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Executive Summary’

Estimatea of the inspection effort to verify a Nuclear Material Cutoff Convention
are presented basged on: (1} a database of abont 875 facilities in a total of eight states, 6.,
the five nuclear-weapons states and three "threshold” states; (2) typical TAEA experfence

for specific facility types, (3) a set of three options starting with full IAEA safeguards and,
(4) estimetes of “challange” inspaction to investigate/detect undeclared activities,

Threa routine verification options are considered. In Cption 1, all peaceful
nuclear activities would be declared and verified a8 in non-nuclear weapons states party
to the Non-Proliferation Treaty. In Option 2, declarations and verifications would be
restricted to ontichment and reprocessing plantz and to facilities storing or processing the
produced fiesile material. In Option 3, declarations would cover all nuclear facilities but
verifications would focus on production at enrichment and reproceasing plants and on the
dispogition of the fissile material produced. '

Te acconnt for the likelihood that non-rountine inspection procedurca will be
included to provide a mechanism to pursue concerns about non-compliance, estimates for
"challange™ or "undeclared site" inspection effort are also incinded. It is expecited that
these estimates would be simply added to thoss for routine inspection since the non-
routine (thallenpe) inspection repime in axpected to ba independent of that for routine
inspections. Chellenge inspection effort estimates were based on certain specifie
assumptions derived from both IAEA Speciel Inspection procedures and the far more
detailed Challenge Inspection procedures contained in the Chemical Weapons
Convention. The report doea not assess the adequaey of any of these options.

The computed effort values associated with the three rontine verification options
are about 85,000 perzon days of inspection effort (PDE), 29,000 PDI, and 10,000 PDI,
respectively, which can be compered with the fotal of 8,200 PDI expended by the JARA
Department of Safeguards in 1993. (The 1893 budget of the Depertment of Safegnards
waa ahout $65 million, plus about $6 million in extra budgetary rescurces).

Uncertainties attached to the effort estimates spring from several sources: For
example, about 80 - 76% of the effort for cach option is attributable to the 19 large-acale
reprocessing planta assumed to be in operation in the eight states; it ia likely that some of
thess will be shut down hy the time the convention enters into force. Another important
question invelving about one-third of the overall effort is whether Enratom inspections in
Francs and the UM could cbviate the need for full-scale IAEA inspections at these
facilities. Finally, the database does 1ot yet contain many small-acale and military-related
facilities. The results are, therefore, not presented a3 predictions but as the consequences
of alternative assurmptions.

Deapite the preliminary nature of the eatimates, it ia clear that 2 broad application
of NPT-like safepoards to the eight atatea would require dramatic incresses in the JIAEA's
safeguards budget. It ie alao clear that the major component of the increased inspection
effort would occur at large reprocessing plants (and asaociated plutoniumt facilities).
Therefore, significantly bounding the increased effort requires a limitation on the
inspection effort in these fachlity types.

* This work was parformed under Ihe auspicas of the U.S. Department of Energy Contract Number
DE-ACO2-7ECHO0018.




1. Introduction

On 27 September 1993, Pragident Clinton proposed * ... a multilataral convention
prohibiting the productior of highly enriched uranium or. plutoniem for nuclear
explosives purpopres or outside of international safepuarda.” The VN General Assembly
anbsequently adopted a resolution recommending negotiation of & non-discriminatory,
multilateral, and internationally and effectively veriflable treaty (hereinafter refarred to
a8 "the Cutoff Convention") banning the production of fisgile material for nuclear
weapons. The matter i3 now on the agenda of the Conference on Disarmament, although
not yet vonder negotintion.

Thiz accord would, in effect, place all fissile material (defined as highly enriched
uraninm and plutonium) produced after entry into force (EIF) of the aecord under
international safeguards. "Production” would mean separation of the materisl in quostion
from radioactive fission products, az in epont fuel reprocessing, or enrichment of uraninm
above the 20% level, which defines highly enriched uranivin (HEU). Facilities where such
producticn could occur wouald be safeguarded to verify that sither such production is not
accurring or that all material produced at these facilities is maintained nnder safeguards.

Muaterial already producad under weapons programs would be "grandfathered" and
maintained as not aukfect to safeguards, although some nuclear weapoen states may
voluntarily place excess nuclear material from their weapona stockpile under safeguards.
The US is already doing this.

The LAEA is expected to play a key role in the verification regime under the Cutoff
Convention. It is assumed that existing comprehensive IAEA aafeguards arranpements
for non-nuclear-weapons states (NNWSa) would essentially meet the verification
requirements of the Cutofl’ Convention, so that the new verification requirementa would
apply mainly to the nuclear-weapons states and the so-called "threshold states" which sre
considered to be weapons capabla. Thus this paper focusea on eight states: the U.S.,
Russia, China, the T K., France, India, Paldaten, and [arael (G-8). The fivat five states are
the nuclear weapons states (P-5); the last three are the threshold statea (T-3).

This new set of internationzl safepuards would presamably be applied by the
International Atomic Ensrgy Agency (IAEA), just as safeguarde are currently applied
under extant international agreements, including the Nuclear Nonproliferation Treaty
(NPT) and a large number of bilateral and multilateral nuclear agreements hetween the
IAEA and many individual states,

Verification requirements for the G-8 may well be somewhat different than under
the NPT and ita main implementation model, IARA document INFCIRC/163%. For
example, since the Fissile Material Cutoff Treaty (FMCT) would have as its goal the
capping of weapons stockpiles among states that already possess nuclear weapons it
would not be necessary to be concerned with diversion of amounts as low as 1 significant
quantity (5Q). Eatablishing a higher figure could enable the regime to meat ita
verifieation requirements, which might not be the case otherwise sinte meny active
reprocessing and any HEU enrichment facilities in at least some of the nuclear weapon
atatee could not have their flow and inventory verifiad to the 1 5Q level] for e number of
technical reasona.



This paper provides estimates of the inspection effort that would be required under
a cutoff convention for routine verification activities of declared facilitiea and challenge
inapactions for undaclared sites. For routine verification, three opiions are considered.
Challenge inapection can ba applied to any of the thres options.

The estimates are based on o database of about 875 facikities in the eight states,
The inspection effort estimates should be regarded as preliminary for several reasona.
Firat, the verification options themaselves are not yet clearly defined. Second, the
oparationsl status of some important facilities is uneertain at present and cannot be
predictad at the time of the Convention's entry-into-fores. Third, the datahase does not yet
contain many small-scale and military-related facilities, which may affect the required
inspection effort, Fourth, the facility-type inespection-effort estimates do not take into
account the particular features of individual facilities, which can dramatically affact the
required safeguards inspection effort.

Continuing efforta are being made to refine the database. The accuracy of the
effort estimatea will improve a3 more information is incorporated on the facilities
themsalves and aa the verification options crystallize.

1.1 Previoue Studics

There have been at laast two studies that estimate the additional safepguards
hurden on the IAEA that an FMCT would entail. One wag produced hy Brookhaven
National Leboratory'® and the other by the IABA itself®. The estimates were made
baped on the number of facilities in the cight designated states that would be newly
subject to safepuards and the amount of inapector effort required to safeguard these
facilities, based on facility type and on the effort historically needed by the IAEA to
maintain safeguarde that could detect diversion of 1 8 in a timely manner. Several
different optiona for an inapection regime were assumed in these studies, ranging from
the application of rigorous safeguards, under the INFCIRC/153 model to more lenient
regimes, which would seek only to verify that unsafegnerded fissile material (not low
enriched uraninm or fertile material, for example} is not being produced at those facilities
that have an inherent capability of doing eo.

Evon though the two studies differed in their detailed assessments of additional
inspection effort reqnired and the financial costs for the additional effort, both studies
agreed that the required additional resources multiply the current total [AEA safeguards
effort by roughly a factor of 2 to 5. Therefore, it wonld be useful to consider how to
reduca thig additionsl load upon the international inspectorate and ultimately upon the
willingness of roember states to finance such a large incraase in JAEA inapeetion effort.
Thie report also presante saveral options that might reduce the additional load in the long
ferm,

1.2 This Study

Thie study updates the previcus Brookhaven paper and fills in some of the gaps
not covered in that study and comparss the resulta of that study with a similar effort
reported by the IAEA. To perform the various spread-sheet calculations, this study uses
an updated data base of facilities in the eight states, as listed in Table 1. Table ® includes
the numbera of various facility types uaed for the caleulations and inelndes, for the sake




of compazison, the numbers of each facility type used in the previous study’’. Because
the updated facility data base is more completa than that used praviously, we expect the
enrrent results to be more reliable. Furthermore, comparizon of the dats in Table 1
showa that the numbers and types of facilities has bean rather dynamie. This may or may
not continue in the future.

This etady alse asacases one additional option besed on a recent (mid-1996) P-5
position. On the one hand, the U.S. and other P-6 members expect reactors (other than
plutonium production reactors) and apent fuel to be excluded from safeguards under the
FMCT regime. However, this new option includes an estimate of the inspector effort
required for chaellenge inspections. Since the challenge inspection regime has not yet
been defined, the basig for our ostimate i3, of course, open to substantial uncertainty.
Nonetheleas, since challenge inspections are considered necessary to provide a measure
of assurance in various nations that an FMCT regime can be effective againat the potential
employment of clandestine production facilities some estimate seems required. The
estimate included here assumea that there can be only a limited number per year, based
on a quota system or on & prioritized aglection procese required by himited resources.
Forther, this option includes the raquirement to 2afeguard MOX facilities and fresh MOX
-fuel, since the platonium contained thersin will nof be protected by a rediation field.

There are various difficulties with challange inapections, including the need for
operators and member states fo protect proprietary information from international
inspectors. The need to protect proprietary information areas exigts in routine inspections
ag well. Tn addition, there is the onus imposed on the inspected party for having aroused
suspicion in the first place as well a2 the burden of allowing inspectors enough access and
information to alleviate the concern that resumitad in the challange inepection.
Furthermore, the economic burden placed on the inspected party may be substantial.
The suggeated solution!® ie, firat, to apply lessons learned in developing the Chemical
Weapons Convention (CWC) that make posaible the maintenance of appropriate secrecy
while allowing adequate inspection and, second, to "routinize” such inspections, thus
removing their onus. (Note that challenge inspections in the CWC permits a substantial
period between the request for a challenge inspection and the atart of such an inspection.)
For example, the regime might specify a quota of two challenge inspectione per year per
party (among the eight states), This may or may not be viewed as more equitable than,
for example, having & finite nomber of challenge inspections available on a “Brst come
firat served” hasis,

Other concerns which relate to challemge inspections is the matter of non-
discrimination, frivolous challenges and the right to requast a challenge inspection. It
may be argued that a simple gquota of two challenge inspections per state-party per yesr
is highly discriminatory against the state parties with fewer facilitisz or a smaller
indusirial base opposed to say the United States or Bussia. One approach to controlling
frivolous challenges would be to reqmire the challenpe in cases where the ingpection
reveals no violation to pay the full coat of the inspection ineluding that of the inspected
party. MNote that CWC provides that if the Elective Council finds that the state party
requesting a challenge inapection haa abused the intent of the CWC, it can recommend
that the state partly bear some or all of the financial burden of the inspection. A further
development of such an approach might require the challenger to post & bond in an
amount which would approximate these costa. The right to reqguoest a challenge inspectiom
might reasonably be limited to the group of eight. This however might ba perceived as
diseriminatory. Another arrangement would permit challengas by all signatories of the



NPT and yet another would permit such requesta hy the secretariat as well. Inspection
effort for challenge inspections is apseaged in Section 5.

3, Cutoff Cunvanhon Options for Routine Verification

Three options for routine verification effort for the Eutoﬂ‘ Convention are
considered. One option entails broad inspection activitiea vexy similar to those applied
under the NPT; a second entails similar activities hut restricts their acope to certain facility
types; the third involves less intensive verification while the fourth is a variation of Option
2 that includes challenge inspection. Facilities to be routinely verified under these
options are shown in Table 2,

In Option 1, the verification regime would include reprocesging plants, enrichment
planta, all ¢ivilian reactors, and military reactors (to verify shutdown), The xegime would
also include apent fuel storage facilitiea, MOX fabrication end storage of fresh MOX fuel.
Skirting the questions of whether fungibility and co-processing are to be permitted, and
whether it would be necesgary to verify material control and accountability to levels of 1
8@, or not, the flow and inventory of plutoninm and HEU from both reprocessing and
snrichmant plants would Be verified and egtimates of ingpoction sffort needed wounld then
be based on typical values for similar facilities in the past, under INFCIRC/153. The
objectives of verification would be the defection of diversion and the detection of
undeclered production, particnlarly from enrichment or reprocessing plants. Al peaceful
nuclear activities would be declared, including existing inventoriss of fisgile material not
for military purposes, and all would bs rontinely inapected. Shutdown facilities retaining
nuclear material would undergo less intensive inspections then operating facilities.
Facilities without nuclear material and military facilitiea with the exception of production
reactors would nof be declared or be aubject to routine inspection. Production reactors
would be subject to verification of their shut-down status.

Option 2 preserves the etructure of IAEA safagnards but restricts the application
to the facilities most relevant to the Cufoff Convention, particularly enrichment and
roprocessing plants. The objectives of verification at operating facilities would be the
detection of diversion or undeclared production. At shutdown facilities, the objective
would be verifieation that production is not possible and that none has accurred since tha
EIF of the Cutoff Convention. All (operational or not) enrichment and rsprocessing
plants would be declared, as would the rasearch and development facilities capable of the
same operations, Also declared and verified would be facilities storing or processing
highly enriched oranium (HEU) and plutonium produced after the Cutoff Convention's
EIF. Facilities proceseing only low-enriched ureniuvm (LEU), military facilities, and
facilities with subject fisaile material produced before the EIF of the Cutoff Convention
{"grandfathered" material) wounld not be declared.

Option 3 has narrowly focused routine inspections but broad declarations. There
would be three objectives of verification under thia option. Firat is the verification of
production and the detection of undeclared production at prodvetion facillties. Second is
the verification of the disposition of aubject material at storage facilities and processing
facilitiea, Third ie the detaction of undeclared production at other procaasing facilities, Al
nuclear processing facilities would be declared, excluding only storage and military
facilities with subject fieeile material produced before the entry-into-force of the Cutoff




Convention. Table 1 summerizes the three optionz. Inspection afforts for these options
are reapsctively 35,000 person-days of inspection effort (PDI), 29,000 FDI and 10,000 PDI.

The approach to estimating inspection effort outlined above, ignores the problems
of detecting clandestine production facilities. For “amall” facilities (say, for the sake of
argument; capable of producing material for only a few weapons per year), auch as hot
cells or (eventually) advanced laser enrichment facilities, detection would be a severs
challenge. Chellenge inspections or international monitoring using environmental
sampling are possible options for attempting detection of active facilities of these sorts.
The resource requirements for such activities have not been accounted for in either the
previous Brookbaven or the JAEA studies, On the other hand, there are strategies for
umgamthamm If EURATOM, for example, rather than IAKA were to verify

by the United Kingdom and France, the cost would be borne by a subset of
IAE&mamber atates, but not by the JAEA This is not without precedent. Recent changes
in working agreemenis beftween the IAKA and EUURATOM for current safeguards
activities in EURATOM atates may save the JIAEA 50% in inepection effort of member
states of EURATOM. Section 7 contains a brief discusaion of this opfion. Similar
arranpements could be worked out with other subsets of the eight states. Remote
‘monitoring has the potential to save some fraction of inspection effort for apent fuel
storage ponds and perhaps in safeguarding reactors. Remote monitoring is further
discussed in Section 7.

For baseline comperative purposes using current inspoction procsdures, this paper
employs the assumptions outlined sariier - namely, that inspection effort estimates
inclode declared hot cells and challenge inspection, but do not incleds reactors, unless
they use MOX foel, or spent fuel storage. The LIAEA atudy referred to in Section 1.2 above
aspepscs a set of somewhat different options denoted as Alternatives A, B, C and D.
Alternative A, which is the minimal option, verifias storage of separatad Pu and HEU, the
input and ovtput of reprocessing snd MOX facilities, enrichment plants capable of
producing HEU, and MOX and HEL fueled reactora. Alternative B adds ALL enriclument
facilities and calls for material balance verification at inspected facilities Alternative C
adds reactors using LEU and nataral uranium and irradiated fissionable material (i.e.,
spent fuel). Finally, Alternative D, essentially an INFCIRC/1563 regime, adds LEU and
fertile material.

The IAEA study provides overall assessments of inspection effort according to
facility type, but not aceording to inspection type. The Brookbaven study provides more
detailed asgessments of effort required for different aspects of inspections, including
physical inventory verifications (PIV), interim inventory verifications (IIV), flow
verifications (FV) - and the number of cach (MNIV, NFV) that are required - ae a function of
the facility type, as listed in Table 3. Table 3 aleo gives the total annual inspection effort
(ATE).

AlIE = PIV + NIV *IIV + NFV *FV.
Thesa quantities are stated in terma of PDL

Table 1 referred to in Section 1, presents a breakdown for reprocessing plants,
enrichment plants, power reactora, production reactors and other. The IAEA paper
provides a more detailed breakdown for £acilities, including hot cells, MOX facilities and
some others and the [AEA estimates are used for each of these facility types. Although
the Brookhaven breakdown by facility type is coarser, it is still instructive to compare the
two sets of results regarding, apecifically, the presence of spent fool and LEU/matural



uranium reactora on inspection effort. According to the Brookhaven study, including
apent fuel and LEU/matural U reactors (roughly Cption 2 versus Option 1, although there
are other amall differences batween the two definitions of the options)-adds about 20% to
the estimated inspection effort. According to the [ARA, lecking at Alternative C, with and
without: spent fuel and reactors, ene arrives at a difference of about 25%. This provides
some confidence in this relative estimate - i.e., with and without spent fuel and reactors.

3. Facility Information

For the current report, both classified and unclessified sources of information have
been used.

The database contains information abont several facility types. Thease encompass
facilities primarily for the producktion of electric power for civilian needs, those primarily
for the production of fisaile material for military purposes, and those specializing in
ressarch and development. The facility types are listed in Table 1. Regarding military
production fuel eycles, only the reactors, enrichment planta, and reproceasing plants are
included in the database at present. Associated fabrication and weapons assembly-
disngsembly facilities are not yet included. Also abgent are such amall-scale but
important research facilities a= hot cells and many shutdown ressarch facilities. For each
facility incladed, the database has information about status, gross technical featores, and
the aources of the information. Inspection effort estimates desegregated according to
facility btates and country in which they are located ars presented in Appendix B.
Facilities currently under construction or decommisgioned do not contribute to the
inapaction effort totals, Inspection effort estimates disapgregated according to facility
statuz and countxy of facility location are presented in Appendix B.

Information about several data elements is lacking for some of the facilities in
question hera, particularly those in states other than France, the UK. and the U.5.
Indeed, even the exact numbers of facilities asaociated with the military nuclear fusl
cyclee are not precisely kncwn.

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

4, Facility Inapection Effort Charactarization

Table 2 containa {he effort values commensurate with IAEA practice under
INFCIRC/153 which were used for the effort calevnlations. Values ligted are for operating
and shutdown facilities. The inapection effort estimates derive from values typical of
facilities currently undergoing IAEA safeguards, for which the data are adequate and the
verification ayetems generally good. These values characterize Option 1. Values for
Options 2-and 3 are derived on the bagis of judgment from the Option 1 valuea.

Precise predictions of actual ingpection effort at nuclear facilities depend on a
detailed kmowledge of facility characteriatics, operational statns, and safeguards approach.
Additionally important ie the State System of Accounting for and Control of Nuclear
Materijal (SSAC), which sets requirementa for the measurement and reporting system of
individual facilities. However, facility and SSAC characteriatica are not known for all
situations addreased here. Nor is there experience with an IAEA safeguards approach for




some of the facility types. For example, there is no relfable basis for estimating the total
inspaction effort that would be required at large gascous diffusion amchmant planta, 20
the values used are somewhat arbitrary.

Another diffieult arez is that of facilities in various stagea of ghutdown: obviously
those which are completely inoporable will require less inspaction effort than these on
*warm standby” or "eold standby," but these distinetions are not yot captured; ¢ach plant
requiring inspection effort ia now designated either operating or shutdown.
{(Decomminsioned means there is no nuclear material.)

The PDI ja the most eesily estimated inspection effort parameter. It is not
straightforward to comvert values for PDI to numbers of inapectors required bocause of
the co-location of facilitiee and becanse one PDI ¢an represent & very short time in a
facility on a given day or it could represent an inapector present during an entire ghift. A
very crude conversion from PDI to dollar cost, which ignores subtleties including costs
which are present and which are independent of the number of PDI and which may be
gignificant, ean be derived from the fact that the IAEA Department of Safognards
conducted 8,200 PDI in 1993 on a Department budget of $65 million; this vields a ratio of
-ahbout $8,000/FDI.

+ For a light water reactor (LWR), 3 PDI are required for a PIV, 4 PDI ere
required for all quarterly ITVs; for verification of spent fuel shipments, 2 PDI
effort requirement verifieations at on-load renctors (OLMa), which are refieled

" ¢continuonsly, Monthly IIVe are vequired if the LWR has fresh, mized-oxide
{MOX) fuel present. The total under Opiion 1 is 9 PDI for LWRs and 21 PDI for
OLRs.

¢ Plotoniom production reactors with off-load refueling of natural vranium
require 6 PD] for a PIV and 8 PDI for cach of 8 rofueling (plus spent fuel
shipment) campaipns, The total effort would be 70 PDIL

+ Critical facilities reguire increasingly large inspection efforts for the PIV and
possibly monthly IIVe depending upon the nature of the facility -~ thermal vs.
faat. (A better formulation would depend on the amount of nuclear material
pregent). The effort ranges to 15 PDI for the PIV and 2 PDI at each of 11
monthly [TVs for a fast critical facility, for a total of 37 PDIL.

+ Research reactors require 1 PDI for the PIV and poasibly several I[Vs. For
example, monthly IIVa would be needed if there is a large amount of fresh
HELU fuel. Very emall research reactors wonld requirs none. As nsed here, the
total effort could range from 1 to 12 PDI and depends on the nature of the
facility - thermal, fast, or training. A better formulation would depend on the
amount of fresh fuel and operational mode.

* TReprocessing plants in operation reqnire 60 PDI for the PIV, 5 PDI for each of
11 IIVa, and 600 PDI for full-time flow varification {(given 200 assumed days of
operation) for a total of 935 PDI. Note that thig is the largest single facility-
gpecific inspection effort total.



+ Centrifuge enricliment plants in operation require 25 FDI for the PIV, 2 PDI for
each of & IIVs, and 4 PDI for flow verification ateacl:tofllmnnﬂ]lyinspmﬂm
for a total of 79 PDI.

s Gaseous diffusion enrichiment plants in operation require 50 FDI for the PIV, 2
--PDI for each of § HVs, and 4 PDI for flow verification at each of 11 monthly
inspections, for a total of 104 PDIL

s Fabrication plants making low-enriched uraninm fuel require 80 PDI for the
FPIV and 4 PDI for each of 5 flow verifications. The total is 80 PDL

» Converzion plants handling low-enriched uraninm requirs 30 PDI for the FIV
and 4 PD] for each of 5 flow verifications. The total is 50 FPDL.

» Older fabrication plants making pluatonium or mixed oxide foel without highly
automated methods require 60 PDI for the PIV, 256 PDI for each of 11 [TV, and
400 PDI for two-shift flow verification, given 200 assnmed days of operation, for
a total of 735 PDI. The same effort breakdown is asgamed to apply to
‘ plufonium conversion facilities.

¢ Very modern fabrication plants making plutonivm or mixed oxide fuel by
highly automated methods require 60 PDI for the PIV, 15 PDI for each of 11
IIVs, and 15 PDI for each of 11 flow verifications, for a total of 390 PDI.

* The inspection effort for other facilities, including small-scale reprocessing
plants and storape facilities is given in the complete summary table included as
Appendix A.

This information is summarized in Tabla 3. Note that bulk facilities, particularly
those proceasing plutoninm, require substantially more effort than do facilities such as
reactors, which handle material in item form.

5. Overall Inspection Effort for Cutoff Convention Verification: BNL Eatimate
5.1 Routine Inspection

For Option 1, the overall inspection effort required is about 35,000 FDI. To put this
effort reqnirement in perspective, we raiterate that the effort expended by the IAEA for
routine safegnards verificationn, predominantly in states withount nuclear weapons and
not including the effort expended for verifications undar UN Sacurity Council resolutions,
waa 8,200 PDI in 1993, For Option 2, the overall inspection effort drops to about 29,000
FPDI of inspection, because of the narrower scope of facilities subject to routine
verifications. For Option 3, the inspection effort required ia about 10,000 PDI of
inspection. This effort is much lower than for Opfiona 1 and 2 heeanse of the narrower
acope of facilities and the narrower focus of verifications,

The results are displayed in Table 1. Each facility group in the table lists the
number of facilities in the datebase followed by the PDI value in the three cages. The
first value includes shutdown facilities.
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For all three optiona, the effort requiremont deriver predominantly from facilities
handling plutonium and highly enriched uranium. Facilities such as light-water reactors
require substantially leas inspection effort. Reprocessing plants alone account for 60%,
T4%, and T0% of the inspection effort in the three ceses raspectively.

Using the erode cost conversion mentioned in Section 4, the effort estimate of
35,000 PBI for Option I leads {0 & coat eatimate of about $230 million. Anslogously, the
Option 2 effort estimate of about 29,000 PDI leads to a cost estimate of $230 million, while
the Option 3 effort estimate of about 10,000 FDI leads to a cost estimate of $80 million.
The range of inspection effort coats is very large, reflecting the differences in routine
verifications among the three options. Note that the lowest effort scenario, Option 3,
results in more than doubling the agency's inspection effort while Option 1, with the
highest effort, results in multiplying the carrent level of inapection expenditures by mors
than five.

An stated earlier, it i not straightforward to convert values for FDI per year to
number of inspectors required. However, one can ohfsin a crude eatimate of the number
of new inapectors that would be needed from the current staffing levels at the JAEA. 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 8,200 PDL. Given that the inspection staff size is proportional to the annual PDI,
the additional inspection staff needed under the three options are 850, 710, and 240,
respectively. In addition to the monstary expense for thess additionsl inspections,
bringing theae additional inapectors on line" in 2 timely manner would he diffieult, since
there will be & need for recruitment, training and field experience.

It ia clesr that the PDI totals are mostly driven by the large values of about 200
PDI asaigned to each large reprocessing plant. It may well be that many of these facilities
will b ghut down by the time the sonvention entere 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 JAEA inspection effort. It is also true that
small-scale facilities not included in the database may significantly increase the inspection
hurden.

For reasons cited throughout the report, the effort estimates are subject to large
uncertainties; the resulte therefore are not presented as predictions but as the
consequences of alternative assumptions. It ia a straightforward exercise to redo
estimates for other verification options and for different facility-specific effort
requirements. The facility database will undergo farther review and expansion haged on
clessified information. Finally, the effectiveness of the IAEA verification procedurss may
not be the same for military facilities ag for modern civilian facilities, for which safeguards
verifications are part of the design considerations.

5.2 Additional Inapection Effort Due to Challenge Inspections

Challenge inapectionz would place an additional burden upon the IAEA, bhut even
asguming three such inspections per party per year for the eight states, the additional
burden would be relatively minor. Twenty-four inaspections of 12 days each, and with 10
inspectors participating, amounts to 2880 additional PDIs or $23 million/yesr, or just
under $1 million per challenge inapection. This is roughly a ten per cent effect. The
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effact of adding challenge inspections on AIE is shown in Table 4. If 20 inspectoras were
required, as might be needed if it were necessary to seal a facility around the clock for 7-8
days, as might be dons under CWC challenge inspection, the leval would be 20% of the
total affort, and about 2/3 of the cumrrent tota]l IARA asfeguards inspection effort.
Additional effort to inspect hot cells only amounts to about 220 PDI's and iz thus not
significant. Inspecting MOX fuel fabrication facilities adds 2600 PDI's, which is a ten per
cent affect as well.

Another possibility would be to use gpacial inspections, as foreseen in
INFCIRC/163. This type of challenge inspection would not bo as convincing to the
international coromunity, becaues, under the provisions in INFCIRC/153, the host netion
would have o be informed of the inspection and agree to it, allowing for lengthy delays.
However, the number of inspectors would be fewer than under CWC challenge
inspection xules. Parhaps five would suffica, and 8 dayw could be anfficient for sample
taking. Then, 40 PDI's times 24 inspections would yield 560 PDI's - substantially fewer
than in the other case.

An ndditional option for challenge ingpections might be to use (with the permission
of the host country) an unmanned aerial surveillance vehicle (UAV) to substitute for the
Iarge numbar of inspactoras. The visual or infrared imaging from such a system could, in
principle, be relayed in real time through satellite communications, to, for example, the
Vienna HQ of the JAREA. However, the operation and maintenance of this resource is
eoatly.

Current estimatea for cost of the PREDATOR UAV, which is being used rather
aueeessfully in Boenig(®, amount to about & $8.5 million purchese priecs (for two unita
with visual and infrared capability, satellite contro]l and communications, and ground
atations) and $250 per air hour operating cost. Eliminating one ground station might be
poasible and would reduce the coat to about $6.2 million. About 4000 hours per year
could be required, amounting to $1 million in operating expenses. The cecat-benefit
tradeoff of 2 UAV of this type also depends on the pericd of time over which the
acquisition cost can be amortized. If one sesumed five yesrs, the total cost would be well
over $2 million/year, which might be enough to pay for the additional inspectors who
eould be replaced on challenge inspections by the UAV system. So there may be no
advantage to using UAVa to reduce inspector effort.

6. Comparison of Inspection Effort Eatimates

6.1 Summary

The IAEA and BNL studiee raferenced in Section 1.2 above concluded that a
rigorous option would requive on the order of 25,400 (JAEA) to 35,000 (BENL) PDI per
year®), The rather large difference may be due to o more complete data set available to
Brookhaven (which has access to more sourcea of information for nuclear gites in the P-8
than does the IAEA. Further, some additional typea of military facilities are explicitly
aecounted for in the Brookhaven estimates.) By either estimate, the additional rescurces
for monitoring complianes with an FMCT are enormous. For clarity, the reader is
raminded that this estimate does NOT include any assignment of costa for challenge
inspections or other effoxts (e.g., environmental monitoring under “93+2") to detect
clandestine facilitiea. The cost of the additional effort is considered to be betwean $140




miilion/yesr QAEA) to $280 million/vear (Brookhaven¥?). Current IAEA safeguards cogts
are shout $65 million per year, and have remained essentially constant'® sincs 1985,

6.2 IAEA—BNL Estimate Inconsistencies

‘I‘herama puzzlamthatwhﬂahﬁthBNLandIAEAagreathat,ﬁa'lsga gome 8,200
PDslgufinapsuhonaﬁ'ortmﬁﬁﬁmﬂ]iun, the IARA finds that this reaults in a eost per PDI
of $7,200.

Further, using the FDI's as aceounted for in the IAEA report, one arrives at an
implicit pggumption of only about $5600 per PDI (not $7200). Thia is in spite of the fact
that the final ccate cited include indirect costs and support coats as well (para. 36 of the
IAEA report). This difference in eatimates, whatever ite origin, accounts for moat of the
difference between the more pessimistic {costly) BNL appraisal and the IARA accounting.

Looking more closely at the PDI estimates, we can discover, aceording to the YARA,
how large a fraction of the totsl effort is due to items of interest, such as hot cells, MOX
fusl fabrication facilities and storage, reactors, and spent foel storage. The IABEA report
breaks down inspection effort clearly among several different types of faciliies. It
estimates that, for the sight states in question, 2600 PDI's are needed for MOX facilities,
1100 PDI's for spent fuel in storage, and 4000 PDI'a to inspect reactors. Reactors and spent
fuel thus require 65320 PDI's out of a total of 22,100 PDI's required for the [AEA under
*Alternstive C.* This alternative includes INFCIRC/163 safeguards for most nuclear
facilities, including those that produce separated and irradiated materials. Low enriched
urapium and fertile materials are extluded from the "Alternative C" inspection regime,

Removing the requirement to inspect thess facilities reduces the required inspector
effort by about 25%. The burden on IAEA would siill be considerable, demanding =
tripling of offort and resources relative to the current eitnation, but including these
faciliies would require a quadrupling of effort. Policy mekeras will have to consider
whether the additional expense is worth the effort to safepuard theee facilities and
materials under an FMCT. However, there are poaaibilities for mitigating eosts; these are
presented in Section 7.

7. Opportunities for Ecomomizing on Inspection Resources
7.1 Allow IAEA to Act as Auditor of Multilateral Inspections

Under agreements between the IAEA and EURATOM, a good part of the
inapection activities of EURATOM member states are made by, and at the expense of,
EURATOM itaelf. Since two of the eight parties envisioned as targeta of the FMCT are alao
members-of EURATOM (the United Kingdom and France), it ia conceivable that the cost
of inspecting theae two countries could be primarily accomplished by and at the expenss
of EURATOM. This would reduce the burden on IAEA congiderably. The IAEA eould
undertaks a monitoring role, in this case (verifying the activities of the EURATOM
ingpectorate) and save about 50 % of the cost of these inspections®, However, the
fraction of effort devoted to these two countries would constitute about 30 % of the total
offort needed fo verify an FMCT( g0 a 50% reduction due to substitution of inspection
effort by EURATOM could, in principle, amount to a 15% reduction in total safeguards
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effort by the IAEA. Of couree, it is not clear that the reat of the world would necessarily
accept this substitution by EURATOM. It is possible that some other nations might
suspect a cover-up of diveraion by t.ha allies of France and the United Eingdom.

An eleboration of this approach might include bilateral inspections by the US and
Ruasie of each others’ facilities. There are at least two considerstions, as follows:

Firat, the US and Russia might prefer inspections by each other at their sensitive
facilities compared to having inspectors from the rest of tha world intruding and peasibly
deducing information ugeful for the manufacture of nuclear weapms. In fact in early
analyaes of a poagible FMCT during the Cold War, it was considered likely that an
apgreement and inspections would be more achieveble under & bilateral regime than
under IAEA safeguards for just this ressonm. This, of course, depends on whether
proliferation or exposing potential weapons vulnerabilities ie the primary concern. Since
both have advanced nuclear arsenals, the potential utflity of any secrets that leaked to
the other party would be problematic. This is not to imply that this would be an

insipmificant problem.

. Second, the effart could be paid for by the U.S. and Russia inatead of by the TAEA;
since nearly half of the facilitices in question are loeated in these two states (ses Table 1),
the reduction of IAEA effort would be considerable. Of course, the JABA would bave still
have to verify the accuracy of the bilateral inspections by audite and apot checks of ita
own, but the resources needed for this should be considerably leas than for the foll-
blown inspection regime. Thera is a precedent for the IAEA overseoing bilateral
ingpactions by two states, i.e. the ABACC arrangement between Argentina and Brazil.
Again, 88 for the EURATOM option, the question is whether the rest of the world would
accept the US and Russia policing cach other.

Taking this epproach even further, auppose India and Pakistan were to ingpect
each othar as well, with tha IAEA as auditor.

We have now posited three possible bilateral arrangements among the eight
countries affected, leaving out only Chira and [arael. Por & rough estimate, if auditing by
tha IAEA were to coat only 50% of the total expenditure, and if only China and Iarael were
to ramain inspected by the JIAEA in a complete faghion, some 40% of the expenditure and
effort by the IAEA could be saved. The question at thia point is whether China andfor
Iarael wonld object fo thia kind of "discrimination.”

The ultimate option would be to have all sight countries inapect each other, with
the IABA performing the aunditing oversight function only. Then, based on the EURATOM
eatimate of aavings amounting to 60% of tha total inapection effort, 2 ball park eatimate
would be that haif of the estimated $140 million to $280 million additional cost of an
FMCT could be saved by auch an arrangement,

7.2 IAEA Authentication of U.S. Domestic Safeguards

United .Stated domestic eafepuards iz a highly developed and effective system.
Given the magnitude of the U.S, weapons stockpile clandestine activities directed toward
augmenting such a stockpile are not credible. Reliance on IAEA authentication of T1.S.
safegnards might be acceptable as a means of substantially reducing IABA resources




required for direct FMCT inspections. Note from Table 1 the very substantial portion of
IARA resources required for inapection of 1.8, facilitiea,

7.3 Remote Monitoring

Spent fuel storaga ponds and reactors could be monitored in near real time, using
remote monitoring systems, with the abdlity to transmit data (including alarms indicating
illicit activity) to IAEA headquarters in Vienna or to a regional center out of country. This
technique could reduce the required inapection effort considerably. One informal
estimate haa it that from 8% to 20% of the IAEA ingpection effort could be saved by
remote monitoring of this sort. I one were fo accept safeguarde on spent fuel and
reactors, this method could greatly mitigate the 20% differsntial in required inspection
effort for reactors and spent fuel storage.

7.4 Spent Fuel

: Although removal of spent fuel from the category of subject material would reduce
the inspection effort needed to verify an FMCT, thera are serious problame with this
approach. First, the fesile materiale in military apent fuel cannot be "grandfathered” as
non-subject material since it io not separated from fesion products at EIF. So military
apent foel iz apparently meant to be safegnarded under an FMCT. Why then should
civilian spent fuel be exempt since the crucial related problam of finding clandestine hot
cella may not be golved convincingly encugh to ensure that verification of non-production
ia adequate?

Above what Ievel does the radiation field of apent fue] make it self-protecting is an
important question yet to be resolved. Only above this level (once defermined) can spent
fuel be removed from FMCT safeguards. One difficulty arisea from the low irradiation
levels of some fuel notably CANDU fuel, which is only irradiated to about 7500
MWD/tonne, which is far less than the irradiation levels of spent fuel from light water
reactors. Another factor is that the radiation feld decrenses over time, diminishing its
protection. The same argpument may be made sven roore strongly for HEU-fueled
research reactors, where irradiation is often even less. Military spent fuel is irradiated to
only a alightly lesser degres; therefore it may be argued that the quality of the Pu in
CANDU fuel ia relatively good for weapons purposes. The important isaue of how large
the radiation field muet be in order for apent fuel to be salf-protecting, and thus exempt it
from FMCT safognards, is being dealt with elsewhere and will not be considered here.

8. Conclusions

The following general conclusions, not including the Coat Savings parapraph,
appear to be gupported by this study and the two previous studies (References 1 & 2).

Total Inspection Effort: The total inspection effort required under an FMCT
would, in every case exgmined, suhatantially increase compared to the cuxrent resources
expended for JABA aafegnards under the NPT.



All additional inspection effoxts would take place in the eight states of current
concern (i.e., the P-5, Isracl, India and Pakistan). There appears to be little point in
adding obligations {e.z., challenge inspection) to the NPT states at this time although this
gitvation may change in the future. A word of caution is appropriats here. 'That is thet the
NPT regime was inadequate to the task of bringing to Yight the Iragi program directed
toward the development of nuclear weapms, Would NPT verification be adequate to
uncover an Iranian nuclear weapons program if one existed?

Up to approximately 20% of inspection effort coold be saved by not doing spent
fuel and commereial and resesrch reactors. However, subatitntion of remote monitoring,
if implemented, for scme of this ingpection effort may be a mitipating factor.

MOX Facilities: Contribute ten per cant to the total FMCT inspection effort.

Challengs Inspections: Contribution to the total FMCT inspection sffort is almost
inmienificant.

Hat Cefls: Contribution to the total FMCT inspection effort fa almost insignificant.

Cost Savings: Sharing inapection efforia between the IAEA and the eight nations
affected by an FMCT hea the potential for very large savings in inspection effort by the

IAFA. {The individual states would provide the bulk of the inspection effort while the
IAEA's role would he to audit their efforts for effectiveneas.)

Other significant, savings could come from the use of remote monitoring of apent
fuel storage, other static storage areas, and possibly for reactors (not counting the capital
inveatment for hardware and communications to implement such procedures),
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Table 1.

Inspsution Effont Estimates for Each Varifieation Option and Numbas of Facililiss®

feras! Indka Pak. us UK France Aussta China Total

Reprocessing 2 4 5 0 1 3 3 & 20 3 8 24 =2

m 385 2806 80  ano 2140 2805 2805 3335 5640 3600 4705 | 3576 21355

) 805 2805 80 G40 2140 2805 2005 2035 5840 1000 6640 | 35716 21955

a) 130 00 &0 840 870 800 800 930 1830 &30 1530 5280 7120

Enrichment 0 0 1 5 18 3 9 2 3 & 10 8 24 40

) o 0 79 304 332 14 207 208 222 380 404 208 1290 1522

@) o 0 79 304 320 m 208 380 208 3350 1308

{3) o o " 200 216 74 104 232 104 786 772

Powar/ Prod 0 17 z 164 159 4% 5 ETR ) 56 8 7 355 384
Beactars

(M 0 156 207 21 12115 260 751 70 704 883 2s0 153 3966 3519

@ o 0 ¢ 0 6 o o 0 o

@ o 0 0 0 0 o 0 o 0

Olhver 3 1% 13 28 17 9 2 48 27 @8 43 48 13 7 242 a9

{1} 57 240 235 56 80 4208 1454 3123 1145 2646 2557 2861 2885 173 253 8402 8447

{2) ¢ a8 24 0 4 ™ 703 B4l 9900 2322 2246 2271 53 81 5670 8262

{3) 0 4 0 0 8 & ' 934 920 900 12 2360 2234

Todal 5 32 34 8 9 230 434 a0 11 408 117 2 12 2% X &5 a1

i} 452 85313248 0 R18220  AZ3I 6101 4508 4908 6068 62080 6730 B592 2500 6324 |  2BOYE 35143

(2) 395 28399 2809 130 2675 2201  SX0P 3757 6903 5235 5460 B293 4483 4994 |  4zBIG 28043

(@) 100 994 900  I92 130 4430 1154 1208 1824 3062 2962 746 1646 3296 10126

“*For each faciity typs, tha Tirst row gives the number of faclifies of @ givan typa wihin Tha state, and he naxi threa rows indicate the Mepachon SHoN
In msiﬂ“f;mmdaymw 2 of Inspecilon {PDI) at those faciBfes for the three vartficetion opions. Vakws with harizontal Anes are thoge (rom 2 previous eludy
ey n .




Table 2,
Facilities to Be Routinely Verified Under Cutoff Convention Options

Facility Type Option I Option 2 Option 3
Power Reactora X X6 i
Pu Production Reactors X pa
Spent Fual Storage X
Research Reectors and Critieal Farllition X X8 d
Reproceaaing X X P
Enrichment X X pa
Uranivm Fuel Fabrication X
Uranium Conversion X
Plutoninm Cemvaraion X X d
Plutonium Fusl Pabrication X ' Xe
Plutoniem and HEU Storage X X8
R&D Centera {including Hot Cellaf* X X p,a
Recovery, Rapurification, Pabrication fir Military* ak*

X - Verificptions according to IAEA Safeguards Critaria

a8 - Only if subject finsile material ia present

d - Verification of dizposition of subject material only

p - Verifieation of prodaction only

a - Verification of abzence of undeciared enrichment or reproceseing
*Very fow in databaze at present

**Not congidered in this raport
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Teble 3.

Pacility Inapectlon Effort Valoes: PID

. Type of Pacility" Opfions FIv Fii NIV F¥ NFEV | AIE
Light watexr reactor 1 a 1 4 1 2 8
5 - 1 4 - 4
Light water reactor with mived-oxide L2 i i i1 i 2 18
freah fuel 3 1 4 4
On-load reactor 1 7 2 4 1 & 21
8 - 1 4 4
Produstion renctor 1 L] - - 8 8 70
] 4 1 4 3
Critical facHlity: Fast 1,2 15 2 11 a7
Critical facility: Thermal 12 B 1 11 15
Hogearch reactor; Fast 12 1 1 11 12
Regearch raactor: Thermal 1 1 1 a 4
Reseprch reartor: Traindng 1 1 1
Reprocemsing plant L2 a0 25 1 1 G600 o35
3 23 T 11 b} 200 300
a 10 4 -] J0
Enrichment (centrifuge) 1,2 25 2 b 4 11 KL
a 10 2 5 2 11 42
& & 2 5 18
Enrichment (diffusion} 12 50 2 a8 4 11 g
3 20 F L] 2 1 &2
a 8 2 5 10
Fabrication (LELN 1 &0 4 -] B0
Comvarsimm (LEU) 1 20 3 5 50
Fabrleation (MOX, old) & Pu conversion 1,2 6t 25 11 i 200 TE8
3 25 18 B 1 200 doo
B 3 4 5 30
Fabrication (MOX, naw) 1,2 60 15 11 15 11 390
3 25 15 B ] 11 155
B 10 4 5 30

*s" denotea ehutdown plent ia =ll nphmhu#ﬂhﬂmthmdmmhmlnrthamdhpmduuit

without axtranrdinary reconstraction

*A faw others are not lieted hers, imlnﬂmg pilodsgize facilities to which smeller effort numbers apply
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APPENDIX A: Effort Values
Light water reactor
On-load reactor
High temperature reactor
Fast breeder reactor
Reactor (other)
Production reactor
Thermal research reactor
Fast research reactor
Uni?en;ity reactor

Naval-type reactor
Thermal critical assembly

Fast critical aszsembly
Natural U conversion

LEU conversion

HEU conversion facility
Plutonium conversion facility
Thoerium conversion facility
Natural/@epleted U fabrication
LEU fabrication

HEU fabrication

Mmoo NnoSNoNeoERLWLONOLOOUVORORODWUOREQLULOULOWVWODWND
ggccaa:cggaaacnnmﬁhaﬁaapﬁcacaaaars:a::cq
8g:n::::::n::aggggccnnamnpcaacnaaccaaaaaananu

QQEEB%EEEQQQGEEENQhaﬁcpnﬁuﬁmﬁﬁmmﬁnﬁpﬁpm
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Pacility Type dtatus Option] Option2 Onfion3
MOX fabrication {conventional)
MOX fabnmtmn (automated)
Thorium fabrication
Reproceasing (nat. U)
Reprocessing plant (LEU)
Reprocessing plant (HEU)
Reprocessing plant (plutonium)
Reprocessing (thorium)
Reprocessing plant (pilot)

Hot cell (1ab seale)

Diffugion plant

Centrifuge anrichment plant
Entichment plant (other}
Sealed atorage (spent fuel)
Sealed storage (nat. U)

Sealed storage (HEU)

Sealed storage (plutonium)
Unsgealed storage (spent fual)
Unsealed storage (nat. U)

Unasealed storage (HEU)

oW UORONONORONORORONOWOUONOROVORONOBLOWLO
PBRY BB IR abaNedndsiresdnBufulululvivinl

RBcoocobiBlfocoobindn sl fululuiniad
noccocEEanccccBbEbserss sl inhind

- —_— —_ T - — ——r—r— E—r— o — Twrer - = = -



Weapons assembly/disassembly O
8

Unsealed storage (plutonivmn) O 120 120. 10
o 5 70 0 10
Weapons components fabrication O 735 735 300
5 30 30 30

735 735 300

30 30 30
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Appendix B

B. Btains of Facilitics
B.1 Iniroduction

Data in this Appendix reparts the current facility atatus in the P-b and T-3. This
information is important for inspection planning and assessing the current state of
nuclear activities on a country-by-couniry basis.
B.2 SBummary Status Data

Takle B-1 like Table 1, showa the total PDI for the three inspection efforts and
type of facilities. Additional daka are provided on facility status, i.e., operational, under
- conatruction, shutdown, decommigsioned.
B.3 Country-by-Country Facility Status

Tables B-2 to B-B provide data of facility status for each of the P-5 and T-3 states.

B.4 "Unknown"

In the tables referred to ahgve, the designation “anknown” is given to facilities that
are known to exist buf where information on their ststus is 1acking.




Tﬂblﬁ B'lt
! Inspectlon Effort Estimates for Each Veriflcation Option ahd Numbers of Facilities® by Operational Status

i Operational Undor Plannad Shutdown Dacommiasioned Status ot
Construciion Umnimown™*
Reprocessing 25 3 o "no 12 1 52
: n ' 20,000 330 835 21,355
| ) 20,090 330 035 21,355
3) £,490 330 300 7120
Enrichment 26 a 1) 14 o 0 40
(1) 1,314 208 {1,500
{2) 1,098 208 1,306
i3} 564 208 772
Powse/ Prod 250 22 2 42 40 0 364
Reactors .
(M 3,603 216 9,519
2 0 o o
‘ 3) 0 0 i}
Other 203 1" 2 200 3 49
i1 7,914 536 £,447
{2) 5,840 442 6,282
3) 2.204 30 2.234
Total 812 38 4 267 68 ! &76
n 32,18 0 0 1,290 0 035 35,143
@ 27.028 0 0 850 0 935 28,943
{3} 0,258 0 0 568 0 935 10,128

*For each faclilty type, the first row gives the number of facilitias of a glven typa within the status, and the next three rows indicate the inspection
affort at those facities for the thrae verification options.

** Ses Tabls B-5.



Tabls B-2.
Inspeclion Effort Estimates for Each Verification Option and Numbers of Facilites* by Opemational Status for larael

. L

Israal Operalienal Stusddown Tola!
Reprocessing 1 1 2
{1) 365 30 -
@ | 268 20 * 305
{3} 100 30 © 180
Enrichment 0
(1}
(2
3}
Powar! Prod 0
Reactors
)
{2}
(3)

Ciher 2 1 3
(1) 56 1 57
@ 0 o 0
3} Q Q 0
Total 3 2 L]
i) 421 b | 452
(2} 366 30 395
{3} 100 a0 130

“For each facllity typs, tha first row givas the numbar of facilitiss of & given type within the status, and iha next thres rows indicate the inspectian
effort at those faciifes for the {hree verdilcation opticns.
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Table B-3.
Inspection Effort Estimatas for Each Verificalion Oplion and Numhers of Faciliies* by Operational Status for India

Imiig Oparation Construction Fian Shuldown Toizt
Roprocossing 3 1 4
{1} 2,805 1 2,805
{2} T pe0s 2,805
{3} aao0 ' - 9
Envichment

1} 1,314

{2} 1,098

(3} He4
Fowar' Prod b 4 2 17

Apactors
(2) 0 0
@) o 0
Other 203 1t 2 200 5 418
{1} T.ahn )] 8,447
(2 5,840 442 8,282
() 2204 30 2,234
Tolsd 512 35 4 267 B5 1 875
{1} 3208 T 0 1,280 ¥ 835 35,143 |

2) 27028 1) 0 280 0 935 26,843
(@) 9,258 0 0 568 0 o35 10,126

*Far each facllity type, the first row gives the number of facilittes of a given type within the status, and tha next three rows Indlcate the inspection
effort at those fagllities for the three verification options.
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Tabls B-4.

Inspection Effort Estimatas for Each Verification Option and Numnbers of Facilities® by Oparational Status for Pakistan

Bakistan Operations! Lndar Shtdon Tetsf
Consiruchion

Reprocessing 1 1 i 3

(1} 30 30 80

(2} 30 20 60

(3) 20 30 60

Envichment 1 1

{1} D T

{2} 749 79

(&) 42 42

Power! Prod 1 1 2

Baactors

8 2 21

@ o o

@) 0 0

Othor 3 3

1 a0 &0

2) 0 [

{3) & o

Total B 2 1 8

(1} Loy Q 30 220

) 109 0 20 139

3 72 0 an 102

*For each facility type, the first row gives the nuwnber of facililies of & given type within the status, and the next three rows indicate (he inspection

offort at hase facilities for tha three verllicatlon aptions,
** Mot cell ypa
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Table B-5,
Inspaction Efort Estimatas for Each Varificatlon Option and Numbers of Fadlities* by Operational Status for USA

Wnlled States ~ Cparmationa! Under Shutconwn Docommissionad Total
Construction

Fieprocassing 2 9 0 11

{1} 1,070 270 8,140

(2) 1,570 270 2,140

@) 500 270 a0

Enrichment 7 8 15

(1) 260 12 92

(2 208 112 220

{a) 104 112 216

f Powetf Prod 11 7 21 20 150

Rpacions

, M 1,011 104 1,116

@ 10 o 1]

= 0 0 0

Qther g4 2 151 2 2490

{1} 1,072 382 1,454

(2) 433 309 T4

(9) 68 0 &8

Total 214 9 169 2 434

(1} 4,233 0 B&6 1] 5,101

2} 251 G B850 9 3,2

(3} 772 o 382 0 1,154

*For each facilily type, the first row gives the number of facliities of a given type within 1ha status, and the next thres rows indkcate the Inspection
affort at those facilitas for the threa varification options.



Table B-B.
Inspection Effort Estimates for Verification Oplions and Numbers of Facillies® by Operational Status for United Kingdom

UK Opetationa Uncor Flanned Shutdown Decommissionsd Total
Construction

Reprocassing <) 3

) . 2,H0E ' 2,805

2} 2,805 © 2,808

{2 900 900

Ensichment 7 2 L2 ]

{1} 175 22 207

(@ 79 a2 111

{3 42 32 74

Powerf Prod as 6 10 81

Reactors

M 743 28 751

@ 0 0 o

@ 0 0 0

Othex 14 4 2 27 1 48

(1) 1,054 901 1,145

@) 763 78 841

3 304 30 334

Total 58 4 2 a5 11 111

(1} 4,767 0 0 151 0 4,908

) 3,647 D 0 110 0 3,757

@3) 1,246 0 0 62 o 1,308

"For each fac#ity type, the first row gives the number of facilities of a givan type within the status, and the naxt threa rows indicate tha inspection
affor at these facilities for the theee verification optlons,
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Table B-7,
Ingpection Effort Estimates for Verificatlon Options and Numbers of Facilities” by Operational Status for France

Emanco Oporatianal Undar Shutclown Decommissionsd Tokal
Cansiruction
Aoproceazing 3 3
m . 2805 | 2,805
(2 2,805 2,605
(3) 900 a00
Enrichmant 3 3
{1} 232 232
2 208 208
{3) 104 104
Powerf Poad 53 4 g 2 Fi
Heactors
0 563 36 T4
2} g o 0
@) o o o
Chher a5 1 12 a8
(1) 2,522 35 2,857
2 2290 a2 24822
3} 020 0 920
Total 59 & 20 3 117
{1) 8,227 L/ Fd | o 8,208
(4] 5,303 L) az a 5,335
{3 1.924 i) 1] 0 1,924
I

“Far aach facliity type, the first row givas the numbar of facliities of a glven type within 1ha status, and the next threa rows indicate tha Inspection
affont at thoza facilliles for the three varilication opfions.
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Tabla B-3.
inspection Effort Estimates for Verication Options and Numbers of Facillies® by Qperational Status for Russla

-
—_— —— -

Bussla Cparational Under Shutdown Decommissionod Total
Conslruchon

Reprocessing 7 1 i2 20

{1} - B840 ‘ 5,640

2) 5,640 5,640

{3} 1,830 1,830

Enrichmant 8 4 10

{1} 340 64 404

) 316 64 350

@) 166 64 232

Powerf Prod 38 3 7 7 55

Reaclors

Y 818 48 853

(2 o 0 o

& 0 0 0

Other 40 3 5 40

(1) 2,674 1 2,685

) 2,265 B 2,272

3) 200 o 900

Total 1 7 16 19 133

{1} 9,460 o 123 0 9,592

@ B,291 o 72 0 8,203

@ 2,698 0 64 0 2,562

"For each facility type, the first row givas tha numbar of facilities of a given type within the status, and tha next thres rows Indicata the Inspecllon
effort at those facilitias for the thrae verification options.
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Table B-9.
Inspection EHort Estimates for Verification Options and Numbers of Faciliies® by Operational Status for China (PRC)

China {PAG) Oporalional o Undar Smuidown Uninoinn Toia!
Reoprocessing 4 1 1 &
: () . 2740 a0 935 4,705
' @ 3,740 a0 935 4,705
: @ 1,200 % 300 1,630
Enrichiment 2 2
() 208 208
(2) 208 208
&) 104 04
Powal! Prod 4 3 7
Reastors
() 158 168
@ 0 0
@ o 0
Othver 16 1 17
(1} 249 4 253
{2} 7 4 81
@ 12 0 12
Tolal 26 3 2 1 32
{1 4,965 0 34 935 5,324
¥ 4,026 0 34 B35 4,504
(8) 1,318 0 30 500 1,846

*For each facility type, the first row gives the number of facilitles of a given type wilhin tha stalus, and the next three rows indicate the inspection
affout at those facilities for the three verification options.
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