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FOREWORD

The Nuclear Safety Information Center (NSIC), which was established-

in March 1963 at Oak Ridge National Laboratory, is principally supported

by the U.S. Nuclear Regulatory Commission's Office of Nuclear Regulatory"

Research. Support is also provided by the Division of Reactor Research
and Technology of the Department of Energy. NSIC is a focal point for
the collection, storage, evaluation, and dissemination of si:fety informa-
tion to aid those concerned with the analysis, design, and operation of
nuclear facilities. Although the most widely known product of NSIC is
the technical progress review Nuclear Safety, the Center prepares reports
and bibliographies as listed on the inside covers of this document. The
Center has also developed a system of keywords to index the information
which it catalogs. The title, author, installation, abstract, and key-
words for each document reviewed are recorded at the central computing

facility in Oak Ridge. The references are cataloged according to the
following categories:

.

1. General Safety Criteria

2. Siting of Nuclear Facilities.

3. Transportation and Handling of Radioactive Materials
4. Aerospace Safety (inactive N1970)

5. Heat Transfer and Thermal llydraulics

6. Reactor Transients, Kinetics, and Stability

7. Fission Product Release, Transport, and Removal

8. Sources of Energy Release under Accident Conditions

9. Nuclear Instrumentation, Contrcl, and Safety Systems

10. Electrical Power Systems

11. Containment of Nuclear Facilities
12. Plant Safety Features - Reactor

13. Plant Safety Features - Nonreactor

14. Radionuclide Release, Disposal, Treatment, and Management
(inactive September 1973)

.

15. Environmental Surveys, Monitoring, and Radiation Dose Measure-
ments (inactive September 1973)

.

16. Meteorological Considerations

-
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vi j

17. Operational Safety and Experience

18. Design, Construction and Licensing
,

19. Internal Exposure Effects on Humans Due to Radioactivity
in the Environment (inactive September 1973)

.

20. Ef fects of Thermal Modifications on Ecological Systems
(inactive September 1973)

21. Radiation Ef fects on Ecological Systems (inactive September 1973)
22. Safeguards of Nuclear Materials

Computer programs have been developed that enable NSIC to (1) operate
a program of selective dissemination of information (SDI) to individuals

according to their particular profile of interest, (2) make retrospective

searches of the stored references, and (3) produce topical indexed bibli-

ographies. In addition, the Center Staff is available for consultation,

and the document literature at NSIC offices is available for examination.

NSIC reports (i.e., those with the ORNL/NSIC and ORNL/NUREG/NSIC numbers)

may be purchased from the National Technical Information Service (see in-

side front cover). All of the above services are free to NRC and DOE
,

personnel as well as their direct contractors. They are available to all

others at a nominal cost as determined by the DOE Cost Recovery Policy. .

Persons interested in any of the services offered by NSIC should address

inquiries to:

J. R. Bu;.hanan, Assistant Director
Nuclear Safety Information Center
P.O. Box Y
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

Telephone 615-574-0391
FTS number is 624-0391

.
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SAFEGUARDS AGAINST PROLIFERATION OF NUCLEAR MATERIALS
A REVIEU AND BIBLIOGRAPHY

.

E. D. Blakenan

a

ABSTRACT

The current status of nuclear safeguards is presented
in this report. The text reviews domestic and international
safeguards, and nuclear proliferation issues and policies.
The bibliography contains 349 abstracts of publications
covering a wide range of nuclear safeguards topics. Key-
sord, author, and permuted-title indexes are included for
the readers' convenience.

- -

INTRODUCTION

Nuclear safeguards can be defined as those measures employed to

deter, prevent, or respond to (1) the unauthorized possession or use of

significant quantities of nuclear materials through theft or diversion,
,

(2) the sabotage of nuclear materials through thef t or diversion, and

(3) the sabotage of nuclear facilities by individuals, groups, or nations.,

Because of the rapidly increasing use of nuclear energy for peaceful

purposes and the potentially devastating effects should nuclea; materials

fall into the hands of malevolent individuals or nations, the safeguard-

ing of nuclear materials has inevitably become a worldwide concern.

As a result of this intensified concern for safeguarding nuclear

materials and facilities, the rate of publication of reports dealing

with safeguards and related topics has been steadily increasing. Since

this trend has resulted in a large number of publications, the Nuclear

Safety Information Center recently created an additional category (cate-
gory 22) exclusively for documents related to safeguards. This bibliog-

raphy lists the reports, papers, books, and other publications which

were indexed to this new category.

Also provided herein is an overview of relevant safeguards concerns,.

including definitions, policies, issues, regulations, and concepts of

safeguards systems. The reader who is alre sdy acquainted with safeguards-

topics may perhaps omit reading the text a make use of the bibliography



,

X

only. Ilowever, those unfamiliar with nuclear safeguards will hopefully

find the text an interesting and beneficial introduction to safeguards
.

and the references appropriate guides to further reading and understand-
ing.

.

Nuclear safeguards can be divided into two general categories:

(1) domestic safeguards and (2) international safeguards. Domestic

safeguards are concerned with threats from subnational individuals or
groups. "Subnational" in this context refers to persons or organizations

acting out of self-interest and not under governmental guidance or direc-

tion. International safeguards, on the other hand, are primarily con-

cerned with threats from national groups; for example, a government may

attempt to covertly divert nuclear material from its own nuclear fuel

facilities for purposes of constructing nuclear weapons.

The remainder of this report is divided into four main sections.

The first two sections discuss the two main branches of nuclear safe-
guards - domestic safeguards and international safeguards; they are

discussed separately and also in the context of how they relate to each .

other. The next section provides guidance on how to use the bibliography

and discusses the categories into which the publications are grouped. 6

The final section of the report is the bibliography itself. Keyword,

author, and permuted-title indexes are appended to the report as a
convenience to the reader.

DOMESTIC NUCLEAR SAFEGUARDS

Domestic nuclear safeguards systems (i.e., the prevention of sub-
national, or domestic, threats) may involve systems which are applicable
on the international level also, but which have some differences in

application because of the different nature of the threat. Domestic

nuclear safeguards systems can, in general, be further subdivided into
two categories: (1) physical protection systems and (2) material control
and accounting systems. These categories are not entirely distinct; ,

elements of a physical protection system may be included in a material
control and accounting system and vice versa. .

.
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Physical Protection Systems

A physical protection system comprises those elements necessary to*

control, deter, or prevent personnel access to nuclear material, and to
* detect and communicate any unauthorized material access. A physical4

protection system may include physical barriers, intrusion alarm systems,
access controls, containment mechanisms, internal surveillance systems,

i active delay and detection devices, security and response forces, and
i un-site and off-site communications systems.

A viable method for developing a conceptual physical protection
system for a nuclear facility is to utilize a three-step approach:1

,

} (1) f acility characterization, (2) development and evaluation of hard-
ware-based safeguards system configurations, and (3) hardware and

! response force trade-off analysis.

In the first step, the facility is characterized by assembling all

the relevant information needed to perform the physical protection sys-

tem design and evaluation. The information required includes the per-
,

formance requirements af the overall physical protection system, the
cange of threat attributes to be considered in the design, and the

,

descriptions of facility buildings, processes, and systems. The range
of threat attributes are determined by the spectrum of adversary attri-

butes that should be included in the analysis. Such attributes include:

(1) plant access -- outsider, insider (employee), or outsider and insider
in collusion, (2) number of adversaries; (3) mode of transportation;

(4) weapons used; (5) explosives used; (6) other special equipment used;
(7) technical and military skills; (8) knowledge of plant operations

and laycat; (9) knowledge of safeguards systems; and (10) dedication.
The description of the facility, processes, and systems includes

(1) the site boundary, (2) access points, (3) building locations, (4)
plan and elevation views of all significant buildings, (5) identifica-

I tion and classification of all doors,. gates, hatches, vents, and other

openings in structural surfaces, and (6) details of construction of all
,

f fixed barriers and controlled epenings.

| All the factors listed above are utilized in the first step (facil-.

|
; ity characterization). Analyses of theft, diversion, and sabotage
i
i

|

- - ~ _
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targets would be performed in this step. In this canner, the locations

and characterintics of all potential targets in the facility are sys-
'

tematica11y identified, and all combinations of events that could lead
to the loss of special nuclear material (SNM) or facility sabotage are

.

determined.

in the second step, hardvare-based safeguards system configurations

and the conponents of the physical protection systen for the detection
and delav of adversaries are developed and evaluated. This hardware-
3ased system includes barriers, detectors, associated computers, facil-
ity guards, and other components that provide for the detection and
delay of adversaries. Adversary-path analysis is used to evaluate the
effectiveness of these components for the different safeguards concerns

identified in step 1. For each safeguards concern, several design alter-

natives may he developed, utilizing combinations of safeguards hardware
components in order to meet minimum performance requirements.

In the third step, hardware and response force trade-off analysis

and guard response options are combined with the hardware-based coa- ,

figurations from step 2. These options consider a number of attributes,

including number of guards and armanent levels. In this step, complete -

physical protection system conceptual designs are produced. These
designs can be compared and the most. economical design selected for

further development.

The foregoing approach to physical protection system development
and assessment represents a logical, utilitarian approach that is made
possible and practical only by the use of modern computers which permit
the rapid processing of tremendous amounts of data. Two such codes

developed at Sandia Laboratory for evaluating the effectiveness of
physical protection systems are the Forcible Entry Safeguards Effec-
tiveness Model (FESEM)2-4 and the Insider Safeguards Ef fectiveness

Model (ISEM).5s6
For the purpose of this report it is important to outline sucl3 an

approach to impress upon the reader that the development of a physical -

protection system in a nuclear facility requires much more than the
development of the hardware components listed in the opening paragraph. *

Although some of the documents listed in this bibliography discuss
,

p# -mag
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! xiii

)
:

|
hardware development, a large number discuss analytical concepts such
as adversary-path analysis, and the use of codes such as FESEM and ISEM

; .
1 described above.
:

i .

Material Accounting and Control

Whereas a physical protection system serves to limit the access of
personnel to certain materials, a safeguards material accounting and
control system serves to monitor or control the location of the material.
Although such a statement is an oversimplification and there is some*

overlap between physical protection and material accounting and control
systems, it nevertheless describes a fundamental dif ference between the
twe approaches.

The remarks in this section are directed primarily toward material

I accountability and control at nuclear enrichment, fabrication, or

reprocessing facilities. Accounting for nuclear fuel at commercial

nuclear power plants, although equally important, is less difficult toi

1 .

do because of the way the fuel enters and leaves the plant; account-

ability is simply an item check of each fuel assembly.
,

A material accounting and control system can be defined by the
following definitions for material control and material accounting:7

;

; . Material control is that part of a safeguards program encom-

passing management and process controls to (1) assign and exercise
responsibility for nuclear material, (2) maintain vigilance over

the material, (3) govern its internal movecent, location, and

utilization, and (4) monitor the inventory and process status

of all nuclear material.

|

* Material accountability is that part of the safeguards program

encompassing the procedures and systems to (1) perform nuclear
material measurements, (2) maintain records, (3) provide reports,

.

i and (4) perform data analysis to account for nuclear material.
! .

The terms " accountability" and " accounting" are used interchangeably.
The above definitions define two separate safeguards methods -

,

material control and material accounting. In practice and in safeguards
,

|

|
'

. , , _ . .. - . . .
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literature, the two methods are not entirely distinguishable and are

j therefore of ten referred to as one system material control and account-
' *

ability. In general, a material control system is responsible for the

"real-time" manusc at of nuclear material. "Real-time" in this context
-.

| refers to detection and response within a short time interval (i.e.,

| secondn to hours). The goal of a real-time system is to discover an SNM

diversion attempt within as short a period as possible and apprehend the

j diverter before he/she has had an opportunity to leave the facility.
A material accounting system provides long-term assessment of nuclear

material status by the performance and analysis of material balances.

Over a prescribed time interval, a material balance is performed by

subtracting the cading inventory (EI) and removals (R) from the beginning

j inventory (BI) plus additions to inventory (A). The result of this cal-

culation is called the " material unaccounted for" (MUF) and is expressed
mathematically as follows:

1

! FWF = BI + A - EI - R .
.

Ideally, a perfect material balance in which no assessment errors occur,
' Ishould result in an MUF value of zero. In practice, however, because

'

of measurement errors, MUF is never zero. Therefore, an MUr value

greater than zero must be allowed, but not a value so great that it masks

; a sizable diversion of SNM. The Code of Federal Regulationa, Title 10,
Part 76 (10 CFR 70)8 specifies an allowable maximum limit of error of

| the material unaccounted for (LEMUF) of 0.5 to 1.0% of the plant's SNM
throughput over the material balance period. LEMUF can be defined as a

statistical limit such that there is 95% confidence that an MUF value

I will he below that limit after any recognized bias has been eliminated

or its effect accounted for. These regulations apply to facilities

processing as much as 1 effective kilogram of SNM. It further requires

that material balances be performed over a 2- to 6-month interval.

Although 10 CFR 70 provides regulations for eaterial accounting
~ '

and control, no quantitative criteria are presented for material con-,

'

trol performance. A Nuclear Regulatory Commission task force,7 however,
.

has issued a series of guidelines which prescribe the combined goals

.

I

_ , , _ _ . - _ _ _ - . _ - -
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that should be met by a materie! control and material accounting system.

These guidelines state that a material control system (in conjunction

with the accounting system) should have as a design goal the capability*

233; to detect the loss of 5 formula kilograms of SNM (2 kg of U or Pu; 5

.! * 235 ) with greater than 90% assurance (1) in the form of items orkg U

|
scaled containers, accessible to thef t, during any single shif t: (2)
from any contro11abic unit of a facility within any 24-hr period; (3)
in . aingic loss or a combination of small losses from any controllable

j unit of a facility within the interval between physical inventories;

i (4) from an entire facility or from smaller accounting units comprising

the entire facility on the basis of a periodic measured physical inven-'
,

i tory; (5) from any singic shipment; and (6) from any combination of

shipments over any period of 12 consecutive months. !
'

4

; Real-Time Material Accounting i

f The basis for upgrading material control and accounting criteria,
I '
'

as described in the previous -action, is the concern that an accounting
. r

system alone, based on 10 CFR 70 requirements, does not provide adequate |

assurance that material diversion will be detected. This is so because [
*

,

such a system, in which MUF and LEMUF values are calculated on a 2- to

| 6-month basis, allows too long a time interval between material balance

determinations. Conceivably, a material diversion could occur imme-

diately af ter a material balance and not be detected until 2 to 6 months

later. The long period between balance periods has been necessary

because material inventories are performed best after the plant has been
shut down and the system drained or cleaned out.

Another problem is that the statistical evaluations (MUF-LEMUF) !

determined over a long-term material balance may be insuf ficient for |

the detection of small SNM diversions within a single material balance

period. Material flows into and out of the process are measured, and
i

~

most of the process is regarded as one large material balance area (MBA) .
If the plant inventory is large, the statistical inventory estimates..

may have large errors which may completely mask diversion of significant

but relatively small quantities of SNM'(e.g.,,$1 kg)..
_

.

. _ _ - .. .- ._ , . -_ .--
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One approach to material accounting that may remedy the above
problems is to perform material balances over an axtremely short time

*interval (e.g., 1 day) and to divide the process into a number of material
balance areas. Such an approach is referred to as real-time material

.

accounting. When material balances are performed over a shorter time

interval, less statistical error results from material throughput measure-

ments. When the process is divided into a number of smaller MBAs, less
,

inventory is present in each MBA, thereby reducing the potential for

inventory measurement error in the material balances for each MBA.

In practice, such a system, by providing material accounting data

on a real-time basis, would serve as both a material accounting and as
a material control system. Although real-time systems seem promising,
several problems must be overcome before applying real t~me principles
to a large-scate f acility such as a reprocessing or fabrication 1 t .ility.
One major problem is that of performing plant inventory meacueements
while the plant is in operation rather than shutting the pla;/: down ar d
draining equipment into easily measured vessels. Another problem is

,

assembling the large amount of computer hardware and sof tware required
to perform the required calculation. A third problem is that of logically

,

breaking up a plant into multiple material balance areas. All of these

problems are being addressed in current safeguards documents.

Two real-time accounting systems that are under development and are
currently receiving much attention are: (1) Dynamic bbterial Control

(DYMAC)9,10 developed at Los Alamos Scientific Laboratory and (2) the
Controllable Unit Approach (CUA)ll developed at Mound Laboratory. ihese

systems will not be discussed here, since they are presented in detail
in the referenced documents.

Material Control Systems

Safeguards systems other than real-time accounting are under con-
sideration for use in nuclear facilities for monitoring the presence
and movement of special nuclear material. One material control concept -

that is receiving support for development is referred to as " penetration
monitoring" or " containment surveillance." By this approach, all pene- -

trations leading into a compartment containing SNM are passively monitored
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for the presence of material. These penetrations may include normal

material flow lines along with steam lines, air lines, and other lines
,

through which material would not normally flow. By carefully monitoring

these lines on a go/no-go alarm basis, one can determine whether or not,

SNM has been removed from an unauthorized line.

Another material control concept is called " process monitoring."

By this method, flows into and out of process equipment, process equip-

ment levels, and other process data are monitored continually for data

mismatches. Such a mismatch - for example, a decreasing tank level with

no measurable output flow -- could be indicative of a material diversion

taking place.

Systems such as penetration monitoring and process monitoring . re

currently in the rudimentary stages of development and application to

nuclear facilities. Material control systems such as these offer the

advantage of extremely rapid detection of SNM anomalies. Undoubtedly,

extensive analyses of such systems will apps_r in future safeguards

documents.-

The challenge of accurately accounting for nuclear material has

additionally provided an area for the application of a number of advanced-

theoretical techniques such as Kalman filtering,12 game theory,13 and
temporal response methodology.14 The application of such techniques
may provide a better evaluation of material accounting measurements and

improve the likelihood of meeting 'tringent accounting requirements.

Several articles dealing with suc.. topics are included in this bibli-

ography.

INTERNATIONAL SAFEGUARDS

The safeguarding of nuclear materials on the international level

is controlled by the International Atomic Energy Agency (IAEA) under the
provisions of the Treaty on the Nonproliferation of Nuclear Weapons

(NPT) (see the following section) . Although many countries have not.

accepted the NPT, bilateral agreements between supplier and user coun-

tries in general also require IAEA safeguards. Parallel to that of-

domestic safeguards, the objective of international sateguards is to 1

|
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provide for "the timely detection of the diversion of significant quan-
*

I

tities of nuclear material from peaceful nuclear activities to the manu-
' facture of nuclear weapons or of other nuclear explosive devices or for *

purposes unknown, and deterrence of such diversion by the risk of early
decection."15 The IAEA relies upon material accounting and physical

'

16protection systems such as were described in the previous section for
J

domestic safeguards to attain their stated objective. In addition, the

IAEA has stated that the use of material accountancy shall be the safe-
guards measure of fundamental importance, with containment and surveil-
lance as important complementary measures.17 These systems are coopera-

tively implemented by each nuclear state under treaty agreement, but are

subject to independent verification by the IAEA. For SNM accounting and

control, IAEA safeguards can be summarized in four steps:18
1. Design Review: The nation must supply the IAEA with informa-

tion on relevant design characteristics of its existing nuclear
plants and of plants in the planning stage.

2. Re co rds_: The nuclear plant operator must keep a precise account,

,

of all nuclear material he receives, sends out, etc., based on
exact measurements of the material.

.

3. Reports: On the basis of information given by the plant opera-
tor, the national authority sends the IAEA regular reports on
the amount of nuclear material in each plant and of all
changes in these amounts so that the IAEA can keep its own;

accounts for verification and comparison purposes.
4. Inspections: IAEA inspectors perform independent measurements

and observations for verifying the information submitted by the
country concerned. All inspectors must be approved by the
IAEA's Board of Governors (34 member states) and designated
with the consent of the country concerned.,

It is obvious that the safeguarding of nuclear material on the

| international level is a more complicated venture than guarding against
1

diversion or sabota"e on a subnational level. Similarly, the objectives
|

. -

of international safeguards are somewhat different. The detection of
the loss of a few kilograms of nuclear material on a real-time basis is -

of lesser importance; emphasis is placed on the detection of larger

!
;

9 - w
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losses of material over longer perioda of time. The focus tends to be

on national rather than subnational threats.
.

The degree of cooperation between nuclear countries will strongly
influence the effectiveness of international safeguards. Clearly, the

,

IAEA can only detect violations in cooperative countries where it is

authorized to operate. For this reason, the concept of " nuclear pro-
liferation" plays an important role in international safeguards and
will be discussed in the ensuing sections. The following section briefly

discusses the provisions of the Treaty on the Nonproliferation of Nuclear
Weapons (NPT). The final section di.< cusses U.S . policies towards non-

proliferation.

Historical Perspective on Proliferation (The NPT)

Since the earlj days of nuclear energy development, there has been

a widespread concern over the potentially drastic consequences of wide-
spread proliferation of nuclear weapons technology. Although it has

,

been generally assumed that all nations should be entitled to enjoy the
peaceful benefits of nuclear power, the prospect of nuclear weapons in,

the hands of a large number of nations seems frightening to most people.

How then can the situation be resolved such that a nation may use nuclear

energy for peaceful purposes but forego nuclear weapon capabilities?
Such concerns as the above eventually led to an international treaty

for control of the spread of nuclear materials. This treaty, the Treaty

on the Nonproliferation of Nuclear Weapons (NPT), was drafted in 1968
by the Eighteen Nations' Disarmament Committee and implemented in

March 1970. It is essentially an international, multilateral treaty

designed to restrict the ownership of nuclear weapons to the existing

weapone states.18

The following brief synopsis of the provisions of the NPT is taken

from Ref. 19:

"The main provisions of the Treaty are contained in*

Articles I, 11 and Ill. In Article I the nuclear-weapon
States undertake not to transfer nuclear weapons or other
nuclear explosive devices or control over them to anyone-

whatsoever. The nuclear-weapon States also undertake not
to help any non-nuclear-weapon State to acquire nuclear



|

|
*

|
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explosive capacity in any way. Article II contains the
recipro s1 undertaking by non-nuclear-weapon States nei-
ther to acquire these weapons or devices nor even to
seek or receive assistance to this effect. *

"The verification of these obligations is ensured by
the application of international safeguards through agree- -

ments to be concluded with the International Atomic Energy
Agency (IAEA) (Article III). The rights of non-nuclear-
weapons States to undertake research, production and;

exploitation of nuclear energy for peaceful purposes and

to receive due assistance are reaffirmed (Article IV).
Article V is designed to ensure that the benefits of peace-
ful nuclear explosions should be made available to all
Parties in accordance with appropriate arrangements. Arti-
cle VI contains the undertaking that the nuclear-weapon
States will pursue further negotiations on disarmament in
good faith.

"The right to conclude regional treaties to ensure the
total absence of nuclear weapons is also reaffirmed in Arti-
cle VII, and in Article VIII a review of the operation of

,

the Treaty is foreseen five years after its coming into!

force."

*
Nonproliferation Policies

The present Administration's nuclear nonproliferation policies can -

be summariztl as follows:20
1. Defer indefinitely U.S. commercial reprocessing and recycling

of plutonium.,

2. Reatructure the U.S. breeder program to give greater priority

to alternatives to the plutonium breeder and to defer the
4

introduction date of a commercial breeder.

3. Redirect the U.S. nuclear research and development program to

accelerate research into alternate fuel cycles not involving

direct access to materials useful for weapons production.

4. Increase U.S. enrichment capacity so that the United States

can be a reliable supplier for both domestic and foreign needs.

5. Propose necessary legislative steps to permit the United States

to sign firm supply contracts with other nations.
~

;

6. Continue to embargo the export of equipment or technologies
'

which are needed for enrichment or chemical reprocessing.

1
i
f

l

I
!
;

'
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7. Continue discussions with supplier and recipient countries on ;

a wide range of international approaches and frameworks which
*

permit all countries to achieve their own energy needs while

at the same time reducing the spread of nuclear weapons capa-
-

; bility.

As dictated by the above policies, the Department of Energy estab-

} lished the Nonproliferation Alternative Systems Assessment Program
j (NASAP) to investigate alternative fuel cycles which could supply ade-
1

quate amounts of energy. Suggested fuel cycle alternatives, taken

largely from Ref. 20, are summarized below:

1. O_nce-Through Fuel Cycles. In this concept, the spent fuel is

not reprocessed but is simply disposed of as " waste." In addition to

losing the energy content of the uranium and plutonium contained in the
spent fuel, the amount of long-lived plutonium that must be disposed of
as waste is increased by about an order of magnitude. A number of poten-

j tial improvements for current light-water reactors (LWRs) could be

developed and implemented; these improvements would permit increased
,

utilization of U 0g for the current once-through fuel cycle.3

2. Other Reactor Types. Several other reactor types would give.

some improvement in resource utilization over the LWR when operated on
a once-through cycle.

3. Partial Recycling. It is possible to modify the reprocessing

i stream so that uranium is separated from the wastes but plutonium is
not, thereby improving resource utilization relative to the current

once-through cycle for LWRs and other reactor concepts.
4 Tandem Fuel Cycles. In this concept, two classes of reactorss

are used: LWRs and a second reactor type that can use fuel having a
lower residual fissile content, as do the Canadian deuterium-uraniumi

(CANDU) systems. Spent fuel from the LWRs would then still 5e usable
!

| in the second class of reactors for additional energy generation, with

| up to 30% improvement in overall resource utilization.

5. Coprocessing. In this approach,. plutonium is rever cleanly.

separated from other materials. Instead, it is kept mixed with a rela-

tively large amount of uranium. Obtaining weapons-usable materials.

| under these conditions requires the diversion of larger quantities of
i

, -- - _ , _ _ , , . _ . .
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material and subsequent chemical separation. This safeguard can be
further strengthened by incomplete separation of intensely radioactive i

l.

fission products, as is done in spiking.

6. Spiking. Here, the separation of fission products is deliber-
,

ately made sufficiently inefficient so that a high level of gamma activ-
ity remains, or other gamma emitters might be added in substantial
quantities. Weapons-usable materials in the fuel cycle would then be
somewhat self-protecting even before reactor irradiation, much as spent
fuel is.

7. Denaturing. Fissile material can be rendered unsuitable for
weapons by diluting it with sufficient quantities of a nonfissile material
such that the mixture is not explosive. The denaturant must be very
difficult to separate from the fissile material, and currently only a
nonfissile isotope of the same element is judged to be adequate. No

233suitable denaturant is available for fissile plutonium, but U pro-

238U orduced in thorium cycles may be denatured by dilution with

natural uranium. .

8. Molten Salt Reactors (MSRs). In this reactor concept, fissile

7uranium and fertile thorium fluorides are dissolved in a molten BeF -Li F -2

mixture. An on-line reprocessing system is an integral part of the

reactor plant and is enclosed within the reactor biological shield.
Although fissile material is separated from fission products at some
points, it could be made relatively inaccessible.

9. Nuclear Energy Centers. A widely discussed concept .had'been

the restriction of weapons-usable materials or materials from which
weapons-usable fissile material could be chemically separated to high-
security nuclear energy centers. Only those materials from which it is
more difficult to separate weapons-usable fissile material (such as

233 -thorium, and spentUnatural or low-enrichment uranium, denatured

fuels) would be permitted outside the energy centers. The technologies
capable of such separations would be restricted to the energy centers.
In many versions, control of the energy centers would be international. -

From the preceding remarks it is clear that the current trend in
'

U.S. nuclear policy is to defer reprocessing indefinitely to investi-

gate a wide range of alternatives to the plutonium breeder. In addition
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to promoting nuclear safeguards and nonproliferation, it can be argued

that deferral of reprocessing has additional advantages, that is, that
,

reprocessing is currently uneconomical, that the spent fuel can be

recycled later so that no resources are lost, and that time is gained,

to strengthen institutions for safeguards and control. However, to some

critics, such a policy is considered unsatisfactory from the standpoint

of proliferation and safeguards as well as from an economic and diplo-

matic standpoint. As one such critic 21 states: "The U.S. would in
effect be saying to non-weapons countries, including all those aspiring

to a higher standard of living through more abundant energy, 'We and
the other great nuclear powers already have our weapons, but to prevent

the danger of further spread of nuclear weapons we ask you to follow us

in giving up the most economic use of civilian nuclear power.'" This

critic goes on to state that " denying a government access to civilian

reprocessing does not crect a significant obstacle or delay in imple-

menting a decision to produce weapons. Spent fuel from research or power

reactors can be reprocessed rapidly and with relative ease - and espe-*

cially if it is done without the various commercial and legal constraints
*

that apply to civilian reprocessing plants....[I]nhibiting the effective

use of civilian nuclear energy supply in countries that have limited

energy options open to them can result in enhancement of the propensity

for international conflict.''

In light of arguments such as the above, it becomes clear that

there is no simple solution to preventing the proliferation of nuclear

materials and safeguarding such materials on the international level.

Any nonproliferation measure must be considered with respect to economic

feasibility and worldwide diplomatic effects. Clearly, the success of

future U.S. nuclear policies and their influtace on the remainder of

the world will depend on the outcome and the intelligent application of |

the alternative fuel cycle analyses described herein.

|.

.

i
|
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ORGANIZATION OF BIBLIOGRAPHY
'

i This bibliography lists a total of 349 documents selected from .

documents published after 1974. The documents are grouped in five sec-

! tions, which are described below: '

Section 1. Nuclear Policies and Regulations,

..

This section contains a potpourri of document types dealing with

(1) nuclear policy, (2) NRC rules and regulations, (3) legal proceedings,

(4) historical perspectives, (5) controversial or speculative issues,

and (6) general opinions. These documents are primarily of a nontechnical

nature and the bulk of them deal with the problems and policies of inter-
'

national safeguards.

Section 2. Alternate Fuel Cycles and Energy Centers

This section contains primarily technical documents dealing with

studies concerning proliferation-resistant fuel cycles and the location
,

*

of nuclear facilities in internationally controlled energy centers.
.

Section 3. Material Control and Accounting *

! This section contains documents dealing with (1) material control
!

and accounting strategies, (2) data analysis and advanced statisticalj

| techniques, and (3) measurement techniques and measurement standards.

Section 4. Physical Protection

This section contains documents- dealing with (1) physical protec-
tion system strategies, (2) analytical analyses of physical protection

systems, (3) physical protection system instrumentation, (4) guard

i forces, and (5) SNM security.

t

Section 5. General'

This section contains documents which for one or more reasons do :
.

,

not fit in one of the preceding four sections. It contains primarily
i.

technical documents that deal with several safeguards topics. For
,

|

!

i
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example, a quarterly summary of work performed in both physical protec-
tion and material control and accounting would be placed in this section

,

e

e
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S
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fuel fabrwation, spent fuel processing, nuslear waste disposal, handling of radioiwtopes. and related operations are also

j

i treated.
Quahfied authors are imited to submit interpretise resiew artic!cs, which will be resiewed for techmcal accuracy and'
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123 Nuclear Power: Accident Probability, Hisks, and Benefits: A Bibliography, NSIC Staff, $ 6.00,
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128 HTCR Safety, 1. Review of Current Issues and Bibliography of Literat"re (1960-1977), S 6.50
J. R. Buchanan and C. W. Keilholtz, July 1978

129 LMFBR Safety, 2. Review of Current Issues and Bibliography of Literat ure (1970-1972), $13.00
J. R. Buchanan and C. W. Keilholtz, Dec 1976.

130 Bibliography of Reports on Research Sponsore-d by the NRC Of f ice of Nuclear kegulatory S 5.50
Researc h , Novembe r 19 75-June 1976, J. R. Buchanan Oct. 1976.

131 LMFBR Safety, 3. Review of Current issues and Bibliography of Literature (1972-1974), $12.75
J. R. Buchanan and G . W. Keilholtz, April 197

1 32 LMTBR Safety, 4. Review of Current issues and Bibliography of Literature (1974-1975), $13.00
J. R. Buchanaa and G. W. Keilholtz, April 1977

133 Index to 7.walear Safet, , A Technical Progress Review by Cl:ronology, Permuted Title, and S 5.50
Author, Vol. 11, No, I lbrvogh Vol. 17, No. 6, Wm. B. Cet t rell and Ann Klein, April 1977

| 134 Feport s Dist ributed Unde r t he NRC Light-Water Reactor safety Technical Exchange, Wm. B. $ 4.00
Cottrell and D. S. Sharp, April 1977

e .

135 Bibliography of Reports on Research Spensored by the NRC Of f ic e of Nuclear Regulatory S 5.50
Research, J. R. Buchanan, March 1977

136 Design Data and Safety Features of Cennercial Nuclear Power Plants, Vol. VI (Sixth Volume S 5.50
of ORNL/NSIC-55), F. A. Heddleson, June 1977.

137 Annotated Bibliegraphy of Safety-Related occurrences in Boiling-Water Nuclear Power Plants $11.75
as Reported in 1976, R. L. Scott and R. B. Callaher Sept. 1977

1 38 Annotated Biblioxraphy of Safety-Related occurrences in Pressurized-Water Nuclear Power $12.00
Plants as Reported in 19 76, R . L. Scott and R. B. Gallaher Aug. 1977

1 39 LMFBR Saf ety, 5. Review of Current Issues and Bibliography of Literature: Vol. 5 S13.75
1975-1976 J. R. Euchanan and G. W. Keilholtz, July 1977

140 Structural Integrity of Materials in Noclear Service: A Bibliography, F. A. Heddleson, S 9.23
July 1977

141 Summary Data for U.S. Commercial Nuclear Power Plant s, F. A. Heddle on

142 Report s Dist ributed Under t he NRC Light-Wate r Reactor Saf ety T n hnical Exchange, Vol. Ill $ l.00
(Jan.-June 1977), D. S. Sharp and Wm. B. Cottrell, Oct. 1977

143 Bibliography of Reports on Research Sponsored by the NRC Office of Nuclear Regulatory $ S.50
Research - Jan.-June 19 7 7. J . R. Buchanan, Oct. 1977

144 Reac tor Operat ing Experientes I?7 5-197; . U.S. Nuclear Regulatory C. emission

145 Bibliography of Reports on Research Spa tsared by the NRC Of fic e of Nuclear Regulatory
Research - July-tec. 19 7 7 J . R . Bucha+ n

146 Reports Distributed in 1977 l'nder the NRC Light-Water Reacter Saf ety Technical Exchange,
Wm. B. Cet t rell and D. S. Sharp

147 Index to f/aeZear Caf.:ty, a Technical Progress Review by Chronology, Permuted Title, and
Author, Vul, 11, No 1 Through Vol . 18, Na. 6. Wm. B. Cettrell and Ann Klein

8 Due to additional nailing and handling costs, the foreign ptice per dotonent-is double that of the
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