopic distribution of spent resins 
and filter sludges given in note from M. J. Bell to J. T. Collins, "LWR Solid Waste 
Quantities for Use in ETSB Evaluations," dated September 23, 1976. 

c - Calculated from arbitrary concentrations selected to obtain a total concentration of 
transuranics of 10 manocuries/gram. 

d - Calculated from C0-60 concentration of 0.07 Ci/ft3 and ratio of Ni-59 to Co-60 radio
activities in irradiated structural materials of 6 x 10'* given in 0RNL-4628, "ORIGEN-The 
ORNL Isotope Generation and Depletion Code," flay 1973. 

e - Calculated by assuming 100% release of this nuclide from fuel rods having cladding defects. 
In accordance with MUREG-0017, "Calculation of Releases of Radioactive Materials in 
Gaseous and Liquid Effluents from Pressurized Water Reactors," dated April 1976, 0.12% of 
the reactor power is produced in fuel rods having cladding defects. 
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Table VIII 

Nuclide content of solidified decontamination waste (decommissioning) per RRYa 

Isotopes Curies 

Fe-55 100 

Co-60 25 

Table IX 

Nuclide content of structural materials from reactor decommissioning per RRY 

Isotopes 

Ni-63 

Co-60 

Fe-55 

Ni-59 

Curiesc 

870 

470 

50 

4.7 

The leach rates used for solidified waste were 10% and 0.1% of the waste content per year. 

The leach rates (corrosion) used for structural materials were 1% and 0.1% of the volume per 

year. (For the purposes of the calculations, the leach rates were important only with a sandy 

soil). Conservatisms are in the assumption of direct waste contact with saturated soil (i.e., 

the waste and waste movement were effectively in the water table), no credit given to containers, 

a high hydraulic gradient, and low distribution coefficients. (For example, the normal range 

for the distribution coefficient of Sr-90 is from 0.1 to 5000 and a value of 2 was used.) The 

models are simplistic in that they assume a homogeneous simple soil and use a point rather than 

volume source. 

The results obtained are shown in Table X. The results are for high and low leach rates. 

"An Engineering Evaluation of Power Reactor Decommissioning Alternatives, AIF," Feb 1977. The 
source terms are derived by using 2/3 PWR and 1/3 BWR projections from the reference. The 
total curie content is divided by 40 (the assumed years of reactor operation) to obtain the 
source term for RRY. The decontamination source term results from removing surface contami
nation from the reactor and associated systems. The decomissioning source term results from 
the dismantling of the reactor (pressure vessel inward) after a 20 year cooling period. 
Waste resulting from routine decomtamination and maintenance during the operation of the 
reactor are included in the operating reactor source term. 

Fe-55 and Co-60 were adjusted to a total of 5000 curies. 

cDoes not include the core barrel and shroud from PWR's. For the purpose of NUREG-0216, the 
core barrel and shroud, because of their high specific activity, are assumed to be committed 
to a high-level radioactive waste disposal facility. 
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Table X 

Infinite Population Dose Per RRY (person-rem) 

Aquifer Type 

Sand Silt Clay 

Waste Type High3 Low High Low High Low 

Operating 2500 190 13 13 0.005 0.005 

Decontamination - - - - - -

Decommissioning 53 2 0.3 0.2 

Total 2600 190 13 13 0.005 0.005 

aLeach rates. See text. 

Two significant digits. 

If a hydraulic gradient of 0.0001 is used for sand the results are similar to the 

results for silt with a hydraulic gradient of 0.05. For silt there is no migration of 

tritium to the river while for sand with the low hydraulic gradient the migration of 

tritium takes a few hundreds of years. For both silt and the low hydraulic gradient sand the 

migration of plutonium to the river takes hundreds of thousands of years. (The assumption 

that low-level waste consigned to shallow land burial sites will decay to low concentrations 

in a few hundreds of years also mitigates the requirements for such sites to have long-

term stability and integrity). Within a few hundreds of years all but a small fraction of 

the radionuclides in the waste burial will have decayed. 

These results show that for certain sites, and with control or elimination of other 

pathways such as wells or agriculture the groundwater migration of radionuclides under the 

conditions assumed results in little exposure of the populace. As Table XI illustrates, 

the movement of the radionuclides through saturated soils such as silt and clay is sufficiently 

slow to allow significant decay prior to mitigating the distance used in the model (one 

kilometer). Although the calculations were for 1000 meters, with silt and clay or other 

similar soil types and the same or less conservative parameters, it maybe be shown that 

lesser distances would also be acceptable, because of decay sites and soil transit time 

involved (Table XI indicates that with 1000 m most nuclides decayed below 10" Curies). 

Site specific calculations would be required for the determination of actual distances 

required for the required amount of decay. For unsaturated soils, lesser migration distances 

would be required to achieve the same amount of time for decay because the water movement 

in unsaturated soils is much slower than in saturated soils (the model shallow land burial 

grounds would be in unsaturated soils, and existing commercial sites are in unsaturated 

soils). 
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Table XI 

Calculated Act iv i ty (Curies) Entering Watershed 

for a l l time from RRY Operational Waste 

Sand S i l t Clay 

Leach Rate 

Nuclide 

H-3 

Co-60 

Cs-137 

Cs-134 

Cr-51 

Fe-55 

Mn-54 

Sr-90 

Pu-238 

Pu-239 

Pu-241 

Np-237 

Am-241 

Cm-242 

Cm-244 

Ni-59 

Tc-99 

1-129 

10% 

2700 

- (3) 

310 

0.1% 10% 0.1% 10% 0.1% 

75 

16 

1.6 

0.057 

2.2 

2.2 

1.7 

0.0034 

0.87 

0.022 

0.0044 

0.078 

0.0069 

2.1 

2.2 

0.66 

0.00012 

0.87 

0.022 

0.0044 

-

-

0.00029 

2.1 

-

-

0.23 

0.022 

0.0044 

-

-

0.00029 

2.1 

-

-

0.23 

0.022 

0.0044 

-

-

-

_ 

-

-

-

0.00092 

0.0042 

-

-

-

_ 

-

-

-

0.00092 

0.0042 

(3) - denotes total ac t i v i t y less than 10" Ci 
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An analysis of the effect of soil pH was performed to determine the potential effect on 

the ability of soil to retard the migration of nuclides under various soil acidities. The 

results of the retardation analysis of three nuclides for which the distribution coefficients 

for varying pH are known is shown in Table XII. The analysis indicates that a pH of 7 is near 

optimum for the retardation of nuclide migration. 

Table XII 

Effect of pH on Retardation of Nuclide Migration 

Isotope pH Retardation Factor 

Sr 2 1.4 

3 24 

7 1923 

10 655 

Cs 3 174 

5 577 

8 3653 

10 2500 

Pu 2 577 

5 962 

7 32679 

11 3845 

A pH was not assumed for the calculations. As noted earlier, conservative values for 

distribution coefficients (which are related to the retardation factor) were used. 

Although these calculations indicate that under the assumed conditions, population 

exposure via groundwater can be very small or negligible, detailed analysis of hydrogeology at 

specific proposed sites would be required to determine the true potential for population 

exposures, and particular attention must be given to potential migration via surface water. 

Analysis 

In the light of experience with shallow land burial grounds, the task force has identified 

needs for new or additional criteria and standards in five relevant areas. The five areas, 

with brief discussion of significant factors involved, are as follows: 

1. Allowable waste types for shallow land burial. Only wastes which by virtue of their half-

lives (decay rate), initial concentrations, and relative hazards will be innocuous after a few 

hundreds of years, assuming uptake through reasonable pathways, should be considered for 

shallow land burial, and limits need be specified. Operating reactor and most reactor decommis

sioning wastes would fall in this category. 
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2. Trench design and surface water management. Experience has clearly demonstrated that the 

prevention of the free movement of large volumes of water (surface or ground) through the 

trench is essential to safe shallow land burial. Such water movement can be avoided by proper 

site selection, trench design, and site operations. 

3. Site operations. Standards and criteria are required to ensure that waste is properly 

solidified and rapidly covered. Inventory, monitoring programs, and action levels which 

will provide a better understanding of site performance and potential hazards before their 

occurrence are required. 

4. Site selection. The degree of safety achieved by limiting waste types and concentrations, 

proper site design, and site operation will be enhanced by the selection of sites which provide 

the least hazardous pathways to man (slow migration and far removed from possible paths for 

biological uptake). 

5. Long-term care. There must be administrative and fiscal provisions for the long-term (few 

hundred years) care of decommissioned burial sites. Site operating procedures and decommis

sioning methods should be used to help minimize the effects of any failure in long-term care 

and should be aimed at reducing monitoring, maintenance, and surveillance. 

The model site anticipates that the practical knowledge gained through operations of earli 

burial sites, including Maxey Flats and West Valley, along with emphasis on achieving the 

lowest release reasonably achievable, will result in future site performance at least equal to 

that of Barnwell and Sheffield. 

To ensure that these objectives are met, the NRC is intensifying its efforts to develop a 

comprehensive set of standards and criteria which will apply to shallow land burial (or alter

native methods of disposing of low-level radioactive waste). Standards and criteria for waste 

classification, solidification, containers, handling, shipping, inventory records, allowable 

waste types, concentration and total inventory, site selection criteria, trench design, site 

security, decommissioning, long-term care, and land reclamation are being or will be developed. 
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APPENDIX I 

OCCUPATIONAL EXPOSURES 

Introduction 

Some commenters have recommended that occupational exposures should be included as an 

environmental impact. Therefore, occupational exposures have been calculated across the fuel 

cycle (i.e., for all columns in Table S-3A and all major fuel cycle operations pertaining 

thereto) and are presented in this appendix. 

Summary 

The occupational dose from fuel cycle operations for the no-recycle and uranium-only 
2 

recycle options is about 2 x 10 person-rem (total body) per annual fuel requirement (RRY). 

This value is derived as follows. For each step of the fuel cycle (both options), the inte

grated occupational dose in Table VIII A of GESMO (NUREG-0002) is normalized per annual fuel 

requirement by dividing each value by the appropriate GWy (e) equivalent in Table IV J(E)-17 

of GESMO, then multiplying each result by the reactor plant load factor of 0.8. These values 

are further normalized, where appropriate to a model reactor corresponding to that in WASH-1248, 

by multiplying each value by the appropriate ratio of lifetime average annual fuel cycle 

requirements for WASH-1248 and GESMO. Lifetime average annual fuel cycle requirements are 

presented in Table S-l of WASH-1248. Comparable data for GESMO are derived from calculated 

results based on models for alternatives 3, 5, and 6 in GESMO. Where these ratios are not 

available, they are assumed to be unity. The contribution for each step of the fuel is maximized 

for either of the two cycles (U-only and no recycle) and then summed to give the final result 

to one significant figure. Without consideration of normalization to the WASH-1248 model reactor, 

the occupational dose for fuel cycle operations is about 3 x 10 person-rem (total body) per 

annual fuel requirement. The difference in the two occupational dose estimates is attributable 

principally to the differences in values for the mining and milling steps of the fuel cycle 

calculated by the two procedures explained above. 

Assumptions 

1. GESMO occupational dose estimates can be correlated to the WASH-1248 basis by use of the 

ratio of lifetime average annual fuel cycle requirements for WASH-1248 and GESMO to a 

first order of approximation. There are significant differences in modeling assumptions 

for mine operations (i.e. open pit mining in WASH-1248 versus open pit and underground 

mining in GESMO). The ore grade in GESMO is a factor of 2 lower than that in WASH-1248. 

Further, the enrichment tails assay is 0.25% in WASH-1248 compared to 0.30% in GESMO. A 

higher tails assay means more feed and less separative work. All of these differences 

are reflected in the lifetime average annual fuel cycle requirements for WASH-1248 and 

GESMO. 
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With respect to the waste management step, the conservative assumption of complete 

release of gaseous nuclides in the geologic repository is not applied to the occupationa 

exposure entries (i.e., release is assumed to occur after operation has ceased). 

With respect to the transportation step, occupational exposure during shipment of 

irradiated fuel is taken into account. Discrepancies between the values reported here 

and those in NUREG-0116 are attributable to significant differences in modeling 

assumptions between WASH-1238 and GESMO. 

In the case of the reprocessing step, the value obtained by normalizing the data in 

Table IV E-8 in GESMO is slightly higher than that obtained by the above procedure 

(i.e., 22 compared to 20) and is used herein. 

Total Body Person-Rem Commitment - Occupational* 

Cycle Step 

Mining 

Milling 

UF, Conversion 

Enrichment 

U02 Fuel Fab 

Fuel Reprocessing 

Transportation 

Irradiated Fuel Storage 

Waste Management** 

Total 

Person-Rem Per RRY 

No Recycle 

68 

70 

0.7 

0.7 

9.4 

0.0 

1.4 

2.9 

0.6 

154 

U-only 

70 

70 

0.7 

0.7 

9.5 

22 

1.3 

1.4 

0.6 

176 

Max 

70 

70 

0.7 

0.7 

9.5 

22 

1.4 

2.9 

0.6 

178 or -b 180 

*These entries are derived from GESMO data. 

**The occupational exposure for low-level waste disposal operations based on 
actual operating data was estimated to be 3.7 person-rem/RRY (see Appendix H). 
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