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Health and Safety Impacts Related to the 
Management of Spent Nuclear Fuel 

D.C. Jilek 

Argonne National Laboratory, Argonne, Illinois 

Abstract. Under the Nuclear Waste Policy Act of 1982, as amended, the U.S. Department 
of Energy is responsible for managing the disposal of spent nuclear fuel from civilian 
nuclear power plants. Deployment of a multipurpose canister (MPC) system for dry 
storage of commercial spent nuclear fuel at reactor sites was determined to be an option 
for managing spent nuclear fuel until either a permanent repository or interim central 
storage facility (commonly called a Monitored Retrievable Storage facility, or MRS) 
becomes available. Routine health and safety impacts to workers from handling and 
storage operations at nuclear facilities for four separate scenarios were evaluated for the 
MPC system: an on-time repository with an MRS; an on-time repository with no MRS; a 
delayed repository with an MRS; and a delayed repository with no MRS. In addition to 
evaluating the MPC system, five alternatives were analyzed. These included the 
No Action Alternative (NAA), Current Technology (CTr), the Transportable Storage Cask 
(TSC), the Dual-Purpose Canister (DPC), and the Small MPC (SmMPC). Health effects 
are expressed as collective doses in person-rem per year and risks as latent cancer fatalities 
per year for incident-free operations for each alternative and scenario. Results show that 
both dose and risks to workers vary as much as 68% among scenarios and alternatives. 
Although dose estimates and risks fall below limits for radiation dose to workers as 
specified in Title 10, Part 20, of the Code of Federal Regulations, additional measures 
could be applied to reduce potential doses and resultant health risk. 

INTRODUCTION 

The Nuclear Waste Policy Act (NWPA) of 1982, as amended, identifies the 
U.S. Department of Energy (DOE) as the agency responsible for managing the 
disposal of spent nuclear fuel (SNF) from commercial nuclear power plants. The 
NWPA authorizes DOE to site and develop a centralized interim storage facility 
(i.e., a Monitored Retrievable Storage facility [MRS]) for the temporary storage of 
SNF until a permanent repository is constructed. DOE is pursuing activities 
directed at developing a geologic repository by conducting site-characterization 
activities at the Yucca Mountain site in Nevada. 

Currently, civilian SNF is temporarily stored at 72 commercial reactor sites and 
one independent spent fuel storage facility. As of December 1993, more than 
95,000 SNF assemblies were in storage at commercial storage facilities, with a 
projected total of 293,000 SNF assemblies being discharged from commercial 



reactors during their operating lifetimes (1). Almost all commercial SNF is being 
stored at the original generating reactor sites. 

Inevitably, workers are exposed to radiation during routine operations at 
reactors. In 1992, the collective doses to workers at all reactor sites totaled 
29,000 person-rem (2). The deployment of a standardized container system will 
contribute minimally to health and safety impacts to workers not only at the 
reactor sites, but also at the proposed MRS facility and repository. Dose rates 
from the deployment of the multipurpose canister (MPC) and five alternative cask 
or canister designs were estimated, and resultant health risks to workers were 
determined. 

A standardized container system, or MPC, and alternatives were analyzed for 
the Multipurpose Canister Environmental Impact Statement (EIS) in response to 
the need to begin transferring SNF from the reactor sites to a storage or disposal 
facility. As of late 1995, budget restrictions eliminated the funding for the EIS, 
postponing indefinitely the deployment of the MPC or alternatives. At this time, 
the analyses of the MPC and alternatives, including worker health and safety, are 
included in an unpublished draft EIS (3). 

METHODOLOGY 
Routine radiological exposures are defined as those that the average worker 

would receive while conducting day-to-day operations at a facility. During 
routine operations for the deployment of a cask or canister from a reactor site, 
radiological risks to workers result primarily from the fraction of external gamma 
radiation emitted by the SNF that reaches the workers through the radiation 
shielding such as reactor pool water, canister shield plugs, and other shielding 
materials. These operations were analyzed to determine the average dose received 
by a worker for the duration of the operation. Radiological exposures incurred 
from routine activities within a facility were calculated from time-motion studies 
based on the type of operation performed at each facility, radiological exposures 
per operation, number of workers required, and total number of operations (4). 
The exposure frequency was determined on the basis of the total number of casks 
or canisters used for each alternative and scenario. Alternatives requiring fewer 
casks or canisters resulted in reduced exposure frequencies. For example, the 
MPC alternative requires fewer canisters overall than the small MPC (SmMPC) 
alternative because the MPC can hold more fuel assemblies than the SmMPC. 
Exposure duration also varies on the basis of the time required to perform specific 
operations. For example, the dose incurred as a result of canister lid sealing 
operations in the MPC alternative would be 66% higher than for the cask lid 
sealing operation in the TSC alternative. This is because the MPC alternative 



requires lids to be welded rather than bolted as in the transportable storage cask 
(TSC) alternative. This results in greater exposure duration because of the longer 
time needed for welding operations. Worker numbers vary, depending on 
alternative. Dose assessments assume "worst case" routine exposures. That is, 
additional ALARA (As Low As Reasonable Achievable) programs, which would 
be expected to reduce doses to minimum levels, were not considered. 

Radiological risks associated with exposures from routine operations were 
calculated by multiplying the doses by the International Commission on 
Radiological Protection (ICRP) Publication 60 risk factor (4x10 /person-rem) to 
estimate the probability of latent cancer fatalities per unit dose (5). 

RESULTS AND CONCLUSIONS 

Table 1 summarizes the anticipated collective doses in person-rem per year to 
workers for the six alternatives and four scenarios. 

TABLE 1. Routine Collective Doses to Workers for Six Alternatives and Four Scenarios 

Collective Dose to Workers per Alternative11 

(person-rem/yr) 
Scenario/ 
Location* TSC MPC CTr NAA DPC SmMPC 

MRS, On-Time Repository 500 900 2600 975 950 1,300 

No MRS, On-Time Repository 475 750 550 875 825 1,125 

MRS, Delayed Repository 575 950 750 1,050 1,025 1,475 

No MRS, Delayed Repository 550 825 650 925 900 1,300 
aMRS = Monitored Retrievable Storage facility. 
b Alternatives: TSC = Transportable Storage Cask; MPC = Multipurpose Canister; 
NAA = No Action Alternative; CTr = Current Technology/Rail; DPC = Dual Purpose Canister; 
SmMPC = Small Multipurpose Canister. 

Total doses are affected by each scenario, but relative comparisons among 
alternatives remain consistent. For example, for all scenarios, the SmMPC results 
in the largest estimated doses, and the TSC alternative results in the smallest. 
In analyzing all alternatives and scenarios, the largest dose collective occurs 
from the SmMPC alternative in the MRS delayed repository scenario 
(1,475 person-rem/yr) and the smallest from the TSC alternative in the no MRS 
on-time repository scenario (475 person-rem/yr), resulting in a maximum 68% 



difference in collective dose between the bounding scenarios and alternatives. For 
the estimated 40-year lifetime of the project, the total collective dose ranges from 
19,000 to 59,000 person-rem for the bounding alternatives and scenarios. 

Latent cancer fatalities per year were determined by multiplying the values in 
Table 1 by the worker latent cancer fatality rate (Table 2). The greatest number of 
latent cancer fatalities (0.6 per year) is estimated for the SmMPC alternative in the 
delayed repository no MRS scenario. The least number of latent cancer fatalities 
(0.2 per year) is estimated for the TSC alternative in all scenarios and the CTr 
alternative in the no MRS on-time repository scenario. The maximum number of 
latent cancer fatalities (24 per year) is estimated over the 40-year project lifetime. 

TABLE 2. Routine Occupational Latent Cancer Fatalities per year for Six Alternatives 
and Four Scenarios 

Latent Cancer Fatalities per year per Alternativeb 

Scenario/ 
Location" TSC MPC CTr NAA DPC SmMPC 

MRS, On-Time Repository 0.2 0.4 0.3 0.4 0.4 0.5 

No MRS, On-Time Repository 0.2 0.3 0.2 0.4 0.3 0.5 

MRS, Delayed Repository 0.2 0.4 0.3 0.4 0.4 0.6 

No MRS, Delayed Repository 0.2 0.3 0.3 0.4 0.4 0.5 
8 MRS = Monitored Retrievable Storage facility. 
b Alternatives: TSC = Transportable Storage Cask; MPC = Multipurpose Canister; 
NAA = No Action Alternative; CTr = Current Technology/Rail; DPC = Dual Purpose Canister; 
SmMPC = Small Multipurpose Canister. 

The results for the scenarios and alternatives differ primarily because some 
canister designs in some alternatives require welding to seal the canister, which 
increases exposures significantly. Welding operations, as opposed to bolting 
operations for other alternatives, result in higher radiation doses because the time 
needed to set up welding equipment and inspect welds is longer than if the cask 
lids were bolted. An additional consideration for dose variance is the number of 
casks and canisters used in each alternative and the cask and canister designs 
themselves. Because casks and canisters differ as to the number of SNF 
assemblies they can hold, some alternatives, like the NAA, CTr, or SmMPC, 
require greater numbers of casks. The SmMPC alternative is compounded by the 
fact that in addition to its small size, it must be welded closed. This contributes to 
the high total doses found throughout each scenario for this alternative. The fact 
that the TSC alternative results in the lowest collective dose and risk does not 



imply that it is necessarily the best alternative. Many other factors besides health 
and safety issues must be analyzed to determine the most suitable alternative. 

Compared with annual at-reactor exposures reported by utilities to the U.S. 
Nuclear Regulatory Commission, the collective worker dose from all alternatives 
would be less than 5% of the dose expected among workers during the course of 
normal reactor operations. For perspective, the worker doses incurred at all 
reactor sites in 1992 was 29,000 person-rem (3). The results of this study indicate 
that the collective dose from the workers in any of the alternatives would be less 
than 5% of this baseline occupational dose. For all alternatives, the majority of 
the total collective dose would be incurred at the reactor sites rather than at an 
MRS facility or repository because of greater worker involvement. 

Although occupational exposures are below limits (i.e., 5 rem/yr) set for 
workers by Title 10, Part 20 of the Code of Federal Regulations, further dose 
reductions could be accomplished by implementing ALARA practices. For 
example, remote welding techniques could be used. This would lower the overall 
worker doses for the program lifetime for some alternatives. Other ALARA 
programs such as reducing operation times or removing unnecessary personnel 
from exposure areas may also be included. These programs will serve to further 
decrease the estimated occupational doses. 
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