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ABSTRACT 

This report presents generic analyses of radiological dose impacts of nine 
hypothetical changes in the operation of a waste management system without a 

monitored retrievable storage {MRS) facility. The waste management activities 

examined in this study include those for handling commercial spent fuel at 

nuclear power reactors and at the surface facilities of a deep geologic reposi­
tory, and the transportation of spent fuel by rail and truck between the 

reactors and the repository. 

In the reference study system, the radiological doses to the public and to 

the occupational workers are low, about 170 person-rem/1000 metric ton of 
uranium (MTU) handled with 70% of the fuel transported by rail and 30% by 

truck. The radiological doses to the public are almost entirely from transpor­

tation, whereas the doses to the occupational workers are highest at the 

reactors and the repository. 

Operating alternatives examined included using larger transportation 

casks, marshaling ratl cars into multicar dedicated trains, consolidating spent 
fuel at the reactors, and wet or dry transfer options of spent fuel from dry 
storage casks. The largest contribution to radiological doses per unit of 

spent fuel for both the public and occupational workers would result from use 

of truck transportation casks, which are smaller than rail casks. Thus, 
reducing the number of shipments by increasing cask sizes and capacities {which 

also would reduce the number of casks to be handled at the terminals) would 

reduce the radiological doses in all cases. Consolidating spent fuel at the 
reactors would reduce the radiological doses to the public but would increase 

the doses to the occupational workers at the reactors • 
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1.0 INTRODUCTION 

In the commercial high-level waste management system, potential changes 
are being considered that will augment the benefits of an integral monitored 

retrievable storage (MRS) facility (DOE 1985). The U.S. Department of Energy 

(DOE) has recognized that alternative options could be implemented in the 

authorized waste management system (i.e., without an integral MRS facility) to 
potentially achieve some of the same beneficial effects of the integral MRS 

system. The review copy of the MRS Proposal to Congress (DOE 1985) summarized 

the analyses of such options that were conducted to support the need and feasi­

bility analyses of an MRS facility. This report provides the details of the 

analyses related to radiation doses resulting from changes in the waste manage­

ment system. 

In this report, the generic analyses of radiological dose impacts of nine 

hypothetical operating alternatives are presented. Included are changes in the 

transportation system or in the location of an operation's performance. 

The analyses in this study are limited to the spent-fuel-handling activi­

ties at the reactors and at the surface facilities of a deep geologic reposi­
tory, and during the transportation of spent fuel between the reactors and 

repository. The results presented here are based on preliminary analyses of 

generic systems using available generic data. Where directly applicable 
generic data are not available for occupational exposures, analyses results are 

aimed at realistically low dose rates believed to be achievable through repeti­
tive experience. The results are useful for overall comparisons of system 

alternatives, but are not intended as absolute values for specific sites, 

routes and designs, or for specific affected public or occupational workers. 

The radiological doses examined in this study are those to the affected 
public and to the workers in the waste management system. The dose estimates 

incl~de the radiological doses from routine activities and in some cases the 
expected doses (i.e., probabilities multiplied by consequences) from acci­

dents. This study does not analyze the cost, feasibility, or other considera­

tions of implementing the potential changes in the waste management system~ It 

should be noted that operation of all facilities and equipment in the waste 

1.1 



management system must meet stringent federal regulations that have been 

promulgated to assure adequate protection of the health and safety of the pub­

lic, the environment, and the workers. These regulations set maximum radiolo­

gical dose limits to individual workers or members of the public. The basic 
federal regulation for public environmental radiation protection for operations 

in the uranium nuclear fuel cycle is in the Environmental Protection Agency•s 
(EPA 1 s) regulation 40 CFR 190. The basic NRC regulation that carries out the 

EPA•s regulation is 10 CFR 20. The NRC regulations for operating the various 
facilities are 10 CFR 50 for reactors, 10 CFR 72 for an independent spent-fuel 

storage facility, 10 CFR 60 for the repository, and 10 CFR 71 and 10 CFR 20 fo~ 

the transportation system. 

This report is comprised of 6 sections and 4 appendices. Section 2 pre­

sents the summary and conclusions of the study. Section 3 presents the 

approach, the alternative system configurations investigated, and overall study 

bases. Section 4 presents the occupational exposure analyses for routine oper­
ations at the reactors and at a repository, and Section 5 gives the public 

risks at the same facilities. Section 6 presents the occupational and public 

risks during transportation of spent fuel between the reactors and the 

repository. 

Appendices A, B and C present occupational exposure analysis tables for 

the reference and alternative truck and rail casks at the reactor, for reactor 
operations, and for repository operations, respectively. Appendix D presents a 

detailed table on the radiation doses of all the possible changes in the waste 

management system that were evaluated in this study. 
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2.0 SUMMARY AND CONCLUSIONS 

The Pacific Northwest Laboratory (PNL) has estimated the generic radiation 

doses of a reference spent-fuel waste management system without an MRS facility 
and with potential changes in the system. The dose estimates may be low but 

are believed to be achievable, based on benefits of repetitive experience. The 

potential alternatives evaluated were considered for the review copy of the MRS 

Submission to Congress (DOE 1985). 

The commercial radioactive waste management system in this analysis 

includes the spent-fuel-handling activities at the nuclear power reactors and 

at the surface facility of a deep geologic repository, and the transportation 

of spent fuel by rail and truck between the reactors and the repository. The 

spent-fuel-handling activities at the reactors are not within the federal por­

tion of the waste management system. However, changes in the federal part of 

the system would impact the radiological doses at the re~ctors, so at-reactor 

spent-fuel cask-loading operations were included in the study. The analyses of 

the system risks are based on preliminary assessments using available generic 

data. The results are considered to be useful for overall comparisons of waste 

management system alternatives, but are not intended as absolute values for 

specific sites, routes, or designs. 

2.1 OVERALL DOSES OF REFERENCE SYSTEM 

The overall radiation doses developed in this study of the waste manage-
ment system for spent fuel are listed in Table 2.1. Table 2.1 shows that the 
radiation doses would be low and about the same to the public and to the occu­
pational workers for the reference waste management system. These doses can be 

compared to those from background radiation that about 1 million people within 
a 50-mile radius of the DOE preferred site of the proposed MRS facility (DOE 

1985) would receive, or about 150,000 person-rem/year. The doses to the public 

would be dominated by those from transportation. The doses to the occupational 
workers would be highest at the source or terminal and would be almost exclusively 

from the transportation preparations at the reactor and from the cask-receiving 
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TABLE 2.1. Radiation Doses of the Reference High-Level Waste 
Management System 

Activities 

Spent-fuel handling at reactor 

Transportation(b) 

Spent-fuel handling at surra~e 
facilities at repository CJ 

Total 

(a) Excludes accident risks. 

Radiation Doses 
(person-rem/1000 MTU) 

Public Occupational 

<1 

164 

6 

170 

34 

63(a) 

174 

(b) For 3000 km between reactor and repository, using 30% 
of spent-fuel by weight by truck and 70% by rail. 

(c) Spent-fuel consolidation would be performed at the 
repository. 

steps at the repository. Remote operations with i n hot cells at the repository 

would result in low occupational doses. 

2.2 DOSE COMPARISONS OF POTENTIAL SYSTEM ALTERNATIVES 

Although the radiation doses to the public and occupational workers would 

be low for the reference waste management system, alternative system configura­

tions could further reduce the doses. The following potential changes to the 
reference waste management system were evaluated: 

1. All reactors that cannot ship by rail (i.e., r-ail-limited reactors) 
are modified to ship by rail. 

2. All truck shipments from rail-limited reactors are made in overweight 

trucks. 

3. Rail-limited reactors wet load (in-pool loading) into rail casks that 

are heavy-hauled by truck to the nearest practical rai 1 head, trans­
ferred to a rail car, and transported by rail the remaining distance 

to the repository. 
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4. Reactors with rail shipment capability ship in extra-large (150-ton) 

rail casks. 

5. Rail shipments are marshaled at each reactor (that can ship by rail), 

then shipped in multicar dedicated trains to the repository. 

6. Rail shipments from reactors are sent to offsite marshaling points, 

where they are combined into multicar dedicated trains to the 
repository. 

7. Reactors consolidate spent fuel and place fuel rods in canisters 

before shipment. 

8. All at-reactor dry storage is in nontransportable rail-size casks, 
and transfer to transportation casks is by dry transfer. 

9. All at-reactor dry storage is in transportable rail casks. 

Each alternative's radiation dose impact on the reference waste management sys­
tem is examined separately. Some of the hypothetical changes could be combined 

(e.g., at-reactor consolidation plus use of larger transportation casks), but 

the impacts of such combinations were not evaluated. Except for Alternatives 1 
and 3, spent-fuel transportation to the repository was assumed to be the same 
as the reference case (70% by rail and 30% by truck). 

The impacts of the nine alternatives on the radiation doses to the public 

and the occupational workers are given in Table 2.2. A more detailed table 

summarizing these results is provided in Appendix D. As Table 2.2 shows, most 
of the alternatives considered would tend to reduce the unit radiation doses to 

the public and to occupational personnel because the amount of spent-fuel 
handling would be reduced. A notable exception to this is the occupational 
doses of the alternative of at-reactor consolidation. However, in examining 
Table 2.2, it should be recognized that the doses from the reference system 

activities already would be low. 

The preliminary dose values given in Table 2.2 are composed of 3 compo­
nents: doses at the reactors, at the repository, and in transit during trans­

portation. The changes in doses for the system could occur in all three 
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TABLE 2.2. Radiological Doses of Reference High-Level Waste Management 
System and Hypothetical Alternatives 

Alternative 
Reference System (w/o MRS facility) 

System with MRs(c) 

Hypothetical Alternatives 

1. All fuel is shipped by rail in 
100-T casks. 

2. All trucks are overweight. 

3. Rail-sized casks are heavy­
hauled to rail head and 
transferred to rail. 

4. Extra large rail casks (150T) 
are used. 

5. Rail shipments are marshaled 
at reactors and shipped by 
dedicated train. 

6. Rail shipments are marshaled 
offsite and shipped by dedi­
cated train. 

7. Fue 1 is conso 1 i dated at 
reactor. 

8. Reactors with dry storage(d) 
use dry transfer. 

9. Reactors with dry storage(d) 
use transportable rail casks. 

Radiological Doses (person-rem/1000 MTU)(a ) 
( b) and Location of Risk Change 

Public Occupational 
Dose ~ Dose Location Dose ~ Dose Location 
170 

80 

14 

125 

14 

167 

168 

169 

95 

170 

170 

Tr 

Tr 

Tr 

Tr 

Tr 

Tr 

Tr 

174 

184 

75 

121 

80 

145 

172 

171 

269 

172 

171 

Rea, Rep, Tr 

Rea, Rep, Tr 

Rea, Rep, Tr 

Rea, Rep, Tr 

Tr, Rea+ 

Tr 

Rea+, Rep , Tr 

Rea 

Rea 

(a) Assumes 30% by weight shipped by truck and 70% by rail unless identified other­
wise in the alternatives. 

(b) Locations given in decreasing order of dose changes. Unless indicated other­
wise, doses are reduced by the hypothetical alternative. 
Rea = reactor; rep = repository; tr = in transit; + equals dose increase .. 

(c) Taken from DOE (1985), Table E.1. 
(d) The reference system assumes no dry storage at the reactors except in alter­

natives 8 and 9. For these alternatives, the reference system assumes 10% of 
fuel at reactors is in dry storage and that all transferred wet fuel is shipped 
by rail. Adjusted reference system has public and occupational doses of 170 . 
and 176 person-rem/1000 metric ton of uranium (MTU), respectively. 
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components or in only one. Also shown for comparison are the estimated doses 
of a system with an MRS facility (DOE 1985). Doses to the public generally 
would be affected by the in-transit component, whereas doses to the occupa­
tional worker would be generally more affected at the reactor or at the 

repository. 

Some overall conclusions reached from these analyses are as follows: 

1. The largest contribution to unit radiological doses in the reference 

t system in this study would be from transportation in trucks. There­

fore, the largest potential for dose reduction would result from 

using larger casks where possible rather than reference legal-weight 
truck casks. Public doses would be affected the most by the use of 

this alternative, and occupational doses also would be significantly 

affected. Public doses would be reduced because of the nearby pub­

lic•s exposure to the modest radiation levels from fewer shipments in 

larger capacity casks. Occupational doses would be reduced because 

the occupational manpower per shipment would not change significantly 

with cask capacity, so fewer workers would be exposed during the 

fewer shipments with high-capacity casks. Using larger casks rather 

than reference truck casks would decrease doses throughout the 
system. 

, 

2. Reducing the number of transportation cask loads (i.e., increasing 

the cask cargo capacity) of spent fuel would reduce the public and 

occupational doses in all cases. Reducing the number of cask loads 

would involve changing from legal-weight to overweight truck, from 

truck to rail, or from reference rail to large rail casks. Changing 
from truck to rail casks would yield the most significant change; 
changing from reference rail casks to large rail casks would yield a 
smaller dose reduction because the doses from using the reference 

rail cask already would be quite low. 
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3. Marshaling rail cars at the reactors and away from the reactors to 

form multicar dedicated trains would have only small effects on unit 

doses. The effects would be small, largely because the doses from 

using rail transport would be quite low without marshaling. Doses 

would increase only slightly at the marshaling location. 

4. At-reactor consolidation of spent fuel woul d increase the radiologi­

cal occupational doses compared with at-repository consolidation. 

At-reactor consolidation doses would be greater because the 

repository would be designed to perform this function efficiently 

using heavily shielded hot cells, whereas the function would be an 

add-on capability in the reactor storage pool. At-reactor consolida­

tion would reduce occupational doses from transportation and 

at-repository fuel-shipping activities because of the resulting fewer 

number of shipments. Public radiological doses also would be reduced 

from at-reactor consolidation. 

5. Dry transfer of spent fuel at reactors from dry storage casks to 

transportation casks would slightly reduce the occupational doses 

compared with the conventional wet transfer because dry transfer 

would require less handling operations than wet transfer. 

6. Using transportable dry storage casks at the reactors would slightly 

reduce the occupational doses that would otherwise result from trans­

ferring spent fuel from dry storage casks for shipment offsite. This 
assumes the casks are recertifiable for transportation without 
unloading prior to transport. 

2.3 REFERENCES 

u.s. Department of Energy. 1985. Environmental Assessment for a Monitored 
Retrievable Storage Facility. Volume 2 of Monitored Retrievable Storage 
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3.0 APPROACH AND OVERALL BASES 

The overall approach, bases, and assumptions used in the study are pre­

sented in this section. The bases are used for the generic analyses in this 
study and may not necessarily reflect the currently preferred system configura­

tion or bases. This section also includes a list of the alternatives 
evaluated. 

3.1 APPROACH 

The overall approach for this study was to perform the following 

activities: 

• Identify a reference waste management system for evaluation. 

• Identify the alternatives to the reference system for analysis. 

• Estimate generic unit radiation doses for the reference system and 

for the alternatives. 

The results of the study, presented in Section 2, are given in units of person­

rem/1000 metric ton of initial uranium in fresh fuel (MTU). These units allow 

the results to be used in approximating total system doses for various 

scenarios. 

The reference waste management system used in this study is broadly 

defined below: 

• No MRS facility is in the system. 

• Loading of spent fuel into transportation casks and preparations for 

shipment are included in the overall system. 

• Consolidation of spent fuel occurs at the repository; no spent-fuel 
consolidation or canisterization occurs at reactors. 

• Reactors that can ship spent fuel to the repository by rail will do 
so; reactors without rail shipment capability will ship by truck • . · 

• The repository is in the western part of the U.S. 
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• All spent fuel transported to the repository is 10 years old since 

discharge from the reactor. 

3.2 OVERALL BASES AND ASSUMPTIONS 

From the broad reference system definition, t he following additional major 

bases and assumptions were applied to the analyses: 

• Generic, average data are used throughout. 

• Spent fuel is from pressurized water reactors (PWRs), and each 

assembly contains 0.462 MTU (based on initial fuel content); boiling 

water reactor (BWR) fuel is addressed briefly in various parts of the 

document, but analyses for BWRs are not included. 

• · The radiation dose rates from loaded transportation casks are 2- to 

4-fold below the regulatory maximum. 

• Cask-handling operations at the terminals are aimed at achievably low 

occupational doses, believed to be obtainabl e through repetitive 

experience. 

• Shipments from reactors are 30%/70% by general commerce truck/general 

freight rail, respectively, on the basis of weight of the fuel 
material. 

• The reference truck cask has the capacity to carry 2 intact PWR fuel 
assemblies. 

• The reference rail cask (loaded weight, approximately 100 tons) has 
the capacity to carry 14 intact PWR fuel assernbl ies. 

• The average transport distance between the reactors and the western 
repository is 3000 kilometers (km). 

• Reference storage casks and storage-transportation casks have the 

capacity to hold 14 intact PWR f uel assemblies. 
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• An overweight truck cask has the capacity to carry 4 intact PWR fuel 
assemblies.(a) 

• A large, 150-ton rail cask has the capacity to carry 36 intact PWR 
fuel assemblies.(a) 

• Consolidation increases the cask capacity for spent fuel by a factor 
of 2.(a) 

• Consolidation results in nonfuel component hardware that is trans­

ported in canisters in spent-fuel casks at the equivalent of 

9.24 MTU/reference truck cask and 46.2 MTU/reference rail cask. 

·(This is equivalent to 1 volume of nonfuel component hardware to each 
10 volumes of intact PWR fuel.)(a) 

• Marshaling of rail cars from reactors results in dedicated trains 
with 5 casks.(a) 

Further details of the specific bases used in particular analyses are given in 
Sections 4, 5 and 6. 

3.3 ALTERNATIVES EVALUATED 

For the reference system, the radiological doses to the public and the 

waste management system worker would be low (DOE 1985). Alternative system 

configurations, however, may be possible that could further reduce the dose. 

Some hypothetical changes in system configuration were identified for evalua­

tion to obtain a perspective on the potential for reducing radiological 

doses. However, analyzing the feasibility and costs of implementing these 
alternatives in the system configurations is beyond the scope of this study. 

In a waste management system without an MRS facility, the hypothetical 
changes that were identified and evaluated on a preliminary basis in this 

report are as follows: 

1. All reactors that cannot ship by rail (i.e., rail-limited reactors) 

are modified to ship by rail. 

(a) These apply to nonreference alternatives, discussed later in this section. 
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2. All truck shipments from rail-limited reactors are made in overweight 

trucks. 

3. Rail-limited reactors wet load (in-pool loading) into rail casks that 

are heavy-hauled by truck to the nearest practical rail head, trans­

ferred to a rail car, and transported by rail the remaining distance 

to the repository. 

4. Reactors with rail shipment capability ship i extra-large (150-ton) 

rail casks. 

5. Rail shipments are marshaled at each reactor (that can ship by rail), 

then shipped in multicar dedicated trains to the repository. 

6. Rail shipments from reactors are sent to offsite marshaling points, 

where they are combined into multicar dedicated trains to the 

repository. 

7. Reactors consolidate spent fuel and place fuel rods in canisters 

before shipment. 

8. All at-reactor dry storage is in nontransportable rail-size casks, 

and transfer to transportation casks is by dry transfer. 

9. All at-reactor dry storage is in transportable rail casks. 

Most of these hypothetical changes would not be applicable to all reac­

tors. Therefore, before these preliminary unit dose factors could be applied 
to specific changes in the system, the unit dose factors would have to be 
normalized to account for the applicable portion of the waste management sys­

tem. A first-order approximation of this normalization is given in Appen-

dix D. Also, some of the potential changes could be combined (e.g., at-reactor 
consolidation plus use of larger transportation casks), but the impacts of such 

combinations were not evaluated in this study. 

From the above bases, the preliminary analyses given in the subsequent 

sections were performed. These analyses used data where available (i.e :. , for 

public doses from the fixed facilities, and for public and occupational doses 

·during transportation). Where data were not available (i.e., some occupatipnal 
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doses at the fixed facilities), simplifying assumptions were made and calcula­

tions were done using microcomputer spreadsheets. The results are generic, and 
while they may not be highly accurate for absolute or individual dose compari­
sons, they are useful for overall comparisons of potential alternative generic 

systems. 

3.4 REFERENCES 

u.s. Department of Energy. 1985. Environmental Assessment for a Monitored 
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4.0 OCCUPATIONAL DOSES AT REACTORS AND REPOSITORIES 

Occupational doses for the workers at the reactors and at the repository 

may be affected by potential changes to the waste management system. This sec­

tion evaluates potential changes in occupational doses from alternatives con­

cerning 1) spent-fuel handling at the reactors in preparation for transporting 
the fuel to the repository, and 2) spent-fuel receipt and handling at the 

repository's surface facilities. These occupational doses are a function of 

the time the workers are near the spent-fuel radiation sources, the number of 

workers affected, and the dose rates at those locations. 

The potential changes to the waste management system evaluated in this 
study were identified in Section 3. Many of those potential changes may affect 

the occupational doses at the reactors and at the repository. Generic analyses 

of such effects are presented in the following subsections. These evaluations 

are for routine occupational exposures and do not consider accidents. 

The analyses of occupational exposures are based on use of available data, 

which were adapted to the conditions of this study as necessary. The analyses 
are aimed at achievably low occupational doses believed to be obtainable 

through repetitive experience. Each major operation examined in the analyses 
is identified, then subdivided into smaller steps. For each of these smaller 
steps, average radiation field intensity, time, and manpower to perform the 

work at a "typical" reactor and repository are analyzed. The occupational 

doses from each step are calculated, then aggregated into doses for all steps, 

and normalized to the units used in this report. The numerical results of the 

calculations are preserved for information for the reader and to allow better 
traceability of the results. In general, however, the individual calculational 

results are believed to be accurate at the first significant figure and in the 
range of ±50% at the second significant figure. 

4.1 OCCUPATIONAL DOSES FOR AT-REACTOR ACTIVITIES 

This subsection estimates at-reactor routine occupational radiological 

doses during spent-fuel handling in preparing it for transportation to the 

repository. 
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Because most operating data were available for handling PWR fuel, all 

analyses are based on handling PWR spent-fuel assemblies. Because of the 

smaller size of BWR assemblies and the greater number of assemblies per MTU, 

the handling requirements per MTU of BWR assemblies are expected to be somewhat 
greater than for PWR assemblies. 

The basic data source for the manpower and time requirements in these 

analyses is Lambert, King and Tehan (1981). From operating experience, Lambert 

provides step-by-step analyses of PWR spent-fuel handling in NAC-1 truck trans­

portation casks (1 PWR assembly/cask load) and in IF-300 rail transportation 
casks (7 PWR assemblies/cask load). Tables 4.1 and 4.2 summarize these data 

for handling the NAC-1 and IF-300 shipping casks, respectively. These basic 
data are used in developing the analyses for at-reactor cask-handling activ­

ities. Detailed information on the basic data are given in Appendix A, Tables 

A.1 (NAC-1 cask) and A.2 (IF-300 cask), for receiving empty casks and for con­

ventional wet~oading of spent fuel into casks at reactors. 

Throughout these at-reactor analyses, the exposure rates to operat i ng 

personnel are based on the measured exposure rates experienced at Oconee 
Nuclear Power Plant No. 1 during a spent-fuel consolidation demonstration in 

1982 (Duke Power Company 1983). These exposure rates are assumed to be generic 
and are as follows: 

• 0.5 mrem/hr for handling empty casks away from the spent-fuel pool 

• 2.5 mrem/hr for all cask-handling operations (including fuel loading) 
at the spent-fuel storage pool but away from a loaded cask 

• 10.0 mrem/hr for all hands-on or nearby operations with loaded 
casks. (A regulatory limit is 10 mrem/hr at 2m from the cask 

surface). 

The reference truck shipping cask, identified in Section 3, is a legal­

weight truck (LWT) cask that can carry 2 PWR unconsolidated spent-fuel ass~m­

blies. The reference truck cask is also assumed to be capable of carryi ng con­

solidated fuel rods in 2 canisters, each containing rods from 2 PWR spent-fuel 

assemblies, or the nonfuel-bearing components (NFBC) from 20 PWR assemblies. 
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TABLE 4.1. Summary of Basic Handling and Occupational Exposure Data 
for Wet Loading of NAC-1 (truck) Spent-Fuel Cask 
(Lambert, King, and Tehan 1981) 

Elapsed Person-hr/ Person-mrem/ Person-rem/ 
Operation Time (hr) Cask Load Cask Load 1000 MTU 

Cask received at reactor 1.0 1.9 1.0 2.1 

Cask washed and sampled 2.4 3.4 8.5 18.4 

Cask transferred to 0.7 2.1 5.3 11.4 
setdown pad 

Cask transferred into pool 1.6 3.5 8.0 17.3 
and loaded 

Cask removed from pool, 6.0 11.1 102.0 220.8 
decontaminated and 
surveyed 

Cask transferred to vehicle 1.3 2.5 25.0 54.1 
and exits facility 

Total 13 25 150 324 

The reference rail shipping cask weighs about 100 tons when loaded, and can 

carry 14 PWR unconsolidated fuel assemblies. The reference rail cask is also 
capable of carrying 14 canisters of consolidated fuel rods, each containing 

rods from 2 PWR spent-fuel assemblies, or 10 drums each containing the NFBC 

from 10 PWR assemblies. 

Based on the NAC-1 truck and IF-300 rail cask-handling operations given in 

Tables 4.1, 4.2, A.1, and A.2, similar evaluations of operations with the 
reference truck and rail casks were derived in this study. This information is 

summarized in Tables 4.3 and 4.4, and is presented in detail in Appendix A, 
Tables A.3 and A.4. All activities in the Tables A.3 and A.4 are assumed to 

have the same operational requirements as the NAC-1 and IF-300 casks, 
respectively, except those activities for the different fuel - loading capacities 

of the reference casks. The data in ~bles 4.3 and 4.4 are used in deriving 
the information on at-reactor cask-handling activities for the various system 

options evaluated in the followi ng subsections. 
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TABLE 4.2. Summary of Basic Handling and Occupational Exposure Data for 
Wet Loading of IF-300 (rail) Spent-Fuel Cask 
(Lambert, King, and Tehan 1981) 

Elapsed 
Time (h r) 

Person-hr/ Person-mrem/ Person-rem/ 
Operation Cask Load Cask Load 1000 MTU 

Cask received at reactor 1.8 3.2 1.6 0.5 

Cask washed and sampled 

Cask transferred to 
setdown pad 

Cask transferred into pool 
and loaded 

Cask removed from pool, 
decontaminated and 
surveyed 

Cask transferred to vehicle 
and exits facility 

Total 

4.5 

1.0 

3.9 

9.9 

1.8 

23 

8.5 

3.0 

8.2 

18.1 

3.4 

44 

21.3 

7.5 

20. 5 

167.5 

34.0 

252 

6.6 

2. 3 

6.4 

51.9 

10.5 

78 

TABLE 4.3. Summary of Basic Handling and Occupational Exposure Data 
for Wet Loading of Reference Legal-Weight Truck Cask 

Elapsed Person-hr/ Person-mrem/ 
Operation Time (hr) Cask Load Cask Load 

Cask received at reactor 1.0 1.9 1.0 

Cask washed and sampled 2.4 3.4 8.5 

Cask transferred to 0.7 2.1 5.3 
setdown pad 

Cask transferred into pool 1.6 3.5 9.3 
and loaded 

Cask removed from pool, 6.0 11.1 102.0 
decontaminated and 
surveyed 

Cask transferred to vehicle 1.3 2.5 25.0 
and exits facility 

Total 13 25 151 

4.4 

Person-rem/ 
1000 MTU 

1.0 

9.2 

5.7 

10.0 

110.4 

27.1 

163 
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TABLE 4.4. Summary of Basic Handling and Occupational Exposure Data 
for Wet Loading of Reference Rail Cask 

Elapsed Person-hr/ Person-mrem/ Person-rem/ 
O~erat ion Time (hr} Cask Load Cask Load 1000 MTU 

Cask received at reactor 1.8 3.2 1.6 0.3 

Cask washed and sampled 4.5 8.5 21.3 3.3 

Cask transferred to 1.0 3.0 7.5 1.2 
setdown pad 

Cask transferred into pool 5.6 8.2 20.5 4.5 
and loaded 

Cask removed from pool, 9.9 18.1 167.5 25.9 
decontaminated and 
surveyed 

Cask transferred to vehicle 1.8 3.4 34.0 5.3 
and exits facility 

Total 25 44 252 40 

4.1.1 Legal-Weight Truck Versus Rail Shipments 

Approximately 70% of the U.S. reactors could ship spent fuel by rail. 
Currently, the remainder could ship only by truck for various reasons. The 
rail-limited reactors possibly could be modified to be capable of shipping by 
rail. Shipment by rail instead of by truck would reduce the number of ship­
ments and the resulting public and occupational doses. Using information taken 
from Tables 4.3 and 4.4, Table 4.5 summarizes the unit routine occupational 
radiological dose factors for reference truck and rail casks at a reactor. As 
the table shows, if rail-limited reactors were modified to receive and handle 
the reference rail cask, the expected at-reactor routine occupational doses for 
loading spent fuel in transportation casks would be reduced from 163 to 
40 person-rem/1000 MTU. 

4.1.2 Legal-Weight Truck Versus Overweight Truck Shipments 

In this alternative, overweight truck (OWT) casks are assumed to replace 
LWT casks for transporting spent fuel from rail-limited reactors. The OWT cask 
is assumed to have double the capacity of the LWT cask in this study. The OWT 
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TABLE 4.5. Occupational Doses for At-Reactor Loading of Spent Fuel 
in the Reference Truck and Rail Casks 

Operation 

Cask received at reactor 

Cask washed and sampled 

Cask transferred to 
setdown pad 

Cask transferred into pool 
and loaded 

Cask removed from pool, 
decontaminated and 
surveyed 

Cask transferred to vehicle 
and exits facility 

Total 

Unit Occupational Doses 
(person-rem/1000 MTU) 
Truck Rail 

1.0 

9. 2 

5.7 

10.0 

110.4 

27.1 

163 

0.3 

3.3 

1.2 

4.5 

25.9 

5.3 

40 

cask would require approximately twice the time to insert the fuel in the LWT 

truck cask. The increased time would double the occupational exposure per cask 
load during this fuel-handling step, but the exposure per unit of fuel would be 

proportional to the amount of fuel loaded. The other operations involved in 

preparing the cask for use, loading the cask for shipment, and exiting the 

facility are assumed to be the same for both casks. The calculated routine 
occupational doses using the two casks are given in Table 4.6. Details of the 

analysis for handling the OWT cask are presented i n Appendix B, Table B.1. 

Table 4.6 shows that the increased OWT cask capacity would reduce the at­

reactor routine occupational doses from 163 to 83 person - rem/1000 MTU. 

4.1.3 Legal-Weight Truck Versus Heavy-Haul Truck and Rail Shipments 

In this alternative, reactors that cannot ship by rail wou l d use an inter­

modal shipment in which a rail cask would be moved to and from the reactor in 

heavy-haul trucks. At the nearest rail siding, the cask would be transferred 

to a rail car and would complete the shipment by rail. 
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TABLE 4.6. Occupational Doses for At-Reactor Loading of Spent Fuel in 
the Reference Truck and Alternative Overweight Truck Casks 

Operation 

Cask received at reactor 

Cask washed and sampled 

Cask transferred to 
setdown pad 

Cask transferred into pool 
and loaded 

Cask removed from pool , 
decontaminated and 
surveyed 

Cask transferred to vehicle 
and exits facility 

Total 

Unit Occupational Doses 
(~erson-rem/1000 MTU) 

LW Cask owT Cask 

1.0 

9.2 

5.7 

10.0 

110.4 

27.1 

163 

0.5 

4.6 

2.8 

6.4 

55.2 

13.5 

83 

A heavy-haul truck shipment is a special type of overweight and over­

dimension highway shipment that can travel only short distances and that 

requires special equipment and state and local permits. This type of shipment 

has not been used for spent fuel in the past but has been used for major pieces 

of reactor-related equipment, such as steam generators and reactor vessels. 
This option could potentially be implemented by reactors having the capability 

to wet load a rail cask but not having rail service to the repository. The use 

of a heavy-haul truck/rail would reduce the number of shipments and the public 

and occupational doses. 

With this alternative, the reactor operations with the cask and fuel load­

ing would be the same as with a conventional rail shipment. The rate of travel 

and moving time and manpower requirements for the loaded heavy-haul truck 

within the reactor site are expected to be the same as for a rail shipment. 

Therefore, at-reactor occupational doses from heavy-haul truck shipments from 

the facility are expected to be about the same as for conventional onsite rail 

shipment, or 40 person-rem/1000 MTU (see Section 4.4.1). The exposures can be 
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compared to those from LWT shipments of 163 person--rem/1000 MTU, as given in 

Section 4.1.1. Doses resulting from the offsite movement of the truck and cask 

to the rail siding and the transfer of the cask from the heavy-haul truck to 

the rail car are discussed in Section 6. 

4.1.4 100-Ton Versus 150-Ton Rail-Cask Shipments 

With this alternative, it is assumed that reactors could be modified to 

handl e large, 150-ton rail casks that could hold 36 PWR or 90 BWR unconsoli­
dated spent-fuel assemblies. The use of the larger· rail cask would result in 

fewer but larger shipments of spent fuel, with less cask handling and reduced 

public and occupational radiation doses. 

It is assumed that the increase in size of the 150-ton rail cask would not 

increase the handling and monitoring manpower requirements involved when ship­

ping with larger casks. The fuel-handling requirements would be unchanged and 

would be proportional to the amount of fuel handled. The unit occupational 
exposures for handling the larger casks are expected to be reduced because of 

the reduced cask handling required by the reduced number of shipments. The 

resultant routine occupational doses for using the large rail cask and the 

reference rail cask (taken from Section 4.1.1) are shown in Table 4.7. Details 
of the analysis for the large rail cask are given in Appendix B, Table B.2. 

Table 4.7 shows that using larger rail casks rather than the reference rail 

cask would reduce the at-reactor exposures from 40 to 17 person-rem/1000 MTU (a 

factor of about two). 

4.1.5 No Marshaling Versus Marshaling Rail Cars at the Reactor 

In this potential alternative, 5 loaded rail casks on their cars would be 

accumulated at the reactor. The 5 cask cars would then be combined, with a 

caboose and some buffer cars between the cask cars, to create a five-car dedi­

cated train for shipping the spent fuel to the repository. Occupational doses 

at the reactor for this alternative would increase, primarily because of the 

increased time the loaded casks are at the facility site. The magnitude of the 
increase would depend on the length of time the rail cars would be marshaled, 

the dose rate from the casks, and the number of workers near the casks. 
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TABLE 4.7. Occupational Doses for At-Reactor Loading of Spent Fuel 
in 100- and 150-Ton Rail-Cask Shipments 

Operation 
Cask received at reactor 

Cask washed and sampled 

Cask transferred to 
setdown pad 

Cask transferred into pool 
and 1 oaded 

Cask removed from pool; 
decontaminated and 
surveyed 

Cask transferred to vehicle 
and exits facility 

Total 

100-J 

Unit Occupational Doses 
(person-rem/1000 MTU) 

Rai 1 Cask 150-T Rail Cask 

0.3 0.1 

3.3 1.3 

1. 2 0.5 

4.5 3. 4 

25.9 10.1 

5.3 2.0 

40 17 

Approximately 26 hours would be required to receive and load each of the 
5 reference rail casks at the reactor (see Table A.4). Assuming the cask­

loading operations are continuous and the marshaled cars leave the reactor 

immediately after the fifth cask has completed loading operations, the first 

cask would be stored for approximately 4.3 days. The second cask would be 
stored for about 26 hours less, etc. It is assumed that cursory monitoring of 

these loaded casks would require 1 hour per day for a total monitoring time of 

4 hours. For the average radiation field in this study of 10 mrem/hr for the 
monitoring staff, the increase in routine occupational exposures from 
at-reactor marshaling would be 0.043 person-rem per 5-car shipment, or 
1.3 person-rem/1000 MTU. Adding this to the unrounded doses for conventional 
handling of reference rail cars would bring the at-reactor doses for this 

alternative to 42 person-rem/1000 MTU • 

4.1.6 No Marshaling Versus Marshaling Rail Cars Away from the Reactor 

In this potential alternative, the loaded rail spent-fuel casks from Qne 

or more reactors would be accumulated at a nearby rail siding, along with a 
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caboose and some buffer cars, to create a five-car dedicated train for the 

shipment to the repository. Because the at-reactor operations for this alter­

native would be the same as with the single-car shipments with the reference 
rail cask, occupational doses would not be affected by the cask-handling opera­

tions at the reactor. The routine occupational doses for this alternative 

would be the same as for handling a single reference rail cask at the reactor--

40 person-rem/1000 MTU. 

4.1.7 Consolidation at the Repository Versus at the Reactor 

In this potential alternative, the spent fuel would be disassembled in the 

reactor pool. The fuel-bearing rods from two assemblies would be placed in 
canisters having the same volume as one original spent-fuel assembly. The NFBC 

would be compacted into separate canisters and are also loaded out for shipment 
to a repository. This alternative would reduce handling requirements for 

spent-fuel load-out and the number of shipments after consolidation, but would 

add to the consolidation operations. Total occupational doses at the reactor 

for this alternative would consist of those from consolidating and canisteriz­
ing the spent-fuel rods; compacting and canisterizing the resultant NFBC; set­

ting up and checking out the equipment; removing and decontaminating the equip­
ment; and loading out the consolidated spent-fuel rods and NFBC. 

The evaluation of this alternative is based largely on the results of a 
wet spent-fuel consolidation demonstration at the Oconee Nuclear Power Station 

in 1982 (Bailey 1985; Duke Power Co. 1983; and E. R. Johnson 1984). This 
demonstration resulted in a 2:1 volumetric consolidation ratio of fuel rods 
from 4 nonradioactive PWR assemblies in 4 campaigns. The equipment used in 
this demonstration consisted of a spent-fuel-rod consolidation machine and an 

NFBC compactor. 

A wet consolidation demonstration was also performed at the Barnwell 

Nuclear Fuel Plant in 1981. The consolidation and compaction equipment setups 

in the latter demonstration were positioned and operated at the same ti me in 

the spent-fuel pool (E. R. Johnson 1984). Because of limited space in ·the 

storage pool for the Oconee demonstration, only one of the two pieces of equip­

ment could be in place at one time (Duke Power Co. 1983). At the end of each 

operating campaign of rod consolidation or compaction, the equipment had to be 
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decontaminated and removed from the pool and the other piece of equipment 

installed. Not included in this analysis are the potential increased occupa­
tional exposures as a result of crud removal from the waste treatment system. 

It is assumed in this analysis that the fuel-rod consolidation and NFBC 
compaction equipment could be placed in the spent-fuel pool .at the same time. 

It is also assumed that at-reactor consolidation would be done in campaigns 
that consolidate the equivalent of 1 annual discharge, or about 30 MTU for a 
1000 MWe reactor. It is also assumed that Oconee•s best time for their 4 con­
solidation campaigns (1 shift per PWR assembly) would be improved with each 

subsequent operation to an average of 6 hours per assembly. The time required 
to compact the NFBC from each PWR assembly into canisters is also assumed to be 
improved relative to the Oconee•s best time, or to 95 minutes. From these 
bases, detailed estimates were made of manpower and occupational doses from 

in-pool consolidation and NFBC compaction, and are given in Table B.3 and sum­
marized in Table 4.8. From this analysis, the estimated total occupational 
doses for spent-fuel consolidation and NFBC compaction for a campaign of 30 MTU 

TABLE 4.8. Routine Occupational Doses for At-Reactor Consolidation of Spent 
Fuel, Compaction of NFBC, and Setup and Decontamination of the 
Equipment 

Total 
Man-hour~/ Person-m~e~/ Person--rem/ 

Operation Cam~ai9n a) Cam~ai9n a 1000 MTU 
Consolidation 1344.0 3360.0 113.6 

Compaction of NFBC 343.0 857.6 29.0 

Equipment 
Setup/Checkout 77 .o 192.5 6.5 
Removal 28.0 70.0 2.4 
Decontamination 36.8 308.4 10.4 

Total 1829 4789 162 

(a) For a campaign of 29.6 MTU ( 64 PWR assemblies). 
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(64 PWR assemblies) would be about 3.4 and 0.86 person-rem, respectively. For 
1000 MTU, the routine occupational exposures would be 114 and 29 person-rem, 

respectively. 

At the beginning of each campaign, the consolidation and compaction equip­

ment would have to be installed in the pool and its operability confirmed. At 
the completion of each campaign, the equipment is assumed to be removed and 

decontaminated, thereby making the cask pool area available for shipping the 
consolidated fuel and NFBC and for receiving freshly discharged fuel. Detailed 

estimates have been made of manpower and occupational dose for setup and check­
out at the beginning of each campaign, and for removal and decontamination of 

the consolidation and compaction equipment after each campaign. The estimated 
doses in this activity are summarized in Table 4.8 and given in detail in 

Table B.4. The occupational doses for these activities would total 0.57 
person-rem for each 30 MTU campaign, or 19 person-rem/1000 MTU. Adding this 

equipment manipulation dose to those for spent-fuel consolidation and NFBC com­
paction gives a total at-reactor occupational dose of 162 person rem/1000 MTU 

for these operations. 

Occupational exposures for load-out of the consolidated spent fuel and 
NFBC were estimated based on requirements for load-out of intact spent fuel, 

and reflect the volumes of these materials and the number of canisters. 
Tables 4.9 and 4.10 summarize the analysis for at-reactor loading of the can­

isters of consolidated spent-fuel rods and the separate canisters of NFBC into 
reference truck and rail casks, respectively. 

The unit occupational doses accumulated in loading the consolidated fuel 
and compacted NFBC for transport in the reference truck and rail casks would be 

115-rem/1000 MTU and 27 person-rem/1000 MTU, respectively. Adding to these 
values the doses for consolidation/compaction/equipment setup, removal, and 

decontamination would make the total routine occupational doses at the reactor 
277 person-rem/1000 MTU for truck shipments and 189 person-rem/1000 MTU for 

rail shipments. These at-reactor doses are considerably higher than those for 

handling intact spent fuel: 163 and 40 person-rem/1000 MTU for truck and rail 
shipments, respectively. 
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TABLE 4.9. Occupational Doses for At-Reactor Loading of Consolidated Spent 
Fuel and NFBC in the Reference Truck Cask 

Unit Occupational Doses for Refe~e~ce 
Truck Cask ( erson-rem/1000 MTU a 
ntact Consol1 dated ompacted 

Oeeration Fuel Spent Fuel NFBC 

Cask received at reactor 1.0 0.5 0.2 

Cask washed and sampled 9.2 4.6 1.8 

Cask transferred to set- 5.7 2.8 1.1 
down pad 

Cask transferred into pool 10.0 5.0 2.0 
and loaded 

Cask removed from pool, de- 110.4 55.2 22.1 
contaminated and surveyed 

Cask transferred to vehicle 27.1 13.5 5.4 
and e~its facility 

Total 163 82 33 

(a) These .calculations are based on 4 consolidated assemblies in 
2 canisters per truck cask (1.85 MTU) and 20 compacted NFBC in 
each of 2 canisters (4.62 MTU/canister) per truck cask. 

4.1.8 At-Reactor Wet Transfer from At-Reactor Dry Storage to Transeortation 

Cask Versus Dry Transfer 

Reactors that store spent fuel in dry storage casks typically would trans­

fer the dry-stored spent fuel to a transportation cask by br inging the dry 
storage cask into their storage pool and by transferring the spent fuel under 
water in the pool. However, with the alternative, spent fuel in a dry storage 
cask at the reactor would be transferred to a rail cask through a dry transfer 
system. This alternative would apply only to at-reactor spent fuel that is in 

dry cask storage. The estimated occupational exposures from this alternative 
are based on available data for general dry transfer principles used in the 

NUTECH Horizontal Modular Storage (NUHOMS) dry transfer concept (NUTECH 
1984). Other dry transfer concepts could be used, such as transfer and trans­

port casks that have integ ral shield doors. 
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TABLE 4.10. Occupational Doses for At-Reactor Loading of Consolidated Spent 
Fuel and NFBC in the Reference Rail Cask 

Operation 

Cask received at reactor 

Cask washed and sampled 

Cask transferred to set­
down pad 

Cask transferred into pool 
and loaded 

Cask removed from pool , de­
contaminated and surveyed 

Cask transferred to vehicle 
and exits facility 

Total 

Intact 
Fuel 

0.3 

3.3 

1.2 

4.5 

25.9 

5.3 

40 

Unit Occupational Dos{ 
(Eerson-rem/1000 MTU} a) 

Con so 1 i dated Compacted 
Spent Fuel NFBC 

0.1 0.1 

1.6 1.2 

0.6 0.4 

2.3 0.6 

13.0 3.6 

2.6 0.7 

20 7 

(a) Calculated based on 28 consolidated assemblies in 14 canisters 
per rail cask (12.94 MTU) and 10 compacted NFBC (4.62 
MTU/canister) per rail cask in each of 10 canisters. 

The analysis of this alternative assumes that there would be only one crew 

per shift and no parallel operations. Not included in this analysis are the 
operations associated with receiving the dry storage casks, wet loading the 

storage cask with the spent fuel in baskets, and drying and placing the storage 
casks in their storage location. A summary of the analysis of reference wet 

and the alternative dry transfer is given in Table 4.11. Details are given in 
Appendix B, Table B.S. The routine occupational doses would be an estimated 

66 person-rem/1000 MTU for the reference condition and 22 person-rem/1000 MTU 

for the potential change. 

4.1. 9 At-Reactor Dry Storage in NontransEortabl e Rail-Sized Casks Versus in 

TransEortable Rail Casks 

In this alternative, spent fuel beyond the storage-pool capacity would be 

stored dry in casks that would be suitable for both storage and transportation, 
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TABLE 4.11. Occupational Doses for At-Reactor Wet and Dry Loading of Spent 
Fuel in Dry Rail-Storage Casks to the Reference Rail Cask 

Operation 
Transport cask received at reactor, 

washed and sampled 

Transport cask transferred to pool (wet), 
or mated to storage cask (dry) 

Storage cask moved, washed and 
transferred into pool 

Spent fuel loaded into the cask 

Transport cask removed, sealed, decon­
taminated and surveyed 

Transport cask transferred to vehicle 
and exits facility 

Storage cask decontaminated, surveyed 
and stored 

Total 

Unit Occupational Doses 
(person-rem/1000 MTU) 

Conventional Dry 
Wet Transfer Transfer 

3.6 3.2 

3.2 11.3 

20.6 o.o 

0.2 3.1 

27.5 3.9 

5.3 0.8 

5.4 0.1 

66 22 

compared with the reference case where dry storage is in storage-only casks 

that require wet transfer of the spent fuel. Initial in-pool loading and 

transfer to a storage pad onsite is not included in this analysis. Prepara­

tions for transportation with the transportable storage cask would be mini­

mal. The casks are assumed to be handled as conventional transportation 
casks. This option would eliminate the transfer of the spent fuel to a 

separate transportation cask (either wet or dry) at the reactor. 

Three operations would be required at reactors to prepare a transportable 

rail storage cask for transportation: 1) survey and decontaminate the trans­
portation cask, 2) recertify the transportation cask, and 3) transfer transpor­

tation cask and cask exits facility. The occupational exposure estimates for 

these operations would be 2.3, 12.4, and 0.8 person-rem/1000 MTU, respectively 

(based on the evaluation in Table B.5). Thus, the total routine occupation-al 
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doses for this option would be 16 person-rem/1000 MTU, compared with the refer­

ence wet transfer case (discussed in Section 4.1.8) of 66 person-rem/1000 MTU. 

4.2 OCCUPATIONAL DOSES FOR AT-REPOSITORY SURFACE ACTIVITIES 

This subsection evaluates the routine occupational radiological doses 

during spent-fuel handling in a reference repository's above-ground ope ra­

tions. ~e doses are estimated for the reference system and for each of the 

nine potential waste management system alternatives. The design and operation 

of the above-ground reference repository are assumed to be identical to compar­

able elements of the conceptual design of the proposed MRS facility (Pa,~sons 

1985; DOE 1985). The conceptual design of the MRS facility was used because i t 
is further developed than potential designs for a repository. 

In the reference case in this study, the repository would receive spent 

fuel by truck or rail, consolidate and package the fuel rods in a dry hot cell , 

and place the waste package in a transfer cask for transfer to the underground 

disposal area. The operating times involved and the exposures received for 

each option would be related to the transportation cask capacity, the time and 

personnel requirements for each operation , and the radiation exposure rates for 
each operation. 

The exposure rates to operating personnel used in this analysis fo r at­

repository operations correspond to those in the MRS facility conceptua·l design 

report (Parsons 1985), to those in simulation modeling of the proposed MRS 
facility (Chockie, Hostick and Winter 1986), and where comparable, to those 
defined in Section 4.1. The exposure rates are: 

• 0.125 mrem/h for all remote operations in hot cells 

• 0.5 mrem/h for handling empty casks not associ ated with the hot cells 

• 0.5 mrem/h for positioning loaded casks while the casks are attached 

to their respective vehi cles 

• 0.75 mrem/h for handling drums of NFBC 
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• 2.5 mrem/h for operations within the receiving and handling building 

not requiring direct contact with the cask and welding operations 

• 10.0 mrem/h for all other loaded cask-handling operations. 

With these bases, detailed calculations were made to estimate the routine 

occupational doses for repository surface facility operations using the con­

ceptual design of the proposed MRS facility, and reference truck and rail 
casks. As with the at-reactor analyses, the at-repository analyses are 

directed toward achievably low occupational doses believed to be obtainable 

through repetitive experience. These calculations are summarized in the fol­

lowing subsections, and are given in detail in Appendix C, Table C.1. Elapsed 
time and occupational exposures for each truck cask load would be 12 hours and 

125 person-mrem, and for each rail cask load would be 18 hours and 160 person­

mrem, respectively. These detailed calculations were used as the primary basis 
for subsequent calculations of the other potential system alternatives. The 

following subsections discuss the routine occupational dose estimates and 

results for the reference and potential system changes. 

4.2.1 Legal-Weight Truck Versus Rail Shipments 

In this option, the approximately 30% of reactors that currently cannot 

ship spent fuel by rail are considered as the reference case. For the poten­
tial system alternative, it is assumed that these reactors can be modified to 

have the capability of shipping unconsolidated spent fuel in the reference rail 
cask instead of the reference truck cask. As at the reactor, the occupational 

exposures for handling each rail shipment would be higher than for each truck 

shipment because of the increased time required to handle the larger rail cask 
and to unload its contents. However, this increased exposure per cask would be 
more than offset by the reduced number of rail casks to ship the same amount of 

fuel. The analysis of these alternatives uses directly the results of esti­
mated cask-handling occupational exposures for the reference truck and rail 

shipments developed in Table C.1 in Appendix C. The resulting calculated 
routine radiological doses for at-repository handling with the referenc~ truck 

and rail shipments are summarized in Table 4.12. As shown, the estimated 
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TABLE 4.12. Occupational Doses for At-Repository Unloading of Spent Fuel 
from the Reference Truck and Rail Casks 

Operation 

Cask inspected and 
transferred to wash 

Cask washed and transferred 
to unloading 

Cask off-loaded from vehicle 

Cask sampled, bolts untorqued 

Cask mated to cell 

Cask unloaded 

Cask transferred to vehicle 
and exits facility 

Total 

Occupational Doses 
(person-rem/1000 MTU) 
Reference Reference 
LWT Cask Rail Cask 

5.6 1.0 

10.6 

48.3 

51.4 

17.2 

0.1 

2.5 

136 

1.8 

9.1 

9.3 

3.1 

0.1 

0.4 

25 

routine occupational doses would decrease from 136 person-rem to 25 person-rem 
for each 1000 MTU shipped by rail that was originally planned to be shipped by 

truck. 

The doses during the consolidation and handling of spent fuel in the 
repository's hot cell would have to be added to these routine occupational 
doses. The consolidation and handling doses would be an estimated 5 pe rson­

rem/1000 MTU (see Section 4.2.7). ~erefore, the total routine occupational 
doses for at-repository handling of reference LWT shipments would be 
141 person-rem/1000 MTU, and for reference rail shipments would be 30 p~~rson­

rem/1000 MTU. 

4.2.2 Legal-Weight Truck Versus Overweight Truck Shipments 

In this alternative, OWT casks would replace the reference truck casks 

that would be used for shipments from the reactors. The OWT casks hold twice 

as many spent-fuel assemblies as the LWT casks, but only the unloading time for 
the spent -fuel assemblies is proportional to the number of assemblies. The 
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gross size of the OWT cask is sufficiently similar to that of the LWT cask that 
general handling requirements at the repository are expected to be about the 
same for the two casks. They are assumed to be the same in this study. 

The analysis of the LWT and OWT casks is summarized in Table 4.13 (and 

details are given in Table C.2). As the table shows, the unit routine occupa­
tional doses for the reference LWT system would be 136 person-rem/1000 MTU, and 
68 person-rem/1000 MTU for the OWT system. 

The dose from consolidating and handling the spent fuel in the reposi­
tory•s hot cells must be added to the routine doses of unloading the spent fuel 

from transport cases. These doses would be an estimated 5 person-rem/1000 MTU 
(see later Section 4.2.7). Thus, the total routine occupational doses for at­
repository handling of reference truck shipments would be 141 person-rem/1000 
MTU, and for OWT shipments would be 73 person-rem/1000 MTU. 

TABLE 4.13. Occupational Doses for At-Repository Unloading of Spent Fuel 
from the Reference and Overweight Truck Casks 

Operation 
Cask inspected and 

transferred to wash 

Cask washed and transferred 
to unloading 

Cask off-loaded from vehicle 

Cask sampled, bolts untorqued 

Cask mated to cell 

Cask unloaded 

Cask transferred to vehicle 
and exits facility 

Total 

4.19 

Occupational Doses 
(person-rem/1000 MTU) 
LWT Cask OWT Cask 

5.6 2.8 

10.6 5.3 

48.3 24.1 

51.4 25.7 

17.2 8.6 

0.1 0.1 

2. 5 1.2 

136 68 



4.2.3 Legal-Weight Truck Versus Heavy-Haul Truck and Rail Shipments 

In this potential alternative, a heavy-haul truck/rail intermodal shipment 

would replace the LWT casks at reactors that do not have rail service. The 

alternative's effects on occupational doses at the repository are identical to 

the alternative in which rail casks are substituted for LWT casks (see Sec­

tion 4.2.1). Routine occupational doses at the repository would change from 

141 person-rem/1000 MTU for LWT shipments to 30 person-rem/1000 MTU for heavy­

haul truck-plus-rail shipments. 

4.2.4 100-Ton Versus 150-Ton Rail-Cask Shipments 

In this potential alternative, the reference rail cask (loaded weight 

about 100 tons) would be replaced with a larger rail cask (loaded weight. about 

150 tons) that can haul 36/90 PWR/BWR assemblies (about 2.5 times the capacity 

of the reference rail cask). 

At the repository, the principal benefit of using the 150-ton rail cask 

rather than the 100-ton cask would be a reduction in the number of casks to be 
handled. In this study, the handling requirements of the 150-ton cask are 

assumed to be the same as for the 100-ton rail casks at equivalent surface dose 
rates. Only the unloading time for the spent-fuel assemblies would be pro­

portional to the number of assemblies. The results of the routine occupational 
dose analyses for this alternative are summarized in Table 4.14 and are given 

in detail in Table C.2. As Table 4.14 shows, the unit routine occupational 
doses for handling the reference 100-ton rail casks would be 25 person-rem/1000 
MTU, and for the 150-ton cask would be 10 person-rem/1000 MTU. 

The doses from consolidating and handling the spent fuel in the repository 

surface hot cells must be added to the doses for unloading the spent fuel. 
These doses would be an estimated 5 person-rem/1000 MTU (see later Sec-
tion 4.2.7). Thus, the total routine occupational doses for at-repository 

handling of reference rail-cask shipments would be 30 person-rem/1000 MTLJ and 

15 person-rem/1000 MTU for 150-ton rail-cask shipments. 

4.2.5 No Marshaling Versus Marshaling Rail Cars at the Reactor 

In this potential alternative, rail casks on their cars would be accumu­

lated at the reactor until five loaded casks are present. The five cask ca rs 
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TABLE 4.14. Occupational Doses for At-Repository Unloading of Spent Fuel in 
100- and 150-Ton Rail Casks 

Operation 

Cask inspected and 
transferred to wash 

Cask washed and transferred 
to unloading 

Cask off-loaded from vehicle 

Cask sampled, bolts untorqued 

Cask mated to cell 

Cask unloaded 

Cask transferred to vehicle 
and exits facility 

Total 

would then be combined, with a 

to create a five-car dedicated 

Occupation a 1 Doses (person-rem/1000 MTU) 
Reference Rail Cask 150-Ton Rai 1 Cask 

1.0 0.4 

1.8 o. 7 

9.1 3. 5 

9.3 3.6 

3. 1 1.2 

0.1 0.1 

0.4 0.2 

25 10 

caboose and buffer cars between each cask car, 

train for shipment to the repository. 

At the repository receiving and handling facility, each of the two cask 

handling rooms would have the capacity to receive two casks at once. Each room 

would be used to prepare one cask for transfer into and out of the nearby cask 

unloading room and to hold the second cask until it could be transferred to the 

cask unloading room. Thus, the reference repository would be able to handle 
four casks simultaneously. It is assumed here that when the five-car dedicated 
train would arrive at the facility, the reference repository would have been 
operating continuously and that the cask handling and unloading rooms would 
have just been filled with four rail casks ready for unloading with no addi­

tional queue of casks waiting. Full cask-handling rooms with no queue are 

assumed to be the typical condition. At-repository occupational doses for ·this 

alternative are assumed to be from the exposures resulting from the outside 

queuing required for the five cars of the dedicated train. The increased 
exposures from marshaling versus no marshaling are assumed to be from daily. 

cursory monitoring of each cask. 
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About 18 hours are estimated to be required to receive, unload and dis­

charge the reference rail cask (Chockie, Hostick and Winter 1986). Approxi­

mately 16 hours of this time would be required for operations while each cask 

and/or its vehicle would be in the cask-handling/unloading rooms. From these 
bases, the approximate queuing time for each of the five casks waiting outside 

the repository receiving and handling area would be as follows: 

• Two casks would be stored 16 hours. 

• Two casks would be stored 32 hours. 

• One cask would be stored 48 hours. 

This queuing time would be equivalent to 1 cask in queue for 144 hours, or 

an average of about 29 hours/cask for the 5 casks. In the reference case, it 

is assumed that 1 cask at a time would be received and would be in queue for 

16 hours. Each cask that is not in the cask-handling or unloading rooms is 

assumed to be given a cursory monitoring and inspection every 24 hours. The 

time required for cursory monitoring is estimated to be approximately 0.2 hours 

per cask. Using the average exposure rate of 10 mrem/hr in this study for 

monitoring and inspecting, the occupational exposures due to this alternative 

would be approximately 0.4 person-rem/1000 MTU, compared with approximately 

0.2 person-rem/1000 MTU (see Table C.2) for the reference case. Because the 
values for each alternative are nearly the same, they are considered identical 

in this study at less than 1 person-rem/1000 MTU. 

Adding the doses of cask handling and spent-fuel consolidation would 
result in the same total routine occupational doses at the reactor of 

30 person-rem/1000 MTU for the reference single rail shipment and the five-car 

dedicated train shipments. 

4.2.6 No Marshaling Versus Marshaling Rail Cars Away from the Reactor 

In this potential alternative, rail cars would be marshaled at a railyard 

near the reactors to create a five-car dedicated train. The occupational doses 

at the repository for this option would be identical to those for the prior 

alternative in Section 4.2.5. That is, the total routine occupational doses at 

the repository for the reference single-rail shipments and the five-car dedi­

~ated train shipments would be the same at 30 person-rem/1000 MTU. 
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4.2.7 Consolidation at the Repository Versus at the Reactor 

In this potential alternative, the spent fuel would be consolidated at the 
reactor, and the consolidated spent fuel and NFBC would be shipped in a refer­
ence truck or rail cask to the repository. The consolidated spent fuel would 

be in canisters that would not be emplacement-ready; that is, the canisters 

would need to be overpacked (placed in the final container in which geologic 

disposal occurs) and placed in a transfer cask for emplacement in the 

repository. 

The routine occupational doses at the repository are separat~d into two 

categories for this analysis. One category includes receiving and unloading 
the transportation cask full of consolidated fuel rods or NFBC in canisters and 

discharging the empty cask; the other category includes overpacking the canis­

ters and placing the overpacked canisters in a transfer cask for repository 

emplacement. Each of these categories is compared with the reference reposi­
tory operations in this study. These reference operations are receiving uncon­

solidated spent fuel by truck or rail, consolidating the spent fuel into a 

repository package, compacting and placing the NFBC into a repository package, 

and placing the repository packages in a transfer cask. 

In this potential alternative, each reference rail cask is assumed to 

carry 14 canisters of consolidated spent-fuel rods (equivalent to 28 intact Pl~R 

assemblies) or 10 drums of NFBC (from 100 intact PWR assemblies). Each refer­
ence truck cask would carry two canisters of consolidated spent-fuel rods 
(equivalent to 4 intact PWR assemblies) or 2 canisters of NFBC (from 20 intact 

PWR assemblies). The operations involved in receiving and unloading shipping 
casks containing consolidated spent fuel or NFBC are assumed to be the same as 
the operations for receiving and unloading intact spent-fuel assemblies, 
described in Section 4.2.1. The analysis of these receiving operations is sum­

marized in Table 4.15 and detailed in Tables C.3 and C.4 in Appendix C. 

Table 4.16 summarizes the estimates of occupational exposures for 

at-repository overpacking of consolidated spent fuel and NFBC received 'from 

reactors, and compares it with the reference case of consolidating spent fuel 

at the repository (see Tables c.s and C.6 for details of the analysis). 
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TABLE 4.15. Occupational Doses for At-Repository Receiving of Intact and 
Consolidated Spent Fuel and NFBC from the Reference Truck 
and Rail Casks 

Occupational Doses 
(Eerson-rem/1000 MTU) 

Receiving 
Receiving Consolidated 
Intact Spent Fuel 

Spent Fuel and NFBC 
0Eerat ion Truck Rail Truck Ra i ·1 ---

Cask inspected and transferred to 5.6 1.0 3.3 0.6 
wash 

Cask washed and transferred to 10.6 1. 8 6.4 1. 1 
unloading 

Cask off -1 oaded from vehicle 48.3 9.1 29.0 5.8 

Cask sampled, bolts untorqued 51.4 9.3 30.8 6.0 

Cask mated to cell 17.2 3.1 10.3 2.0 

Cask unloaded 0.1 0.1 0.1 0.1 

Cask transferred to vehicle and 2.5 0.4 0.9 0.3 
exits facility 

Total 136 25 81 16 

Thus, the analysis estimates that if the spent fuel were consolidated at 

the reactor, the total routine occupational doses for spent fuel and NFBC 
receiving and processing at the repository would be approximately 82 {81 + 1) 
and 17 (16 + 1) person-rem/1000 MTU for receipts by reference truck and rail 

casks, respectively. For the reference case, in which intact spent fuel would 
be received and consolidated at the repository, the total routine occupational 
doses for receiving and handling would be approximately 141 person-rem/1000 MTU 

and 30 person-rem/1000 MTU for receipts by the reference truck and rail casks, 

respectively. 
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TABLE 4.16. Occupational Doses for At-Repository Consolidation 
and Handling of Intact Spent Fuel and Overpacking 
of Consolidated Spent Fuel and NFBC 

Operation 

Spent fuel consolidated and 
packaged 

NFBC consolidated and 
packaged 

Overpack inspected and 
transferred 

Overpack(a) prepared for 
loading 

Overpack mated to cell 

Overpack loaded and sealed 

Overpack lifted into trans-
fer cask and exits surface 
facility 

Total 

Occueational Doses (gerson-mrem/1000 MTU) 
Consol1date Fuel verpack Consolidated 
at Repository Fuel and NFBC from Reactor 

3.6 o.o 

1.1 o.o 

0.0 0.2 

o.o 0.2 

o.o <0.1 

o.o 0.4 

0.1 <0.1 

5 1 

(a) The overpack is the final container in which geologic disposal occurs. 

4.2.8 At-Reactor Wet Transfer from At-Reactor Dry Storage to Transportation 
Cask Versus Dry Transfer 

In this potential alternative, reactors would ship spent fuel in trans­
portable rail storage casks after dry cask storage, compared with the reference 
case of shipping in transportation-only rail casks. The capacity of the trans­

portable storage cask was previously established in Section 3 to be the same as 
that of the reference rail transportation cask. At-repository handling of 

transportable storage casks of the same capacity as the transportation~only 
casks is assumed to be the same as for the transportation-only casks. There­

fore, the routine occupational radiological doses for this alternative would be 
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identical to those for rece1v1ng and handling reference rail casks (see Section 

4.2.1), or 30 person-rem/1000 MTU for either case. 

4.2.9 At-Reactor Dry Storage in Nontransportable Rail-Sized Casks Versus in 

Transportable Rail Casks 

In this potential alternative, reactors would ship spent fuel that has 

been in dry storage in casks and dry transferred from storage to the reference 

rail transportation cask. In the reference case, spent fuel would be trans­

ferred to the transportation casks in the reactor•s pool. In either case, the 

same amount of spent fuel would be shipped to the repository in the same refer­

ence rail cask. Therefore, the routine occupational radiological doses for 

these two cases would be identical to those for receiving and handling refer­

ence rail casks (see Section 4.2.1), or 30 person-rem/1000 MTU (including at­

repository consolidation). 
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5.0 PUBLIC RISKS AT REACTORS AND REPOSITORIES 

This section evaluates potential changes in public radiological risks for 
routine and accident conditions at the reactor and at the repository as a 

result of implementing potential alternatives in the no-MRS waste management 
system identified in this study. Doses from routine operations and expected 

doses from potential accidents (risks or consequences of accidents times their 
respective frequency of occurrence) are evaluated in this section. 

The alternatives that were identified as potential improvements to the 
waste management system and that may affect public radiological risks in some 

manner have been identified in Section 3. With the exception of marshaling 
rail cars to form a 5-car dedicated train shipment at some offsite location, 

all of the potential alternatives could affect radiological risks to the public 
from at-reactor operational changes. All potential alternatives affect 

at-repository pUblic risk to some degree with the exception of those alterna­

tives that deal with cask transfers made at the reactor site. Generic analysis 
of the effects of the potential waste management system on public radiological 

exposures are presented in the subsections that follow. 

5.1 PUBLIC RISKS FOR AT-REACTOR OPERATIONS 

To estimate potential changes in public radiological risks at the reactor, 

the affected system operating steps were identified and assumptions necessary 
to estimate changes in public risk were made. When information was not avail­

able, changes in public risk are presented qualitatively. The estimates 
derived are useful primarily for comparative purposes but al so give insight 
into the absolute risks. The assumptions made and resulting estimates are 
included in the following discussions for each of the nine potential 
alternatives. 

5.1.1 Legal-Weight Truck Versus Rail Shipments 

In this case all rail-limited reactors are assumed to be modified ~o ship 
by rail with a cask capacity of 14/36 PWR/BWR fuel assemblies. This potential 

change would affect only reactors that currently do not have capabilities for 

receiving/handling rail casks (about 30% of the total reactors) and would 
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involve implementing appropriate modifications to the facility/site. It is 

assumed that reactor facilities with rail capabili t y would . always ship by rail. 

Routine public risks are not expected to change significantly with the 

handling of the larger capacity casks. The total number of fuel assemblies 

handled would remain the same even though shipment size would increase and the 

number of shipments would decrease. The routine public dose commitments from 

commercial nuclear reactors are typically less than 1 person-rem/year (Baker 

and Peloquin 1981). These doses are primarily from effluents from power­

generating operations at the reactors. ~e doses t o the public that are 

associated with only the handling of spent fuel in preparing it for transport 

are a small fraction of this value. ~e DOE (1978) estimates that the total 
body dose commitment to the public from an independent spent-fuel storage basin 

would be 1.4 person-rem. The facility analyzed in the DOE (1978) document has 

a receiving capacity of 2000 MTU per year, resulting in an estimate of 0.7 per­

son-rem/1000 MTU. Because of the similarity in opE~rations at a reactor, this 

value is assumed to apply to at-reactor spent-fuel-handling operations. 

The potential drop of a fuel assembly is the typical credible offnormal 

event used to predict the upper-bound public radiol ogical risk for accident 

conditions during handling prior to transporting fuel assemblies. The fuel­

assembly drop accident is assumed to occur at the r·eactor pool during loading 

of the fuel into a transportation cask. Erdmann et al. (1979) analyzed acci­

dent risks for a fuel storage pool, along with other fuel-cycle facilities. 
The frequency of a fuel assembly drop and rupture was estimated to occur 0.012 

per year for a facility handling 2000 MTU per year. A radiological risk esti­
mate of 0.001 person-rem per plant year was reported, which is equivalent to 

0.0005 person-rem/1000 MTU (Erdmann et al. 1979). Because of similarity in 
operations, this value is assumed to apply to at-reactor spent-fuel storage 
operations. The fuel-assembly drop accident frequency should not change sig­

nificantly when the same amount of spent fuel is transferred to rail casks or 

to truck casks. 

significantly. 
Therefore, the associated public accident risks would not vary 

Routine and accident public radiological risks at the reactor and 

associated with loading shipping casks for either r·ail or truck shipment are 
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therefore estimated to be less than 1 person-rem/1000 MTU. The difference 

between truck and rail shipping options would not result in any significant 
difference in radiological risks to the public for at-reactor operations. 

5.1.2 Legal-Weight Truck Versus Overweight Truck Shipments 

In this case, reactors that cannot ship by rail are assumed to ship their 

spent fuel in overweight trucks instead of the reference legal-weight trucks. 

This potential alternative would provide a higher-capacity truck cask shipment 

with somewhat reduced average transit speeds and reduced total numbers of ship­

ments. As with the prior alternative, public risks due to exposure from 

handling and loading spent fuel in preparation for transport would not be sig­

nificantly affected by loading higher-capacity casks. Because the same number 

of fuel assemblies would be handled and because accidents associated with the 

number of fuel assemblies handled (e.g., fuel-assembly drops) typically would 

dominate handling and loading risk, the public risk base-case values related to 

the fuel-assembly drop accident analysis in alternative 1 (rail shipment) are 
applicable. Thus, the change from LWT to OWT would not result in any signifi­

cant difference in radiological risks to the public. Either case would result 

in less than 1 person-rem/1000 MTU. 

5.1.3 Legal-Weight Truck Versus Heavy-Haul Truck and Rail Shipments 

In this alternative, a heavy-haul truck transports a rail cask to a nearby 

offsite rail access location where the cask is transferred to a rail car for 
the bulk of the trip. This alternative could potentially benefit reactor 
facilities that do not currently have direct rail accessibility but that can 
handle the larger-sized cask. Again, the public risks associated with handling 
and loading casks at the reactor would not be significantly different when 
loading rail casks on heavy-haul trucks rather than LWT. Routine and accident 

public radiological risks from LWT (less than 1 person-rem/1000 MTU) are also 
applicable to use of overweight trucks. 

5.1.4 100-Ton Versus 150-Ton Ra i 1 Cask Shipments 

This alternative would use larger rail casks weighing about 150 tons for 
reactors with rail shipment access (up to about 70% of total reactors). These 

casks are assumed to carry 36/90 PWR/BWR fuel assemblies, or about 2.5 times 
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the load of the reference 100-ton casks. The basis and rationale governing the 

public risks obtained for the reference rail cask (see Section 5.1.1) are 

applicable for the larger rail cask (less than 1 person-rem/1000 MTU in either 
case). Therefore, the public routine and accident risks for the at-reactor 

operations are not expected to change. 

5.1.5 No Marshaling Versus Marshaling Rail Cars at the Reactor 

In this alternative, rail shipment casks that contain spent fuel previ­

ously in the reactor basin or in dry storage would be held at the reactor site 

until a dedicated train makeup is complete (assumed here to be 5 cars). Rou­

tine public exposure would increase slightly due to the external radiation 
exposure to the surrounding population from rail cars sitting in place. 

The following conservative assumptions were made in estimating the public 

radiological risks associated with marshaling rail cars at the reactor: 

• Loading and preparing each rail cask for shipment requires 1.5 days. 

• The first rail car sits for 6 days and the shipment leaves the site 

when the last car is loaded. 

• The 4 cars sitting various lengths of time provide external radiat i on 
equivalent to 1 car sitting 360 hours. 

• The exposure rate equals approximately 10 mrem/hr at 2 meters from 

the loaded cask surfaces. 

• The exposure rate varies inversely as the squar·e of the distance from 

the dose source. 

• The exclusion zone around the reactor is a ci rcular area one-half 

mile in radius from the location of the loaded casks. 

• The external radiation dose rates beyond 1 mile from the rail cars 

are exceedingly low and are ignored. 

• A uniform population density of 340 peopl e/squa.re mi 1 e is assumed for 
the 2.36 square mile annulus between the exclusion zone and 1 mile 

away from the loaded casks. 
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The calculated average exposure rate within the annulus is approximately 

2.8E-8(a) rem/hr for marshaling rail cars at the reactor. For the approxi­
mately 800 people within the annulus considered, a radiation dose of 0.0081 

person-rem/marshaled shipment is estimated. This is equivalent to 0.25 person­

rem/1000 MTU. 

The probability of cask failure while the cask is sitting at the reactor 

site is considered negligibly small, and the change in this failure probability 
would not increase significantly due to marshaling. The accident risks due to 

at-reactor marshaling would not be substantially higher than that of alterna­

tive 1. Therefore, at-reactor marshaling would- increase public routine and 

accident risks only minutely (less than 1 person-rem/1000 MTU) because of the 

increased time that rail cars sit at the reactor site. These risks are 

essentially the same as for single-car rail shipments. 

5.1.6 No Marshaling Versus Marshaling Rail Cars Away from the Reactor 

Compared with no marshaling of rail cars, marshaling rail cars away from 
reactors would affect the public risks during transportation (discussed in Sec­

tion 6), but would not affect the risks to the public at the reactors. There­

fore, the public risks would remain the same at less than 1 person-rem/1000 MTU 
for either case. 

5.1.7 Consolidation at the Repository Versus at the Reactor 

Consolidation (handling, disassembly and packaging) would require extra 

operations wherever they are done, and would increase the routine public expo­
sure. The primary public exposure would be from very small releases of air­

borne fission products. The DOE (1985) estimates the routine releases from 
normal cask venting and consolidation operations at the proposed MRS facility 

would result in routine doses of 20 person-rem for a 50-year total body dose 
commitment from an annual release. This estimate assumes the handling of 3600 
MTU of spent fuel per year. On a 1000-MTU basis, this dose commitment would be 
approximately 6 person-rem/1000 MTU. Consolidation operations at the proposed 

MRS facility would be performed in a hot cell, whereas consolidation operations 

(a) 2.8E-8 = 2.8 x 10-8, or 0.000000028. 
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at a reactor would most likely be performed under water in the spent-fuel stor­

age pool. Because the routine effluents from consolidation operations would be 

primarily airborne fission products (tritium, krypton and iodine), the removal 
efficiencies of the hot cell ventilation system and the spent-fuel storage pool 

would be low, and the releases are assumed to be similar. For these reasons, 

the radiological exposures to the public from MRS consolidation operations are 

assumed to apply to at-reactor consolidation operations. Thus, dose commit­
ments of 6 person-rem/1000 MTU are estimated for routine releases from 

at~reactor consolidation operations. 

The extra operations associated with consolid ation would also increase the 

ris~s due to potential accidents. It is assumed t hat consolidation operations 
would increase the spent-fuel-handling accident frequency (with similar conse­

quences) by less than a factor of 10 when compared with normal spent-fuel hand­

ling (see Section 5.1.1). This results in a bounding radiological accident 

risk estimate of about 0.005 person-rem/1000 MTUe 

Thus, total public radiological risks in the area around the reactor from 

at-reactor consolidation of spent fuel are estimated to be approximately 6 per­

son-rem/1000 MTU, compared to less than 1 person-rem/1000 MTU for at-repository 

consolidation. 

5.1.8 At-Reactor Wet Transfer from At-Reactor Dry Storage to Transportation 

Cask Versus Dry Transfer 

At the reactor, spent fuel in dry storage but not in transportable casks 

would have to be transferred to transportation casks before shipment. The 
alternative is assumed to use a dry transfer method as discussed in Sec-
tion 4.1.8, where the spent fuel would be directly transferred from the storage 
cask to the shipping cask rather than using conventional in-pool transfer. 
This alternative would apply only to reactors that use dry storage in nontrans­

portable casks to extend their onsite storage capabilities. The spent fuel is 

assumed to be placed into a canister for dry storage, and no routine effluents 

are expected during the dry-handling operations. Wet-handling operations may 

result in small routine releases, but these are expected to result in a small 
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fraction of the 0.7 person-rem/1000 MTU for at-reactor routine public dose 

commitments estimated for alternative 1 (rail versus truck shipment in 
Section 5.1.1). 

The potential lift heights and accident forces associated with a handling 

accident would be smaller for dry transfer than for conventional in-pool trans­

fer of the spent-fuel canisters. The potential accident risks are expected to 

be less than the 0.0005 person-rem/1000 MTU estimated for alternative 1 (truck 
versus rail shipment). Thus, routine and accident public radiological risks 

associated with at-reactor wet or dry transfer from dry storage of spent fuel 

are estimated to be less than 1 person-rem/1000 MTU. 

5.1.9 At-Reactor Dry Storage in Nontransportable Rail-Sized Casks Versus in 

Transportable Rail Casks 

In this alternative, spent fuel would be dry in casks that would be suit­

able for both storage and transportation. This option would apply only to 
those reactors that use dry storage in transportable casks to extend their 

onsite storage capabilities. The risk impacts to the public of loading the dry 

storage casks are approximately the same as those of alternative 1. Storage in 

a transportable cask would eliminate the need to unload the storage cask and 

would result in even lower risks than storage in nontransportable casks. 

Therefore, the routine and accident radiological risks are expected to be less 

than 1 person-rem/1000 MTU for either case. 

5.2 PUBLIC RISKS FOR AT-REPOSITORY OPERATIONS 

In estimating potential changes in public radiological risks at the 

repository, the affected system operating steps were identified and assumptions 
necessary to estimate changes in public risk were made. When information was 

not available, changes in public risks are presented qualitatively. The esti­
mates derived are useful primarily for comparative purposes but also give 

insight into the absolute risks. The assumptions made and resulting estimates 
are included in the following discussions for each of the potential 

alternatives. 
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5.2.1 Legal-Weight Trucks Versus Rail Shipments 

With this alternative, rail-limited reactors would transport spent fuel by 

train rather than by truck. At the repository, spent fuel would be received in 

transportation casks, unloaded, handled and repackaged before empl aceme!nt. The 

public risk differences between LWT and rail shipments would result from the 

differences in handling and unloading rail versus truck shipping casks. Under 

normal operating conditions at the repository, the primary source of routine 

effluents would be airborne releases from venting spent-fuel casks and consoli­

dating spent fuel. These releases are expected to be similar to those of the 

proposed and conceptual MRS facility. For cask venting and consolidation 

operations, preliminary studies_for the MRS facility, operating at 3600 MTU per 
year, estimate a 50-year dose commitment from an annual release of 20 person­
rem to the surrounding population (DOE 1985). On a 1000-MTU basis, this radio­

logical dose commitment would be approximately 6 person-rem per 1000 MTU. 

Because the repository would likely have a lower surrounding population density 
than the MRS facility, this estimate represents an upper bound of the public 

radiation exposure from routine releases resulting from repository preclosure 

operations. 

Public radiological risk differences due to at-repository accidents during 

the handling of rail versus truck casks are not considered to be significant. 
The rail casks are larger and carry a higher number of fuel elements, which 

potentially would increase the consequences to the public of potential acci­
dents. However, fewer casks would be received, with proportionally low,er acci­

dent frequency. These tradeoffs in risks are expected to essentially nullify 
one another, resulting in an insignificant change in public risks. 

Studies performed in support of the review copy of the MRS Environmental 
Assessment (DOE 1985) assumed two major potential accident scenarios at the 
reference proposed MRS facility. The risks from the similar surface operations 

at a repository can be assumed to be similar to these. These accidents and 

their resultant radiological dose commitments would be: 
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Accident 
Fuel-Assembly Drop 
Shipping-Cask Drop 

Radiological Doses 
(total body population dose) 

(person-rem) 
0.03 
0.006 

The frequency of the spent-fuel drop with a release is estimated to be no more 

than once per year with the MRS facility operating at 3600 MTU/yr. The fre­

quencies of the accidents are estimated to be very low in the review copy of 

the MRS Environmental Assessment (DOE 1985). The total doses from these postu­

lated operations would be less than 1 person-rem/1000 MTU, even if the frequen­

cies of these accidents are assumed to be as high as one per year. Because the 

frequency of the shipping-cask drop accident would be much smaller than the 

frequency of a fuel-assembly drop, the doses from a fuel-assembly drop are used 
to estimate the public doses from the~e accidents. The frequency of a fuel­

assembly drop and rupture, multiplied by the consequence of a fuel-assembly 

drop, results in an estimate of effective public risks of about 0.008 person­

rem/1000 MTU, or much less than 1 person-rem/1000 MTU. 

Erdmann et al. (1979) estimated radiological accident doses from reposi­
tory preclosure operations from the handling of spent fuel associated with 

generating one gigawatt-year of electricity to be 0.00005 person-rem/GWe-
year. Assuming a plant at 70% operating efficiency and 30 MTU/year of spent­

fuel discharge and handling for a reactor with a capacity of 1 GWe, 0.0009 per­
son-rem/1000 MTU is estimated for the population accident dose associated with 

repository preclosure operations. These two results confirm the expected pub­
lic risks from accidents at repository surface facilities of less than 
1 person-rem/1000 MTU. 

Thus, the total public radiological risks at the repository for receipt of 

intact spent fuel in either truck or rail casks would be approximately 
6 person-rem/1000 MTU. 

5.2.2 Legal-Weight Truck Versus Overweight Truck Shipments 

As described in Section 5.2, this potential alternative would use higher­

capacity casks for shipping spent fuel with somewhat reduced average transtt 
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speeds and reduced total numbers of shipments. The impact of this change on 

public risk at the repository would be insignificant. As discussed in alterna­
tive 1, radiological risks to the public are not significantly affected by 

handling larger casks. Because the public risks at the repository woul d be a 

function of the number of fuel assemblies handled and because this number would 

not change, the change in routine and accident radiological risks is expected 
to be negligible, and the risks would remain at about 6 person-rem/1000 MTU for 

either case. 

5.2.3 Legal-Weight Truck Versus Heavy-Haul Truck and Rail Shipments 

In this alternative, a rail cask carried by heavy-haul truck from the 

reactor to a rail access location where it is loaded onto a rail car would have 
the same impact on the repository as would a conventional rail shipment. As in 

alternative 1 (i.e., LWT versus rail shipments), this option would allow for 
fewer and larger shipments of spent fuel, which would not significantly affect 

routine and accident radiological risk to the public from repository opera­
tions. Thus, the resultant total radiological risks to the public would remain 

at about 6 person-rem/1000 MTU for either case. 

5.2.4 100-Ton Versus 150-Ton Rail-Cask Shipments 

This alternative would use larger rail casks (150-ton) from reactors with 

rail shipment access. As discussed in alternative 1, the change in routine and 

accident risks to the public would not be signifi cant if the total number of 

fuel assemblies handled remained the same. Thus, the resultant total r·adi a­
logical risks to the public for this alternative would remain at about 
6 person-rem/1000 MTU for either case. 

5. 2. 5 No Marshaling Versus Marshaling Rai 1 Cars at the Reactor 

With this alternative, spent fuel would be stored in rail casks at the 

reactor site until a dedicated train makeup is completed (assumed here to be 

5 cars/shipment). The effect that this alternative would have on public radio­

logical risks from routine operations at the repository depends on the .reposi­
tory receiving facilities. The risks to the public would be less if all casks 
can be handled concurrently. If it is assumed that loading and unloading casks 

require identical periods of holding time and that casks must be unloaded one 
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at a time, then the public risks associated with demarshaling rail casks at the 
repository would approximate those for marshaling at the reactor. Therefore, 

the results produced for alternative 5 in the at-reactor assessment (Sec-

tion 5.1.5) can be used as an upper bound because the exclusion area and popu­
lation density would likely be smaller for the repository than the reactor. 

Those results predicted approximately 0.25 person-rem/1000 MTU. 

Public radiological risks for accident conditions associated with cask 

handling and movement at the repository are expected to be similar to those for 

single rail-car shipments. The spent-fuel-handling operations would also be 

similar to those for single rail-car shipments. The probability of cask fail­
ure while the casks are sitting at the repository site is considered negligi­

ble, and the change in this failure probability would not increase signifi­
cantly due to marshaling. 

Therefore, the total at-repository radiological risks for trris option 

would remain at approximately 6 person-rem/1000 MTU for either case. 

5.2.6 No Marshaling Versus Marshaling Rail Cars Away from the Reactor 

The accumulation of spent-fuel rail casks at the repository would be the 
same for marshaling at the reactor or at some other location, as discussed in 

Section 5.2.5. Rationale discussed in that section for marshaling rail cars at 

reactor sites is applicable here, and public radiological risks remain the same 

at about 6 person-rem/1000 MTU for either case. 

5.2.7 Consolidation at the Repository Versus at the Reactor 

Waite (1984) estimated public radiological exposures from normal preclo­
sure operations for a repository at various salt sites. The largest annual 
value reported for operations without consolidation is 0.0028 person-rem for a 
70-year total body dose commitment. Assuming the repository is designed to 
received 3000 MTU per year, public radiological exposure from routine releases 

would be approximately 0.001 person-rem/1000 MTU. 

The radiological risks from potential accidents during repository preclo­

sure operations for this alternative are conservatively assumed to be similar 
to those discussed in alternative 1 (Section 5.2.1), 0.008 person-rem/1000.MTU. 
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Therefore, spent-fuel consolidation at the reactor would result in public 

radiological risks from repository surface operations of less than 1 pe!rson­

rem/1000 MTU, compared with about 6 person-rem/1000 MTU for spent-fuel consoli­
dation at the repository (see Section 5.2.1). 

5. 2. 8 At-Reactor Wet Transfer from At-Reactor Dry Storage to Transport:ati on 

Cask Versus Dry Transfer 

This alternative would not affect the public risk from at-repository 

operations. The public radiological risks for this alternative would be 
approximately 6 person-rem/1000 MTU for either case. 

5.2.9 At-Reactor Dry Storage in Nontransportable Rail-Sized Casks Versus 
in Transportable Rail Casks 

The radiological risk impacts to the public at the repository for this 

alternative would be the same as those established for the reference ra:il 

transportation cask discussed in alternative 1 {Section 5.2.1). The risks are 

estimated to be approximately 6 person-rem/1000 MTU for either case. 
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6.0 PUBLIC AND OCCUPATIONAL DOSES DURING TRANSPORTATION 

Transportation in this study denotes the shipment of spent fuel between 
the site fences at the nuclear reactors and the repository. The transportation 
activities evaluated include moving the spent-fuel casks from the point of 
origination to the destination; changing trains or prime-mover vehicles; 
inspecting, monitoring, safeguarding, and marshaling more than one vehicle (for 
some alternatives); and stopping for traffic considerations. The radiological 
risks resulting from spent-fuel transportation would include 1) exposure of the 
public and the transportation occupational workers along the transportation 
route to the very low levels of radiation emitted from the shipping container, 
and 2) the potential exposures of the public to radioactive materiafs that 
might be released from the shipping container as a result of an accident in 
transit. 

The analyses in this section are based primarily on the transportation 
unit dose factors developed at Sandia National Laboratories (Cashwell, 
Neuhauser and Reardon 1986).(a) Transportation unit dose factors are usually 
expressed as the expected person-rem per unit distance. Unit dose factors are 
a function of the population distribution along the route, the radiation dose 
rate emitted from the shipping cask, average transit speed, cargo capacity, 
exposure distance, and other parameters. The unit dose factors would be dif­
ferent for truck and rail shipments. Separate dose factors were developed by 
Sandia for travel through three population zones: urban, suburban, and 
rural. Additional information on the derivation of the unit dose factors can 
be found in Neuhauser et al. (1985) and Wilmot et al. (1983). The units of the 
dose factors provided by Sandia are converted from health effects to person-rem 
per unit-distance in this analysis. 

The alternatives that were identified as potential improvements to the 
reference waste management system and that may affect public or occupational 

(a) Cashwell, J., K. S. Neuhauser and P. C. Reardon. 1986 (Draft). 
Transportation Impacts of the Commercial Radioactive Waste Management 
Program. SAND85-2715, TTC-00633, Sandia National Laboratories, 
Albuquerque, NM. 
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radiological doses during spent-fuel transportation were identified in Sec­

tion 3. Analyses of the effects of these potential system changes on radio­

logical transportation risks are presented in the following subsections. 

6.1 LEGAL-WEIGHT TRUCK VERSUS RAIL SHIPMENTS 

This alternative would involve upgrading the spent-fuel cask-loading 
facilities at rail-limited reactors. This alternative would allow rail casks 

to be used at the approximately 30% of the reactors that are currently limited 

to using the smaller LWT casks. 

For the reference case, spent fuel is assumed to be transported from the 
reactors to the repository by general-commerce shipping in the reference LWT 

cask. The alternative case would use general-freight rail (in the reference 

100-ton rail cask). Transportation unit dose factors developed at Sandia 
National Laboratories (Cashwell, Neuhauser and Reardon 1986)(a) are summarized 

for these cases (for occupational and public radiological risks) in 

Table 6.1. It is assumed that the shipping route would traverse 75% ru ral, 24% 

suburban, and 1% urban areas for truck transport and 75%, 23% and 2% for rail 

transport, respectively [generalized values from DOE (1985) Appendix F]. Ship­
ping 1000 MTU of spent fuel to the repository (averaging about 3000 km dis­

tance) would result in about 3 million ~1TU-km. 

Using the above data and assumptions, the occupational radiation doses for 
shipping 1000 MTU of spent fuel to the repository by truck and rail are estima­
ted to be 100 person-rem and 5 person-rem, respectively, as shown in 
Table 6.1. The public doses (sum of the routine and accident dose) for truck 

and rail shipment are estimated to be 528 and 8 person-rem, respectively. As 
the table shows, the accident risks would be significantly lower than the rou­
tine doses for both truck and rail shipments. Also, the occupational doses for 

the rail mode for this comparison would be a factor of 20 lower than for the 

truck mode, and for public doses more than a factor of 60 lower. 

(a) Draft, see (a) on p. 6.1. 
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TABLE 6 .1. Unit Radiological Risk Factors for General-Freight Rail and Gen~r~l-Commerce 
Legal-Weight Truck Shipments of Intact Spent Fuel from Reactorsta) 

Type of Shipment Hazard Group 

Reference Legal-Weight Truck by Routine Occupational 
General Commerce 

Routine Public 

Accident Public 

Total Public 

Percent of 
Travel In 
Population 

Population Zone Zone 

Rural 75 
Suburban 24 
Urban 1 

Rural 
Suburban 
Urban 

Rural 
Suburban 
Urban 

All 

75 
24 

1 

75 
24 

1 

Reference Single Rail Cask 
(100-T) General Freight 

Routine Occupational Rural 
Suburban 
Urban 

75 
23 
2 

Routine Public 

Accident Public 

Total Public 

Rural 
Suburban 
Urban 

Rural 
Suburban 
Urban 

All 

75 
23 
2 

75 
23 

2 

Unit Risk Factor(b) 
Weighted 

Person-rem{ Person-rf~/d) 
3E6 MTU-km 1c 3E6 MTU-km ' 

76.30 
167.21 100.2 
279.22 

461.03 
707.79 525.3 
967.52 

0.006 
12.11 3.1 
19.81 

528.4 

4.96 
4.96 5.0 
4.96 

2.67 
17.85 6.3 
5.98 

0.002 
0.45 1.8 

15.58 

8.1 

(a) The risk factors are from Cashwell, Neuhauser and Reardon 1986 (draft, see (a) on p. 6.1) using the population zone 
assumptions shown. 

(b) Accuracy of some numbers Is less than Indicated by the number of significant figures shown, but numbers are 
retained for consistency In subsequent calculations. 

(c) Cask capacities are 6.47 MTU/rall shipment and 0.924 MTU/truck shipment, based on 14 PWR assemblies/rail cask and 2 
PWR assembl les/truck cask. 3.0E6 MTU-km (or 3 million MTU-km) Is for 1000 MTU transported 3000 km. 

(d) Overal.l value weighted for the percentage of travel In each population zone. 



6.2 LEGAL-WEIGHT TRUCK VERSUS OVERWEIGHT TRUCK SHIPMENTS 

In this alternative, the larger and higher-capacity OWT shipments would be 
used in place of the smaller LWT shipments for the rail-limited reactors. 
OWT shipments would have operational constraints that would not be imposed on 
LWT shipments. Two principal effects of these constraints would be to ·increase 
shipment costs and to reduce the average transit speed. The average transit 
speed is an important parameter in calculating routine radiological expo­
sures. The effects on the unit risk factors of reducing average transi t speed 
and of increasing the cask capacities are evaluated in this section. 

In calculating unit risk factors, Sandia est~mated that the average tran­
sit speed for a LWT shipment would be about 35 miles/hr (840 miles/day) 
(Cashwell, Neuhauser and Reardon 1986).(a) Daling (1984) estimated that OWT 

shipments would travel an average speed of about 25 mph (600 miles/day). This 
would represent approximately a 40% reduction in average transit speed for OWT 

shipments (which would include an allowance for the more frequent stops experi­
enced by OWT shipments). Assuming that the routine radiological exposu res, 

including both the general population surrounding a route and the persons 
exposed during stops, are linear with respect to average transit speed and 
frequency of stops, respectively, a 40% increase in routine exposures for both 
occupational and nonoccupational groups is estimated for each OWT shipment 
versus each LWT shipment. 

The 40% increase in routine radiological exposures for OWT shipment s can 
be translated to a 40% increase over the LWT unit dose factors per shipment. 
However, correcting the doses for the 100% increase in OWT spent-fuel capacity 
would reduce the net unit doses by a factor of 2/1.4, or about 1.4, for trans­
porting a given quantity of spent fuel on OWT. The resultant unit radiological 
doses from OWT shipping are given in Table 6.2, and can be compared with those 
for LWT shipping given earlier in Table 6.1. 

Accident risk assessments have not been performed for OWT shipping. How­
ever, OWT shipments are expected to have similar risks per shipment to the 
public from accidents as those from LWT shipments. More likely, the unit risks 

(a) Draft, see (a) on pg. 6.1. 
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TABLE 6.2. Unit Radiological Risk Factors for Overw~i~ht Truck Shipments 
of Intact Spent Fuel by General Commerce a 

Percent of Unit Risk Factor(b) 
Travel in Weighted 

Population Population Person-re~L) Person-rtm/ 
Hazard Group Zone Zone 3E6 MTU-km c 3E6 MTU-km c ,d) 

Routine Occupational Rural 75 54.50 
Suburban 24 119.44 71.5 
Urban 1 199.44 

Routine Public Rural 75 329.31 
Suburban 24 505.56 375.1 
Urban 1 691.09 

Accident Public Rural 75 0.006 
Suburban 24 12.11 3.1 
Urban 1 19.81 

Total Pub 1 i c All 378.2 

(a) The unit risk factors are from Cashwell, Neuhauser and Reardon (1986), 
draft, see (a) on p. 6.1. 

(b) Accuracy of some numbers is less than indicated by the number of signifi­
cant figures shown, but numbers are retained for consistency in subsequent 
calculations. 

(c) Cask capacity is 1.848 MTU/OWT shipment, based on 4 PWR assemblies/OWT 
cask; 3.0E6 MTU km is for 1000 MTU transported 3000 km. 

(d) Overall value weighted for the percentage of travel in each population 
zone. 

for OWT shipments would fall between the unit risk values for LWT and general 

freight rail. However, because the inventory of radioactive material within an 

OWT cask would be double the inventory in a LWT cask, it may be conservatively 
assumed that the potential unit accident consequences would also double, but 

those per MTU would remain unchanged. This effect is also shown in 

Table 6.2. Also shown is that accident risks would be significantly lower than 

routine risks for both OWT and LWT shipments. 

A comparison of the radiological risk factors in Table 6.1 and in 

Table 6.2 shows that substituting OWT shipments for LWT shipments from reactors 

would reduce occupational exposures from about 100 to 72 person-rem/1000 MTU, 
and would reduce public exposures from about 528 to 378 person-rem/1000 MTU. 
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6.3 LEGAL-WEIGHT TRUCK VERSUS HEAVY-HAUL TRUCK AND RAIL SHIPMENTS 

In this alternative, reactors that cannot ship by rail would use an inter­
modal shipment in which a rail cask would be moved to and from the reactor in 
heavy-haul trucks. Relative to in-transit activities, rail transport is 

different from heavy-haul truck plus rail transport in two principal ways: the 

transport of a rail cask by highway and the additional cask-handling op,eration 

needed at the rail siding to transfer the rail cask from the heavy-haul truck 
rig to the railcar. 

In this option, three components of risk must be added: 1) heavy-haul 

truck component, 2) the truck-to-rail transfer component, and 3) the general­
freight rail component, as shown in the following formula: 

Risks of a 
Heavy-Haul Truck 
Rail Intermodal 
Shipment 

Risks from 
=Reactor-to-Rail Head 

Heavy-Haul Truck 
Transport 

Risks from 
+ Cask Transfer 

at Rai 1 Head 

Risks from Rai 1 
+ Shipment for the 

Balance of the 
Trip 

The general-freight rail component would be identical to the reference 

option except that the one-way transit distance would be shortened slightly to 
account for the heavy-haul truck portion of the trip. The average distance 

from rail-limited reactors to the nearest rail point, that is, the heavy-haul 

truck shipping distance, is estimated to be approximately 20 km/reactor site 
(Daling et al. 1985). This average distance is used here to reduce the 
general-freight rail shipping distance, as well as to calculate the risks of 
the heavy-haul truck portion of the shipment. As discussed above, the unit 
risks from the heavy-haul truck segment are represented by the unit risks from 
the general-freight rail transport through urban areas (given in Table 6.1). 

Heavy-haul trucks travel at about the same speed as does rail in an urban 

area and would have roughly equivalent radiation dose rates. Therefore, the 

public routine radiological exposures for the transport segment using heavy­
haul truck can be estimated using the unit risk factors for rail shipments in 

an urban area. The resulting estimates (Table 6.3) are believed to be con­
servative for three reasons: 1) these unit risk factors account for the aver­

age transit speed factor; 2) the population density is overest imated for most 
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TABLE 6.3. Unit Risk Factors for Heavy-Haul Truck and G~n~ral-Commerce-Freight Rail 
Shipments of Intact Spent Fuel from Reactors~aJ 

Type of Shipment Hazard Group 

Heavy-Haul Truck Routine Occupational 
(100-T cask) to 
Rail Head Routine Public 

Accident Public 

Total Public 

Cask Transfer at Routine Occupational 
Ra II Head 

Routine Public 

Reference Ra II Routine Occupational 

Routine Public 

Accident Public 

Total Public 

Population 
Zone 

Urban 

Urban 

Urban 

Urban 

Rural 
Suburban 
Urban 

Rural 
Suburban 
Urban 

Rural 
Suburban 
Urban 

All 

Percent of 
Travel In 
Population 

Zone 

100 

100 

100 

100 

75 
23 
2 

75 
23 

2 

75 
23 
2 

Unit Risk Factor(b) 
Weighted 

Person-rem/ Person-rfm/d) 
2E4 MTU-km 2E4 MTU-km c, 

Person-rer/l 
3E6 MTU-km c 

0.033 

0.040 

0.104 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

0.03 NA 

0.04 NA 

0.10 NA 

0.14 

14.5 person-rem/1000 MTU(e)_ 

0.17 person-rem/1000 MTU(el 

NA 4.96 
NA 4.96 
NA 4.96 

NA 2.67 
NA 17.85 
NA 5.98 

NA 0.002 
NA 6.45 
NA 15.58 

We lghfed 
Person-rfm/ d) 

3E6 MTU-km c' 

NA 

NA 

NA 

NA 

5.0 

6.3 

1.8 

8.1 

(a) The risk factors shown are prel lmlnary and are continuing to be updated. Total risk • sum of heavy haul + cask 
transfer+ rail risks. 

(b) Accuracy of some numbers Is less than Indicated by the number of significant f igures shown, but numbers are retai ned 
tor consistency In subsequent calculations. 

(c) Cask capacity Is 6.47 MTU/shlpment based on 14 PWR assemblies/cask. IE4 MTU-km Is tor 1000 MTU t r a nsported 20 km ; 
3.0E6 . MTU-km Is tor 1000 MTU transported 3000 km. 

(d) Overall value weighted tor the percentage of travel In each population zone. 
(~) Cask transfer doses need to be added to the respective In-transit doses to obtain the total doses tor this alternative. 



shipments; and 3) the rail unit risk factor accounts for stops, whereas the 

heavy-haul truck shipment is not expected to stop between the reactor and the 

rail siding. 

Routine public radiological exposures would increase slightly because of 

the additional cask-handling operations performed at the nearest rail point. 

It is assumed here that a seven-person crew is required during the cask trans­

fer operation: two drivers, a load supervisor, a crane operator, two crane 
riggers, and a radiation monitor. Three additional persons, who may be NRC 

inspectors, state inspectors, and rail inspectors, are assumed to be present, 

for a total of ten persons. This operation is estimated to take four hours to 

complete. The ten occupational personnel listed above are estimated to spend 
the following amounts of time at the specified distances from the cask (the 

estimated radiation dose rates are shown in parentheses): 

• crane riggers: 2 hr at 2m and 2 nr at 8 m from the cask surface 

(0.01 rem/hr and 0.0006 rem/hr, respectively) 

• crane operator: 0.5 hr at 2 m and 3.5 hr at 8 m from the cask sur­

face (0.01 rem/hr and 0.0006 rem/hr, respectively) 

• truck drivers: 4 hr at 8 m from the cask surface (0.0006 rem/hr) 

• radiation monitor: 1 hr at 2m and 2 hr at 8 m from the cask surface 

(0.01 rem/hr and 0. 0006 rem/hr, respectively) 

• others: 0.5 hr at 2 m and 3.5 hr at 8 m from the cask surface 
(0.01 and 0.0006 rem/hr, respectively) 

The resulting routine occupational exposures for this transfer operation would 

be approximately 0.094 person-rem/transfer or 14.5 person-rem/1000 MTU. 

For estimating the public dose contribution of the cask transfer at the 

rail siding, it is assumed that the 4-hour transfer time would be added to the 

travel time of the rail portion of the trip. For a train that travels 3000 km 

at an average of 20 km/hr, the travel time would be 150 hours. Thus, the pub­

lic routine radiological exposure would increase from 150 to 154 hours, or an 
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increase of about 2.7%. This is 2.7% of the 6.3 person-rem/1000 MTU for the 

routine public risk for the rail portion of the trip (given in Table 6.3) or 

0.17 person-rem/1000 MTU. 

The shipping casks are designed to withstand severe puncture and impact or 

free-drop accident conditions. These conditions are not expected to be 
encountered during the transfer operation; for example, a 30-ft free drop is 

extremely unlikely because the casks would never need to be lifted to this 
height. As a result, accident risks during the cask transfer operation are 

expected to be significantly lower than the accident risks during transport, so 

they are assumed to be negligible. 

Accident risks for the heavy-haul portion of this intermodal shipment are 
expected to be somewhat lower than for a general-freight rail shipment. Heavy­

haul truck shipments travel relatively slowly, are normally accompanied by 

escort vehicles, and are subject to special traffic controls. As a result, the 

probability of an accident occurring would be extremely low and the probability 
of encountering accident conditions that exceed the regulatory accident condi­

tions would be practically zero. The magnitude of the accident risk reduction 

is not evaluated here because the routine risks would be much greater than the 

overall accident risk. Any reduction in accident risks that would result from 
this aspect of this alternative would not significantly change the overall 
transportation risks. 

The principal difference in risks between LWT, and heavy-haul truck and 
rail shipments is due to the offsite transfer of the loaded cask from a heavy­

haul truck rig to the rail car. All other components of the risk of heavy-haul 
truck shipments can be estimated using the general-freight rail unit risk fac­
tors. The unit risk factors derived for this alternative are shown in 
Table 6.3. The total exposure for occupational workers in this alternative, 
from Table 6.3, would be the sum of 0.03 + 14.5 + 5.0, or about 20 person­

rem/1000 MTU. The total risks to the public would be the sum of 0.14 + 

0.17 + 8.1, or 8.4 person-rem/1000 MTU. These totals can be compared to 100 

and 528 person-rem, respectively, for LWT shipments given earlier in Table 6.1. 

6.9 



6.4 100-TON VERSUS 150-TON RAIL-CASK SHIPMENTS 

In this alternative, the reference 100-ton ra i l cask would be replaced, 
where possible, by a higher-capacity 150-ton rail cask for shipments from 
reactors to the repository. Most reactors would require modifications to their 
cask-handling facilities (for example, upgraded crane capabilities, upgraded 

floor structural reinforcement) in order to handl e such a heavy cask. If these 
upgrades could be made, the number of rail-cask l oads from reactors would be 
reduced by approximately a factor of 2.5 (based on the assumed capacities of 

the 100-ton and 150-ton casks in this study of 14/36 and 36/90 PWR/BWR assem­

blies, respectively). 

The change in rail-cask size would a~fect the unit radiological risk fac­
tors primarily from the increased capacity of the 150-ton cask. Increasing the 
cask capacity is assumed to have no effect on the radiation dose rate emanating 

from the cask; that is, the 150-ton cask is designed to limit the dose rates to 

the same level as for the 100-ton cask. Thereforet the radiation dose rates of 
the 100-ton casks and the 150-ton casks would be t he same. The principal 
effect would be an approximately 2.5-fold reduction in the number of ship­

ments. This would reduce the unit public routine doses per MTU by the same 

factor, while the unit risk per km traveled would be unchanged. These risk 
estimates assume that there would be no operational differences, such as slower 
average transit speeds, additional enroute handling requirements, or increased 

stop time between the two types of shipping casks. 

It is assumed that the 100-ton and 150-ton casks would be designed to pro­
vide equivalent protection from radioactivity releases caused by potential 
accidents during transport. Therefore, the principal effect on accident risks 
would result from an increase of approximately 2.5-fold higher consequences/km 
traveled from a potential accident (due to the 2.5 fold increase in spent fuel 

in each cask), with a comparable reduction in the expected frequency of such 

accidents because of the fewer km traveled. The net result would be no change 

in the expected accident risks/MTU-km (frequency times consequences). 

The resulting unit radiological risk factors for this alternative are 
shown in Table 6.4. The total occupational and public risks would be 2 .and 
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TABLE 6.4. Unit Risk Factors for Transport of Intact(S~ent Fuel in 
150-Ton Rail-Cask Shipments from Reactors a 

Percent of Unit Risk Factor(b) 
Travel in Weighted 

Population Population Person-re~/) Person-r{m/ 
Hazard Grou~ Zone Zone 3E6 MTU-km c 3E6 MTU-km c,d) 

Routine Occupational Rural 75 2.15 

Suburban 23 2.15 2.2 
Urban 2 2.15 

Routine Public Rural 75 1.04 

Suburban 23 6.94 2.4 
Urban 2 2.33 

Ace i dent Pub 1 i c Rural 75 0.002 

Suburban 23 6.45 1.8 
Urban 2 15.58 

Tot a 1 Pub 1 i c All 4.2 

(a) The unit risk factors are based on those in Cashwell, Neuhauser and 
Reardon (1986), draft, see (a) on p. 6.1. 

(b) Accuracy of some numbers is less than indicated by the number of signifi­
cant figures shown, but numbers are retained for consistency in subsequent 
calculations. 

(c) Cask capacity is 16.63 MTU/150-ton rail shipment; based on 36 PWR 
assemblies/150-ton rail cask; 3.0E6 MTU km is for 1000 MTU transported 
3000 km. 

(d) Overall value weighted for the percentage of travel in each population 
zone. 

4 person-rem/1000 MTU, respectively. These can be compared with those for 100-

ton casks of 5 and 8 person-rem/1000 MTU, respectively, as given earlier in 
Table 6.1. 

6.5 NO MARSHALING VERSUS MARSHALING RAIL CARS AT THE REACTOR 

In this alternative, rail shipments of unconsolidated spent fuel would be 

marshaled at each reactor into S-car dedicated trains. Each dedicated train 
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would include a locomotive, caboose, and buffer cars between each cask car, 

between the locomotive and first cask car, and between the last cask car and 

the caboose. From the reactor, the dedicated train would transport the fuel to 
the repository. This contrasts with the reference case, in which single-car 

shipments would be made using general-freight rail service. 

The use of dedicated trains would change the operational details of the 

transportation system as follows: 

• provide short-term waiting times for loaded casks at reactors 

• reduce the amount of time the trains spend in rail yards waiting for 

train make-up and classification. 

The latter item is addressed in this subsection, while the former is addressed 

under at-reactor marshaling (Sections 4 and 5). 

It has been assumed in this study that use of dedicated trains wou .ld not 

significantly increase or reduce the average speed of the trains in transit 

because the actual operating conditions, such as maximum speeds, procedures for 

passing other trains, etc., have not been defined for a dedicated spent-fuel 

train. However, a recent study of dedicated train service (Cashwell, Neuhauser 
and Reardon)(a) indicated that only 2 hours would be required at railyards for 

dedicated train makeup and classification, whereas an average of 60 hours per 
trip was measured for general-freight rail service. This would apply to the 

first and last stops made by the trains. Stop times between the first and last 
would not be significantly different for dedicated and regular trains. These 
stop times were factored into the calculations of unit risk factors by 
Cashwell, Neuhauser and Reardon (1986).(a) Use of the dedicated trains would 
result in a greater than 10-fold reduction in the unit risk factors for occupa­

tional groups and a small reduction to the public risk factors compared with 
general-freight rail shipments transporting the same amount of spent fuel. 

The increase in radiation dose to the public from combining 5 cars into a 

single shipment is estimated to be negligible; that is, it does not matter 

whether 5 trains pass by individually or one 5-car t rain passes by. However, 

(a) Draft, see (a) on p. 6.1. 
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the exposure time to the same number of casks would be about the same as for 

shipments with single casks. As a result, the general-freight rail routine 
exposures to the public can be multiplied by a factor of five to estimate their 
exposures from a single 5-car dedicated rail shipment. This factor of five 
increase would be canceled by a factor of five reduction in the number of 

shipments. Therefore, the differences between routine public unit radiological 
risk factors for dedicated and single-car shipments are estimated to be small. 

The resultant total radiological risks to the public and to the occupa­
tional workers from spent-fuel shipment in 5-car dedicated trains (marshaled at 

the reactor) are given in Table 6.5. The risks are 5 and 0.3 person-rem/1000 
MTU, respectively, and can be compared to 8 and 5 person-rem/1000 MTU, respec­
tively, for single rail-car shipments as general freight, given earlier in 
Table 6.1. 

6.6 NO MARSHALING VERSUS MARSHALING RAIL CARS AWAY FROM THE REACTOR 

In this alternative, 5 loaded rail casks would be transported on a dedi­

cated train that consists of only spent-fuel cask-bearing railcars, a locomo­
tive, a caboose, and buffer cars as described in Section 6.5; that is, spent 
fuel is the only commodity in the train. The cask shipments would be 
11marshaled 11 at some location away from reactors until a sufficient number of 
rail cars is available for the shipment to proceed to its destination. 

The transportation risks for dedicated trains made up at the reactors were 
presented in Section 6.5. The transportation risks imposed by away-from­
reactor marshaling should be added to these risks. Marshaling away-from­
reactors compared with marshaling at reactors would transfer some of the risks 
from the reactor workers to the in-transit workers. Also, small amounts of 
risks would be transferred from the public near the reactor site to the public 
near the away-from reactor marshaling site. 

The incremental risks due to accidents in marshaling yards are assumed to 
be negligible relative to those for the other portions of the trip bec~use rail 
traffic would be tightly controlled and rail speeds would be generally slow in 
the areas surrounding a rail head. Thus, severe accident conditions that could 
result in a release from a cask are not expected at a rail center. The routine 
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TABLE 6.5. Unit Risk Factors for Five-Car Ded(c,ted Train Shipments 
of Intact Spent Fuel from Reactors a 

Percent of Unit Risk Factor(b) 
Travel in We1 ghtecr---

Population Population Person-re~/) Person -r{m/ 
Hazard Grou~ Zone Zone 3E6 MTU-km c 3E6 MTU-km c,d) 

Routine Occupational Ru.ra 1 75 0.310 

Suburban 23 0.310 0.31 
Urban 2 0.310 

Routine Pub 1 i c Rural 75 0.386 

Suburban 23 15.58 3.9 
Urban 2 3.70 

Accident Public Rural 75 0.003 

Suburban 23 4.58 1.3 

Urban 2 11.04 

Total Pub 1 i c All 5.2 

(a) The risk factors shown are derived from Cashwell, Neuhauser and Reardon 
(1986), draft, using the population zone assumptions shown. (See (a) on 
p. 6.1). 

(b) Accuracy of some numbers is less than indicat ed by the number of signifi­
cant figures shown, but numbers are retained for consistency in subsequent 
calculations. 

(c) Cask capacities are 6.47 MTU/rail shipment and 0.924/truck shipment; based 
on 14 PWR assemblies/rail cask and 2 PWR assemblies/truck cask. 3.0E6 MTU 
km (or 3 million MTU-km) is for 1000 MTU transported 3000 km. 

(d) Overall value weighted for the percentage of travel in each population 
zone. 

exposures received by the population surrounding a rail marshaling yard would 

be slightly higher than for the other portions of the trip because of the 

increased time spent awaiting train makeup. 

In this analysis, the single-cask shipments are assumed to arrive at the 

marshaling yard at a rate of 1 per day, resulting in an average marshaling time 
per shipment of 5 days or 120 hours. This can be compared to the 60 hr/trip 
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average stop time for train classification that was estimated for general­

freight rail transport of single casks. As a result, the routine· public expo­
s~res received from rail-shipment marshaling are estimated to be approximately 

twice the exposures calculated for train classification in the unit risk 
factors for general-freight rail. 

The exposures received during stops have been estimated to be approxi­

mately 10% of the total routine exposures (doses during storage in-transit were 
removed from the data) for general-freight rail (U.S. Nuclear Regulatory 

Commission 1977, Table 4.18). Thus, 10% of the public risks for general­

freight rail shipments given on Table 6.1 (6.3 person-rem/1000 MTU), or 0.63 

person-rem/1000 MTU, is estimated to be from stops enroute. The occupational 
exposures for security and monitoring are assumed to be the same fraction of 

these total doses for general-freight rail shipments (5.0 person-rem/1000 MTU), 

or 0.5 person-rem/1000 MTU. 

The incremental public exposures due to marshaling were estimated above to 
be approximately twice those during stops (and also assumed here to be the same 

for occupational exposures) and must be added to the risks during travel 

time. The public and occupational risks/km during the assumed average 100-km 
travel to the rail head would be the same as for general-freight rail shipments 

in urban areas (given in Table 6.1), and the risks/km after marshaling (2900 

km) would be the same as after at-reactor marshaling (given in Table 6.5). 

The resultant risks for this alternative are given in Table 6.6. The 
total public and occupational risks would be the sum of the 3 components, and 

would be 7 and 1 person-rem/1000 MTU, respectively. These can be compared to 8 
and 5 person-rem/1000 MTU, respectively, using single-rail car shipments as 
general freight, given earlier in Table 6.1. 

6.7 CONSOLIDATION AT THE REPOSITORY VERSUS AT THE REACTOR 

In this alternative, spent fuel would be consolidated at reactors in 

nonrepository-ready canisters or baskets and shipped directly to the reposi­

tory. Both legal-weight truck and single-car, general-freight rail shipments 
of consolidated fuel canisters would be used for shipping spent fuel. Thus, 

the principal transportation-related difference between shipping unconsolidated 
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TABLE 6.6. Unit Risk Factors for Away-from-Reactor Marshaling 9f)Rail Shipments 
of Intact Spent Fuel into Five-Car Dedicated Trainsla 

Percent of Unit Risk Factor(b) 
Travel In Weighted Weighted 

Population Population Person-rem/ Person-rrm/dl Person-rem( ) Person-relf6 
Type of Shipment Hazard Group Zone Zone 1 E5 MTU-km 1 E5 MTU-km c, 2.9E6 MTU-km c 2.9E6 MTU-km ,d) 

Single Cask as Routine Occupational Urban 100 o. 171 0.17 NA NA 
General-Freight 
Rail Routine Public Urban 100 0.206 0.21 NA NA 

Accident Public Urban 100 0.537 0.54 NA NA 

Total Public Urban 100 0.75 NA NA 

Dedicated Train Routine Occupational Urban 100 - - - - 1.o<e>_ - - - -
Makeup at Ra II 

1.26(e) Head Routine Public Urban 100 - - - - - - - - -

5-Car Dedicated Routine Occupational Rural 75 NA NA 0.300 
Train Suburban 23 NA NA 0.300 0.3 

Urban 2 NA NA 0.300 

Routine Public Rural 75 NA NA 0.373 
Suburban 23 NA NA 15.06 3.8 
Urban 2 NA NA 3.58 

Accident Public Rural 75 NA NA 0.003 
Suburban 23 NA NA 4.43 1.2 
Urban 2 NA NA 10.67 

Total Public All NA NA 5.1 

(a) The risk factors shown are preliminary and are continuing to be updated. Total risk= sum of single-cask travel+ 
dedicated train makeup+ dedicated train travel. 

(b) Accuracy of some numbers Is less than Indicated by the number of significant figures shown, but numbers are retained for 
consistency In subsequent calculations. 

(c) Cask capacity is 6.47 MTU/shlpment based on 14 PWR assemblies/cask. 1E5 MTU-km is for 1000 MTU transported 100 km; 2.9E6 
MTU-km is for 1000 MTU transported 2900 km. 

(d) Over a I I va.l ue we I ghted for the percentage of trave I In each popu I at I on zone. 
(e)" Train makeup doses need to be added to the respective In-transit doses to obtain the total doses for t his alternat ive. 
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and consolidated fuel would be the higher shipping-cask capacities for consoli­

dated fuel shipments, thereby reducing the number of shipments. Also, an addi­
tional level of containment du·ring accident conditions may be provided by the 

canister versus shipping intact, uncanistered fuel assemblies, depending on the 

canister design. 

The canister•s additional level of containment may provide additional 

structural protection for the contained fuel rods and may reduce the amount of 

radioactive material released from a shipping cask that is damaged during a 

severe accident. The release fractions would be significantly reduced if the 

canister also were designed to withstand the regulatory severe accident condi­

tions (that is, puncture, free drop, fire, and water immersion) that the ship­

ping cask is designed to withstand. Release fractions would be reduced because 

the shipping cask would absorb a large fraction of the energy present in a 

transportatiqn accident. Therefore, an extremely severe accident would be 

needed to cause the cask and a sealed canister to become breached. If the 

canister were not specifically designed to withstand the severe regulatory 

criteria, a smaller reduction in release fractions (and consequences) would 

result from severe transportation accidents. 

The unit risk factors used here (Cashwell, Neuhauser and Reardon 1986)(a) 

assume no credit for containment provided by the canister. Most of the risk 

reduction would result from the decrease in routine risks when fewer spent-fuel 
shipments were made because accidents only account for a small fraction of the 
total radiological risks due to transportation. 

A parameter that could be affected in this alternative is the radiation 

level emitted from the cask's external surface. It is assumed that casks for 
consolidated and unconsolidated fuel would be designed to the same surface dose 
rate at the regulatory limit. As a result, shipping consolidated fuel from 
reactors should not change the unit public and occupational routine exposure 

factors per unit distance traveled from those of intact fuel assemblies. How­
ever, because consolidation would result in a net decrease in the numb~r of 

shipments by a factor of two (and therefore the shipment miles) relative to 

(a) Draft, see (a) on p. 6.1. 
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intact fuel shipments, the transportation routine radiological exposures would 

be reduced by a factor of two, as shown in Table 6."7. 

Unit risk factors for consolidated fuel truck shipments were not developed 
in Cashwell, Neuhauser and Reardon (1986), (a) but are estimated here because 

some reactors are not capable of handli~g rail casks. The ratio of truck-to­

rail consolidated fuel transport exposures is assumed to be identical to the 

ratio of truck-to-rail intact fuel transport risks. Therefore, the consoli­
dated fuel truck transport exposure factors for transporting consol i date!d and 

intact fuel in trucks were assumed to be equivalent per unit distance 

traveled. The resulting routine radiological dose factors for truck transport 

were then converted to an equivalent MTU-km basis, as given in Table 6.7. 

The radiological consequences from accidents wi th consolidated spent fuel 

are assumed to be twice those with intact fuel because the radionuclide inven­

tory within the cask would be double. However, the frequency of such accidents 

should be half those with intact spent fuel because the number of shipment 
miles would be half. The resultant accident risk factors for consolidated 

spent fuel would be the same as for intact fuel, shown in Table 6.7. 

The total radiological risks to the public from transporting consolidated 
spent fuel by the reference truck and rail modes, shown in Table 6.7, would be 

266 and 5 person-rem/1000 MTU, respectively. The occupational risks would be 

50 and 3 person-rem/1000 MTU, respectively. 

When fuel assemblies are consolidated and the fuel rods are removed, the 
remaining NFBC would become waste material that must be managed. The added 

risks of transporting the NFBC wastes to disposal facilities must be accounted 
for. This material is assumed to be transported by truck and train to disposal 

facilities in casks similar to those for spent fuel. Unit risk factors were 
developed in Caldwell, Neuhauser and Reardon (1986)(a) for shipments of NFBC 

and are given in Table 6.7. The total radiological risks to the public from 

transporting the NFBC by the reference truck and ra i l modes would be 20 and 0.6 

person-rem/1000 MTU, respectively. For occupational workers these values would 
be 0.8 and 0.04 person-rem/1000 MTU, respectively. 

(a) Draft, see (a) on p. 6.1. 
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TABLE 6.7. 

.. 

Unit Risk Factors for General-Freight Rail and General-Commerce Leg~l-Weight Truck 
Shipments of Consolidated Spent Fuel and Nonfuel-Bearing Componentsta) 

Unit Risk Factor(b) 
Percent of ~onsoiiC!afeC! Spenf Fuel Nonfuel-9earlng 
Travel In Weighted 

!Ximponenfs 
We I ghte<l 

Population Population Person-rem/ Person-r~/ Person-remL Person-rem{ 
Type of Shipment Hazard Group Zone Zone 3.0E6 MTU-km 3.0E6 MTU-km c,d) 3.0E6 MTU-km(c,e) 3.0E6 MTU-km d,e) 

Reference Legal Routine Occupational Rural 75 38.15 0.471 
Weight Truck by Suburban 24 83.61 50.1 1.04 0.78 
General Commerce Urban 1 139.61 17.85 

Routine Public Rural 75 230.52 6.66 
Suburban 24 353.90 262.7 61.69 20.4 
Urban 1 483.76 60.06 

Accident Public Rural 75 0.006 <0.00 1 
Suburban 24 12. 11 3.1 <0.001 <0.001 
Urban 1 19.81 <0.001 

Total Public All 265.8 20.4 

Reference Ra II Routine Occupational Rural 75 2.48 0.042 
( 100-T> by Suburban 23 2.48 2.5 0.042 0.042 
General Freight Urban 2 2.48 0.042 

Routine Public Rural 75 1.34 0.055 
Suburban 23 8.93 3.1 2.17 0.55 
Urban 2 2.99 0.520 

Accident Public Rural 75 0.002 <0.001 
Suburban 23 0.45 1.8 <0.00 1 <0.00 1 
Urban 2 15.58 <0.001 

Total Public All 4.9 0.55 

(a) The risk factors shown are preliminary and are continuing to be updated. 
(b) Accuracy of some numbers Is less than Indicated by the number of significant figures shown, but numbers are retained tor 

consistency In subsequent calculations. 
(c) For consolidated spent fuel, cask capacities are 12.94 MTU/rall shipment and 1.848 MTU/truck shipment, based on 28 PWR assem­

blies/rail cask and 4 PWR assemblies/truck cask. 3.0E6 MTU-km Is tor 1000 MTU transported 3000 km. 
( d > Over a I I· .va I ue we I ghted tor the percentage of trave I In each popu I at I on zone. 
(e) For nontuel-bearlng components, cask capacities are components from 46.2 MTU/rall cask and 9.24 MTU/truck cask. 



The unit risk factors for transporting spent fuel that has been consoli­
dated at reactors are obtained from Table 6.7 by adding the risks for spent 
fuel and NFBC. These risks would be 286 and 5 person-rem/1000 MTU to the 
public from truck and rail transport, respectively, and 51 and 3 person­
rem/1000 MTU to the occupational workers by truck and rail, respectively. 
These values would be a factor of nearly two lower t han those for the reference 
truck and rail transport of intact spent fuel, given in Table 6.1. 

6.8 AT-REACTOR WET TRANSFER FROM AT-REACTOR DRY STORAGE TO 
TRANSPORTATION CASK VERSUS DRY TRANSFER 

In this alternative, the transportation conditions would be the same as 
for the reference rail transportation cask system in this study, discussed in 
Section 6.1. Differences in radiation exposures would occur in at-reactor 

operations, discussed in Section 4. The transportation radiation exposures 
would be the same as for the reference rail transportation system. For occu­
pational risks, exposures would be 5 person-rem/1000 MTU, and 8 person­
rem/1000 MTU for public risks. 

6.9 AT-REACTOR DRY STORAGE IN NONTRANSPORTABLE RAIL-SIZED CASKS VERSUS IN 
TRANSPORTABLE RAIL CASKS 

In this alternative, the transportable storage cask used at the reacto~ is 
assumed to have the same characteristics relative to transportation radiologi­
cal risks of the reference rail-cask system in this study, discussed in Sec­
tion 6.1. Differences in radiological exposures would occur at the repository, 
discussed in Section 4. The unit transportation radiological risks would be 
the same as for the reference rail transportation system. These exposur-es 
would be 5 and 8 person-rem/1000 MTU for occupational and public risks, 
respectively. 
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APPENDIX A 

OCCUPATIONAL EXPOSURE ANALYSIS TABLES FOR THE NAC-1, IF-300 AND 
REFERENCE TRUCK AND RAIL CASKS AT THE REACTOR 

Appendix A presents the basic exposure analyses for handling the NAC-1 
truck and IF-300 rail casks in Tables A.1 and A.2, respectively. These 
analyses were used in developing the detailed exposure analyses for the 
reference truck and rail casks, given in Tables A.3 and A.4, respectively. 
Results from the latter two tables were summarized in Section 4 • 
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TABLE A.l. Detailed Analysis of Occupational Exposures During Handl ing 
of the NAC-1 Truck Cask at the React or 

No . Elapsed Exposure Wan-1re1 
Descr iption of Operation I of I Hours/ lt.lan-hrs/ I Rate I Cask I Wan-• rem/ 

Sub-operation IStaff IDperationl Cask I 1re1/hr I Load(a) I liT 
------------------------------ ------ --------- ---------1-----~--- --------- ---------
Cask received at reactor I 

Open carrier vehicle 2 8.1 1! . 2 11 .5 IUS 8.22 
Radiation survey 1 8.3 8.3 1! .5 1!.15 8.32 
Remove valve box covers 2 8.2 8.4 ILS S. 21l 1! . 43 
Instal I trunnions 2 1! .2 8.4 s.s ll . 2S 8.43 
Engage yoke and transfer 3 8.2 8.6 s.s ll .3S 1! .65 

Total l.S 1.9 1! .95 2.1!6 • Cask wash and sample 
Cask wash 2 8.7 1.4 :u 3.58 7.58 
Cask transfer 2 1!.2 8.4 2.5 l.llS 2. 16 
Pressure check cask cavity 2 1! .1 8.2 2.5 S.5S 1.88 
Hook-up hoses 2 S. l 8.2 2.5 S.51l 1.88 
Cask fi I led with inert gas 1 1! .7 1! .2 2.5 ll . 51l 1.1!8 
Flush and sample gas 1 1! .3 1! .3 2.5 1! .75 1.62 
Remove head nuts 2 1! .1 1! .2 2.5 1! . 51! 1.1!8 
Attach yoke 3 1! .1 1! .3 2.5 1!.75 1.62 
Re11ove hoses 2 ll.l 1! . 2 2.5 ll . Sil 1.1!8 

Total 2.4 3.4 8. 51! 18 .41! 

Cask transferred to 
set-down pad 

Wove cask 3 1! .4 1.2 2. 6 3.1lll 6.49 
Re•ove head 3 1!.3 1! .9 2. 5 2. 25 4.87 

Total 1! .7 2.1 5.25 11 .36 

Cask transferred into fuel 
pool and loaded (a) 

Instal I skirt and lower cask 2 1!.3 1! .6 2. 5 1. 51! 3.25 
Load fuel (15 • in/assy) 2 1! .3 1! .5 2.5 1.25 2.71 
Ra ise cask and re•ove skirt 3 1! .3 1! .6 2.5 1. 51! 3. 25 
Replace head 3 1! .2 1! .6 2. 5 1. 51! 3. 25 

3 1!.3 1!.9 2.5 2.25 4.87 
Total 1.4 3.2 8.1!1! 17 .32 

Cask decon'd and surveyed 
Wove cask 3 1!.4 1.2 2.5 3.1!1! 6.49 
Dry cask 2 1! . 5 1.0 Hi .0 11! .00 21.65 
Wove cask 3 1! .1 1! .3 H!.ll 3.1!1! 6.49 
Remove yoke 3 1!.1 1!.3 11l.ll 3.1!1! 6.49 
Survey cask 1 ll .S 1!.5 Hl. ll 5. 1!1! 11! .82 
Hook-up flush and drain hose 2 1!.1 1!.2 11!.1! 2.1!1! 4.33 
Drain cask 2 1! .5 1.1! 11l . ll 11l . llll 21.65 
Tighten head 2 ll .5 1.1! 11! .1! 11!.1!1! 21.65 
Pressure test 2 1! . 5 1.1! 11l . ll 11l . llll 21. 65 
Spot decon 2 1.5 3.1! 11l.ll 31!.1!1! 64 .94 
Survey for release 1 l.ll 1. 1! 11l.ll lll . llll 21.65 
Replace valve port covers 2 ll .3 1! .6 11l . ll 6.1lll 12 .99 

I Total 6.8 11.1 102.1!1! 221l .78 

Cask transferred to vehicle 
Engage yoke 3 ll.1 1!.3 11l.ll 3.1lll 6.49 
Transfer cask 3 1! .2 1! .6 11l.ll 6.1lll 12.99 
Remove trunnions 2 1!.3 1! .6 11l . ll 6.1lll 12.99 • Replace shield cover 2 1! .3 1! .6 11l . ll 6.1lll 12 .99 
Secure cask 1 1! .2 1! . 2 11l . ll 2.1lll 4.33 
Wove vehicle 1 ll.2 1!.2 . 11l . ll 2. 1!1! 4.33 

Total 1.3 2.5 25 .1lll 54 . 11 
Grand Total 12 .8 24. 2 149 .71! 324 .1!3 

(a) Each cask load is 1 PWR assembly (La1bert, et al. 1981) . 
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TABLE A.2. Detailed Analysis of Occupational Exposures During Handling 
of the IF-300 Rail Cask at the Reactor 

Description of Operation 
Sub-operation 

Cask received at reactor 
Open carrier vehicle 
Radiation survey 
Re1ove valve box covers 
Instal I trunnions 
Engage yoke and transfer 

Total 

Cask wash and sa1ple 
Cask wash 
Cask transfer 
Pressure check cask cavity 
Hook-up hoses 
Cask fi lied with inert gas 

• Flush and sa11ple gas 
Re11ove head nuts 
Attach yoke 
Re11ove hoses 

Cask transferred to 
set-down pad 

Move cask 
Re1ove head 

Total 

Total 

Cask transferred into fuel 
pool and loaded (a) 

Install skirt and lower cask 
Load fuel (15 •infassy) 
Raise cask and re1ove skirt 
Replace head 

Total 

Cask decon'd and surveyed 
Move cask 
Dry cask 
Move cask 
Reaove yoke 
Survey cask 
Hook-up flush and drain hose 
Drain cask 
Tighten head 
Pressure test 
Spot decon 
Survey for release 
Replace valve port covers 

Total 

Cask transferred to vehicle 
Engage yoke 
Transfer cask 
Re1ove trunnions 
Replace shield cove~ 
Secure cask 
Move vehicle 

Total 
Grand Total 

No. Elapsed Exposure Man-•re•/ 
I of I Hours/ IMan-hrs/ I Rate I Load IMan-•re•/ 
IStaffiOperationl Cask I •re•fhr I Cask(a) I MT 

2 
1 
2 
2 
3 

2 
2 
2 
2 
1 
2 
2 
3 
2 

3 
3 

2 
2 
2 
3 
2 

3 
2 
3 
3 
1 
2 
2 
2 
2 
2 
1 
2 

3 
3 
2 
2 
1 
1 

1! .2 
1! .6 
1!.5 
1!.3 
1!.2 
1.8 

1!.7 
11.2 
11 .1 
11.1 
1!.7 
1.4 
1.11 
11 . 2 
1! .1 
4.5 

1!.6 
1!.4 
l.ll 

1! .3 
1.8 
11.3 
1! .5 
1.11 
3.9 

11 .6 
11.5 
11.1 
1! .1 
l.ll 
1!.1 
1.11 
1.5 
l.ll 
2. 11 
1.5 
1! .5 
9.9 

11.1 
11.2 
1!.4 
11 .6 
11.3 
11 .2 
1.8 

22.9 

1! .4 
1! .6 
l.ll 
1! .6 
11 .6 
3.2 

1.4 
11.4 
11 .2 
11 .2 
1! .7 
2.8 
2.1! 
1!.6 
1!.2 
8. 5 

1.8 
1.2 
3.1! 

1!.6 
3. 5 
1! .6 
1.5 
2.11 
8.2 

1.8 
l.ll 
1!.3 
1!.3 
l.ll 
1!.2 
2.11 
3.11 
2. 11 
4.1! 
1.5 
1.11 

18.1 

11 .3 
11.6 
11.8 
1.2 
11.3 
11.2 
3.4 

44 .4 

1! .5 
1!.5 
1! .5 
1! .5 
11.5 

2.5 
2.5 
2.5 
2.5 
2. 5 
2.5 
2.5 
2.5 
2.5 

2. 5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
111.1! 
111 .11 
111.1! 
111.1! 
11l.ll 
Hl.ll 
111.11 
111 . 11 
111.11 
111 . 11 
111 .11 

11!.11 
111 .11 
111 . 11 
111.11 
111 .1! 
111 . 11 

1!.21! 
1! . 31! 
1! . 511 
1!.311 
11 .31! 
1.61! 

3. 51! 
l.llll 
11.511 
11 . 511 
1. 75 
7. 1111 
5.1lll 
1.511 
1!.51! 

21.25 

4.51! 
3.1111 
7. 51! 

1.51! 
8.75 
1. 50 
3.75 
5.110 

20 .50 

4.50 
1fJ . Ill! 
3.110 
3.1lll 

11!.00 
2.00 

20 · '"' 30 . 1111 
20.1111 
40 .110 
15.00 
10 .00 

167.50 

3.00 
6 .01! 
8.00 

12: 00 
3.00 
2.00 

34.1111 
252 .35 

1!.06 
1! .09 
1! . 15 
0.1!9 
1!.09 
0.50 

1.08 
1!.31 
0.15 
0.15 
1!.54 
2.17 
1.55 
0.46 
0.15 
6.58 

1.39 
0.93 
2.32 

1! . 46 
2.71 
0.46 
1.16 
1. 55 
6.35 

1.39 
3.111 
0.93 
0.93 
3.11! 
0.62 
6.19 
9.29 
6.1g 

12 .38 
4.64 
3 .lfl 

51.86 

0.93 
1.86 
2.48 
3.72 
0.93 
11.62 

H'J. 53 
78.13 

(a) Each cask load is 7 PWR asse1bl ies (La•bert, et al. 1981). 
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TABLE A.3. Detailed Analysis of Occupational Exposures During Handling 
of the Reference Legal-Weight Truck Cask at the Reactor 

No. Elapsed Exposure Wan-•re•/ 
Description of Operation I of I Hours/ IWan-hrs/ I Rate I Cask IWan-•re•/ 

Sub-operation IStaffiOperationl Cask I un/hr I Load(a) I loiT 

------------------------------ ----- --------- ---------1--------- --------- ---------
Cask received at reactor 

Open carrier vehicle 
Radiation survey 
Re•ove valve box covers 
Instal I trunnions 
Engage yoke and transfer 

Total 

Cask wash and sa•ple 
Cask wash 
Cask transfer 
Pressure check cask cavity 
Hook-up hoses 
Cask fi lied with inert gas 
Flush and sample gas 
Remove head nuts 
Attach yoke 
Remove hoses 

Cask transferred to 
set-down pad 

Wove cask 
Re•ove head 

Total 

Total 

Cask transferred into fuel 
pool and loaded 

Install skirt and lower cask 
Load fuel (15 •in/assy) 
Raise cask and re•ove skirt 
Replace head 

Total 

Cask decon'd and surveyed 

2 
1 
2 
2 
3 

2 
2 
2 
2 
1 
1 
2 
3 
2 

3 
3 

2 
2 
2 
3 
3 

Wove cask 3 
Dry cask 2 
Wove cask · 3 
Remove yoke 3 
Survey cask 1 
Hook-up flush and drain hose 2 
Drain cask 2 
Tighten head 2 
Pressure test 2 
Spot decon 2 
Survey for release 1 
Replace valve port covers 2 

Total 

Cask transferred to vehicle 
Engage yoke 3 
Transfer cask 3 
Re1ove trunnions 2 
Replace shield cover _2 
Secure cask ·1 
Wove vehicle 1 

Total 
Grand Total 

(a) Each cask load is 2 PWR asse1blies 

8.1 
8.3 
8.2 
8.2 
8.2 
1.8 

8.7 
8.2 
8.1 
8.1 
8.7 
8.3 
8.1 
8.1 
8.1 
2.4 

8.4 
8.3 
8.7 

8.3 
8.5 
8.3 
8.2 
8.3 
1.6 

8.4 
8.5 
8.1 
8.1 
8.5 
8.1 
8.5 
8.5 
8.5 
1.5 
1.8 
8.3 
6.8 

8.1 
8.2 
8.3 
8.3 
8.2 
8.2 

1.38 
13.88 

A.4 

1 
I 

0.2 I 
8.3 I 
8.4 I 
lUI 
8.6 I 
1. 9 I 

I 
I 

1.4 I 
8.4 
8.2 
8.2 
8. 2 
8.3 
8.2 
8.3 
8.2 
3.4 

1.2 
8.9 
2.1 

8.6 
1.8 
8.6 
8.6 
8.9 
3.7 

1.2 
1.8 
8.3 
8.3 
8.5 
8.2 
1.8 
1.8 
1.8 
3.8 
1.8 
8.6 

11.1 

8.3 
8.6 
8.6 
8.6 
8.2 
8.2 

2.58 
24 .78 

8.5 
9.5 
8.5 
1! .5 
8.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2. 5 

:u 
10 .8 
111 .8 
111 .8 
111.8 
HJ.8 
1fl.8 
18.8 
1£1.8 
lfJ.8 
Hl. 8 
11:1 .8 

10.8 
10 .8 
18.8 
11!.8 
H!.£1 
Hl.9 

8. 1 
8.2 
8. 2 
9. 2 
1! .3 
1.8 

3. 5 
1.8 
9. 5 
9.5 
9.5 
8.8 
8 .5 
8 .8 
8.5 
8 .5 

3.8 
2.3 
5.3 

1.5 
2. 5 
1.5 
1.5 
2.3 
9.3 

3.8 
18 . 1! 
3. 1! 
3.9 
5. 1! 
2. 9 

11! .8 
11!.1! 
18.1! 
38 . 1! 
19 .9 
6.8 

182.8 

3.8 
6.8 
6.8 
6. 1! 
2.9 
2.9 

25.1! 
158.95 

1! . 11 
8.16 
8. 22 
9.22 
9. 32 
1.93 

3.79 
1.88 
1! . 54 
9. 54 
9. 54 
9.81 
8. 54 
9.81 
8. 54 
9.28 

3.25 
2. 44 
5.68 

1.62 
2.71 
1.62 
1.62 
2. 44 

18 .81 

3.25 
11! .82 
3.25 
3. 25 
5. 41 
2. 16 

19 .82 
18.82 
11! .82 
32.47 
19.82 
6.49 

1Ul.39 

3.25 
6.49 
6. 49 
6.49 
2. 16 
2.16 

27 .86 
163 .37 

... 

• 
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TABLE A.4. Detailed Analysis of Occupational Exposures During Handling 
of the Reference Rail Cask at the Reactor 

No . Elapsed Exposure Wan-Ire•/ 
Descr iption of Operation I of I Hours/ IWan-hrs/ I Rate I Cask IWan-•re•/ 

Sub-operation IStaffiOperationl Cask I 1re1/hr I Load(a) I WT 
------------------------------ -----1---------1--------- --------- ---------1---------
Cask received at reactor I I I 

Open carrier vehicle 2 I 8.2 I e.• 8.5 8.28 I 
Radiation survey 1 I 8.6 I 8.6 8.5 8.38 I 
Re1ove valve box covers 2 I 8.5 I 1.8 8.5 8.58 I 
Instal I trunn ions 2 I 8.3 I 8.6 8.5 8.38 I 
Engage yoke and transfer 3 I 8.2 I 8.6 8.5 8.38 

Total I 1.8 I 3.2 1.68 

Cask wash and sample 
Cask wash 
Cask transfer 
Pressure check cask cav ity 
Hook-up hoses 
Cask fi I led with inert gas 
Flush and sample gas 
Remove head nuts 
Attach yoke 
Remove hoses 

Cask transferred to 
set-down pad 

Wove cask 
Re1ove head 

Total 

Total 

Cask transferred into fuel 
pool and loaded 

Install skirt and lower cask 
Load fuel (16 1 in assy) 
Ra ise cask and remove skirt 
Replace head 

Tota l 

Cask decon'd and surveyed 

2 
2 
2 
2 
1 
2 
2 
3 
2 

3 
3 

2 
2 
2 
3 
2 

Wove cask 3 
Dry cask 2 
Wove cask 3 
Remove yoke 3 
Survey cask 1 
Hook-up flush and drain hose 2 
Ora in cask 2 
Tighten head 2 
Pressure test 2 
Spot decon 2 
Survey for release 1 
Replace valve port covers 2 

Total 

Cask transfer red to vehicl e 
Engage yoke 3 
Transfer cask 3 
Remove trunnions 2 
Replace shield cover 2 
Secure cask 1 
Wove vehicle __ 1 

Total 
Grand Tota I 

I I 
I I 

8.7 
8.2 
8.1 
8.1 
8.7 
1.. 
1.8 
8.2 
B.l 
• . 6 

8.6 
e.• 
l.B 

8.3 
3. 5 
8.3 
8.5 
1.8 
5.6 

8.6 
8.5 
8.1 
8.1 
l.B 
8.1 
1.8 
1.5 
1.8 
2.8 
1.5 
8.5 
9.9 

8.1 
8.2 
B .• 
8.6 
8.3 
11.2 
1.8 

2 • . 6 

(a) Each cask load is 1• PWR asse•bl ies . 

A.5 

1.. 
e.• 
8.2 
8.2 
8.7 
2.8 
2.8 
8.6 
11.2 
8.5 

1.8 
1.2 
3.8 

8.6 
7.8 
8.6 
1.5 
2.8 

11.7 

1.8 
1.8 
8.3 
8.3 
1.11 
8.2 
2.8 
3.8 
2.8 
4.8 
1.5 
1.8 

18. 1 

8.3 
8.6 
11 .8 
1.2 
8.3 
8.2 
3 . • 

.7 .9 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
18 .8 
18 .8 
18 .8 
18 .8 
18.8 
18.11 
18.11 
18 .8 
18.8 
111 . 11 
111 . 11 

18.8 
18.8 
18 .8 
18 .8 
18 .8 
18 .8 

3.58 
1.118 
11 .58 
8.58 
1. 76 
7.88 
5.88 
1.58 
8 .58 

21.25 

•. 58 
3.88 
7.58 

1.58 
17 .58 
1.58 
3.75 
5.88 

29.25 

• . 58 
18 .88 
3.88 
3.88 

111 .88 
2.88 

28 .88 
38 .88 
28.88 
48 .118 
15 .1111 
18 .811 

167 .58 

3.88 
6.88 
8.118 

12.ee 1 
3.ee I 
2.ee L 

34.1111 I 
261.18 1 

8.83 
8.85 
8.!l8 
8.85 
8.85 
8.25 

8.s• 
8.15 
8.88 
8.88 
8.27 
1.88 
8.77 
8.23 
8.88 
3.29 

8.78 
8.•6 
1.16 

8.23 
2.71 
8.23 
8.58 
8.77 
•. 52 

8.78 
1. 55 
8.•6 
8.•6 
1.55 
8.31 
3.89 
4.6. 
3.89 
6.18 
2.32 
1. 55 

25 .98 

8.46 
8.93 
1.2. 
1.86 
e.•6 
8.31 
5. 26 

.11 .37 
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APPENDIX B 

OCCUPATIONAL EXPOSURE ANALYSIS TABLES FOR OPERATIONS AT THE REACTOR 

Appendix B presents in Tables B.l through B.5 the operational-exposure 
analyses of at-reactor cask-handling operations for the reference and 
alternative cases in this study. Results from Appendix B are summarized in 
Section 4 • 

B.l 



TABLE B.l. Detailed Analysis of Occupational Exposures During Handling 
of the Overweight (OWT) Truck Cask at the Reactor 

No . Elapsed Exposure Man-11re11/ 
Description of Operation I of I Hrs/ IMan-Hrs/ I Rate I Cask IMan-11re11/ 

Sub-operation IStaffiOperationl Cask I ne•/Hr I Load(a) I MT 
------------------------------ ----- --~------ --------- --------- --------- ---------
Cask received at reactor 

Open carrier vehicle 2 IU 8.2 8.5 8.18 8.85 
Radiation survey 1 8.3 8.3 8.5 8.15 8.88 
Re11ove valve box covers 2 8.2 8.4 8.5 8.28 8.11 
Instal I trunnions 2 8.2 8.4 8.5 8.28 8.11 
Engage yoke and transfer 3 8.2 8.6 8.5 8.38 8.16 

Total 1.8 1.9 8.95 8.51 

Cask wash and sa•ple 
Cask wash 2 8.7 1.4 2.5 3.58 1.89 
Cask transfer 2 8.2 8.4 2.5 1.88 8_.54 
Pressure check cask cavity 2 8.1 8.2 2.5 8.58 8.27 
Hook- up hoses 2 8. 1 8.2 2.5 8.58 8.27 
Cask fi I led with inert gas 1 8.7 8.2 2.5 8.58 8.27 
Flush and sa11ple gas 1 8.3 8.3 2.5 8.75 8.41 
Re11ove head nuts 2 8.1 8. 2 2.5 8.58 8.27 
Attach yoke 3. 8.1 8.3 2.5 8.75 8.41 
Re11ove hoses 2 8.1 8. 2 2.5 8.58 8.27 

Total 2.4 3.4 8.58 4.68 

Cask transferred to 
set-down pad 

Move cask 3 8.4 1.2 2.5 3.88 1.62 
Re11ove head 3 8.3 8.9 2. 5 2.25 1.22 

Total 8.7 2. 1 5.25 2.84 

Cask transferred into fuel 
pool and loaded 

Install skirt and lower cask 2 8.3 8.6 2.5 1. 58 8.81 
Load fuel (15 1in/assy) 2 1.8 2.8 2.5 5.88 2.71 
Raise cask and remove skirt 2 8.3 8.6 2.5 1.58 8.81 
Replace head 3 8.2 8.6 2.5 1. 58 8.81 

3 8.3 8.9 2.5 2.25 l. 22 
Total 2.1 4.7 11.75 6.36 

Cask decon'd and surveyed 
I 
I 

Move cask I 3 8.4 1.2 2. 5 3.88 1.62 
Dry cask I 2 8.5 1.8 18 .8 18.88 5.41 
Move cask I 3 8.1 8.3 18.8 3.88 1.62 
Re1ove yoke I 3 8.1 8.3 18.8 3.88 1.62 
Survey cask I l 8.5 8. 5 18.8 5.88 2.71 
Hook-up flush and drain hosel 2 8.1 8 .2 18 .8 2.88 1.88 
Drain cask I 2 8.5 1.8 18 .8 18.88 5.41 
Tighten head I 2 8.5 1.8 18 .8 18.88 5.41 
Pressure test I 2 8.5 1.8 18 .8 18.88 5.41 
Spot decon I 2 1.5 3.8 18 .8 38.88 16 .23 
Survey for release I 1 1.8 l.IJ 18.8 18 .88 5.41 
Replace valve port covers I 2 8.3 8. 6 18 .8 6.88 3. 25 .. 

Total I 6.8 11 .1 182.88 55.19 
I 

Cask transferred to vehicle I 
Engage yoke I 3 8.1 8.3 18 .8 3.1J8 1.62 
Transfer cask I 3 8.2 8.6 18.8 6.88 3. 25 ' Re11ove trunnions I 2 8.3 8.6 18.8 6.88 3.25 
Replace shield cover I 2 8.3 8.6 18.8 6.88 3.25 
Secure cask I 1 8.2 IJ.2 18 .8 2.1J8 1.88 
Move vehicle I 1 8.2 8.2 18 .8 2.1J8 1.88 

Total I 1.38 2.51J 25 .88 13 .53 
Grand Tota I I 13.5 25.7 153.45 83.84 

(a) Each cask load IS 4 PWR asse11blies. 

8.2 
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TABLE 8.2. Detailed Analysis of Occupational Exposures During Handling 
of the 150-T Rail Cask at the Repository 

No. Elapsed Exposure Yan-un/ 
Description of Operation I of I Hours/ IYan-hrs/ I Rate I Cask IYan-sres/ 

Sub-operation IStaffiDperationl Cask I sre•/hr I Load(a) I YT 
------------------------------ ----- --------- ~--------1--------- --------- ---------
Cask received at reactor I 

Open carrier vehicle 2 1.2 1.4 I 1.5 1 .28 8.11 
Radiation survey 1 1.8 1.8 I 8.5 8.31 1.12 
Resove valve box covers 2 8.5 1.8 I 8. 5 1.51 1.13 
Instal I trunnions 2 8.3 1.8 I 1. 5 1.38 1.12 
Engage yoke and transfer 3 1.2 1.8 I 1.5 8.31 1.12 

Total 1.8 3.2 1.61 1.11 

Cask wash and sasple 
Cask wash 
Cask transfer 
Pressure check cask cavity 
Hook-up hoses 
Cask filled with inert gas 
Flush and sasple gas 
Resove head nuts 
Attach yoke 
Re•ove hoses 

Cask transferred to 
set-down pad 

Wove cask 
Resove head 

Total 

Total 

Cask transferred into fuel 
pool and loaded 

Instal I skirt and lower cask 
Load fuel (15 sin/assy) 
Raise cask and resove skirt 
Replace head 

Total 

Cask decon'd and surveyed 
Wove cask 
Dry cask 
Wove cask 
Re•ove yoke 
Survey cask 
Hook-up flush and drain hosel 
Drain cask I 
Tighten head I 
Pressure test I 
Spot decon I 
Survey for release I 
Replace valve port covers I 

Total I 

Cask transferred to vehicle 
Engage yoke 
Transfer cask 
Resove trunnions 
Replace shield cover 
Secure cask 
Wove vehicle 

I 
I 
I 
I 
I 
I 
I 
I 

Total 1 
Grand Tota I I 

2 
2 
2 
2 
1 
2 
2 
3 
2 

3 
3 

2 
2 
2 
3 
2 

3 
2 
3 
3 
1 
2 

~ l 
2 
2 
1 
2 

3 
3 
2 
2 
1 
1 

(a) Each cask load 1s 36 PWR asse•bl ies. 

1.7 
1.2 
1.1 
1.1 
1.7 
1.4 
1.8 
1.2 
1.1 
4.5 

1.6 
8.4 
1.1 

1.3 
9.1 
1.3 
1.5 
1.1 

11.1 

1.6 
1. 5 
1.1 
1.1 
1.1 
1.1 
1.1 
1.5 
1.1 
2.1 
1.5 
1. 5 
9.9 

1.1 
1.2 
8.4 
1.6 
8.3 
1.2 
1.8 

31.1 

8.3 

1.4 
1.4 
1. 2 
1.2 
8.7 
2.8 
2.1 
1.6 
1.2 
8. 5 

1.8 
1.2 
3.1 

1.6 
18.1 
1.6 
1.5 
2.1 

22.7 

1.8 
1.1 
1.3 
1.3 
1.1 
1.2 
2.1 
3.1 
2.1 
4.1 
1.5 
1.1 

18 . 1 

1.3 
1.6 
1.8 
1.2 
1.3 
1. 2 
3.4 

58 .9 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2. 5 

2. 5 
2.5 
2.5 
2.5 
2. 5 

2. 5 
11.1 
11 .1 
11 .1 
11.1 
11 .1 
11.1 
11 .1 
11.1 
11.1 
11.1 
11 .1 

11 .1 
11.1 
11.1 
11.1 
11.1 
11.1 

3. 51 
1.11 
1.51 
1. 51 
1. 75 
7.11 
5.11 
1. 51 
1.51 

21 . 25 

4. 51 
3.11 
7. 51 

1. 51 
45.01 
1. sa 
3.75 
5.01 

56.75 

4. 51 
U.ll 
3.11 
3.11 

11.11 
2.01 

28.88 
38 .08 
21 .1!0 
48.11 
15.81 
11 .88 

167 . 51! 

3.81 
6.81 
8.11 

12.11 
3.11 
2.11 

34.11 
288.61 

1.21 
1.16 
1.13 
1! .13 
1.11 
1.42 
1.38 
1.89 
1.13 
1.28 

1.27 
1.18 
1.45 

1.19 
2.71 
1.19 
1.23 
8.38 
3.41 

1.27 
1.61 
8.18 
1.18 
1.68 
1.12 
1.211 
1.81! 
1. 21! 
2.41 
8.98 
1 .61!1 

11!1 .1!7 

8. 18 
1.36 
1.48 
1.72 
1.18 
1.12 
2.14 

17.35 
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TABLE B.3. Detailed Analysis of Occupational Exposures During Consolidation of 
Spent Fuel and Compacting NFBC at the Reactor 

I Spent Fuel Consolidation I NFBC Coapaction su .. ary of Consol idation/Coapaction 
I No . Exposure I No . Exposure I Exposure 

Description of I of X of Shifts Total Rate Wan-area/ of I of Shifts Total Rate Wan-are•/ Shifts Shifts Total Rate Wan-area/ 
Personnel Required !Staff Shift Req'd. Wan-hrs . area/hr Caapaign !Staff Shift Req'd . Wan-hrs. area/hr Caapaign IReq'd. Req'd. Wan-hrs . area/hr Caapaign(b) 
-------------------------I--------------------------------------------------1------------- ----------------------------------I-----------------------------------------
Health Physicist I 1 188.8 48.8 384 .8 2.6 968 .8 I 1 188.8 12 .8 182 .4 2.6 266.1 I 1 68 .8 486.4 2.6 1218.1 
Fuel Handler I 1 28.8 48.8 76.8 2.6 192.8 I 1 6.8 12 .8 6.1 2.6 12.8 1 68 .8 81.9 2.6 284.8 
Consolidation Technician I 2 188 .8 48 .8 768 .8 2.6 1928.8 I 2 188 .8 12 .8 284 .8 2.6 612 .1 I 4 68.8 972 .8 2.6 2432.1 
Tooling Engineer I 1 6.8 48.1 19.2 2.6 48 .8 I 1 6.8 12.8 6.1 2.6 12.8 1 68.8 24.3 2.6 68.8 
Supervisor I 1 12.6 48.8 48.8 2.6 128 .8 I 1 12 .6 12 .8 12 .8 2.6 32.1 I 1 611 .8 61.8 2.6 162.1 
~A Engineer I 1 12.6 48 .8 48.8 2.6 128 .8 I 1 12 .6 12.8 12 .8 2.6 32.1 I 1 611.8 68.8 2.6 162.1 

Sub-Tota I I 1344.8 3361U I 343 .8 867 .6 I 1687. I 4217 .6 

(a) Wan-power and exposure rates are based on the Oconee deaonstration (Duke Power 1983). 
(b) Each caapaign is for 29 .67 WTU (64 PIR asseablies) . 

• • • 
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TABLE B.4. Detailed Analysis of Occupational Exposures During Set-Up» Testing» Removing, 
and Decontaminating Consolidation and Compaction Equipment at the Reactor 

Equipunt Set-Up I Equipunt Reaoval I Equip .. nt Decont11inat ion 
No . Exposure I No. Exposure I No. Expoaure 

Description of I of ll of Shifts Total Rate l.lan-area/1 of ll of Shifts Total Rate l.lan-•r••/ of I of Sh ift. Total Rate llan-1re1/ 
Personnel Required !Staff Shift Req'd . l.lan- hrs. are•/hr Cnpaign !Staff Shift Req'd . l.lan-hrs. 1re1/hr C11pai11n !Staff Shift Req'd. llan-hra. 1re1/hr C11p1 i11n(c) 
- - -----------------------1-------------------------------------------------- 1-----------------------------------------------1-------------------------------------------------
Health Physicist I 1 188.8 2.8 22.8 2.6 66.11 1 181 .1 1.1 8.1 2.6 21.1,1 76 .1 1.3 7.11 11 .1 78.8 
Fuel Handler I 1 25.1 2.8 6.6 2.6 13 .8 1 26 .1 1.1 2.1 2.6 6.1 (b) 26.1 1 .4 1.11 2.6 2.2 
Consolidation Technician I 2 76.1 2.8 33.1 2.6 82.61 2 76 .1 1.1 12.1 2. 6 a • .• ,. 61.1 1.8 21.1 11.1 211.1 
Tooling Engineer I 1 25 .1 2.8 6.6 2.6 13 .8 1 26 .1 1.1 2.1 2.6 6.1 N/A(d) N/A 
Supervisor I 1 26.8 2.8 6. 6 2.6 13.8 I 1 26 .1 1.1 2.1 2.6 6.1,1 26.1 1.8 3.6 ~ . 6 8.8 
qA Engineer I 1 26.1 2.8 6.6 2.6 13.8 I 1 26.1 1.1 2.1 2.6 6.1 1 26.1 1.8 3 .6 2.6 8.8 

Sub-Total I 77.1 192.6 I 28.1 11.1 I ae.8 318.4 

(a) l.lan-power and exposure rates are based on the Oconee Deaonstration (Duke Power 1983) . 
(b) The health physicist is exposed to 11 1reajhr for 761 of the total tiae and 2.6 are1jhr for 261 of the required til8. 
(c) Each c11paign is for 29.67 I.ITU (64 PIR useabl ies). 
(d) Tooling engineer notrequired during decontaaination. 



TABLE B.5. Detailed Analysis of Occupational 
and Dry Transfer of Spent Fuel 

Exposures During At-Reactor Wet 
from Dry Storage Casks to Ra.i 1 

Transportation Casks 

let Transfer 

ilon-oileo/ Uan-oReo/1 
I !Exposure I WT !Exposure I WT I 

Coscription of Operotion IWan-Hrs/ I Rote ITronsportl Rote IStor>ge I 
Sub-oper•t 10n Cosk (a) o-reo/hr Cuk o· reo/hr C .. k (d) 

------------------------------I---------I-------- -1--------- 1---------1---------
Cosk received at I I I I I 
r·::1ctor 
a~~n carrier vehi cl e 
R;;Jialion survey 
Re•ove va I ve box covers 
Install trunnions 
Engoge yoke ond transfer 

Tot• I 

Cas i< wash and sa•ple 
Cask .. sh 
C1sk transfer 
?ressure check c ask cav 1 ly 
Hook-up hoses 
CJSk fi lied w1th inert gas 
Flush and saople gas 
Re•ove head nuts 
Attach yoke 
Re11ove hoses 

Cask transferred 
i n ~o fuel pool 

!-.love cask 
Re:'llove head 
Insta II sk i rt and I ewer cask 

Total 

Scent fuel transferred 
lo•d fuel 

Tot a l 

Casl< removed 
f roo fue l pool 

Ra i se cask and 
Ro p lace head 

remove skirt I 
I 
I 

Tota l I 

Cask decon'd and surveyed 
~ave cask 
Dry cask 
lkve cask 
Re~ove yoke 

I 
I 
I 
I 
I 
I 
I Suney cask 

Hook-up f I us h 
Drain cask 
Tighten head 
Pressure test 

and dr<~in hosej 

S~ot decon 
Survey for release 
Rep lace valve port cover s 

Tot a I 

Cas k transf e r red to veh1 c le 
Engage yoke 
Transfer cask 
Re~aove trunni ons 
Repl3ce shield cover 
Secure cask 
Wove veh i c I e 

Tota l 
Grand Total 

I 
I 
I 
I 

a 4 
0 .6 
1.0 
0.6 
0 .6 

3. 20 

1.4 
0 
0 
0 
0.7 
2. 6 
2. e 
0 .6 
0 . 2 

8. 53 

1. 8 
1. 2 
0 . 6 

3 . 60 

0 5 
0 5 

0 . 5 
I 5 
2 .a 

4 13 

1. 8 
1.a 
0 . 3 
0 . 3 
1 a 
0 . 2 
2 . 0 
3 . a 

. 2 0 

' ~ 
! 5 
1. 0 

:3 ;a 

0 . 3 
a. 6 
0 . 8 
1. 2 
0 .3 
0 2 

3. 40 
41.40 

0 5 
0. 5 
0. 5 
0. 5 
0 . 5 

2. 5 
2. s 
2 . 5 
2 . 5 
2 5 
2. s 
2. 5 
2 5 
2. 5 

2 5 
2 . 5 
2 5 

2. s I 

2 s 
2 . 5 
2 . 5 

2. 5 
.10 0 
10 .0 
10 0 
13.0 
10 0 
10 0 
10 0 
10 0 
1 ~ z 

10 

10 
Ia 0 
1a a 
10 .0 
!0 . 0 
10 . 0 

0. 03 
e. es 
e .0a 
e. es 
e. es 
e. 2s 

0 . 54 
0 . IS 
a ea 
0. 08 
0 27 
l. 08 
0. 77 
0. 23 
0 . 08 
3 . 29 

0 . 10 
0 . 46 
a 23 
l 39 

0 . 19 
0 19 

0 23 
0 . 58 
0 77 
I 58 

a 1a 
I 55 

46 
46 
55 
31 
09 

4 6 4 

3 ~9 
6 IS 
2 32 
l 55 

25 9Z 

0 46 
a 93 
l 24 
l. 86 
a 46 
0 . 31 
5 . 26 

37 . as 

10 . e 

10 .0 
10 . 0 

10 . 0 
10 .0 
10 0 
10.0 
10. 0 
1a. a 
Ia . 0 
10 e 
10 . e 

Ia . 0 
10 e 
10 0 

2 s I 

2 . 5 
2 5 
2 5 

2 . 5 
2 5 
2 
2 . 
2 
2 
2 5 
2 5 
2 5 
2 5 
a 5 
e s 

0 . s 
0 5 
a s 
a. s 
0 . s 

{a) fhe 1an-hrs and t he exposure rat es were developed in Table A. 2 

e. 93 

e. 93 
l. 86 

2 . 16 
a. 52 
0 . 31 
0 .31 
l. 08 
4 . 33 
3 ~9 
0 .93 
a. 31 

13 . 14 

2 .78 
l. 86 
0 . 93 
5. 57 

0 .19 
0 . 19 

a 23 
0 . 58 
a 77 
I 58 

0 . 70 
a. 39 
0 . 12 
0 . 12 
a. 39 
a. a a 
a 77 
l. 16 

55 
~5 

5 31 

a. 02 
0 05 

0 . 02 
0 . 02 
0. II 

27 . 76 

I 
I 
I 

Oesc ri pticn of Operation 
Sub~opent.ion 

Tr anspo rt cask received at. 
reactor 

Open c<~rrier vehicle 
Radiat ion survey 
Re11ove nl ve box covers 
I ns t al l trunnions 
Engage yoke •nd transfer 

Tota l 

Tr<~nsport cask wash and sample 
C•sk .. sn 
Cask transfer 
P r essu r e check cask cavity 
Hook -up hoses 
Cask fi led with inert gas 
Flush and sample gas 
Re11ove head nuts 
At t ach ~eke 
Reaove hoses 

Transport cask positi oned 
at. dry storage cas k 

Tota l 

Storage cask opened 
Trans pot tation cask tu ted 
to storage cask 

Total 

I Spent f"e l transfe rred 
I Basket pu II ed 1 nto 
I transpo r ta t1cn cask 

I 
I 
I 
I 
I 
I 
I 
I 

Transport c as k 
f o r r el eas e 

Cask removed 
Cask de<.; on 1 d 

Tot al 

prepe~ red 

e~nd se e~ I ed 
and surveyed 

Tota l 

I Tr anspo r t c::~sk re le ased fro:?~ 
I f ac II i ty 
I Cask tr1.1sferred !.o ve~1c l e 

and ex1r. s fac1l ity 
To t. a I 

St orag e c as~ c I os ed and s !.o:-ed 
Stora<;e cask sur veyed , c lased 
an::! s~o :- ed 

To!.a I 
GrarC iota I 

(b) The nn- hrs are based on the NUHOUS concept (NUTECH 1984). us ing the exposure rates in Table A 2. 
(c) The spent f uel b•sket has the capacity t o ho ld 14 PWR or 36 81R ass eobl ies 

Dry T1·ansfer 

I Expo:sure I 
IM•n-Hrs/ I R01 te l~•n-o reo / 
Cask (a) (b) ore•fhr ~T (d) 
--------- 1- --- ····--1---------

0 . •a 
a. 60 
I 39 
0 60 
0 . 5a 
3. 2a 

0 10 
0 43 
a 2a 
a 2a 
0 7a 
2 80 
2 00 
a. 50 
0 20 
7 80 

0 50 
5 . 80 

7 .30 

00 

2. ea 

I a0 
l. 50 
2 53 

53 

a. 50 

30 

0. za 
23 60 

1!. sa 
~ 50 
0 50 
~ 50 

sa 

2 50 
2. sa 
2 sa 
2. 50 
2 sa 
2. sa 

sa 
50 
50 

13 00 
ta ea 

13 . ae 

10 . ee 
10 .ee 

2 . sa 

0 . a3 
a. 05 
a. a a 

0 . 05 
a 20 

0. 21 
a. IS 
0 . a8 
0. 08 
a. 27 
l. 08 
a 77 
0 . 23 
0. as 
3 a l 

0 77 
10 51 

II 2"l 

09 

I 55 
2. 32 
3 . 87 

77 

0 77 

0 . 12 

e. 12 

22 " 

(d) No vo lues have been ol cul•ted for the operations t hat ore not requ ired based on t he osk t ype . Denoted with N/ A. 
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APPENDIX C 

OCCUPATIONAL EXPOSURE ANALYSIS TABLES FOR OPERATIONS AT THE REPOSITORY 

Appendix C presents in Tables C.l through C.6 detailed tables of occupa­
tional analysis for handling the reference and alternative truck and rail casks 
at the repository, and for other alternatives at the repository. Results from 
these tables are summarized in Section 4 • 

C.l 



TABLE C.l. Detailed Analysis of Occupational Exposures During Receiving and 
Unloading Unconsolidated Spent Fuel at the Repository 

I No . I Hours/ I Hours/ IUan-hrs/ IUan-hrs/ !Exposure IMan-•re•/IMan-•re•/ 
Description of I of I Truck I Rai I I Truck I Rai I I Rate I Truck I Rai I 
Operation IStaffl Cask I Cask I Cask I Cask I •re•/hr ICask (a) ICask (b) 
------------------------------ ----- --------- --------- ---------1--------- --------- ---------1---------
Inspect cask and transfer I I 
to wash I I 

Pos itioning of vehicle 3.8 8.1 8.1 8.3 8.3 8.5 8. 13 I 8. 13 
Portable •onitor ing 2.8 8.8 8.1 8.1 8.1 18 .8 8.67 I 1.88 
Visual inspection, botto• 1.8 8.1 8.2 8.1 8.2 18.8 8.83 I 1.67 
Visual Inspection, top 1.8 8.1 8.1 8.1 8.1 18.8 8.83 I 8.83 
Transfer to washdown 2.8 8.1 8.1 8.3 8.3 18 .8 2.67 I 2.67 

Sub-Total 8.4 8.5 8.8 8.9 6.13 6.29 

lash and transfer cask to 
·unloading 

Hook-up to puller units 2.8 
lashdown (double pass) 2.8 
Drying 1.8 
Transfer to cask handling 2.8 

Sub-Total 

Off-load cask 
Position vehicle 2.8 
Re1ove t iedowns, etc. 3.8 
Co1plete preperations 3.8 
Position cask on cart 3.8 

Sub-Tot.al 

Sa1ple cask, untorque bo lts 
Sa1ple gas, vent cask, 3.8 
install barrier adapter , 
untorque inner bolts 

Sub-Total 

Mate cask to eel I 
Engage barrier, close door 1.8 
Ruove entry port pI ugs, 1. 8 
and cask inner closure 

Sub-Total 

Unload cask 
PIR operations only 1.8 

Sub-Total 

Cask transferred to vehicle 
Replace inner closure, 1.8 
port plugs 
Move cask into decon area 2.8 
Co1plete closure 1.8 
Position cask on vehicle 3.8 

Sub-Total 
Total 

8.1 
8.1 
1.8 
8. 2 
1.4 

8.2 
8.8 
8.3 
8.6 
1.8 

1.6 

1.6 

1.6 
8.6 

2.1 

8.7 
8.7 

8.8 

8.3 
2.8 
8.6 
3.7 

11 .7 

(a) Each cask load is 2 intact PIR asse•bl ies. 
(b) Each cask load is 14 intact PIR asse1blies . 

8.1 
8.1 
1.8 
8.3 
1.6 

8.3 
1.8 
11 . 6 
11.6 
2.3 

2.8 

2. 11 

2.11 
8.7 

2.7 

4.7 
4.7 

1.3 

8.3 
2.5 
8.6 
4.7 

18 .3 

C.2 

8.2 
8.1 
1.8 
8.5 
1.7 

8.3 
2.3 
1.11 
1.8 
5.3 

4.8 

4.8 

1.6 
8.5 

2.1 

8.7 
8.7 

8.8 

11 .7 
2.8 
1.8 
6.2 

28 .6 

8.2 111 .8 
8.2 18 .11 
1.8 2.6 
8.5 18 .8 
1.9 

8.5 18.8 
3.8 18 .8 
1.5 18.8 
1.8 I 111.8 
6.8 I 

I 
I 

6.8 I 18.8 
I 
I 

6.8 I 
~ 

2.8 18 .8 
8.7 8.1258 

2.7 

4.7 8. 1258 
4.7 

1.3 8.1258 

8.7 8.5 
2.5 8.6 
1.8 8'.5 
6.2 

29.8 

1.67 
1.88 
2.58 
4.67 
9.83 

3.33 
22.511 
18 . 811 
8.75 

44.58 

H . 511 

47.511 

15 .83 
8.86 

15.911 

8.88 
8.88 

8.119 

11 .33 
1.88 
8.88 

2.3 
125.32 

1.67 
2.1111 
2.611 
5.33 

11.58 

5.1111 
311 .811 
15.1111 
8.75 

58 .75 

611 .811 

611 .811 

28 . 811 
8.88 

28 .88 

8.58 
8.58 

8.16 

8.33 
1.25 
8.88 
2.6 

159.82 

' 
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TABLE C.2. Detailed Analysis of Occupational Exposures Duri ng Receiving and Unload i ng Spent 

Fuel from the Reference and Alternative Shipping Casks at the Repository 

Description of 
Operation 

1 No . I I l~an-hrs/ IWan-hrs/ !Exposure IWan -•re•/IWan-•re•/l~an-• re•/WT IWan-•re•/WT IWan-•re•/WTIWan-•re•/WTI 
1 of I Hours/ I Hours/ I Truck I Rail I Rate I Truck I Ra i l I Ref . LIT I Ref . Rail I OIT 1158-T Ra1l I 
IStaffl Truck I Rail I Cask I Cask I •re•/hr I Cask I Cask I Cask (a) I Cask (b) !Cask (c) (e) ICask (d)(e)l 

------------------------------ ----- --------- --------- --------- --------- --------- --------- --------- ------------1------------1----------- -----------
Inspect. cask and transfer 
to wash 

Positioning of vehicle 
Portable •onit.oring 
Visual inspection, bot.to• 
Visual Inspection, top 
Transfer to washdown 

Sub-Tota I 

lash and transfer cask to 
unloading 

3.8 
2.8 
1.1 
1.1 
2.1 

Hook-up to puller units 2.1 
lashdown (double pass) 2.1 
Dry ing 1.1 
Transfer to cask handling 2.1 

Sub-Total 

Off-load cask 
Position vehicle 2.8 
Re•ove tiedowns, etc . 3.8 
Co•plet.e preperations 3.8 
Position cask on cart. 3.1 

Sub-Total 

Sa1ple cask , untorque bolts 
Sa1ple gas , vent. cask , 3.8 
install barrier adapter, 
unt.orque inner bolts 

Sub-Tota I 

Mate cask to cell 
Engage barrier, close door 1.8 
Re•ove entry port. plugs , 1.1 
and cask inner closure 

Sub-Total 

Unload cask 
PIR operations only 1.1 

Sub-Tota I 

Cask transferred to vehicle 
Replace inner closure, 1.8 
port. plugs 
Move cask into decon area 2.8 
Co1plet.e closure 1.1 
Pos it ion cask on vehicle 3.8 

Sub-Tota I 
Total 

8.1 
8.8 
8.1 
8.1 
8.1 
1.4 

8.1 
8.1 
1.1 
8.2 
1.4 

8.2 
1.8 
8.3 
8.6 
1.8 

1.6 

1.6 

1.6 
8.6 

2.1 

8.7 
8.7 

8.8 

8.3 
2.8 
8.6 
3.7 

11 .7 

8.1 
8. 1 
1.2 
8.1 
1.1 
1.6 

1.1 
8.1 
1.1 
8.3 
1.6 

1.3 
1.8 
1.6 
8.6 
2.3 

2.8 

2.8 

2.8 
8 .7 

2.7 

4.7 
4.7 

1.3 

8.3 
2.5 
8.6 
4.7 

18 .3 

(a) Based on each cask load of 2 intact. PIR asse•blies . 
(b) Based on each c•sk load of 14 intact PIR asse1bl ies . 
(c) Based ~n each cask load of 4 intact PIR asse•bl ies . 
(d) Based on each cask load of 36 int act PIR asse1bl ies . 

8.3 
8.1 
8.1 
1.1 
8.3 
8.8 

8.2 
1.1 
1.1 
8.6 
1.7 

1 .3 
2.3 
1.8 
1.8 
6.3 

4.8 

4.8 

1.6 
8.6 

2.1 

1 .7 
8.7 

8.8 

8.7 
2.8 
1.8 
5.2 

28.6 

8.3 
1 .1 
1 .2 
8.1 
1 .3 
8.9 

8.2 
8.2 
1.8 
1 .6 
1.9 

1.5 
3.1 
1.5 
1.8 
6 .8 

6.1 

6 .8 

2.1 
8.7 

2.7 

4.7 
4.7 

1.3 

8.7 
2.5 
1.8 
6.2 

29 .1 

1 .6 
18 .8 
18.1 
18 .1 
11.8 

11.8 
18.8 
2.6 

18 .1 

18.1 
11.8 
18.8 
18.8 

18 .8 

11.8 
1.1258 

8.1268 

8.1258 

8.6 
8.6 
8.5 

8.13 
8.67 
8.83 
8.83 
2.67 
6.13 

1.67 
1.18 
2.68 
4.67 
9.83 

3 .33 
22 .61 
18 .88 
8 .76 

44 .58 

47 .68 

47 .51 

16.83 
1.16 

16 .98 

1 .88 
8.88 

8.89 

1 .33 
1.88 
8.88 
2.38 

126 .32 

(e) The exposure rates and •an-hrsfcask are based on the reference cases, t he WTU/cask and the 
t ime required to unl oad are increased for t his case to reflect the increased cask capac it ies . 

1.13 
1.11 
1.67 
1 .83 
2.67 
6.29 

1.67 
2.18 
2. 68 
6.33 

11.68 

6.18 
31.18 
16.88 
8.76 

68.76 

61.88 

61.81 

28.18 
1 .88 

21 .18 

1.68 
1.68 

1.16 

1 .33 
1. 25 
1.88 
2.61 

159 .82 

1 
I 

1 . 14 I 
8.72 1 
1 .98 I 
8.98 1 
2.89 1 
6.66 

1.88 
1.88 
2.71 
6.16 

18.64 

3.61 
24 .36 
18.82 
9.47 

48 .26 

61.41 

61.41 

17.14 
1.17 

17.28 

1 .89 
8.19 

8. 11 

8.36 
1.88 
1 .96 
2.49 

135.63 

8.82 
1.16 
1.26 
1.13 
1.41 
1.97 

1.26 
1.31 
1.39 
1.82 
1.78 

1.77 
4.64 
2.32 
1.35 
9.18 

9.28 

9.28 

3.19 
1.11 

3.11 

1.19 
1.19 

1 .12 

1.15 
1.19 
1.14 
8.41 

24 .71 

8.17 
1 .36 
1.46 
1.45 
1.44 
2.77 

1 .98 
1 .64 
1.36 
2.63 
6.32 

1.81 
12 . 18 
6.41 
4.73 

24 .13 

25 .78 

26 .78 

8.67 
1 .13 

8.68 

8.89 
1.19 

8.85 

1.18 
1.64 
8.47 
1.25 

67 .86 

8.81 
1.16 
8. 11 
8.16 
8.16 
1.38 

8.11 
1.12 
1·.15 
1.32 
1.69 

1.38 
1.88 
1.98 
1 .63 
3.53 

3.61 

3.61 

1.21 
1.11 

1.21 

1.19 
1.19 

8 .81 

1.12 
1.18 
8.85 
1.16 
9.66 



TABLE c .3. Detai 1 ed Analysis of Occupational Exposures During Receivi ng and 
Unloading Consolidated Spent Fuel and NFBC from the Reference Truck 
Cask at the Repository 

Receipt of Consolidated Fuel and Discharge of Empty Cask 

I I I I I lfllan-uem/fllT lt.lan -mrem/t.lT 
No I Hours/ l~an-hrs/ !Exposure lt.lan-mrem/lt.lan-mrem/t.lT I Conso I . SF I NFBC 

Description of I of I Truck I Truck I Rate I Truck I Truck I Truck I Truck 
Operation IStaffl Cask I Cask I 1re11jhr I Cask I Cask I Cask (a) I Cask (b) 
------------------------------ ---r-1---------1--------- --------- --------- ------------ ------------ -------------Inspect cask and transfer I I 
to wash I I t Positioning of vehicle 3.1 I 1.1 I 1.3 f/J.5 S.13 S. 14 1.1!7 "--ll Portable 1onitoring 2.1 I a.s I 1.1 1S .S S.67 S.72 . 1.36 S.S7 

Visual inspection, botto• 1.1 I S.1 I 1.1 11 .S S.B3 S.9S S.45 S.S9 
Visual Inspection, top l.S I S.1 I 1.1 lS.I S.B3 S.9S S.45 S.S9 
Transfer to washdown 2.S I S.1 I 1.3 1S . I 2.67 2.89 1. 44 1.29 

Sub-Total I S.4 I 1.8 5.13 5.55 2. 77 S.55 
I 

lash and transfer cask to 
unloading 

Hook-up to puller units 2.1 1.1 S.2 11.1 1.67 1. as 1.91 S.18 
lashdown (double pass) 2.1 1.1 1.1 11.S LIS l.SB 0. 54 B. ll 
Drying 1.1 1.1 1.1 2.5 2. 50 2. 71 1.35 1.27 
Transfer to cask handling 2.1 1.2 1.6 lS .I 4.67 5.05 2.53 8. 51 

Sub-Total 1.4 1.7 9.83 11 .64 5.32 1.06 

Off-load cask 
Position vehicle 2.1 1!.2 1! .3 18 .8 3.33 3.61 1.81 0.36 
Re1ove tiedowns, etc . 3.1 1.8 2.3 11 .1 22 . SS 24 .35 12.18 2. 4-4 
Co1plete preparations 3.1 1.3 1.1 lS .I lS.IS 11 .82 5.41 1. 08 
Position cask on cart 3.1 1.6 1.8 11.1 8.75 9.47 4.73 8.95 

Sub-Total 1.8 5.3 44 .58 48 .25 24 .13 4.83 

Sa1ple cask, untorque bolts 
Sa1ple gas, vent cask, 3.1 1.6 4.8 11.1 47 .5S 51.41 25 .78 5. 14 
instal I barrier adapter, 
untorque inner bolts 

Sub-Total 1.6 4.8 47.SS 51.41 25 .70 5.14 

~ate cask to cell 
Engage barrier, close door 1.8 1.6 1.6 1S .8 15.83 17.14 8.57 1.71 
Re1ove entry port plugs, l.S 1.5 8.5 0.12SS S.06 S.S7 0.13 1.01 
and cask inner closure 

Sub-Total 2.1 2.1 15.90 17 .28 8.61 1. 72 

Unload cask 
PWR operations only 1.0 1.7 0.7 0.12SS 8.S8 S.S9 0.85 S.Sl 

Sub-Total S.7 8.7 8.1!8 S.S9 S. l5 S.Sl 

Cask transferred to vehicle 
Replace inner closure, 1.1 1.8 s.8 1. 1251 1!.1!9 S.1S 0.S5 S.81 
port plugs 
~ve cask into decon area 2.1 1.3 1.7 s .s S.33 1.36 8.18 8.04 
Co1plete closure 1.1 2.8 2.1 1.5 1.0S 1.08 8.54 S. ll 
Position cask on vehicle 3.1 1.6 1.8 1.5 S.BB 8.95 8.47 ·a.s9 

Sub-Total 3.1 3.4 1.43 1. 54 S.77 8.15 
Total 11.1 18.8 124 .45 134 .68 67.34 13 . 47 • 

(a) Based on 1.85 WT consolidated PWR spent fuel . 
(b) Based on 9. 24 ~T consolidated PWR NFBC's. 

C.4 
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TABLE C.4. Detailed Analysis of Occupational Exposures During Receiving and 
Unloading Consolidated Spent Fuel and NFBC from Reference Rail Cask 
at the Repository 

Receipt of Consolidated Fuel and Discharge of Empty Cask 

I I I I I I . lijan-uem/ijT lt.tan-mrem/t.lT 
Descr iption of I No. I Hours/ IWan-hrs/ !Exposure IWan-•re•/l~an-tre•/~T I Consol. SF I NFBC 
Operation I of I Ra i I I Ra i I I Rate I Ra i I I Ra i I I Ra i I I Ra i I 

!Staff! Cask I Cask I 1re•/Hr I Cask I Cask I Cask (a) I Cask (b) 
------------------------------ ----- --------- ---------1--------- ---------1------------ ------------ ------------
Inspect cask and transfer I I 
to wash I 

Positioning of vehicle 3.8 8.1 8.3 8.5 8.13 I 8.82 8.81 8.88 
Portable 1onitoring 2.8 8.1 8. 1 18.8 1 . 8~ I 8.15 8.88 8.82 
Visual inspection, botto• 1.8 8.2 8.2 18 .8 1.67 I 8.26 8.13 8.8• 
Visual Inspection, top 1.8 8.1 8.1 18.8 8.83 I 8.13 8.86 8.82 
Transfer to washdown 2.8 8.1 8.3 18.8 2.67 I 8 .• 1 0.21 0.06 

Sub-Total 8.5 8.9 6.29 I 8.97 0 .• 9 9.1. 

Wash and transfer cask to 
unloading 

Hook-up to puller units 2.8 
lashdown (double pass) 2.8 
Drying 1.8 
Transfer to cask handling 2.8 

Sub-Total 

Off-load cask 
Poaition vehicle 2.8 
Re1ove t i edowns, etc. 3. 8 
C01plete preperations 3.8 
Position cask on-cart 3.8 

Sub-Total 

Sa1ple cask, untorque bolts 
Sa1ple gas, vent cask, 3.8 
install barrier adapter, 
untorque inner bolts 

Sub-Total 

Wate cask to eel I 
Engage barrier , close door 1.0 
Re1ove entry port plugs, 1.0 
and cask inner closure 

Sub-Total 

Unload cask 
PIR operations only 1.8 

Sub-Total 

Cask transferred to vehicle 
Replace inner closure, 1.8 
port plugs 
Wove cask into decon area 2.8 
Co1plete closure 1.8 
Position cask on cart 3.8 

Sub-Total 
Total 

8.1 
8.1 
1.8 
0.3 
1.5 

8.3 
1.8 
0.5 
8.6 
2.3 

2.8 

2.8 

2.8 
8.7 

2.7 

• . 7 
4.7 

1.3 

11.3 
2.5 
8.6 
• . 7 

18 .3 

(a) Based on 12.9 WT consolidated PIR spent fuel . 
(b) Based on 46.2 WT consolidated PIR NFBCs . 

8. 2 
8.2 
1.8 
8.5 
1. 9 

8.5 
3.8 
1.5 
1.8 
6.8 

6.8 

6.8 

2.8 
8.7 

2.7 

•. 7 
•. 7 

1.3 

11.7 
2.5 
1.8 
6.2 

29 .1 

C.5 

lll. II 
uu 
2.5 

18 .8 

11! .8 
18.8 
18.8 
18.8 

liU 

18 .8 
8.125 

8.125 

8.125 

11 .5 
0.5 
8.5 

1.67 
2.110 
2. 511 
5.33 

11.50 

5.81! 
31!.00 
15.81! 
8.75 

58.75 

60.00 

60.80 

20 .80 
8. 88 

20.08 

11 .58 
8.58 

8.16 

0.33 
1. 25 
8.88 
2.61 

159 .82 

J 

8.26 
8.31 
8.39 
0.82 
1. 78 

8.77 
4.64 
2.32 
1.35 
9.88 

9.28 

9.28 

3.09 
8.111 

3.11 

0.89 
9.09 

0.82 

11.05 
8.19 
8.14 
8.49 

2 •. 71 

0.13 
8.15 
8.19 
8.41 
8.89 

8.39 
2.32 
1.16 
8.68 
•. s. 

•.a• 
4.64 

1. 55 
0.01 

1. 55 

8.85 
9.95 

0.01 

0.03 
8.10 
8.87 
8.20 

12.35 -I 

a.a• 
8.114 
8.05 
0. 12 
8. 25 

0.11 
8.65 
8.32 
8. 19 
1. 27 

1.30 

1. 38 

0 .• 3 

"-"" 
0. 43 

8.01 
9.01 

8.80 

11 .01 
0.03 
0.112 
0.06 
3.46 



TABLE C.5. Detailed Analysis of Occupational Exposures During Spent Fuel 
Consolidation and NFBC Shredding and Thei r Canistering Oper·at ions 
at the Reference Repository 

I No . I I !Exposure I ~an-1re1/ I I 
Oeser i pt ion of I of I Hours/ I ~an-hrs/ I Rate I Operation I ~an-111 re111/l 
Operation (a) !Staff! Operation IOperat i on l ~re•fhr I (b)(c) I ~T 1 
------------------------------l-----l------------1------ ---l ---------l-----------l --------·- l 

Consolidate and package Spent Fuel 
------------------------------l-----l------------l ---------l---------l----------- l--------·-1 
Load fuel asse1bl ies into I 3 I 11 .8 I 2.3 I 11.125 I 11 .28 I 11 . 211 I 

disasse1bler I I I I I I I 
Disasse•ble fuel I 3 I 2.5 I 7.5 I IU25 I 11.9-4 I 11 .68 1 
Conso I i date fue I rods I 3 I l. 2 I 3. 5 I 11.125 I 11 . 4-4 I 11 .32 I 
Load fue I rods in can ister I 3 I' 11.3 I 11.8 I 11 .125 I 11.119 1 11 .117 1 
Rotate canister I 3 I 11 .1 I 11 .3 I 11 . 125 I 11 . 113 I 11.112 I 
Evacuate cani ster and we I d I i d I 3 I 11 .3 I 1.11 I 2. 5119 I 2. 511 I l. 811 I 
Deconta1 i nate, inspect we I d I 3 I l. 6 I 4. 8 I 11.125 I 11 . 59 I 11.43 I 
Survey and 11ove I 3 I 11 .4 I 1.3 I 11 .125 I 11 . 16 I 11 . 11 I 

I I 7 . 1 I I I 5 .113 I 3 . 63 
------------------------------l-----l------------1---------l---------l-----------l--------·· 

I Consolidate and package NFBC 
-------~----------------------1-----l------------ --------- --------- -----------1---------
Sever Nozzles I I I 

Sever botto• nozzles I 2.11 11.6 1.2 11.125 11 . 15 1 
Place in chute I 1. 11 11.2 11.2 11 .125 11 .113 1 

Sub-Total · 11 .8 11 .18 I 

Position dru1 
Place dru1 on elevator 
Operate e I eva tor 
Place drua on cart 
Prepare and posit ion dru1 

Sub-Total 

Fi II dru11 
Empty shredder and chute 

Sub-Total 

Prepare and decon dru• 
Transfer dru• 
Cr i•p lid and pos ition 
Decon cell floor 
Decon dru11 
Survey dru• 
Position for removal 

Sub-Total 
Total 

I 
I 

------------------------------1 
Total for alI consolidat ion I 

operations (Spent Fuei•NFBC) I 

(a) Based on Parsons 1985. 

1.11 
1. 11 
1.11 
2. 11 

2.1l 

l.ll 
l.ll 
l.ll 
l.l! 
2.0 
l.ll 

11 .1 
11 .1 
11.11 
11 . 1 
11.3 

11 .7 
11.7 

il.il 
11.2 
0.1 
ll.4 
11.2 
11.1 
ll.9 
2.4 

9.5 

(b) Consolidated spent fuel from 3 PWR assemblies. 
(c) Shred the NFBCs f rom 111 PWR assemb l ies . 

C.6 

9.1 
11 .1 
11 . 11 
11.1 

1.3 

ll . il 
ll .2 
ll. l 
9.4 
ll .4 
9.1 

11 . 125 
11 .125 
11 .126 
il . 125 

2.501l 

ll .125 
2.51lll 
11 .125 
8.125 
ll .125 
11 .751l 

I 
I 

11.01 1 

11 . 111 I 
11 . 1111 
11 .111 
11 . 114 

3.33 
3.33 

il . ll9 
ll . 42 
11.111 
il . l15 
lil.ll5 
11 . il4 
11 . 57 
4.119 

9. 12 

11.211 
11.112 
11 . 22 

11 . 1111 
11 . 1111 
11 . 1111 
11 . 1ll1 
ll . lll 

11.72 
ll.72 

ll . lll1 
il . ll9 
ll . l!l! 
11 . 111 
ll.l11 
11 .91 
0.12 
1.07 

4.71l 

i 
' 

• 



TABLE C.6. Detailed Analysis of Occupational Exposures Ouri ng Overpacking 
Consolidated Spent Fuel and NFBC at the Reference Repository 

No. llan-1re•/llT 
I of I Hours/ I I ISpent Fuel lllan-•re•/IIT 

Description of Operation I Staff I RD (a) I 1re1jhr lllan-•re•/RDI (b) I NFBC (c) 
------------------------------- ----- --------- --------- ----------- ----------- -----------
Inspection and transfer of RD 

Inspection at gate 2.1 1.1 1.5 1.18 1.11 ILII 
Wove vehicle to prot . area 3.1 1.3 1.5 1.38 1! .13 1!.1!1 
Survey veh i cl e 1.8 8.1! 8.5 1.18 1.11! 1!.11 
Wove to washdown area 2.1 1.3 8.5 8.25 1.1!2 1.1!1 
Washdown 2.8 1! .8 8.5 8.75 1! .1!6 1! .1!2 
Wove to cask handling area 2.1 1.3 8.5 8.33 1!.13 1!.1!1 

Sub-Total 1.7 1. 79 1.14 1!.1!4 

Prepare RD for loading 
Re1ove i1pact li1iters 3.1 1.5 1!.5 1.75 1.1!6 1!.12 
Modify cask cart 1.1 1.3 1.5 1.17 1!.1!1 "·"" Re1ove RD fro• vehicle 2.1! 1.3 1!.5 1.25 1.1!2 1!.11 
Place RO on cask cart 2.1 1! . 5 1!.5 1.51 1.14 1!.11 
Wove to RO handling area 3.1 1.2 1.5 1.25 1.1!2 1!.11 
Insta II barrier 1.1 1.2 1.5 1.18 1.11 1!.1!1 

Sub-Total I 1.9 2.11 1.15 1!.1!4 
I 

llate cask to ce I I I 
Engage barrier, close door I 1.1 1.3 1.5 1.17 1.11 l . llll 
Re1ove entry port plugs, I 1.1 1.3 1.125 1.14 1.1!1 1!.1!1 
and RO inner closure I 
Place RO in weld/decon area I 1.1 1.3 1. 125 1.14 1.11 1.11 
Re1ove I id I 1.1 1.2 1.125 1.12 1.11 1!.1!1 
Replace entry port plug I 1.1 . 1.4 

i 
1.125 1.85 1.11 1!.11 

Sub-Tml I 1.6 1.3 1.1 1.1! 
I I 

Load RO I I 
Load canisters of repo. waste I 1.1 1.3 I 1.125 1.17 1.11 "·"" Sub-Total I 1.3 I 8.17 8.11 IJ.Illl 

I I 
Place RD in e1place1ent cask I I 

Prepare RO for weld I 1.1 1!.3 I 2.51!1 1.83 1.1!6 1!.1!2 
Weld RO I id I 1.1 1.1 I 2. 51!1 2. 51 1.19 1! .1!5 
Inspect weld I 1.1 1! .2 I 2.51!1 1.42 1.1!3 1!.1!1 
Lift RO into e1place1ent caskl 1.1 1.4 I 1. 125 1.15 1.11 "·"" Sub-Total I 1.9 I 3.81 1.29 1! .18 

Total I 8.4 I 8.18 1!.62 1!.17 

(a) RD = repository overpack 
(b) Based on 12.9 llT consolidated PWR spent fuel . 
(c) Based on 46.2 liT consolidated NFBCs. 

f 
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APPENDIX D 

DETAILED TABULATION OF RADIOLOGICAL DOSES FOR POSSIBLE 

CHANGES IN THE WASTE MANAGEMENT SYSTEM 

Table 0.1 presents all the results of the public and occupational doses 

developed in this study. Reference and alternative cases are compared indi­

vidually. The reference case is given in the first column, with the indi­

vidually compared alternative shown indented. In subsequent columns, the 

values for the reference and alternative cases are given for each of the 

3 steps of the waste management system. Following the doses from the 3 compo­

nents of the waste management system is a column giving the subtotal for the 

system. The differences in subtotals for the system are given below the refer­

ence and alternative values. 

Although public and occupational doses are of different concerns, they are 

added together in the column 11 Total System... The last column gives the change 

in this 11 total system 11 dose multiplied times the approximate percentage of 

spent fuel affected (given in the second column) • 

0.1 



TABLE D.l. Preliminary Unit Radiological Doses for Reference and Possible 
Changes in Waste Management Systemta 

Approx. S 
of Spent 

Reference Systm Featur& to Fuel Public 
Un1t R1sk !person-rem/1000 MTU) 

Potential Alternat1ve Feature Affected At Reactor At Repos1t Transp.lb) Subtotal At Reactor At 

I. Legal-weight truck cask 30 <I 

Standard rat 1 cask 

01fference 

2. Legal-weight truck cask 

Overweight truck cask 

01 fference 

3. legal-weight truck cask 

He~~~;~=~~~ t~~~~ ~ask(c) 
01 fference 

4. Reference rail cask 

!50- ton rail cask 

01 f ference 

s. Reference ratl cask, 
single-cask shi pment 

Marsha 1 s .. car dedi­
cated trat ns AFR 

01 fference 

6. Reference rat 1 cask, 
s1ngle-cask shipment 

Marshal S-car dedi­
cated trains AFR(e) 

01 fference 

7A. Co~:~!!1~~~yfVYI at 

Co~!~~!~~ffl fuel at 

Ot fference 

78. co~~~!!~~~~yf¥Y I at 

co~:~!~:~f?l t uel at 
01 fference 

8. We~t~;:~!'!~ ~~~t~;~(g) 
Dry transfer from dry 

storage at reactors C 9) 

Dt fference 

9. Dry storage 1n nontrans-

~~;~~~~= f~~~J at 

Ory storage tn trans-

~~;~~~~: ( ~1sks at 

01 fference 

30 

30 

30 

30 

30 

1old! 

1old! 

1old! 

30 

30 

70 

70 

10 

10 

10 

10 

Based on no-MRS 1n the system. 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

<I 

Equivalent to 1000 MTU shipped an average of 3000 km. 
Heavy-haul distance is assumed to be 20 km. 

<I 

<l 

(a) 
(b) 
(c) 
(d) 

1H 
Assumes applicab111ty to all reactors with ra1l capab1l1ty . 
Assumes 100 km to marshaling yard. 
Case 7A 1s for truck sh ipments; case 78 is for rail shipments .. 
Assumes shipment by ra1l. (g) 

(h) Assumes wet transfer fro11 dry storage at reactors. 

528 534 163 

528 

378 

528 

528 

286 

14 

-520 

534 

384 

-150 

534 

14 

-520 

14 ' 

10 

- 4 

14 

11 

- 13 

14 

13 

-I 

534 

292 

- 242 

0.2 

14 

11 

-3 

14 

14 

-0 

14 

14 

·0 

40 

163 

83 

163 

40 

40 

17 

40 

42 

40 

40 

163 

277 

40 

189 

66 

22 

66 

16 

Occupat 1 ana 1 

Reposit Transp. lh) 

HI 100 

30 

141 

73 

141 

30 

30 

15 

30 

30 

30 

141 

82 

30 

17 

30 

30 

30 

30 

100 

72 

100 

20 

<I 

100 

51 

Subtotal 

404 

75 

-329 

404 

228 

- 176 

404 

90 

- 314 

75 

34 

·41 

75 

72 

-3 

75 

71 

- 4 

404 

410 

+6 

75 

209 

+134 

101 

57 

- 44 

101 

51 

-50 

Change Chd.nge 
1 n Times 

Total Total Fraction 

System System Appl icable 

938 

89 

938 

938 

104 

89 

44 

89 

83 

89 

84 

938 

702 

91 

220 

115 

71 

liS 

65 

- 849 - 255 

-326 - 98 

-834 - 250 

- 45 -32 

-6 -4 

· S -4 

- 236 -71 

+92 

-44 -4 

-50 - 5 

• 
• 



PNL-5872 
UC-85 

DISTRIBUTION 

No. of 
Copies 

OFFS ITE 

6 B. C. Rusche 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-1 
Washington, DC 20545 

J. R. Hilley 
Office of Civilian Radioactive 

Waste Management 
u.s. Department of Energy 
RW-30 
Washington, DC 20545 

K. A. Klein 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-31 
Washington, DC 20545 

J. H. Carlson 
Office of Civilian Radioactive 

Waste Management 
u.s. Department of Energy 
RW-32 
Washington, DC 20545 

L. H. Barrett 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-31 
Washington, DC 20545 

R. E. Philpott 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-33 
Washington, DC 20545 

No. of 
Copies 

E. L. Wilmot 
Office of Civilian Radioactive 

Waste Management 
u.s. Department of Energy 
RW-33 
Washington, DC 20545 

R. Stein 
Office of Civilian Radioactive 

Waste Management 
U.S. Department of Energy 
RW-23 
Washington, DC 20545 

6 P. Gross 

Di str-1 

U.S~ Department of Energy 
Oak Ridge Operations Office 
Oak Ridge, TN 37830 

R. W. Peterson 
Battelle Memorial Institute 
BPMD 
505 King Avenue 
Columbus, Ohio 43201 

W. J. Madia 
Battelle Memorial Institute 
BPMD 
505 King Avenue 
Columbus, Ohio 43201 

N. E. Carter 
Battelle Memorial Institute 
505 King Avenue 
Columbus, Ohio 43201 

C. P. Gertz 
·u.s. Department of Energy 
785 DOE Place 
Idaho Falls, ID 83402 



No. of 
Copies 

P. A. Bolton 
Roy F. Weston, Inc. 
2301 Research Blvd. 3rd Floor 
Rockville, MD 20850 

W. D. Woods 
The Ralph M. Parsons Company 
100 West Wa 1 nut Street 
Pasadena, CA 91124 

K • G • Go 11 i he r 
P.O. Box 5400 
u.s. Department of Energy 
Albuquerque, NM 87185 

J. R. Wi 11 i ams 
U.S. Department of Energy 
Salt Repository Project Office 
505 King Avenue 
Columbus, OH 43201 

R. W. Lambert 
Electric Power Research 

Institute 
3412 Hillview Avenue 
Palo Alto, CA 94303 

Don Vieth 
U.S. Department of Energy 
P.O. Box 14,100 
Las Vegas, NV 89114 

L. B. Shappert 
Oak Ridge National Laboratory 
P.O. Box X 
Oak Ridge, Tennessee 37830 

L. C. Rouse, Chief 
Advanced Fuel Licensing Branch 
Nuclear Materials Safety and 

Safeguards 
U.S. Nuclear Regulatory 

Commission 
Washington, DC 20555 

No. of 
Copies 

Distr-2 

C. E. MacDonald, Chief 
Transportation Certification 

Branch 
Nuclear Materials Safety and 

Safeguards 
u.s. Nuclear Regulatory 

Commission 
Washington, DC 20555 

R. E. Luna 
Sandia National Laboratory 
Department 6320 
P .0. Box 5800 
Albuquerque, NM 87185 

J. W. Cashwell 
Sandia National Laboratory 
Department 6320 
P.O. Box 5800 
Albuquerque, NM 87185 

J. E. Stiegler 
Sandia National Laboratory 
Department 6320 
P .0. Box 5800 
Albuquerque, NM 87185 

P. D. 0 1 Brian 
Sandia National Laboratory 
NNWSI-Div. 6311 
P.O. Box 5800 
Albuquerque, NM 87185 

T. Lamb 
Sandia National Laboratory 
NNWSI-Div. 6311 
P. 0. Box 5800 
Albuquerque, NM 87185 

A. W. Dennis 
Sandia National Laboratory 
NNWSI-Div. 6311 
P. 0. Box 5800 
Albuquerque, NM 87185 

r 
\ 



J 

1 

' 

No. of 
Copies 

W. E. Watters 
EG&G Idaho Inc. 
P.O. Box 1625 
Idaho Falls, ID 83415 

R. C. Rawl, Chief 
Radioactive Materials Branch 
DHM-223 
400 Seventh Street SW 
Washington, DC 20590 

A. E. Cottam 
Rockwell Hanford Operations 
P.O. Box 800 
CDC-1 Bldg. 
Richland, WA 99352 

K. H. Henry 
Rockwell Hanford Operations 
P.O. Box 800 
CDC-1 Bldg. 
Richland, WA 99352 

E. F. Votaw 
Rockwell Hanford Operations 
P.O. Box 800 
Richland, WA 99352 

T. L. Sanders 
Sandia National Laboratory 
Division 6323 
P.O. Box 5800 
Albuquerque, NM 87185 

30 DOE Technical Information 
Center 

ONSITE 

6 DOE Richland Operations Office 

R. B. Goranson 
R. D. Izatt (2) 
B. L. Nicholl 
0. L. Olson 
E. H. Petrie 

No. of 
Copies 

65 Pacific Northwest Laboratory 

Di str-3 

R. C. Adams 
W. W. Ballard 
A. J. Boegel 
J. L. Braitman 
B. M. Cole 
J. W. Currie 
P. M. Daling 
R. L. Engel 
B. A. Fecht 
J. F. Fletcher 
R. M. Gale 
R. J. Hall 
R. E. Heineman 
J. N. Holloway 
G. M. Holter 
C. J. Hostick 
D. S. Jackson 
R. L. Kath ren 
W. S. Kelly 
D. K. Krei d 
J. C. Lavender 
R. C. Liikala 
P. N. McDuffie 
J. L. McElroy 
R. W. McKee 
G. W. McNair 
D. F. Newman 
D. R. Payson 
P. J. Pelto 
R. E. Rhoads 
K. J. Schneider (20) 
G. H. Sewart 
D. J. Silviera 
R. I. Smith 
M. B. Triplett 
C. M. Unruh 
M. K. White 
T. W. Wood 
J. R. Young 
Publishing Coordination (2) 
Technical Information (5) 



• 
r 

• 
( 




