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INTRODUCTION 

The Planning and Analysis Branch of the Department of Energy1s Nuclear 
Waste Management Programs is developing a new systems integration program. 
The Pacific Northwest Laboratory was requested to perform a brief scoping 
analysis of what scenarios, questions, and issues should be addressed by the 
systems integration program. This document reports on that scoping analysis. 

BACKGROUND 

Systems analysis is a useful technique developed over the last 40 years 
for making decisions related to coordination of diverse yet interrelated 
activities. It is a new science that adapts input from whatever specialized 
engineering and scientific disciplines it requires to obtain an understanding 
of the larger system under study. 

DURATION OF NUCLEAR POWER 

While the duration of nuclear power in the U.S. raises many interesting 
sociological and political questions, the effect on the waste management sys
tem is mainly quantitative, not qualitative, since we already have large 
amounts of nuclear waste needing treatment and disposal. These wastes come 

from nuclear weapons manufacture, nuclear propulsion of naval vessels, the 
existing nuclear power industry, and the widespread use of radionuclides in 
industry, research, diagnosis and therapy. 

Existing nuclear wastes represent the full spectrum of waste types. 
Therefore the technology that must be developed for their handling and dis
posal can also serve nuclear power industry1s requirements (albeit with modi

fications in some cases) regardless of whether the future of nuclear power is 
to be brief or long-lasting. If the nuclear power industry lasts briefly, we 

may need only one or two repositories; if the full potential of nuclear power 
is utilized, many more repositories will be required. The qualitative differ
ences for management of existing and future wastes are minor. In an abbrevi
ated nuclear power scenario, spent fuel might never be reprocessed (although in 
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some proposals the treatment to produce a suitable waste form turns out to 
resemble reprocessing quite closely). In any event, modifications of existing 
technology can be employed for spent fuel. Similarly, the technology required 
for the already existing nuclear wastes can be applied, although perhaps not 
optimally, to the wastes that arise in scenarios involving full adoption of 
nuclear power--including reprocessing, breeding, thorium fuel cycles, and 
probably even fission-fusion hybrids. 

To review briefly, the major effect of the duration of nuclear power on 
waste management scenarios is on the quantity of waste that must be handled. 
The relatively minor perturbations in waste handling technology depending on 
the extent of nuclear power use are a secondary consideration. 

DISTRIBUTION OF WASTE DISPOSAL FACILITIES 

The location of power reactors in the U.S. reflects the distribution of 
power demand: they are sited near power markets to lower transmission losses. 
Similarly, when the U.S. had six low-level waste disposal sites in operation, 
a consideration affecting their siting was transport cost. Four of the six 
sites were east of the Mississippi, near most of the power reactors. Now, when 
considerations other than economics dominate, two of the three low-level waste 
disposal sites remaining in operation are in the West, far from most of the 
power reactors. 

Significantly, each low-level waste disposal site remaining in operation 
is located on the edge of, or within, a large government nuclear installation. 
How were the locations for the government's nuclear installations chosen? Most 
date from World War II, or shortly thereafter. Some were sited in remote, 
relatively unpopulated areas for safety and security (e.g., Oak Ridge, Hanford, 
Los Alamos); others were located near centers of learning for convenience 
(e.g., Argonne, Brookhaven, Berkeley). More recently, politics and economics 
have played an increasing role in site selection (e.g., Savannah River and 

West Valley). Although the West Valley reprocessing plant was a private 
venture, the state of New York offered incentives to locate it in an area of 
chronic economic depression south of Buffalo. Clearly, site selection of 
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nuclear installations depends on several different factors whose relative 
levels of importance can change with time and events. 

The permanency of high-level waste disposal sites adds a new technical 
dimension to their site selection. Furthermore, their permanency inspires an 
awe which existing nuclear installations, with their implied temporal charac
ter, do not. And the current thrust of the antinuclear movement adds a politi
cal dimension that looms as an important element in today's site selection 
process. 

RELATIONSHIP OF DEFENSE AND COMMERCIAL WASTES 

At present the volume of defense waste is far greater than that of cmn
mercial waste. However, the quantity of radioactivity (total curies) in 
residues from the commercial fuel cycle has recently surpassed that of the 
defense fuel cycle. And as time goes on, the radioactivity generated, evel 
if just the commercial power reactors operating and under construction are 
counted, will probably far outweigh that from the defense fuel cycle. 

THE WASTES 

Oak Ridge National Laboratory has been tabulating the types and quanti
ties of wastes generated by nuclear power for many years and is currently 
dOing it for DOE's Nuclear Waste Management Planning and Analysis Branch. (a) 
ORNL's computer programs can predict the future amounts of wastes generated, 
assuming various scenarios. Reprocessing can be included in the scenarios, 
plus the addition of LMFBRs and HTGRs to the fuel cycles. The computer pro
grams also include treatment of the wastes and can yield volumes of treated 
wastes for the various scenarios. These computer programs can provide source 
terms for sophisticated systems analyses in the nuclear waste management crea. 

(a) The most recent report (1980) in their series on this subject is Spent Fuel 
and Waste Inventories and Projections, ORO-778. Oak Ridge National Labora
tory, Oak Ridge, Tennessee. 
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THE NUCLEAR WASTE MANAGEMENT SYSTEM 

The physical components of a narrowly defined nuclear waste management 
system are easily defined. They include waste generation, treatment and dis
posal, with interim storage and transportation steps interspersed as required. 
But this narrowly defined system does not adequately describe the total pic
ture. For instance, the waste entering the system is not an immutable given; 
its volume depends on plant design and operating philosophy, as do its chemi
cal and physical makeup. Plants can be designed to recycle material to reduce 
waste volume; they can substitute materials in their flowsheets to avoid ones 
that cause waste treatment problems; they can be designed to segregate wastes 
as they are generated to reduce sorting requirements at the waste treatment 
facility; et cetera. 

Systems analysis deals in numbers and thus requires parameters that can be 
quantified. The components of the basic nuclear waste management system are 
shown schematically in Figure 1. The subjects of the systems analysis, i.e., 
the items that can be quantified and manipulated through the system by mathe
matics, include: 

DEFENSE COMMERCIAL 

FIGURE 1. Components of the Basic Nuclear Waste Management System 
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• waste volumes 

• f aci 1 ity requi rements 

• resource requirements 

• transportation requirements 

• radioactive releases (migration along pathways and dose to man; total and 
individual radionuclide releases) 

• costs. 

Systems analysis can quantify these subjects as a function of time for any 
given scenario and thus give administrators a powerful tool for making 

decisions. 

As described above, there are really two aspects of systems analysis-
scenario definition and data manipulation. The latter is done with computers 

and yields the rather precise answers that systems analysis can supply. But 
it is important to remember 1) the answers can be no more accurate than the 

input data and 2) the answers can only be as meaningful as the input scenario 
allows. 

EXAMPLE SCENARIOS 

This section gives examples of the application of systems analysis to 

nuclear waste management. Systems analysis can be done in different degrees 
of thoroughness. Those that have been done as part of nuclear waste manage

ment environmental impact statements have been massive, thorough systems 
analyses that are quite narrow in scope (i.e., they have been directed toward 
very specific goals). There is also a definite need for less massive, less 
thorough, but much wider-ranging systems analyses. The answers these analyses 
yield may be less precise, but if set up properly they can quickly show sensi
tivities to broader variations in more parameters. With these capabilities 

for somewhat "back-of -the-enve 1 ope" systems ana 1 yses, pol icy-makers can respond 
effectively to a wide range of eventualities (reactive mode) or, better yet, 

perform such systems studies on a "what if II basis and guide policy and programs 
accordingly (proactive mode). 
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In the following examples scenarios range from those that can be suffi
ciently defined to merit thorough systems analyses to those that are more 
speculative but of genuine interest. The latter scenarios merit less thorough 
analysis at present. But if they moved into the main line of potential policy, 
they would then be studied more carefully. 

These example scenarios deal only with wastes from the commercial fuel 
cycle. Defense wastes, TRU wastes from nonmilitary DOE programs and decom
missioning of private uranium-plutonium fuel fabrication plants (Kerr-McGee, 
etc.), non-TRU wastes from DOE and university research, medical, industrial 
and agricultural activities will be assumed to be a nonvarying part of all 
scenarios. 

EXAMPLE SCENARIO NO.1: PHASE-OUT OF NUCLEAR POWER AT END-OF-LIFE OF 
PRESENT REACTORS 

Scenario No.1 assumes a decision is made for the U.S. to build no more 
nuclear power reactors beyond those already under construction. Existing 

reactors and those under construction will be operated for a full useful life, 
say 40 years. This scenario will reduce nuclear waste to the practical mini
mum. An even greater reduction could be achieved by stopping all power reactor 
operation immediately. This, however, would almost certainly involve the 
government (taxpayer) in paying large indemnities to affected utilities and 
cause severe power shortages, and thus be impractical. 

The major waste-generating components in this scenario are mining, mill
ing, conversion, enrichment, fuel fabrication, and reactor operation. Addi
tional wastes will be generated during decommissioning and decontamination of 
all components. Standard waste management procedures can be defined for all 
the wastes. Their costs, radiological effects, etc. can be factored into the 
systems analysis in a straightforward fashion. The disposition of depleted 
uranium stored as UF6 at the enrichment plants and of spent fuel from reac
tors is more problematical. The systems analysis should assess several 

alternatives. 

Potential dispositions of the depleted uranium could include: 
1. continued storage, v.;ith costs charged to defense program 
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2. selling to foreign countries that have breeder reactors 
3. military applications that utilize the high density of uranium 
4. treatment as a waste. 

Potential dispositions of the spent fuel could include: 

1. selling to foreign countries that have reprocessing plants and breeder 
reactors 

2. reprocessing to separate the plutonium for use in the defense program 
3. treatment of the spent fuel as waste. 

The systems analysis would be most concerned with the dispositions in 
which depleted uranium and spent fuel become wastes. Treatment and disposal 
technology options would be defined and their impacts on the system assessed. 

Presumably the UF6 would be converted to an oxide of uranium as the 
first step in its waste treatment. It could be treated further, or probably 
emplaced in a geologic repository as the oxide. 

Several alternatives could be considered for treatment of spent fuel prior 
to emplacement in a geologic repository. These include 1) disposal of spent 
fuel assemblies in canisters without physical or chemical treatment, 2) dis
posal of spent fuel assemblies, following reduction of physical volume, in 
massive protective packgages (i.e., the Swedish concept), and 3) disposal of 
fuel pins from which nonfuel components have been physically removed (the 
latter become non-TRU wastes suitable for burial-ground disposal). 

This scenario is amenable to very precise systems analysis, since the 
locations of all of the waste sources are known. Only the locations of the 
spent fuel storage sites and the geologic repositories are unknown. The 
effects of different locations of spent fuel storage (AFRs) and geologic 
repositorles can be part of the systems analysis. 

EXAMPLE SCENARIO NO.2: ALL-OUT UTILIZATION OF NUCLEAR POWER BEGINNING 
IMMEDIATELY 

The second scenario assumes that changed U.S. policy maximizes the use of 
nuclear power. There is no delay to further improve reactors; LWRs, HTGRs and 
LMFBRs of existing design are fully utilized. 
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This scenario requires the handling of the maximum quantities of nuclear 
waste; representing the opposite extreme from the first scenario described, it 
is essentially open-ended. The systems analyses done to date of the waste 
management aspects of full implementation of plutonium recycle have usually 
included an arbitrary cut-off date--i.e., the year 2000, 2050, etc. With a 
full commitment to nuclear power, however, it could be the world's primary 
power source for 500 years, or more. The full implications of this long-term 
commitment should be considered as part of this scenario. How much nuclear 
waste would be generated if all economically recoverable uranium and thorium 
in the world were used for electric power generation? How much of this waste 

would be generated in the U.S.? How many repositories would be required in 
the U.S.? Systems analysis can yield tentative answers to these questions. 

The major difference between this scenario and the previous one, aside 
from the volume of wastes, is the fact that it includes reprocessing and new 
reactor types, i.e., HTGRs and LMFBRs. It includes every aspect of the system 
shown in Figure 1. Inclusion of reprocessing means that the gaseous wastes 
85Kr , 14C, 129 I and 3H would require treatment, as would the liquid high-level 

waste. Much research and development has been done on treatment of all these 

wastes, and many combinations of various treatments can be considered. Sys
tems analysis is a technique for evaluating the effects of the various possible 
alternatives. Inclusion of LMFBRs, and particularly HTGRs, in this scenario 
introduces some new types of wastes. Although less R&D has been done on the 
wastes from these reactor fuel cycles, there are again several potential and 
apparently practicable treatment routes that can be taken; systems analysis 
can be used to help evaluate them. 

A chief feature of this scenario is the immense quantity of TRU and HLW 
generated. If deep geologic repositories are assumed for final deposition of 
the wastes, what are the implications? How many repositories are needed? 
When? Where can they be most efficiently located? Systems analysis can sug

gest answers to all these questions. 
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EXAMPLE SCENARIO NO.3: FINAL DISPOSITION OF TRU AND HLW DELAYED UNTIL DEEP 
GEOLOGIC VERSUS SUBSEABED DISPOSAL IS COMPLETELY ASSESSED 

The scenario is that technical demonstrations will be undertaken to assess 
as completely as practical the relative advantages and disadvantages of conti

nental deep geologic versus subseabed disposal of nuclear wastes. The scenario 
assumes that the final decision will be based on technical considerations, and 
because of the experiments involved, the decision may not be made for several 
decades. Meanwhile, all wastes will be stored on the surface in interim stor

age facilities. 

The amount of waste processed is a variable in this scenario; it can 
encompass the whole range, from the zero-growth situation of scenario No. 1 to 

the maximum-growth projection of scenario No.2. The important feature of the 
scenario is that it allows time for a basic decision to be made--i.e., should 
nuclear wastes be disposed of on land only a few thousand feet from man, or in 

the seabed, a thousand or more miles from man? The DOE has major R&D programs 
investigating both disposal routes. This scenario envisions that both programs 
are carried through to a demonstration phase "shootout" in order to determine 
which disposal route is better for the U.S. 

The international aspects of this scenario are strong. Scenario 3 paral

lels the plans of most foreign nations--even those with reprocessing--to store 
wastes in engineered storage facilities on the surface for 50 to 100 years 
while decisions are being made concerning final disposal. Furthermore, sub
seabed disposal of HLW cannot be implemented without international agreement. 

But many densely populated countries foresee subseabed disposal as a promising 
answer to their nuclear waste problems, if its safety can be generally agreed 
upon. This scenario assumes that the U.S. takes the lead in mounting an effort 
to demonstrate whether or not it is safe, and to determine how well it competes 
with continental deep geologic disposal in meeting this country's and the 
world's nuclear waste disposal needs. 

The scenario would reinstate the retrievable surface storage facility 
(RSSF) concept. The various growth rates of nuclear power would govern how 

many RSSFs are needed, and of what type (i.e., for spent fuel storage, solidi
fied HLW storage, hulls storage, TRU waste storage, etc.). 
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Various assumptions concerning what constitutes demonstration of waste 
disposal could also be included in the model. The word "demonstrat ion, II as 

related to waste disposal, has come to have several meanings. For the main
line thrust of this scenario, demonstration would mean the emplacement of a 
significant number of actual, full-scale waste canisters in candidate dis
posal sites. The demonstrations would be accompanied by scientific studies to 
develop all the information required for licensing. In the subseabed case 
some kind of international l,icense would be required even to do the demonstra
tion. Because this all takes time, the scenario would have to assume 50 to 
100 years of RSSF operation. Of course, this would constitute a large-scale 
demonstration of the RSSF concept also, and it might turn out that RSSFs should 
remain a permanent part of the HLW management scheme. their use would decrease 

thermal problems in the repositories--whether continental deep geologic or 
subseabed. 

EXAMPLE SCENARIO NO.4: COMMERCIAL NUCLEAR POWER FUEL CYCLE NATIONALIZED 
AND ALL ASPECTS EXCEPT MINING OPERATED BY THE FEDERAL GOVERNMENT 

This scenario projects that the federal government, for whatever reasons 
(increasingly prohibitive front-end financing costs for the private sector, 
nonproliferation commitments, better control of nuclear wastes, etc.) assumes 
ownership and operational responsibility for all parts of the nuclear power 
fuel cycle in the U.S., except for the mining of uranium and thorium. 

The scenario is a pertinent subject for waste management systems analysis 
because the presumption that it would mean better control of nuclear wastes is 
one reason advanced for the government's assuming control of the whole fuel 
cycle. The government has already assumed responsibility for ultimate disposal 
of TRU and high-level wastes; the low-level waste burial-ground situation is 

being reassessed, and a commonly voiced opinion is that the federal government 
should also operate these. The predisposal aspects of nuclear waste management 

are subject to many regulations applied at federal, state and local levels. 
These regulations usually increase costs. In addition, as the situation pres

ently exists, the government will charge the free-enterprise sector a fee for 
taking custody of its TRU and high-level wastes. So--when all these costs are 
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totaled, might it not be more economical for the government simply to control 
the source of the wastes and have custody of them throughout their lifetimes, 
instead of just part of the time? That is the aspect of this scenario that is 
quantifiable by systems analysis. 

The scenario has more subjective aspects also--e.g., will waste management 
improve if the profit motive and the temptation to cut corners are removed? 
Moreover, there are many other subjective aspects concerning nonproliferation, 
etc., that are completely independent of waste management. In other words, 
systems analysis can provide input to the decision-making process, but many 
other factors are also involved. 

RECOMMENDATIONS 

This report was designed to illustrate the diversity of the issues 
involved in waste management systems analysis. The diversity requires that 
the analyses be based on a wide range of expertise. We recommend the follow

ing steps to develop the necessary range of expertise within the (newly con
tracted) systems integration program: 

1. Perform an in-depth analysis of the systems analysis-type studies that 
have been done already, particularly in the various radioactive waste 

management impact statements that have been prepared by DOE contractors. 
The analysis will provide a base from which the systems integration pro
gram can proceed; it will prevent wasteful "reinventing the wheel. II 

2. Develop criteria that can be used to establish priorities for nuclear 
waste management systems analysis. The criteria should emphasize timing 
and program interrelationships; i.e., some problems are more immediate 
than others. The systems integration program should develop techniques 

to define which problems are most immediate and to study what impacts the 
decisions made on immediate problems will have in subsequent waste man

agement operations. 

3. The long-term objective should be to establish two levels of systems 

analysis capabilities. Ideally, both should emphasize the proactive 
IIwhat if" mode (p. 5), but they could also perform in the reactive mode 
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if required, in response to accidents or foreign waste management policy 
decisions, for instance. The difference between the two levels would be 
in the comprehensiveness and duration of analysis. One level of capabil
ity would be directed to rapid scoping types of analysis, requiring at 
most a few weeks to complete. These analyses would be designed to esti
mate the impact of given scenarios in sufficient detail to satisfy con
ceptual planning needs. The other level would be directed to more 
detailed, precise and complete analyses, which could require many months 
to complete. These analyses could support firm decisions concerning one 
course of action versus alternative courses. 
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