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ABSTRACT 

INFCE Working Group 7 has considered that IAEA safe
guards may be required on certain categories of wastes after 
transfer from nuclear facilities to waste management for pro
cessing and safe disposal. With the exception of spent fuel 
and high purity non-recycle uranium, fuel cycle wastes are 
likely to meet the IAEA criteria for termination of 
safeguards. A possible design of IAEA safeguards for spent 
fuel is presented, starting with receipt of spent fuel at a 
conditioning facility and continuing through the operations of 
encapsulation, emplacement, and decommissioning of the reposi
tory. The system design is influenced by the nature of the ma
terials (highly radioactive, discrete items), and by the na
ture of a waste repository (substantial containment, 
undirectional flows). 

For above ground operations the safeguards procedures 
would be identical tc those employed at reactor or away from 
reactor storage pools: item accounting supported by NDA veri
fication, containment, and surveillance. After encapsulation 
and transfer to the mine shaft, the procedures might shift to 
the counting of items and to automatic recording of the 
transfers and final emplacement. Inspectors would review the 
recorded data and inspec jperations on a sampling basis. 
After a room is closed and after the repository is 
decommissioned, the only possible safeguards activity would be 
surveillance. 

The study indicates that recovering spent fuel from a 
decommissioned repos' .ory in a salt or hard rock medium would 
require substantial effort, would take from months to years tc 
accomplish, and would be difficult to conceal. 
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SAFEGUARDS FOR GEOLOGIC REPOSITORIES 

1. INTRODUCTION 

Certain classes of wastes may require that IAEA safe
guards be applied during the waste management phase and 
possibly after emplacement in a geologic repository. Concepts 
for the application of safeguards to such waste streams are 
presented in this paper, wiLh particular emphasis on spent 
fuel consigned for permanent disposal. 

IAEA documents INFCIRC/66'l> and INFCIRC/15312) state 
taat safeguards may be terminated upon determination by the 
Agency that the material has been consumed, diluted in such a 
way that it is no longer usable f i: any nuclear activity rele
vant from the point of view cf safeguards, or has become 
practicably irrecoverable. 

The wastes produced by seven nuclear fuel cycles, rep
resentative of the fuel cycles considered in the International 
Nuclear Fuel Cycle Evaluation, are described in the report of 
Working Group 7^K In chapter seven of that report, the vari
ous waste categories are assessed from the point of view of 
safeguards significance. This information is summarized in 
Tables I, II, and III at the er,d of this section. The report 
states that, "Spent fuel from once-through fuel cycles is ini
tially unattractive because of the fission product activity, 
but since this decreases with time, it is the principal waste 
item to be considered as regards diversion". 

This paper presents concepts for the application of 
IAEA safeguards to spent fuel at waste conditioning and 
geologic disposal facilities. The procedures for safeguarding 
other waste materials of concern should be similar in princi
ple, though possibly different in detail. Other wastes would 
probably be less concentrated, less attractive for diversion, 
and require less stringent safeguards. Since such waste 
arisings will be sealed in containers before transfer for dis
posal, any accurate measurement of the nuclear content must be 
made before a container is sealed. So long as the container 
is not breached and the item identity is assured, safeguards 
accounting would be on an item identity basis. IAEA proce
dures: would focus on assuring integrity and identity of the 
containers. 

The discussion which follows assumes that IAEA safe
guards are applied to national waste conditioning and geologic 
repository facilities such as those considered by Working 
Group 7 and having the general features described in Refer
ences 3, 4, and 5. 
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The next section briefly summarizes IAEA safeguards 
procedures for spent nuclear fuel (or other sensitive wastes) 
destined for geologic disposal This is followed by 
identifying diversion scenarios which might be considered for 
spent fuel and by a review of the criteria for termination of 
safeguards for wastes. The conceptual application of IAEA 
safeguards to geologic repositories is presented in some de
tail for illustration and discussion. 

The final section of this paper discusses the long 
term proliferation risks and possible safeguards procedures 
after the repositories have been closed and backfilled. The 
amount of effort which might be required to retrieve spent 
fuel at some future date from a geological repository in salt 
or granite is estimated, as well as the time that such an oper
ation might take, and the possibility that such an undertaking 
might be detected. 

Amounts and characteristics of wastes arising from the 
seven fuel cycles considered by Working Group 7, which would 
be considered by the IAEA for termination of safeguards, are 
presented in the following three tables. In Table I, the X's 
indicate what operations (left hand column) would be involved 
in each of the seven fuel cycles. The Uranium and Thorium 
Wastes would contain low-enriched, natural, or depleted urani
um or thorium. Hot Plutonium Wastes refers to highly radioac
tive wastes containing plutonium, uranium, and fission prod
ucts. The Cold Plutonium/HEU Wastes from mixed-oxide fuel 
fabrication would contain highly diluted plutonium, U-235, 
and/or U-233. 

Table II gives the total mass per gigawatt year of 
electricity of uranium enriched to less than 20% in U-235, the 
number of waste packages per year and thf: number of waste 
packages which would contain a "quantity of safeguards 
significance", or "target mass", as defined by the IAEA. 
Table III presents similar data for wastes which could contain 
plutonium, high enriched uranium, or U-233. For the waste 
repositories considered by Working Group 7, the annual rates 
would be 10 to 100 times larger than the quantities shown per 
GWa. 
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Facility/Operation 

TABLE I. NUCLEAR MATERIALS IN WASTES FROM REFERENCE FUEL CYCLES 

Waste Description LWR 
OT R 

Fuel Cycle* 
FBR HWR HTR 
R OT R Th Th 

Nominal 
Percentage of 
Process Input 
to Waste** 

URANIUM AND THORIUM WASTES 
Th Mining and Milling 
U Mining and Milling 
U Ref. & Conv. -ADU to UF6 

-U02 to UF6 

-ADU to U0 2 

Enrichment Tails 
Enrichment Plant Maintenance 
U0 2 Fuel Fabrication 

(including UF5 to U0 2 Conv, 
Reprocessing 

HOT PLUTONIUM WASTES 
Reactor 

Spent Fuel Disposal 
Reprocessing 

Reproc. Plant Maint. & Decoram. 

COLD PLUTONIUM/HEU WASTES 
MOX Fuel Fabrication 

(including UFg to U0 2 Conv.) 

X 
X 

X 
X 

) X 

X 
X 
X 
X 
X 
X 

X 
X 

X X Natural Thorium 
X X X X Natural Uranium (NU) 

X X NU 
Slightly Enriched (Recycled) Uranium 

X X NU 
X X Depleted Uranium (DU) 
X X NU (Average Composition) 

X NU 
Low-Enriched Uranium (LEU) 

X DU 

Operating, Maintenance, Control Rod, and Decommis
sioning Wastes (Negligible Nuclear Material) 
Spent Fuel Assemblies 
Cladding Hulls and Spacers 
Vitrified HLW - Pu Recycle (FP) 
Vitrified HLW - Fu Disposal (FP and 95-100% Pu) 
MLW - Pu Recycle 
MLW - Pu Disposal (0-5% Pu) 
(Negligible Nuclear Material) 

Process Wastes - Pu; DU and/or NU 
X X Process Wastes - Th 
X X - High-Enriched Uranium (HEU) 

10 
5 
0. 
0. 
0. 

80-99 
0. 
0. 
0. 

~ 99 

,4 
,4 
,4 

% 
% 
% 
% 
% 
X 

,02% 
1 
6 
% 
% 
% 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 
X 

0. 

100 
0.3 
0.5 

5-0.8 
^.2 

% 
% 
% 
% 
% 

Pu 
HEU 
Pu 

0.2 % HEU 

0.1 % each 
0.1 % 
0.6 % 

* OT = Once-Through; R = Pu Recycle; Th = Thorium/U-233 Recycle. 
** Percentage of nuclear material received at processing facility appearing in waste stream. 



TABLE II. URANIUM (NON-HEU) WASTE SUMMARY FOR REFERENCE FUEL CYCLES 

Waste Stream 
U Mass 
kg/GWa* 

U Isotopic 
Composition 

Packaged Waste 
Form 

Number of Waste Packages 
per GWa* per Safeguards 

Target Mass** 

U Refining 
and 

Conversion 

OWR-OT 
LWR-R 
FBR-R 
HWR-OT 
HWR-R 
HWR-Th 
HTR-Th 

800 
600 
5 

700 
300 
30 
200 

Natural 
.73% U-235 
Natural 
Natural 
Natural 
Natural 
Natural 

Process Waste in 
Unshielded Drums 

163 
95 
18 
122 
51 
13 
48 

2 ,200 
1,600 

38 ,000 
1,800 
1,800 
4 , 6 0 0 
2 ,500 

Enrichment 
Tails 

LWR-OT 
LWR-R 
HWR-Th 
HTR-Th 

168,000 
107,000 
6,900 
56,000 

0.2% U-235 
UO2 in 

Unshielded Drums 

191 
121 
8 
63 

43 

Enrichment 
Maint€ nance 

LWR-OT 
LWR-R 
HWR-Th 
HTR-Th 

40 
20 
2 
12 

Natural 
Process Waste in 
Unshielded Drums 

10 
5 
1 
3 

2,600 

U02 Fuel 
Fabrication 

LWR-OT 
LWR-R 
HWR-OT 

220 
150 
180 

3.02% U-235 
3.02% U-235 
Natural 

Process Waste in 
Unshielded Drums 

200 
130 
498 

2,300 
2,200 
29,000 

MOX Fuel 
Fabrication 

LWR-R 
FBR-R 
HWR-R 

10 
20 
80 

Natural 
0.17% U-235 
0.69% U-235 

Concreted in 
Unshielded Drums 

155 
318 
750 

*** 
*** 
*** 

Depleted LWR-R 
Reprocessing HWR-R 

11,000 
73 ,000 

0.45% U-235 
0.14% U-235 

UO2 in 
Unshielded Drums 

13 
83 

20 
60 

* GWa - Gigawatt year electricity. 
** Defined as: 75 kg of contained U-235 for U-235 concentration below 20%. 
*** Also contains Pu - see Table III for controlling number. 



TABLE III. PLUTONIUM/HEU WASTE SUMMARY FOR REFERENCE FUEL CYCLES 

Waste Stre 

MOX Fuel 
Fabrication 

am 

LWR-R 
FBR-R 
HWR-R 
HWR-Th 
HTR-Th 

TI_ __ PWR 
Spent LW 

Fuel 

Cladding 
Hulls and 
Spacers 

Vitrified 
High-Level 
Wastes 

Medium-
Level 
Wastes 

BWR 
HWR-Ot 

LWR-R 
FBR-R 
HWR-R 
HWR-Th 

LWR-R 
FBR-R 
HWR-R 
HWR-Th 
HTR-Th 

LWR-R 
FBR-R 
HWR-R 
HWR-Th 
HTR-Th 

Pu Mass 
kg/GWa* 

0.5 
3.0 
0.7 
-
~* 

~216 
- 108 
660 

1.4 
9.0 
2.1 

<0.1 

2.3 
15.1 
3.6 

11.9 
6.2 

0.9 
5.9 
1.5 
-
0.3 

HEU Masses 
kg/' 

U-233 

_ 

-
-
1.9 
0.4 

_ 

-
— 

_ 

-
-
5.6 

_ 

-
-
9.4 
2.9 

_ 

-
-
3.8 
0.7 

GWa* 
U-235 

-
-

0.1 
1.8 

— 

-
— 

_ 

-
-

0.4 

_ 

-
-
0.7 
8.0 

_ 

-
-
0.3 
0.2 

Packaged Waste Form 

Concreted in 
Unshielded Drums 

Unreprocessed Spent 
Fuel Assemblies 
in Canisters 

Compacted and 
Immobilized in 

HWR-Type Canisters 

Vitrified HLW 
in HLWS or HLWg 

Canisters 

Concreted in 
Shielded or 

Unshielded Drums 

Number 
per GWJ 

155 
318 
750 

1,207 
175 

53 
22 
132 

33 
86 
31 
49 

29 or 
23 or 
29 or 
30 or 
28 or 

137 
89 
295 
474 

• of 
i* 

Waste Packa 
per Safegu 
Target Mas 

2,500 
850 

8,600 
5,000 
1,400 

2 
2 
2 

190 
76 
120 
68 

67*** 100 or 
53 
67 
69 
65 

53**** 

12 or 
64 or 
11 or 
19 or 

1,200 
120 

1,600 
970 
400 

iges 
lards 
is** 

230*** 
28 
150 
26 
45 

* GWa - Gigawatt year electricity. 
** Defined as: 3 kg of contained (Pu + U-233 + 8/25 U-235) for Pu alone or in combination with HEU. 
*** First number applies to salt repository and second number to granite repository. 
**** Exludes 3,350 drums containing C-14 contaminated CaC03 with negligible heavy metal content. 



2. IAEA SAFEGUARDS FOR SPENT FUEL 

The primary IAEA safeguards measure is material ac
countancy complemented by containment and surveillance 
measures. It is not possible, at this time, to make accurate 
measurements of the plutonium content of spent fuel except 
after total dissolution at a reprocessing plant. For this 
reason, accounting for spent fuel would be based primarily on 
item identity. 

//hat is of particular interest for safeguards is the 
plutonium content of a spent fuel element. For a given type 
of reactor this can be computed approximately given the amount 
and enrichment of the fuel prior to irradiation in a reactor, 
information on the reactor, and data on the burnup of the fuel 
element in the reactor. Data on fresh fuel elements are 
transmitted to the IAEA. Burnup of a spent fuel element can 
be confirmed, to some degree, by non-destructive assay (NDA) 
based on gamma-ray and neutron emissions. However, the 
gamma-rays emitted by spent fuel come primarily from fission 
products and the neutrons from transplutonium isotopes. 
Active-neutron interrogation can measure (at considerable cost 
and difficulty) the fissile content of spent fuel; but it prob
ably would not distinguish the fissile uranium (U-235) from 
the fissile plutonium (Pu-239 and 241)^6 . 

When spent fuel is to be reprocessed, the IAEA accepts 
the operator's calculated value for the contained plutonium, 
until an accurate determination can be made after the fuel has 
been dissolved at the reprocessing plant. If spent fuel is to 
be buried, it may not be important to establish the exact 
plutonium content. What will be important is to insure that 
none of the spent fuel (assemblies or fuel rods) is diverted, 
possibly with substitution of extracted fission products and 
higher mass actinides. 

Although non-destructive assay may not be useful for 
measuring the plutonium, it may be used to verify tie identity 
of spent fuel assemblies, in conjunction with containment and 
surveillance measures, since the gamma-ray, neutron, and 
thermal emissions of spent fuel are uniquely related to the 
pre-irradiation fuel loading, the specific reactor history, 
and the time since removal from the reactor. Active-neutron 
interrogation can distinguish inta.t spent fuel from extracted 
high-level wastes. 

Safeguards agreements under either INFCIRC/66 
(1) 

or 
INFCIRC/ISS^J require that the government maintain records of 
nuclear materials and submit reports to the IAEA. IAEA 
accounting is based on the independent verification of 
measurements and on auditing the operator's records. 
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Recommendations regarding the structure of a State's 
System of Accounting for and Control>of Nuclear Materials 
(SSAC) are contained in IAEA/AG-26'-7J. In the following, it 
is assumed that IAEA safeguards for spent fuel transferred to 
waste management for disposal (and for any other waste forms 
requiring IAEA safeguards) would be based on verification of 
the State's system (SSAC), complemented by application of 
containment and surveillance measures. 

It is anticipated that the IAEA would verify the nucle
ar content of waste containers before such are transferred for 
conditioning and ultimate disposal in order to confirm mate
rial accountancy at the waste generating facility and in order 
to deternine either that safeguards should be terminated upon 
transfer or that safeguards should be continued during waste 
disposal. 

3. DIVERSION POSSIBILITIES 

The IAEA contribution to INFCE, "The Present,Status of 
IAEA Safeguards on Nuclear Fuel Cycle Facilities,"^> 
identifies the following diversion possibility for spent fuel: 

Diversion 
Possibility 

Removal of fuel 
elements from 
consignment after 
they leave the 
reactor storage 
pool. 

Concealment 
Methods 

Substitution with 
dummies in consign
ment. Understating 
number of elements 
shipped. Substitu
tion with dummies 
at away-from-reactor 
storage facility. 

Safeguards 
Measures 

Sealing of ship
ping containers 
be'ore shipment 
& verification 
of content at 
recipient facil
ity, if possible. 

If spent fuel is to be buried, the following 
possibilities must be considered: 

Diversion 
Possibility 

Concealment 
Methods 

Safeguards 
Measures 

Removal of fuel 
at the condi
tioning 
facility. 

Substitution of dummy 
loads for the burial 
canisters. 

Surveillance of 
the canning 
operation, 
perimeter 
containment and 
surveillance. 
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Diversion 

Possibility 

Removal of 
canned fuel 
elements. 

Removal of fuel 
elements from 
operating 
repository. 

Removal of fuel 
elements after 
repository is 
sealed. 

4. CRITERIA FOR TERMINATION OF SAFEGUARDS 

The basis for termination of IAEA Safeguards is given 
in paragraph 26(c) of INFCIRC/66 and paragraph 11 of 
INFCIRC/153, namely: upon determination of the Agency that 
the material has been consumed, diluted in such a way that it 
is no longer usable for any nuclear activity relevant from the 
point of view of safeguards, or has become practicably 
irrecoverable. Paragraph 35 of INFCIRC/153 addresses situa
tions when "the State considers that recovery of safeguarded 
nuclear material from residues is not for the time being 
practicable or desirable," but the conditions for termination 
in paragraph 11 are not met. In such cases, "the Agency and 
the State shall consult on the appropriate safeguards measures 
to be applied." 

Spent fuel will not meet the criterion that it is no 
longer usable from the point of view of any nuclear activity 
relevant for safeguards. So long as it is being stored, 
processed, or transported, the same intensity of safeguards 
should be employed as would be the case for previous storage 
and transportation. The indefinitely long duration of waste 
storage in a geologic repository, and the diminution of risks 
as processing and emplacement operations are completed, sug
gest that the government consult with the Agency to arrange 
that appropriate safeguards measures be applied. At present 
it appears appropriate to withhold judgement on the long-term 
safeguardability of those wastes which do not meet the 
criteria for termination of safeguards. 
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Concealment 

Methods 

Safeguards 

Measures 

Falsification of 
records. 

Removal when surveil

lance is lacking. 

Item counting 
and surveillance 
of transfer to 
repository. 

Monitor for 
containers going 
up the shaft. 

Covert mining 
operation. 

Containment and 
surveillance. 



5. SYSTEM CONCEITS 

A safeguards system should be balanced so that the pro
tection provided is consistent with the inherent risks and 
accessibility of each type of material. A waste repository 
handles a variety of materials with widely differing risks, 
many of which are cf concern only for health and safety 
reasors. 

The features of a geologic repository which affect the 
choice of safeguards procedures are: only discrete items are 
handled (except for small quantities of process wastes that 
may be generated on site); process flows are well contained by 
shielding and by the limited access to underground facilities; 
and any outward flows of materials would be unusual and detect
able. Furthermore, spent fu'jl is highly radioactive and would 
require heavily shielded cases or the equivalent for handling. 

As in other parts of the fuel cycle, an independent 
verification of the national accounting system will be the 
basis for the repository system. The material is received by 
the repository in unit quantities, in the form of canneJ or 
bare fuel assemblies and drummed waste. The task is to keep 
track of these units, the number received, and their location 
at any subsequent time. In the case of wastes containing 
fissile material, the accounting continues indefinitely unless 
there is agreement by the IAEA and the host nation that safe
guards can be terminated. 

5.1. Conditioning and Disposal: Separate or Colocated? 

Two possible arrangements are considered: (1) the 
•mdicioning facility is located at a distance from the 

^aologic repository, and (2) the conditioning operation takes 
place at the geologic repository. In either case, safeguards 
for the spent fuel up to delivery to the conditioning facility 
would be that described in the INFC2/WG.6 papers on spent fuel 
management. Possible procedures for verifying the spent fuel 
upon receipt are described below. After the fuel assemblies 
have been encapsulated in canisters (possibly filled with 
lead) it may be difficult, by non-destructive means, to insure 
that the canister actually contains the stated number of 
assemblies. If the conditioning takes place at the reposito
ry, it m'.ght be sufficient to count the canisters and to 
insure thjt they all are transported to the waste placement 
area and stay there. If the two facilities are not colocated, 
it would be necessary to insure by containment and surveil
lance procedures that no diversion or substitution can occur 
during transfer from the conditioning facility to the reposito
ry or at the latter facility. It may also be desirable to 
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verify items by means of non-destructive assay, if that should 

be possible. 

5.2. Operations, Procedures, and Techniques During Receipt, 
Encapsulation, Transfer, and Emplacement 

There are two critical functions for a repository safe
guards system — the identification of the individual packages 
which enter the system and the tracking of this material as it 
progresses to its final emplacement. A set of procedures is 
presented to illustrate how these functions might be accom
plished. Three key measurement points are suggested for ac
countancy: the first (I) at the receiv ng area, the second 
(II) at the elevator shaft where the canisters pass from 
above ground to the b: low ground level, and the third (III) at 
the repository room where the canisters are finally emplt'-d. 

At receiving, the major problem is to ascertain that 
the material which is entering the facility is identified and 
that the contents are verified in some manner. Following that 
point, surveillance instruments are suggested to monitor the 
flows so that counting of the items passing through key 
measurement points II and III would satisfy the accountancy re
quirements . 

The skeletal ma.erial flow diagrams for canned and 
bare spent fuel are shown in Tables IV, V, and VI. Fcr each 
of these materials, the safeguards activities which might 
be employed to maintain both material balance and material sur
veillance are shown for each step of the process. The second 
column from the right delineates the key measurement pointJ 
(KMP) and the right hand column indicates the method of ac
countancy, starting with item verification followed by a re
gion where only a count of the number of items is maintained 
and finally a state where only surveillance of the backfilled 
or ueconanissioned repository is possible. 

Consider first the receipt of spent fuel, either 
canned (Table IV) or bare assemblies to be canned at the repos
itory (Table V). In either case the loaded casks, several per 
day, will move through the air lock into the receiving area, 
passing by a set of radiation detectors which will record the 
presence of a radiation source as well as its direction of 
motion. These counters and direction monitor? appear fre
quently in this conceptual design and might \>e patterned after 
either the fuel bundle counters described in Reference 9 or 
the radiation monitor system of Reference 10. The data from 
either of these systems can be proces;ed and stored for later 
readout on a system very similar to that described by 
HolmestHJ. jj.ie seai which has been placed on the cask by 
another inspector at the '.ime of shipping must be read to 
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TABLL IV 

RZCEIPT OF ENCAPSULATED SPENT FUEL AT REPOSITORY FACILITY 

Action 

Loaded cask 
moved into 
receiving 

Cask moved 
into hot 
cell 

Canisters 
removed 
from cask 

Cask closed 
and removed 
from hot 
cell 

Canisters 
placed in 
basket for 
transfer 
underground 

(See Table VI) 

Safeguards Activities 

For 
Material Balance 

Read cask identity 
(visual, camera, 
or seal readout 
device) 

Count and verify 
canisters (seal 
reader, camera, 
active neutron 
interrogation) 

Count canisters 
placed in basket 
(radiation 
detectors) 

For 
Surveillance 

Record cask 
motions 

as above 

Record and 
photo to 
assure that 
cask is 
empty 

KMP 

I 

II 

1 

Type of 
Accounting 

Item verifi
cation 

Item verifi
cation 

Piece count 
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TABLE V 

RECEIPT AND ENCAPSULATION OF SPENT FUEL ASSEMBLIES AT REPOSITORY FACILITY 

Action 

Loaded cask 
moved into 
receiving 

Cask moved 
into hot 
cell 

Fuel assem
blies re
moved from 
cask 

Cask closed 
and removed 
from hot 
cell 

Fuel assem
blies 
transferred 
to encapsu-
lator 

Fuel assem
blies en
capsulated 

Canisters 
placed in 
basket for 
transfer 
underground 

(See "able VI) 

Safeguards Activities 

For 
Material Balance 

Read cask identity 
(visual, camera, 
or seal readout 
device) 

Count and verify 
assemblies (seal 
reader, camera, 
and/or NDA) 

Verify transfer 
(radiation 
detectors) 

Photograph to 
correlate 
identity of 
assembly and 
canister 

Count canisters 
placed in basket 
(radiation 
detectors) 

For 
Surveillance 

Record cask 
motions 

as above 

Record and 
photo to 
assure that 
cask is 
empty 

Confirm 
direction 
of flow 

as above 

as above 

KMP 

I 

II 

Type of 
Accounting 

Item verifi
cation 

Item verifi
cation 

Piece count 
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TABLE VI 

TRANSPORT AND EMPLACEMENT OF SPENT FUEL CANISTERS IN A GEOLOGIC REPOSITORY 

Action 

Transfer 
basket moves 
down shaft 

Baskets moved 
into buffer 
storage 

Individual 
canisters 
inserted 
into 
transporter 

Transfer to 
disposal 
room 

Canisters 
emplaced 
in holes 

Room back
filled 

Pepository 
decommis
sioned 

Safeguards 

For 
Material Balar.ce 

Count canisters 

as above 

Activities 

For 
Surveillance 

Record direc
tion of 
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assure that the cask has not been opened. There are several 
ways that this reading can be accomplished including inspector 
presence, camera recording, or use of coded, tamper-proof, 
remotely readable seals similar to those developed by ISPRA 
for EURATOMl12J. 

Once the cask is identified, it is moved into the hot 
cell where the lid is removed and the individual cans or fuel 
assemblies are lifted out of the cask into an inspection and 
transfer room. This is probably the .ingle most critical oper
ational step at the repository site from a safeguards 
viewpoint. If one is to have confidence that the waste has 
been disposed of, it is necessary to ensure that the items 
entering the inspection and transfer room are really the spent 
fuel assemblies, and it is desirable to verify their identity. 

Table IV shows three possible instruments which could 
be used to assist in the material balance function at the time 
the material is removed from the cask and two others whose 
primary purpose is related to surveillance. If the material 
enters the repository withou.. being encapsulated, the ISPRA-
type seals would provide the desired identification. In lieu 
of these, two alternatives are suggested which do not perform 
an identical function but would provide data helpful in 
ascertaining what material is entering the repository. These 
alternatives are cameras and an active-neutron spent-fuel 
assay system. 

Camera techniques are presently used in other fuel 
cycle facilities and a camera would provide evidence of any 
improper actions during cask unloading ac all as to provide 
an independent check of the operator's receiving records by 
reading the canister identification markings. Assuming that 
one knows that the material in the cask at receipt is the same 
as that shipped from the storage facility, the only 
shortcoming of a camera system would be the possibility that 
a fuel canister containing high-level waste would be 
substituted for one containing spent fuel and the canister 
markings altered prior to cask entrance in the hot cell. 

While an active-neutron spent fuel ass.'.y system cannot 
identify individual fuel elements, it can verify that fissile 
material is still in the spent fuell^J. This capability would 
be particularly valuable if the material has been canned prior 
to arrival at the facility, and if it is deemed necessary to 
check for substitution of high-level waste for the fuel 
assemblies (the equipment for an active-neutron assay system 
is expensive, difficult to use, and its feasibility in such 
situations has not been demonstrated). 
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At the removal of the individual canisters from the 
shipping cask, two other types of information are desired. It 
is necessary (and relatively simple) to use raciation 
monitors, as previously discussed, to count the number of cans 
removed; it is also necessary to detect the direction of 
motion of the cans to make sure that the count is not confused 
by material being moved back into the cask after it has been 
removed. 

To protect against this eventuality and to insure that 
all material is removed from the cask pirior to its lid being 
replaced and the cask exiting the facility, a still camera 
could be positioned to take a picture of the cask interior 
after each can is removed. 

This combination of instruments could provide, with 
high confidence, the count of the number of cans entering the 
facility and, perhaps to a lesser degree of confidence, the 
identification of the enclosed fuel assemblies. Once it is 
verified that particular assemblies have entered the facility, 
the emphasis of the accounting system passes from individual 
identity to canister counting. 

Returning to the flow chart in Table VI, the cans r.re 
next placed in a basket for movement down the elevator, moved 
down the shaft, and placed in temporary storage awaiting 
emplacement. 

When the canisters are removed from the down-hole stor
age, they are hoisted upwards through a port into the 
emplacement transporter. Here again a count and direction 
monitor can be used to record the material progress. The same 
type of measurements are needed upon entry of the transporter 
into the burial room for a count of the number of cans 
emplaced in each room. 

None of these measurements of flow through the reposi
tory may require the continuous presence of an inspector. All 
of the data could be recorded for his consideration when he 
wishes to check the plant records. The only place in the oper
ation where continuous inspector presence may be required is 
to check the cask and cask seals when they arrive if a remote 
reading, tamper-proof sealing system should not be available. 

Table V shows the alternative steps which would be 
required if the facility should receive spent fuel elements to 
be canned at the site. As in Table IV, the cask is identified 
upon arrival and the identity of the contained fuel assemblies 
confirmed. The flow through the encapsulation process could 
be monitored on the basis of item counting and containment. 
After canning, the operations are those shown in Table VI. 
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In this conceptual design, the use of tamper-
indicating instrumentation to reduce the requirements for in
spector effort has been emphasized. If spent fuel is to be 
buried, a large number of items would require verification and 
surveillance tach day. Also, for operational reasons, it is 
likely that there would be large numbers of safeguarded items 
in buffer storage at the waste conditioning facility and 
within the repository facility. 

Working Group 7 has assumed that all radioactive 
wastes, except for those produced at uranium and thorium mines 
and mills, would be sent to the geologic repository. In such 
a case, the large number of drums with medium and low-level 
wastes would require a major part of the effort at the facil
ity. This conceptual design presumes that spent fuel and any 
other waste forms requiring safeguards would be processed sepa
rately from the large number of other waste packages. 

6. SAFEGUARDS AFTER DECOMMISSIONING 

When the repository has passed into an inactive status 
and the repository surface area has been restored to the 
original conditions, safeguards procedures must continue 
unless and until agreement is reached to terminate them. 

With host-government cooperation, several types of 
instrumentation techniques could conceivably detect the 
attempted diversion ol the buried waste. None of these 
involves direct measurement of the fuel presence (e.g., temper
ature or radiation). It is conceivable that a corrosion-
resistant, fiber-optics continuity loop could be developed 
which would be emplaced prior to back-filling of the 
individual rooms in order to detect attempts to reuove a fuel 
canister. However, it is not clear that it could be main
tained, or that it,would not result in high false alarm rates. 
Seismometer arrays Î Ĵ might be used to detect the movement of 
heavy mining equipment into the area or the drilling operation 
itself; this would involve (as would any other active 
instrumentation system) maintenance, occasional false alarms, 
a tamper-resistant and tamper-indicating H^ta collection and 
data transmission system, and means for distinguishing 
proscribed activities from legitimate operations. 

Aircraft or satellite reconnaissance might be consid
ered. Detection of large scale mining operations is certainly 
well within the capabilities of either; in fact, it appears 
that sufficient resolution exists with the present series of 
earth resource satellites (e.g., Landsat C)l^J. However, a 
large amount of extraneous information would be collected and 
would have to be analyzed. Any findings would be limited to 
a determination that unexplain*ble or suspicious activities 
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were underway; actual diversion could not be confirmed without 
on-site inspection. 

Mining operations of the type required to recover bur
ied waste from a repository would require long periods of time 
and would be difficult to conceal from on-site visual 
detection. These characteristics suggest random on-site in
spections to detect diversion attempts rather than elaborate 
instrumentation systems. Based upon expected recovery times, 
the inspection period required would be no less than three 
months, and possibly the physical inaccessibility of the mate
rial could lead to the conclusion that no inspections would be 
required. Indication by an instrumentation system of any unau
thorized mining activity would probably require visual confir
mation before a finding could be made. 

6.1. Recovery from a Decommissioned Repository in Salt 

The proliferation risk associated with the permanent 
disposal of spent fuel, or of ether nuclear materials of safe
guards interest, will depend on the amount of material and its 
relative value for proliferation compared to other available 
sources of nuclear materials. It will also depend to some de
gree on the amount of effort which would be required to 
recover the material, the time that operation might involve, 
and the detectability of the activity. These considerations 
also pertain to a decision by the IAEA as to when safeguards 
should be terminated. 

In this section these issues are discussed with refer
ence to the present concepts regarding the features of 
geologic waste repositories and in terms of current mining 
technology. Mining technology can be expected to improve in 
the future. The radioactivity of the spent fuel will slowly 
decay. The temperature in the neighborhood of the emplaced 
fuel will rise for a number of years and remain high for 
centuries. Some canisters have been designed to last for a 
very long time; others may disintegrate in a few tens of 
years. These factors make the assessment of long-term 
proliferation risks somewhat uncertain, though no more 
uncertain than the political and social factors which might in
fluence a decision to recover long-buried spent fuel. 

Mining operations of the type required to recover 
spent fuel from a repository at a depth of 600 meters would be 
complex and expensive. Material recovery is not synonymous 
with sinking of a shaft; the most difficult part of the task 
is to get the nuclear material to the surface after access to 
the burial depth has been achieved. With time, the spent fuel 
assemblies would become more difficult to handle if the canis
ters should corrode and the fuel elements disintegrate. 
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There are three mining techniques /hich might be en-
ployed to recover spent fuel from a repository. These are: 

(a) sinking of multiple shafts from the surface; 
(b) a single access shaft complemented by an under

ground mining operation similar to that required 
for the original repository; and 

(c) solution mining for repositories located in salt 
formations. 

The choice of which of these techniques might be employed by 
a potential diverting nation depends on several factors, not 
the least of which will be the amount of material which is 
required to satisfy its motive for retrieval. As a minimum, 
it will take two spent fuej canisters to acquire the eight-
kilogram threshold quantity of plutonium. 

6.1.1. By Shaft Mining 

Probably the most direct Wi.y to recover a small quanti
ty of material from a repository would be to sink a fhaft to 
the disposal level and, after contacting a canister, to remove 
the drill and pull the material to the surface using grappling 
techniques. This is a much more complex operation than it 
might appear. Assuming the driller knows the general location 
of the spent fuel burial rooms and that he drills a one-meter 
diameter hole, he might hit a canister only about once every 
ten holes because of the low emplacement density of the 
fuel^-1. In addition, drilling inaccuracies are large enough 
•̂o that this initial success and an emplacement map will not 
be of much help in locating subsequent canisters, so it would 
be expected that something on the order of twenty one-meter di
ameter holes would be required to recover eight kilograms of 
plutonium. An alternative might be one hole and underground 
prospecting for fuel assemblies by some as-yet undesignated 
remote mining techniques. 

The drilling of one-meter-diameter, 600 meter-deep 
holes is not simple. Complex cooling and material-removal sys
tems are required and, even for comparatively soft material, 
drilling times of four to five weeks are probably required com
pared to the one week estimated for a 40-centimeter hole. 
While use of smaller holes would decrease the drilling time, 
more holes would be required to locate the required number of 
canisters. Recent and anticipated advances in high-speed 
drilling techniques suggest that these times for sinking a 
shaft may be decreased in the future by a factor of about two. 

Recovery, once the material is located, will probably 
take longer than the drilling itself. The disintegration prob
lem has already been mentioned. But even if this should not 
occur, the fuel assemblies will be shattered if the drill bit 
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should s t r i k e them. If the can i s t e r r e t a i n s i t s i n t e g r i t y , 
there i s a c i l l the d i f f i c u l t problem of a t t ach ing and h o i s t i n g , 
for example, a 35 -cen t ine t e r diameter , 5-meter-long conta iner 
through a one-meter-dicjneter, 600-meter-deep shaf t (PWR c a n i s 
t e r s are assumed to be 35 cm. OD, BWR can i s t e r s -44 cm. OD, and 
HWR c a n i s t e r s - 9 1 cm. OD). If the assembly should have 
crumbled, loose nuclear ma te r i a l fron the bottom of the hole 
must be dredged to the surface and separated from the other 
d e b r i s . 

With t o t a l na t iona l commitment to such an opera t ion , 
i t i s conceivable tha t recovery of one or a few c a n i s t e r s 
might be accomplished us ing ten d r i l l i n g r i g s in two months 
t ime; more probable recovery times are s ix months or longer . 
This high leve l of a c t i v i t y would be d i f f i c u l t to conceal . 

6 . 1 . 2 . By Reconstruct ion of Original Mine 

This is perhaps a more credible approach to attempted 
recovery of material from a closed repository, although it 
would require longer times than those mentioned above. 

The major difficulties for manned operations to 
recover spent fuel from an old facility are the uninhabitable 
temperatures at the emplacement depth and the high radiation 
levels near the emplaced material. Calculations for a salt re
pository suggest that the temperature at the 600-meter level 
would peak at about 100° C about 50 years after burial and 
would not decrease to 50° C for at least 2000 years. The tem
perature in hard crystalline rock probably would be consider
ably lower, peaking at 50 to 60° C in about 100 years. The 
radiation levels of the individual canisters will take even 
longer to decay to levels which can be contact handled. Since 
human beings must work underground to reopen the mine, 
ventilation, air conditioning, and remote handling operations 
would be required. While operations might proceed more rap
idly than at emplacement, it would still take on the order of 
12 to 18 months to recover the first few assemblies. The 
capital cost would be high and it would be difficult to 
conceal such a large, long-term operation. 

6.1.3. By Solution Mining 

In some geologic formations — notably salt — it is 
possible to develop large, unsupported underground cavities by 
solution mining. This technique involves drilling a main 
shaft and flushing with large quantities of rapidly flowing 
water. To form such a cavity requires that the host material 
be readily soluble in water and that the material be able to 
support the cavity. 
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If a solution-mined cavity were formed to intersect an 
underground repository in salt, it might be feasible to use 
down-hole television cameras and remote grappling techniques 
to recover intact canisters. If the canisters had 
deteriorated because of age, quantities of loose material 
would have to be dredged to the surface. 

Cavities typically 60 meters in diameter have been 
solition-mined for natural gas storage in the United States. 
Such a cavity could, if drilled into a spent fuel repository, 
intersect between 80 and 120 fuel canisters based upon the 
spacing considered in Reference 4. The cavities are usually 
bottle-shaped and, for the 60-meter-diameter cavity, could be 
about 45 meters in depth with the canisters lying in sludge on 
the bottom of the cavity. The depth >f this water-saturated 
sediment depends upon the concentration of insoluble material 
originally present in the formation and frequently will be at 
least several meters. Entrapment in the sludge would compli
cate the recovery operation. 

It would probably take a minimum of two to three 
months to recover material from a salt repository using 
solution mining techniques. Typical wash rates are of the 
order of 1400 cubic meters per day in salt mining p.ud for a 
15-meter cavity depth, the cavity formation would take about 
five weeks. Coupling this with the time required to drill the 
initial shaft and the time to recover the material (assuming 
the containers are still intact) leads to the estimate of a 
minimum time of two to three months and probably much longer. 

6.2. Recovery from a Decommissioned Repository in Other 
Media 

Estimates of the ease of recovery of stored spent fuel 
assemblies from decommissioned non-salt repositories are com
plicated by the lack of consensus about how such a repository 
might look, how the fuel might be emplaced in the repository, 
the method of backfilling and emplacement and other informa
tion problems. Some repository concepts could present far 
less challenge in material retrieval than would the repository 
described in Reference 5. 

The latter assumes a repository in granite which is 
physically similar to and at approximately the same depth as 
the previously discussed salt repository. This description 
includes an above ground preparation area with several 
parallel shafts to an extensively mined disposal level. The 
emplacement Hensitites, mining extraction ratios, and long-
term temperatures are somewhat lower than those in salt. The 
rooms would be backfilled with a mixture of quartz sand and 
bentonite. At decommissioning, considerable volumes of 
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contaminated material would be buried in the mines and shafts, 
the shafts plugged with materials such as bentonite, all sur
face facilities razed, and attempts made to return the site to 
its pre-reposicory condition. 

For granite, solution mining is not possible; however, 
it is conceivable that one might drill a sufficient number of 
holes from the surface to recover buried fuel, particularly if 
the goal quantity of fissile material were to be very low. It 
would be an expensive proposition, however, because even more 
shafts would need to be drilled for each canister intercept 
than in the case of salt. After intercept, recovery of the 
probably pulverized, highly radioactive fuel material from the 
bottom of the shaft would be a technical challenge. Consider
ing only drilling costs and remote recovery, it possibly would 
cost something on the order of 25 million dollars to retrieve 
each spent fuel canister. The detectability of such an opera
tion and the time required for the recovery are inversely re
lated; conceivably the time to recover the 8 kg of Pu could be 
as short as four months if 8 to 10 drilling rigs were employed 
or as long as one year using only one rig. The activity would 
necessarily be highly visible. 

Re-opening of the original mine with the potential 
prize of l*rge quantities of fissile material seems more 
credible. It is not clear whether re-opening a decommissioned 
granite repository would be a more or less difficult task than 
the resurrection of a similar facility in salt. The 
backfilling of the underground rooms with sand and bentonite 
would make the remining somewhat simpler if the supporting 
pillars had not collapsed because of temperature-induced 
fracturing. The inevitability of water being present in a 
granite repository can lead both to earlier disintegration of 
containers and to extreme humidity conditions. 

To recover material from a granite repository would re
quire remanning of the facility at the underground level. 
Shafts would need to be constructed to lower men and mining 
and construction material and to remove the material. The 
dovn-ho'e operation would require heavily shielded hot cells, 
remote htndling capability and extensive air conditioning to 
permit hutuin habitation. The recovered fuel would have to be 
either packaged in heavy shielding prior to being elevated up 
the shaft or the entire facility would have to use remote han
dling behind extensive shielding. This recovery operation is 
probably somewhat more complex than the original mining and 
the initial cost to establish the capability is conservatively 
estimated to be 100 million dollars. There would be only rela
tively minor costs for material recovery once the facility ex
isted. The minimum time until the first material :'.s brought 
to the surface would be no less than 12 to 18 months and it 
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would be almost impossible to conduct any operation of this 
magnitude surreptitiously. 

7. REFERENCES 

(I) The Agency's Safeguards System (1965, as provisionally 
extended in 1966 and 1968), IAEA, INFCIRC/66/Rev. 2 
(1968). 

(2J The Structure and Content of Agreements Between the 
Agency and States Required in Connection with the 
Treaty on Non-Proliferation of Nuclear Weapons, IAEA, 
INFCIRC/153 (1971). 

(3J Waste Management and Disposal for Selected Nuclear 
Fuel Cycles: Report by Working Group 7 of the 
International Nuclear Fuel Cycle Evaluation. 
INFCE/WG.7/26. 

(4) Technical Details of a Geologic Repository in Salt, Ap
pendix A, Reference 3 (above). 

(5) Technical Details of a Geologic Repository ii. Hard 
Crystalline Rock, Appendix B, Reference 3 (above). 

[6J Hsue, S.T., et. al, Nondestructive Assay Methods for 
Irradiated Nuclear Fuels, LA-6923, Los Alamos Scien
tific Laboratory, January 1978. 

(7] Report on the Advisory Group Meeting on States' System 
of Accounting for and Control of Nuclear Material, 
Brno, 21-25 July 1975, IAEA/AG-26. 

(8) The Present Status of IAEA Safeguards on Nuclear Fuel 
Cycle Facilities, IAEA, INFCE/SEC/11 (Feb. 1979). 

(9) Campbell, J.W. and Todd, J.L., An Irradiated Fuel 
Bundle Counter, SAND75-0390, Sandia Laboratories, July 
1975. 

(10) McKenzie, J.M., et. al, Surveillance Instrumentation 
for Spent Fuel Safeguards, SAND78-1262, Sandia Labora
tories, August 1978. 

(II) Holmes, J.P., Conceptual Design of a System for 
Detecting National Diversion of LWR Spent Fuel, 
SAND78-0192, Sandia Laboratories, September 1978. 

22 



(12) Crutzen, S. and Jehenson, P., "Ultrasonically Identi
fied Seals for Safeguards and Physical Protection 
Purposes," Proceedings of the INMM, Vol. VII, p. 
199-205, June 1978. 

(13) See, for example, Dobrin, M.B., Introduction to 
Geophysical Prospecting, McGraw-Hill, 1976, or Chapter 
4 of Volume I of the Intrusion Detection Systems 
Handbook, SAND76-C >543, Sandia Laboratories, October 
1977. 

(14) L.P. White, "Monitoring From Satellites", Journal of 
the British Interplanetary Society, Vol. 30, p. 183-
187, 1977. 

23 


