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ABSTRACT 
Preliminary estimates of the inspection effort 

to verify a Nuclear Material Cutoff Convention are 
presented. The estimates are based on a database 
of about 650 facilities in a total of eight states, the 
five nuclear-weapons states and three "threshold" 
states plus facility-specific inspection require
ments. Typical figures for inspection require
ments for specific facility types derive from IAEA 
experience, where applicable. Alternative esti
mates of inspection effort are used in cutoff 
options where full IAEA safeguards are not 
stipulated. 

1. INTRODUCTION 
On 27 September 1993, President Clinton 

proposed " ... a multilateral convention prohibiting 
the production of highly enriched uranium or 
plutonium for nuclear explosives purposes or 
outside of international safeguards." This matter is 
now before the Conference on Disarmament, 
which has determined that it will attempt to 
negotiate such a Cutoff Convention. 

The IAEA is expected to play a key role in 
the verifications required by the Cutoff 
Convention. It is assumed that existing compre
hensive IAEA safeguards arrangements for non-
nuclear-weapons states (NNWSs) would essentially 
meet the verification requirements of the Cutoff 
Convention, so that the new verification require
ments would apply mainly to the nuclear-weapons 
states and the so-called "threshold states." Thus 
this paper focuses on eight states: the United 
States, Russia, China, the United Kingdom, France, 
India, Pakistan, and Israel. 

This paper, based on a more detailed 
technical report, provides estimates of the 
inspection ieffort* that would be required under the 
Cutoff Convention, for routine verification 
activities:0 Three' verification options are 

considered. Some provision for undeclared site 
inspections is likely to be included in the Cutoff 
Convention, but this question is beyond the scope 
of this paper. Effort for such inspections is not 
addressed here. 

The estimates are based on a database of 
about 650 facilities in the eight states. The in
spection effort estimates should be regarded as 
preliminary for several reasons. First, the verifica
tion options themselves are not yet clearly defined. 
Second, the operational status of some important 
facilities is uncertain at present and cannot be 
predicted at the time of the Convention's entry-
into-force. Third, the database does not yet 
contain many small-scale and military-related 
facilities, which may affect the required inspection 
effort. Fourth, the facility-type inspection-effort 
estimates do not take into account the particular 
features of individual facilities, which can dramati
cally affect the required safeguards inspection 
effort. Fifth, possible contributions of other 
multinational inspectorates, such as EURATOM, 
are not included. 

2. OPTIONS FOR ROUTINE VERIFICATION 
Three options for routine verification effort 

for the Cutoff Convention are considered. One 
option entails broad inspection activities very simi
lar to those applied under the Non-Proliferation 
Treaty (NPT). A second entails similar activities 
but restricts their scope to certain facility types. 
The third involves less intensive verification. 

In Option 1, the verification regime would be 
based to the greatest extent possible on the NPT 
safeguards specified in IAEA document 
INFCIRC/153. The objectives of verification 
would be the detection of diversion and the detec
tion of undeclared production, particularly from 
enrichment or reprocessing plants. All peaceful 
nuclear activities would be declared, including ex-
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isting inventories of fissile material not for military 
purposes, and all would be routinely inspected. 
Shutdown facilities retaining nuclear material 
would undergo less intensive inspections than 
operating facilities. Facilities without nuclear ma
terial and military facilities would not be declared 
or be subject to routine inspection. 

Option 2 preserves the structure of IAEA 
safeguards but restricts the application to the fa
cilities most relevant to the Cutoff Convention, 
particularly enrichment and reprocessing plants. 
The objectives of verification at operating facilities 
would be the detection of diversion and the detec
tion of undeclared production. At shutdown fa
cilities, the objective would be verification that 
production is not possible and that none has oc
curred since the entry into force of the Cutoff 
Convention. All (operational or not) enrichment 
and reprocessing plants would be declared, as 
would research and development facilities capable 
of the same operations. Also declared and verified 
would be facilities storing or processing the highly 
enriched uranium (HEU) and plutonium produced 
after the Cutoff Convention's entry-into-force. 
Facilities processing only low-enriched uranium 
(LEU), military facilities, and facilities with Pu or 
HEU produced before the entry into force of the 
Cutoff Convention ("grandfathered" material) 
would not be declared. 

Option 3 has narrowly focused routine in
spections but broad declarations. There would be 
three objectives of verification under this option. 
First is the verification of production and the de
tection of undeclared production at production 
facilities. Second is the verification of the disposi
tion of Pu or HEU at storage facilities and process
ing facilities. Third is the detection of undeclared 
production at other processing facilities. All nu
clear processing facilities would be declared, ex
cluding only storage and military facilities with Pu 
or HEU produced before the entry-into-force of 
the Cutoff Convention. Table 1 summarizes the 
three options. 

3. FACILITY INFORMATION 
The database contains information about 

several facility types. These encompass facilities 
primarily for the production of electric power for 

civilian needs, those primarily for the production 
of fissile material for military purposes, and those 
specializing in research and development. The 
facility types are listed in Table 1. Regarding 
military production fuel cycles, only the reactors, 
enrichment plants, and reprocessing plants are 
included in the database at present. Associated 
fabrication and weapons assembly-disassembly 
facilities are not yet included. Also absent are 
such small-scale but important research facilities as 
hot cells and many shutdown research facilities. 
For each facility included, the database has 
information about status, gross technical features, 
and the sources of the information. Facilities 
currently under construction or decommissioned 
do not contribute to the inspection effort totals. 

Knowledge about several data elements is 
lacking for some of the facilities in question here, 
particularly those in states other than France, the 
U.K. and the U.S. Indeed, even the exact numbers 
of facilities associated with the military nuclear 
fuel cycles are not precisely known. 

There is no information in the database yet 
indicating that certain light-water reactors may be 
utilizing mixed-oxide (plutonium plus uranium) 
fresh fuel. 

4. FACILITY INSPECTION EFFORT 
CHARACTERIZATION 
Table 2 contains the effort values commensu

rate with IAEA practice under INFCIRC/153 which 
were used for the effort calculations. Values listed 
are for operating and shutdown facilities. The in
spection effort estimates derive from values typical 
of facilities currently undergoing IAEA safe
guards, for which the knowledge is adequate and 
the verification systems generally good. These 
values characterize Option 1. Values for Options 
2 and 3 follow by judgment from the Option 1 
values. 

Precise predictions of actual inspection effort 
at nuclear facilities depend on a detailed knowl
edge of facility characteristics, operational status, 
and safeguards approach. Additionally important 
is the State System of Accounting for and Control 
of Nuclear Material (SSAC), which sets require
ments for the measurement and reporting system 
of individual facilities. However, facility and 
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SSAC characteristics are not known for all situa
tions addressed here. Nor is there experience with 
an IAEA safeguards approach for some of the 
facility types. For example, there is no reliable 
basis for estimating the total inspection effort that 
would be required at large gaseous diffusion en
richment plants, so the values used are somewhat 
arbitrary. 

Another difficult area is that of facilities in 
various stages of shutdown; obviously those which 
are completely inoperable will require less inspec
tion effort than those on "warm standby" or "cold 
standby," but these distinctions are not yet cap
tured; each plant requiring inspection effort is now 
designated either operating or shutdown. 
(Decommissioned means there is no nuclear ma
terial.) 

Total annual facility inspection effort, AIE, 
satisfies 

AIE = PIV + NIV * IIV + NFV * FV. 
Here PIV, HV, and FV represent the inspection ef
fort in person-days of inspection (PDI) for the an
nual physical inventory verification, interim inven
tory verifications, and flow verifications respec
tively, and NTV and NFV represent the number of 
IIVs and FVs each year. Facility inspection effort 
values will be given in terms of these quantities. 

The "person-day of inspection" (PDI) is the 
most easily estimated inspection effort parameter. 
A very crude conversion from PDI to dollar cost, 
which ignores subtleties, some significant, can be 
derived from the fact that the IAEA Department of 
Safeguards conducted 8153 PDI in 1993 on a 
Department budget of $65 million; this yields a 
ratio of about $8000/PDI. 

Note that bulk facilities, particularly those 
processing plutonium, require substantially more 
effort than do facilities such as reactors, which 
handle material in item form. 

5. OVERALL INSPECTION EFFORT 
For Option 1, the overall inspection effort 

required "is about 29000 person-days of 
inspection. To put this effort requirement in 
perspective, we reiterate that the effort expended 
by the IAEA for routine safeguards verifications 
was 8153 person-days in 1993, predominantly in 

states without nuclear weapons and not including 
effort expended for verifications under UN 
Security Council resolutions. For Option 2, the 
overall inspection effort drops to about 23000 
person-days of inspection, because of the narrower 
scope of facilities subject to routine verifications. 
For Option 3, the inspection effort required is 
about 8300 person-days of inspection. This effort 
is much lower than for Options 1 and 2 because of 
the narrower scope of facilities and the narrower 
focus of verifications. 

The results are displayed in Table 3. Each 
facility group in the table lists the number of 
facilities in the database followed by the PDI value 
in the three cases. The first value includes 
shutdown facilities. 

For all three options, the effort requirement 
derives predominantly from facilities handling 
plutonium or highly enriched uranium. Facilities 
such as light-water reactors require substantially 
less inspection effort. Reprocessing plants alone 
account for 54%, 69%, and 64% of the inspection 
effort in the three cases respectively. 

One large uncertainty in these figures is that 
civilian facilities in France and the United 
Kingdom currently undergo EURATOM 
safeguards, and a large effort is expended on the 
required inspections. This effort has not been 
applied to reduce the estimates in this paper, but 
conceivably affects about one-third of the total 
effort calculated. A second, much smaller 
uncertainty is that some of facilities encompassed 
in the present estimation already undergo Agency 
safeguards under INFCIRC/66 or voluntary offer 
agreements. These are not taken into account in 
the estimates. 

6. CONCLUSIONS 
Estimated inspection effort values are very 

large, about 29000 PDI in the case of the Option 1 
safeguards verifications following the NPT model. 
By the crude cost conversion mentioned in Section 
4, this effort estimate leads to a cost estimate of 
about $230 million. Analogously, the Option 2 
effort estimate of about 23000 PDI leads to a cost 
estimate of $184 million, while the Option 3 effort 
estimate of about 8300 PDI leads to a cost estimate 
of $66 million. The range of the inspection effort 



figures is very large, reflecting the differences in 
routine verifications among the three options. 
Note that the lowest effort scenario, Option 3, 
results in an approximate doubling of the agency's 
inspection effort while Option 1, with the highest 
effort, results in more than four times the current 
inspection effort. 

As stated earlier, it is not straightforward to 
convert values for PDI per year to number of in
spectors required. However, one can obtain a 
crude estimate of the number of new inspectors 
that would be needed from the current staffing 
levels at the IAEA. The current professional staff 
of the three operations (inspections) divisions of 
the Department of Safeguards numbers about 200; 
these inspectors account for a yearly total of about 
8100 PDI. Given that the inspection staff size is 
proportional to the annual PDI, the additional in
spection staff needed under the three options are 
711, 564, and 204, respectively. In addition to the 
monetary expense for these additional inspections, 
bringing these additional inspectors "on line" in a 
timely manner would be difficult, since there will 
be a need for recruitment, training and field expe
rience. 

It is clear that the PDI totals are mostly driven 
by the large values of about 900 PDI assigned to 
each large reprocessing plant. It may well be that 
many of these facilities will be shut down by the 
time the convention enters into force. However, 
note that in Option 1 there are about 14,000 PDI 
assigned to facilities other than reprocessing 
plants, a value which by itself is 170% of current 
IAEA inspection effort. It is also true that small-
scale facilities not included in the database may 
significantly increase the inspection burden. 

For reasons cited throughout the paper, the 
effort estimates are subject to large uncertainties; 
the results therefore are not presented as predic
tions but as the consequences of alternative as
sumptions. It is a straightforward exercise to redo 
estimates for other verification options and for dif
ferent facility-specific effort requirements. The 
facility database will undergo further review and 
expansion based on both unclassified and 
classified information. Finally, the effectiveness of 
the IAEA verification procedures may not be the 
same for military facilities as in modern civilian 

facilities, for which safeguards verifications are 
part of the design considerations. 
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Table 1. Facilities to Be Routinely Verified Under Cutoff Convention Options 

Facility Type 

Power Reactors 
Pu Production Reactors 
Spent Fuel Storage 
Research Reactors and Critical Facilities 
Reprocessing 
Enrichment 
Uranium Fuel Fabrication 
Uranium Conversion 
Plutonium Conversion 
Plutonium Fuel Fabrication 
Plutonium and HEU Storage 
R&D Centers (including Hot Cells)* 
Recovery, Repurification, Fabrication for Military* 

Option 1 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Option 2 

X,s 

X,s 
X 
X 

X 
X,s 
X,s 
X 

Option 3 
d 
P.a 

d 
p.a 
p.a 

d 
d 
d 
p.a 
a** 

X - Verifications according to IAEA Safeguards Criteria 
s - Only if Pu or HEU is present 
d - Verification of disposition of subject material only 
p - Verification of production only 
a - Verification of absence of undeclared enrichment or reprocessing 
*Very few in database at present 
"Not considered in this paper 



Table 2. Facility Inspection Effort Values 

Type of Facility* 
Light water reactor 

Light water reactor (with mixed-oxide 
fresh fuel)** 
On-load reactor 

Production reactor 

Critical facility: Fast 
Critical facility: Thermal 
Research reactor: Fast 
Research reactor: Thermal 
Research reactor Training 
Reprocessing plant 

Enrichment (centrifuge) 

Enrichment (diffusion) 

Fabrication (LEU) 
Conversion (LEU) 
Fabrication (MOX, old) & Pu conversion 

Fabrication (MOX, new) 

Options 
1 
s 

1,2 
3 
1 
s 
1 
s 

1,2 
1,2 
1,2 
1 
1 

1,2 
3 
s 

1,2 
3 
s 

1,2 
3 
s 
1 
1 

1,2 
3 
s 

1,2 
3 
s 

PIV 
3 

6 

7 

6 
4 
15 
5 

1 
1 
1 

60 
23 
10 
25 
10 
6 

50 
20 
6 

60 
30 
60 
25 
10 
60 
25 
10 

IIV 
1 
1 
1 
1 
2 
1 

1 
2 
1 
1 
1 

25 
7 
4 
2 
2 
2 
2 
2 
2 

25 
15 
4 
15 
15 
4 

NIV 
4 
4 
11 
4 
4 
4 

4 
11 
11 
11 
3 

11 
11 
5 
5 
5 
5 
5 
5 
5 

11 
5 
5 
11 
5 
5 

FV 
1 

1 

1 

8 

1 
1 

4 
2 

4 
2 

4 
4 
1 
1 

15 
5 

NFV 
2 

2 

6 

8 

600 
200 

11 
11 

11 
11 

5 
5 

400 
200 

11 
11 

AIE 
9 
4 
19 
4 

21 
4 

70 
8 

37 
16 
12 
4 
1 

935 
300 
30 
79 
42 
16 

104 
52 
10 
80 
50 

735 
300 
30 

390 
155 
30 

"s" denotes shutdown plant in all options, but still with nuclear material or the potential to produce it 
without extraordinary reconstruction. 

**None currently in database. 
*A few others are not listed here, including pilot-size facilities to which smaller effort numbers apply. 



Table 3. Inspection Effort Estimates for Each Verification Option and Numbers of Facilities* 

Reprocessing 
(1) 
(2) 
(3) 

Enrichment 
(D 
(2) 
(3) 

Power/ Prod 
Reactors 
d) 
(2) 
(3) 

Other 
(1) 
(2) 
(3) 

Total 
(1) 
(2) 
(3) 

Israel 
2 

395 
395 
130 

0 
0 
0 
0 

0 

0 
0 
0 
3 
57 
0 
0 

5 
452 
395 
130 

India 
4 

2805 
2805 
900 

0 
0 
0 
0 

17 

186 
0 
0 
11 
240 
28 
4 

32 
3231 
2833 
904 

Pak. 
3 
60 
60 

- 60 

1 
79 
79 
42 

2 

21 
0 
0 
2 
56 
0 
0 

8 
216 
139 
102 

US 
10 

2110 
2110 
840 

8 
304 
304 
200 

154 

1102 
0 
0 

117 
1236 
461 
80 

289 
4752 
2875 
1120 

UK 
3 

2805 
2805 
900 

3 
111 
111 
74 

48 

759 
0 
0 
26 

1133 
793 
334 

80 
4808 
3709 
1308 

France 
3 

2805 
2805 
900 

2 
208 
208 
104 

71 

709 
0 
0 
27 

2546 
2290 
920 

103 
6268 
5303 
1924 

Russia 
6 

2835 
2835 
930 

8 
380 
380 
232 

55 

863 
0 
0 
43 

2661 
2245 
900 

112 
6739 
5460 
2062 

China 
3 

1900 
1900 
630 

2 
208 
208 
104 

8 

228 
0 
0 
13 
173 
53 
12 

26 
2509 
2161 
746 

Total 
34 

15715 
15715 
5290 

24 
1290 
1290 
756 

355 

3868 
0 
0 

242 
8102 
5870 
2250 

655 
28975 
22875 
8296 

*For each facility type, the first row gives the number of facilities of a given type within the state, and the 
next three rows indicate the inspection effort at those facilities for the three verification options. 


