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PRACTICAL PROBLEMS OF SAFEGUARDS IMPLEMENTATION IN UKRAINE

O. KRAYNOV
N. TCHERNAIA
Ukrainian State Committee on Nuclear Power Utilisation (DerzhKomAtom)
Kyiv, Ukraine
Agreement between Ukraine and the IAEA for the application of safeguards to all nuclear
material in all peaceful nuclear activities of Ukraine was signed on September 28, 1994 and
entered into force on January 13, 1995 (reproduced in document INFCIRC/462). At that time
Ukraine had nuclear weapons on its territory and was not party to the Treaty on the NonProliferation of Nuclear Weapons (NPT). The Safeguards Agreement was done as closely to
INFCIRC/153 as it was possible. It was also stated in Article 25 of the Agreement that it shall
remain in force until superseded by an agreement in connection with Article III of the NPT.
The initial inventory list was forwarded to the Agency in March 1995, after this the regular
inspections to the Ukrainian facilities started.
In June 1996 the last nuclear warheads were removed from the territory of Ukraine.
According to a Governmental Decree the Ministry for Environmental Protection and Nuclear
Safety was appointed the competent authority in safeguards implementation in Ukraine.
Under the auspices of DerzhKomAtom1 (the state authority responsible for nuclear power
plants operation in Ukraine) there are five NPPs (11 WER-1000 units, 2 WER-440 units, 3
RBMK-1000 units - one remaining in operation now) and Spent Fuel Storage at Chornobyl NPP
site. During the autumn-winter period of 1996-1997 the nuclear power plants produced up to 46%
of the total electric energy output of Ukraine. Two more WER-1000 units are almost ready to be
commissioned (Rivne-4 and Khmelnytsky-2). In August 1996 part of Sevastopol Navy College was
transformed into the Sevastopol Institute of Nuclear Energy and Industry under DerzhKomAtom
responsibility.
From the very beginning DerzhKomAtom is taking part in resolution of problems arising from
safeguards implementation at the nuclear power plants, though the situation is aggravated by the
absence of internal safeguards regulatory documents. Issuing these documents is hampered by
the delay in entering into force of Subsidiary Arrangements and especially Facility Attachments.
Both Ukraine and the Agency could have avoided some problems if we had had the procedures
already settled. It became obvious that the ones that that urgently required regulatory documents
are the facility operators, as they appeared to be the very persons fulfilling the Ukraine's
1

According to the Decree of the President of Ukraine from 6 May, 1997 DerzhKomAtom is now
being transformed into the Department of Nuclear Energy within the Ministry of Energy of Ukraine.

obligations according to the Safeguards Agreement. Unfortunately, due to insufficient financing
and manpower there are no inspections of the state competent authority to the facilities.
The problems that have arisen with preparation period and beginning of the safeguards
implementation in Ukraine can be divided into several groups.
Neither the design nor operational practices of Ukrainian facilities commissioned during the Soviet
times foresaw the application of safeguards. The majority of the problems result from the difficult
economic situation in Ukraine, which turns out in very tentative operational schedules for W E R 1000 units. The dates of fresh fuel receipts are also subject to changes, especially for Chornobyl
NPP. Though it seems to be nothing new to the Agency in safeguards of light water reactors
(PWR), Ukrainian WER-1000 have brought some knew knowledge to the Agency's safeguards
practice:
•

all equipment used by the Agency is not certified for the use at the Ukrainian facilities
according to Ukrainian regulatory documents

•

repeating losses of the surveillance continuity due to the power switch off during annual
pressure tests

•

spent fuel transfers between the units of Zaporizhzhya NPP cause some troubles for the
Agency regarding the container handling.
In many cases it seems that a corresponding change in the regulations is the easiest way out.

In fact, all-regulations are tightly interconnected, and it is thus very difficult to introduce changes
into one without impacting others. Perhaps the best approach would be to understand that this is
our modus operandi, though it may seem strange from the traditional point of view. In any event, a
solution of any problem can always be found through dialogue with facility operators.
The examples of the difficulties with elaboration of safeguards approach for Chornobyl NPP:
•

it is impossible to open containers for fresh fuel verification at the fresh fuel storage

•

additional absorbers are shipped from the units to the Spent Fuel Storage in the same cask
as spent fuel.
As it became clear now, successful implementation of safeguards at the NPPs requires some

changes in power plant internal structure and also changes in the personnel's minds. Historically
nuclear materials accountancy at the NPPs was done by nuclear safety divisions. Donor countries
have provided the effective training for the facility staff in nuclear materials accountancy as well as
have supplied the corresponding software and computers. However, some of the safeguards
problems are in the responsibility of the other units (e.g. transport division, power supply division
etc.). Safeguards implementation questions appeared to be

broader than accountancy. It is

obvious that creation of new units at the facilities with higher authority and responsibilities is
necessary.
In December 1996 the Cabinet of Ministers has adopted the Decree on the State System of
Accounting for and Control of Nuclear Materials. This is the beginning of safeguards internal
legislative basis construction. GOSKOMATOM will also provide assistance to the competent
authority in this matter as well as in solving of the other problems of safeguards implementation in
Ukraine.
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STATUS OF NATIONAL SYSTEM OF ACCOUNTING FOR AND CONTROL OF
NUCLEAR MATERIALS IN TURKEY

A.YUCEL
Turkish Atomic Energy Authority (TAEA), Ankara, Turkey
The Republic of Turkey signed Treaty on the Non-Proliferation of Nuclear Weapons
(NPT) on January 28, 1969 and the Treaty was ratified by the Turkish Parliament on March
29,1979. After ratifying the NPT, Republic of Turkey signed a Safeguards Agreement with the
International Atomic Energy Agency (IAEA), for the application of safeguards in connection
with the NPT, on June 30, 1981. Effective September 1, 1981 Turkey accepted the
international safeguards administered by the IAEA and at the same time its subsidiary
arrengements and facility attachments were enforced for all nuclear facilities as a Non-Nuclear
Weapon State party to the NPT.
Regulating the safeguards activities in Turkey is at the responsibility of the Turkish
Atomic Energy Authority (TAEA). Act No.2690 established the Turkish Atomic Energy
Authority in 1982 which replaced the Turkish Atomic Energy Commission created by Act
No.6821 in 1956. Under the 1982 Act, the Authority is responsible for national security and
the protection of the peaceful uses of nuclear energy. The Authority Act specifies duties and
responsibilities of the Authority. Some duties of the Authority related no nuclear safety are;
-to determine the general principle to be complied with all kinds of prospecting,
exploiting, purifying, importing, exporting, trading, transporting, using and storing source
materials, special fissionable materials and the other strategic materials used in nuclear field,
-to give permission and licence related to the siting, construction, operation and
enviromental protection of nuclear facilities; to do necessary controls and inspections; to
cannel the permission or licence permanently or temporarily and to make recommendations to
the Prime Minister for shut down of those facilities,
-to implement the regulations determining the basis related to the nuclear material
accounting and control and physical protection of nuclear materials and facilities,
-to prepare the necessary technical decrees, regulations and guides for above purposes.
The Department of Nuclear Safety which is one of the specialized technical
departments of the Authority, carries out the licensing procedures of nuclear installations and
other duties related o nuclear safety such as nuclear material accounting and control, physical
protection, environmental safety, radiation protection.
After signing the Safeguards Agreement with the IAEA, a "National System of
Accounting for and Control of Nuclear Materials" has been established in the Nuclear
Material Safety Division of the Nuclear Safety Department of the Authority. The Division of
Nuclear Material Safety is responsible for all the nuclear material accounting and control and
physical protection activities in Turkey.
The objectice of this national system is to account of nuclear materials in the state and
to contribute to the detection of losses or unauthorized use or removal of nuclear materials.
So, the system provides effective control according to the specified national rules and
regulations and International Agreements.
To ensure the requirements for nuclear material accounting and control, a regulation
on "Acconting for and Control of Nuclear Materials" has been prepared. It will be entered into
force soon. Also, a regulation on "Measures on Physical Protection of Special Nuclear
Materials" entered into force in 1979.

An information system among the facility operators, the Authority and the IAEA has
been established. The collected and recorded information related to nuclear materials are
evaluated by the national system. The reports and information are provided to the IAEA
taking into account the requirements of the safeguards agreement.
The Authority is empowered to inspect nuclear and radioactive installations to
ascertain whether the conditions laid down in the relevant regulations and in the licence are
being fullfilled. The inspectors from the Authority inspect the facilities to verify the
information.
The progress in peaceful use of nuclear energy has caused an increase in the quantity
of nuclear material being hadled and transported. This fact has increased the chance of
unauthorized removal and trading of nuclear materials and diversion of nuclear materials from
peaceful uses to nuclear weapons. Turkey has geographical importance in regard to illicit
cross-border movements of nuclear materials. Therefore, the necessity for more effective
safeguards system and physical protection measures and international cooperation about
countermeasures are required in the region. Turkey plan uprgrading the related regulations an
national systems of nuclear material accounting and control and physical protection.
Turkey has also given consistently full support to the IAEA programme on
strengthening the effectiveness and improving the efficiency of the safeguards system and on
combating illicit trafficking of nuclear materials and radioactive sources.
This paper/poster covers national, international safeguards activities, and
implementation of national system of accounting for and control of nuclear materials and
activities for upgrading of national system in Turkey.
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MEASUREMENT OF DELAYED NEUTRONS AFTER INDUCED FISSION OF
SPECIAL NUCLEAR MATERIAL
W. Rosenstock, T. Koble, G. Kruzinski and H. Kobus
Fraunhofer-INT, P.O. Box 1491, D-53864 Euskirchen, Germany, +49-2251-181,
Nondestructive measuring capabilities for the in situ detection and analysis of nuclear material
are considered as possible measures to discover illicit trafficking of nuclear material and to
prohibit nuclear proliferation. As e. g. pointed out by Shea [1] there is an increasing concern
regarding the potential for thefts of nuclear weapons or weapons-useable nuclear material as a
means through which states or sub-national organizations might acquire the components for
nuclear weapons. This stolen nuclear material may be surrounded by additional shielding
material to prohibit direct detection. Hence, gamma detection is not suited for measuring such
items of dense material due to self-shielding effects. However, neutrons have a high
probability to penetrate those materials. Whereas plutonium emits enough neutrons from
spontaneous fission, which may be measured by passive methods, highly enriched uranium in
casings can not be detected passively. So active techniques like neutron interrogation are
needed. A clear proof of the existence of special nuclear material is the emission of delayed
neutrons after induced fission by neutrons.
Therefore, we investigated the measurement of delayed neutrons in order to detect and
identify hidden or shielded nuclear material in geometrical configurations which are not
known in detail. Only about 1 % of the neutrons emitted from nuclear fission are delayed
neutrons, all others are prompt. The absolute yields of the delayed neutrons as well as their
yields as a function of the time after the neutron pulse vary significantly from fissionable
isotope to isotope and thus constitute a clear signature of the isotopic composition [2]. We
performed measurements on the time structure of the delayed neutrons. For the active
nondestructive measurements we use a sealed tube 14 MeV neutron generator (d-T reaction)
type Genie 26 manufactured by SODERN/France. This neutron generator is capable of
producing 2xlO8 n/s continuously or up to 2xlO n n/s in pulsed operation.
A block of depleted Uranium (size 5 x 5 x 4 cm3) was irradiated repeatedly with our neutron
generator for different time intervals, ranging from 3 to 60 seconds. The delayed neutrons
emitted by the object were detected by slab counters. The distance from the neutron tube to
the object was chosen to 8 cm, and the object and the neutron detector were placed close
together. Each slab counter consists of 6 He-3 tubes embedded in polyethylene. The active
length of the tubes is 33 cm and the diameter 2.54 cm. The front side of each slab counter is
covered with a 0.8 mm thick Cadmium layer in order to obtain information on the
thermalization of the neutron source and to reduce the thermal background of room return
neutrons. The efficiency of each slab counter is 0.12 % for the detection of Cf-252 fission
neutrons emitted from a point source in a distance of 100 cm from the center of the detector.
After the end of the interrogating neutron pulse we integrated the delayed neutrons in different
time intervals, ranging from 3 s to 300 s. A MCS system (multi channel scaling) was used to
record the ,,decay curves" of the delayed neutrons. The electronic was triggered by the neutron
generator in such a way that the neutron detector started counting after the end of the neutron
pulse. For comparison we repeated the same measurements with the uranium replaced by lead

(Pb). To observe the influence of moderating material we surrounded the heavy metal by 5 cm
polyethylene (PE). Some of the experimental results are shown in figure 1, where we have
plotted the number of the measured neutrons as a function of composition of the irradiated
object and as a function of the integration time.

300

Measuring time (starting after neutron pulse) [s]

Figure 1: Intensity of the delayed neutrons in three time intervals (after induced fission)
Whereas with lead (with and without polyethylene casing) delayed neutrons could not be
observed there is a good signal with the uranium in place. This countrate is enhanced further
by the polyethylene casing around the uranium. Within the 300 s long measuring interval
nearly all delayed neutrons are emitted and no significant additional information can be
gained with longer counting intervals. The measured decay curves were fitted to the well
known six groups of delayed neutrons. The relative strengths of the different groups were
reproduced well for the measurements with the long irradiation time (60 s) and the long
counting time (approx. 200s) for the delayed neutrons. For shorter irradiation or measuring
times only some of the relations could be reproduced. As can be seen from figure 1, a shorter
counting interval of approximately 70 s will already provide significant results. Further
experiments will be performed with objects of different composition, size and additional
shielding material. In this way the identification of the material in a suspect object will be
possible by comparison of the measured results with previously gained data in the laboratory.
Thinking of verification of weapons materials this measurement method allows confirmation
of fissile materials content without disclosing sensitive information (like geometry). These
experiments show that fissionable material can be detected clearly and easily in a suspicious
box with a pulsed neutron generator within a very short time (several minutes).
REFERENCES
[1] Shea, T.E.: The Evolution of IAEA Verification Responsibilities and Related Functions,
IAEA Yearbook 1995, p. E17-E25, IAEA, Vienna, Austria, Sept. 1995
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MPCA SYSTEM OF THE ASTC «SOSNY» FOR SAFEGUARD
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Academic Scientific-Technical Complex (ASTC) «Sosny»,
Minsk, Belarus
Having signed in 1995 an Agreement on Safeguard with the IAEA Belarus
started a programme of implementation of S SAC with the support of the IAEA
and countries-donors: Japan, the United States and Sweden.
The main quantities of nuclear materials in Belarus are located in the
Academic Scientific Technical Complex «Sosny» which were used for researches in the
past 1994-1988: research reactor, critical assemblies, «hot» chambers, laboratories.
Since Agreement on Safeguard with the IAEA came into force in August
1996 MPCA system in Sosny had started to be developed in 1995 with financial
support of Japan and the USA. Measurement, computer tecnique has been supplied,
training and implementation of accounting system has been started, phisical protection
system developed. In 1996 Phisical Inventory List has been declared to the IAEA and
work with DIQ has been started. An initial verification of physical inventory is
continuing up to now.
In the report the status of MPCA system with regards to safeguard
implementation for the installations of research center is presented.
Accounting system R_MD on the basis of FOXPRO data base manager has
been developed taking into account all requirements of the IAEA and in consultations
with the IAEA inspectors. It is oriented for the type of facility nuclear research center.
That means facility includes storages of materials of large variaty, small movement of
materials with regard to MBA, use of materials inside MBA for investigations in
laboratories, «hot» cells and critical assemblies.
The main features of accounting system are the following. It contains the
archive data base with subsidiary data bases on measurements, maps of material
locations, schemes necessary for DIQ, transit and historical data bases, information
regarding access to the system. It includes all the necessary features for movement of
materials, preparation of internal documents, reports for the state regulatory body
and the IAEA Safeguard Department. It is arrainged to operate ON-LINE and with
russian-english languages. It permits to sort the data for batches, KMPs, containers,
physico-chemical composition, element and to process them. A more detailed
description of the code will be published elsewhere [1].
The system can be proposed as NM accounting software for the type of
facilities as nuclear research center.
Control of nuclear materials is based on equipment supplied by countriesdonors: Japan and the USA.
Davidson MCA with sodium iodine detectors is used for enrichment
determination of fresh fuel elements and for spent fuel element identification for
«gross» effect.
U-Pu Inspector of Canberra with high purity germanium coaxial and
planar-coaxial detectors is used for determination of isotopic composition of items
mainly using MGAU code for uranium samples, but coaxial detector is also used
for regular spectrometry, in particular for analysis of waste composition.

AWCC application is connected to determination of mass of uranium
in different kind of fuel elements and in cassettes.
All spectrometers are certified by national bureau of standards
(Belstandard) or with the help of center of standards of Russian Federation
as well as methods of measurement.
Nuclear material control at the moment is limited to MBA «Sosny»
but certified laboratory is proposed for the transshipment of NM through the
territory of Belarus.
LAN of MC&A system created with the purpose to automate measurements and provide remote control of materials, to connect control and accounting
systems, to supply national regulatory body and the IAEA with remote access and
electronic transmission of data using fiber optical and radiobridge Ethernet technology.
MC&A system and LAN were created with financial support from DOE
USA programme in the frame of Agreement 0028BV0006-35 between Los Alamos
National Laboratory and Sosny center.
Physical protection system has been implemented not for the whole territory
of the ASTC «Sosny» but for the main three objects: building with fresh fuel storage
and critical assemblies, building with spent fuel storage and critical assembly with
neutron generator and for part of administrative building with central alarm station.
It contains all the necessary components of PPS: magnetic switches, volume and
infrared sensors, video control, alarm signal transmission system with computer
processing, radio and telephone connection with administration and guard forces.
The system has been created with support of the USA and Sweden under contracts
with Sandia National Laboratories and cooperation with Japan specialists.
REFERENCES
[1] Goulo V.G., Mikhalychev B.N. R-MD - Nuclear Material Data Base Manager,
Manual, ASTC Sosny, Minsk, 1997 (In press).
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NUCLEAR MATERIAL ACCOUNTING REPORTS IN INDONESIA
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Atomic Energy Control Bureau
National Atomic Energy Agency
INDONESIA

Indonesia has been an NPT country since 1978. As the result of the
Agreement between Indonesia and Agency for the Application of Safeguards, the
Agency Safeguards have been applied to all nuclear material facilities in Indonesia.
A SSAC is a vital element to carrying out of International Safeguards. The
effectiveness and effeciency of International Safeguards depend heavily on the
technical effectiveness of SSAC.
The evaluation of accounting reports is very important element to support the
SSAC implementation especially for examining the timeliness of accounting reports
submitted by facility. In addition, It can be used to detect early diversion of nuclear
material from peaceful uses.
The recent two years experience on evaluation of nuclear material accounting
reports is presented to show and reflect the obidient of nuclear facilities in Indonesia
based on Safeguards Agreement INFCIRC/153 article 63 and the Decree of Director
General of BATAN No. 362/DJ/IX/1994 article 29. As a result of evaluation, the
most of corrected and delayed reports are caused by modifications of reports required
by the Agency.
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Deadtime Effects in Coincidence Counting: A New Model*
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Theodor Teichmann
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This paper described a model for correcting deadtime effects in coincidence counting. The
correction is based on waiting time distribution for the detection of particles. The waiting time
distribution is expressed as integrals of correlation functions, using Stratonivich's theory of
random set of points. The correlation functions are solved from the basic equation governing the
probability
The basic equation governing the probability of the number of neutrons in the detector may
be written in the form of the so-called Master Equation:

Pn = * A 2 > v O V v -Pn) + *((» + 1)^ +1 " nPa)

(1)

V

Here p n is the probability of there being rt neutrons in the detector assembly, A, is the rate of
fission, and Ns is the number of source atoms fissioning, F v being the probability of emitting v
neutrons in a fission (or "super-fission") event X is the decay rate of the neutrons in the detector
assembly. Then, by a relatively straightforward calculation the average number of neutrons in the
detector assembly is found to be:

^f*()

E

(2)

Here, we note that ^ pn = ^jFv -1, ^ vFv = v = (v) by the normalization chosen.
n

v

v

Proceeding in a similar way for the (stationary) correlated terms, we find:
l)>.

(3)

In the stationary state, the probability density for (one) detection at ti is:

*This work was performed under the auspices of the U.S. Department of Energy
under Contract Mo. DE-AC02-76CH00016.
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(4)
The probability density for two detections at ti and t2 >ti is:

f2(tlft2)= X2^rip(ri,t2

\n-\,tl)np(n,tl)

Tiri <v(v-1):

(5)

Similarly,

(6)
= gl(tl) gl(t2) gl(t3) + gl(tl) g2(t2,t3) +
gl(t2) g2(tl,t3) + gl(t3)g2(tl,t2) + g3(tl,t2,t3)

After some straightforward, but laborious, calculations we obtain:
gi =
(7)
g3 = 2
with j i ^ N j A , and Vi=<v>, v 2 =l/2<v(v-l)>, v 3 =l/6<v(v-l)(v-2)>. Expressions for the higher
correlation functions can be derived by proceeding further in mis manner.
Generalizing the results, we find:
(8)
and the distributions of waiting time can be obtained directly. Here:

(9)
vm is the m-th factorial moment in the sample.
To evaluate the role of waiting time in this analysis, we note that the probability of no
events in the interval (to, to+6) is:
(10)
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Conditional upon an event occurring (e.g., detection of a neutron) at to, the probability density of
the next event occurring at to+0 can be expressed as:

J

-Hfttt^+^+X1^-

j^dtz...dtngm2(t0,tvt2...trnt0+e)
(11)

The final distribution of event intervals is, then

(12)
The above expressions allow straightforward physical interpretation. The distribution of
event intervals is proportional to the product of the probability that no event occurs between CO. 8)
and the sum of two terms, one representing uncorrelated pairs and equal to the square of the rate of
occurrence of at least one event the other being the rate of occurrence of at least one of the
correlated events: and, v(6) being the probability that a neutron is detected between (0,9).
IV. Special Cases
Correlated Signals
The detection of correlated signals within a gate length G is obtained by subtracting from
the counts from a gate opened immediately following a count ("Real+Accidental gate") the counts
from a gate opened a long time later. Thus, the probability that a correlated event occurs in the gate
is proportional to:

since the term without exponential decay is subtracted. The correction factor for the doublet then
becomes Q(0)/Q(8).
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Abstract:
This paper gives a flexible method to determine sample sizes for both systematic and
random error models. In addition, the method allows different attribute rejection limits
The new method could assist achieving a higher detection probability and enhance
inspection effectiveness.
Summary:
This paper presents a unified approach to sampling problems, particularly related to
nuclear safeguards questions, in which the various levels of sampling, involving
increasingly sensitive measurements and correspondingly smaller samples, are treated
in a logically connected and perspicuous manner.
The first step in the method described here is (the usual one of) attributes sampling, i.e.
taking a sample of size n from a population of size N, determined from the formula
PG
AT
where p*G is the probability of not including any defect in the sample, G being the
detection goal, in kg of special nuclear material, and m is the number of defected items
when the total defect is G.
The next step is to note that when a fraction y of the material has been diverted, the
probability that the item is classified as a defect when it is measured with an instrument
with standard deviation a is

if-

<J>(z) being the cumulative normal distribution. The overall non-detection probability (3
for a defect of m items then becomes

This work was performed under the auspices of the U.S. Department of Energy
under Contract No. DE-AC02-76CH00016.
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where ps is the sample non-detection probability, and F(l)is an upper bound of the
probability that none of the defects in the sample is detected by the instrument {3 thus
satisfies the relation

If

y-ra
is very close to 1, the above expression with PR= % can attain the desired detection goal
1-PG. As long as

•te

y-ra

'

is greater than the detection goal the sample size can be increased to attain the required
detection goal using the above equation.
If more accurate measurement methods are available, one can proceed further,
considering P as a function of y, so that

where (^ is the first level non-detection probability described above.
The remainder of this paper deals with the extension of this procedure to further levels
of more accurate instrumentation and to discussion of the algorithms associated with the
use of such more accurate instrumental methods.
For given a t >a 2 one finds that the local maximum of Q (given below) as a function of

P

0= 1-

/*,

2xNy

\\
yields the level 2 sample size n2 via the formula tif= NQ, while the level 1 sample size
becomes n-nj.
Small defects, wilh a fractional size (approximately) less than the standard deviation,^,
will not be detected. In this case a level 3 sample size can be determined (involving a
more sensitive instrument), using an analogous formalism with one more step of
calculation.
The method described implicitly assumes that the errors are systematic. The less
conservative case, when errors are random, is also treated. Numerical examples are
given to show the effects as the various parameters are changed. A computer code
incorporating the new method to assist inspection planning and inspection effectiveness
evaluation is being developed.
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AT THE RESEARCH INSTITUTE FOR ATOMIC REACTORS*
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Lawrence Satkowiak, Oak Ridge National Laboratory, USA

A major element of a system for nuclear material protection, control, and accounting
(MPCscA) is to take the physical inventory of the nuclear material periodically. Physical inventory
taking (PIT) includes ensuring that all nuclear material on inventory is included in the facility records
and that the measured content of items or containers (or at least a suitable random sample thereof)
corresponds to the recorded values.
A preliminary step to the conduct of the PIT is application of rapid inventory procedures that
serve to provide the benchmark for the inventory, e.g., by identifying If any items are missing and
also, if any unrecorded items are present Rapid inventory Procedures by design can be carried out
on short notice and at any time during the reporting period, while a full physical inventory is
normally carried out at the end of the reporting period. The procedures make use of computerized
inventory records, bar codes, and tamper indicating devices (TIDs), and involve the identification
and accounting of nuclear material containers and items without quantitative measurements. On
completion of the Rapid Inventory Procedures, there will be a corrected data base with a one-to-one
correspondence established between every record in the accountability data base and every item in
the selected area.
The objective of a rapid inventory plan is to define a set of activities that can be carried out to
determine the status of the nuclear material at a given location (for example, an MBA or interim
storage vault). Various levels of rapid inventory procedures are possible. In a homogeneous storage
area, such as a spent fuel storage pond or a given process line, rapid inventory procedures may
consist of an item count For mixed item storage areas, rapid inventory procedures could include
the verification of the item identification, location, and tamper indicating device. The extent of
verification to be carried out will be determined on the basis of the material control objective
(source of request and the assumed threat) and the technological tools available to the MPC&A
staff.
The Rapid Inventory approach is being implemented by the Research Institute for Atomic
Reactors (RIAR) in Dimitrovgrad, Russia, as one of the first steps in the program to enhance nuclear

*This work was performed under the auspices of the U.S. Department of Energy
under Contract No. DE-AC02-76CH00016.
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materials safeguards at the site. This effort as well as other projects, are being conducted under the
US-Russian Cooperative Program on Nuclear Materials Protection, Control And Accounting
(MPCscA), with assistance provided by specialists from U.S. Department of Energy National
Laboratories.
The development of the rapid inventory capability involved a series of interrelated tasks starting
with a site survey by the US Team and a documented assessment of the existing facilities and
operations by RIAR staff. Following this assessment, the joint team identified MPCscA system
upgrades, including hardware and software requirements and the associated training and workshop
activities for both RIAR management and staff.
The focus of the rapid inventory task was on the Central Storage Facility at RIAR, which
handles both bulk plutonium and uranium in containers, as well as completed fuel assemblies. The
major technology items introduced were:
•Bar codes - Bar coding equipment was provided, and workshops were conducted on the use of
bar codes for identification and tracking of items and storage locations, and more importantly,
as the key to interrogating other facility data bases.
•Tamper-indicating devices(TIDs) - RIAR was introduced to a variety of TIDs currently in use
and given an initial supply, with training regarding application, control and record keeping.
•Computerized inventory records - Computers were provided, as well as guidance and hands-on
experience in structuring the data base. The use of fiat files for accumulating various data
elements e.g. shipping data, bar codes, passport data, etc. and their relation to the future
network MCscA data base was developed.
Prior to implementing this program it was considered essential that the RIAR staff be
introduced to the MCscA culture embodied in these new systems. This was accomplished by
providing comprehensive MCscA workshops to RIAR management and staff based on the courses
given in the US and to IAEA representatives. In addition, a two week working session conducted at
Brookhaven National Laboratory in February 1997 for several RIAR staff addressed the issues
associated with introducing of the rapid inventory elements into the existing system at the Central
Storage Facility and developing the plan and schedule for implementation. The rapid inventory
plan includes (a) input of hand recorded data into a computerized inventory record data base, (b)
development and demonstration of rapid inventory procedures for the storage area, and (c)
implementation of the procedures at other RIAR technological areas.
This paper summarizes the existing MCscA system at the RIAR Central Storage Facility,
presents a means for achieving enhanced safeguards in nuclear material accounting, and discusses the
process of introducing the technology and methodology into the plant operations at RIAR in
Dimitrovgrad.
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IMPLEMENTATION OF TANK VOLUME MEASUREMENT EQUIPMENT
AT THE MAYAK PRODUCTION ASSOCIATION*
Oleg Darenskikh
Mayak Production Association, Ozersk, Russia
Sylvester C. Suda, John U. Valente, Peter B. Zuhoski
Brookhaven National Laboratory, Upton, NY 11973, USA
One goal of the program to improve nuclear material protection, control, and accounting
(MPCscA) in Russian facilities is to computerize material accounting techniques for bulk materials.
Such materials include liquid solutions at radiochemical plants: dissolver, intermediate product, and
waste. Material accounting techniques for tank volume measurements (TVM's) are needed to
determine the nuclear material content of these solutions (chemical and isotopic analysis are also
required). The content is required to close the material balance in a radiochemical plant.
Computerization of these techniques can provide unattended measurements of material flows,
improved precision and accuracy, reduced operator effort, and lower radiation exposure of
operators-with equipment that is predominantly remote from high radiation areas. This paper
describes the technical activities that contributed to the successful integration of the BNL-developed
TVM system into the Mayak facility conducted under the US-Russian Cooperative MPCscA
Program.
Computerized tank volume measurement equipment was developed by Brookhaven National
Laboratory (BNL) and first used under operating conditions in the Tokai Reprocessing Plant (TRP) in
Japan in 1979. The pressure gage in the TRP bubbler-probe system was the Ruska
Electromanometer (Ref. 1, 2). Since then, the Brookhaven TVM has undergone two upgrades.
Version II is a portable system that was designed for use by domestic and international inspectors
(Ref. 3, 4). Pressure measurements in this system are made using the Paroscientific Digiquattz
pressure transmitter.
The bubbler-probe TVM system installed in the Mayak Production Association (PA)
radiochemical plant in April 1997 represents Version III. It also uses the Paroscientific Digiquartz
Pressure Transmitter, but is different In two ways from the previous version. One is the use of
computer-controlled air mass flow meters (in lieu of rotameters), and the other is the Russian
language screen displays using Labview software.
The task of installing, testing, and evaluating the computerized tank volume measurement
system at Mayak required both a working knowledge of the tank structure, its location, its current
instrumentation and operating procedures, and hands-on familiarity by the plant operating staff with
the measurement equipment and software. This was accomplished in two steps.
The first step involved visits to the Mayak radiochemical plant by BNL staff, at which time tankspecific Installation requirements for the bubbler-probe TVM system were determined. The
requirements include specifications for the instrument air, pneumatic and electrical power lines to
the measurement module, and communication lines to the location of the computer, for example
the control room. Mayak staff provided a description of the current means for tank volume
*This work was performed under the auspices of the U.S. Department of Energy
under Contract No. DE-AC02-76CH00016.
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measurement The description included the pump fill and drain rates, the use of air pressurized to
three atmospheres for sparging and mixing of the tank contents, and the operating pressure
conditions in the tank.
The second step involved a week-long pre-installation work session held at Brookhaven in
December 1996, at which time the principal investigator from Mayak was briefed on the theory and
operation of the bubbler-probe T V M system. A review of the modular hardware and software
design of the T V M was conducted, with an explanation of the computer display screens, as well as a
demonstration of how the various screens could be utilized to provide functional information during
the measurement cycle. Operational demonstrations of the system were conducted including
changes in the air mass-flow controller rates. Further demonstrations included the effects of liquid
additions to the tank, and temperature effects on the density and level pressure measurements. A
computer-based exercise was conducted to Illustrate data analysis methods using a spreadsheet
program. Detailed discussions were conducted on the installation requirements for the T V M based
on component configuration design wherein the air-flow controllers are located in one cabinet near
the tank, and the measurement module is located In a separate cabinet stationed against a wall.
Mayak staff were given schematic drawings showing the tank and technological features such as the
installed probes, as well as proposed location of the measurement module and computer.
The T V M system software was Installed in the control room computer in March 1997. This
was followed by the installation of the two instrument enclosures a month later. Pre-operational
testing included three tank calibration runs using dilute nitric acid and a gravimetric prover, probe
separation determination, and a thermal expansion test Mayak conducted certification tests of the
equipment with the participation of the metrological services personnel. During the installation,
operating staff at the radiochemical plant became familiar with the spreadsheet program in order to
transfer data collected by the T V M system to MCscA network computer system. The system is
now undergoing extended operational testing and evaluation prior to full integration into the Mayak
MCacA program.
References:
1. Suda, S., Keisch, B., Hayashi, M., Onuma, T., Fukuari, Y., "Demonstration of an Automated
Electromanometer for Measurement of Solution in Accountability Vessels," IAEA Technical
Series Report No. 213 (1982), pp. 77-93.
2. Suda, S., "An Automated Electromanometer System for Volume Measurements in
Accountancy Tanks," Proceedings of the First Annual ESARDA Symposium on Safeguards and
Nuclear Material Management, (1979), pp. 325-29.
3. Suda, S. C , and Keisch, B., [1992], "Independent Verification of Tank Volume Measurements
by Pressure-Volume Authentication," 33rd Annual I N M M Meeting, (1992) Orlando, FL, BNL47071.
4. Suda, S. C , "Bubbler Probe Manometry in Nuclear Process Tanks," Proceedings of 31st Annual
I N M M Meeting, (1990), Volume XIX, BNL-44984
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PHYSICAL INVENTORY TAKING AND MATERIAL BALANCE CLOSURE IN
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AND PLUTONIUM 1
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Leslie G. Fishbone and John Valente
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The Institute of Physics and Power Engineering (IPPE) is a major scientific research and
development (R&D) laboratory in Obninsk, Russia and is under the jurisdiction of the Ministry for
Atomic Energy of the Russian Federation. Within IPPE are several major facilities with weaponsgrade nuclear materials, plutonium and highly enriched uranium (HEU). IPPE is implementing
improvements in MPC&A at facilities with these materials within the context of the cooperative
US-Russian Material Protection, Control, and Accounting (MPC&A) Programs. Six US
Department of Energy national laboratories participate in these Programs: Brookhaven, Los
Alamos, Lawrence Livermore, Oak Ridge, Pacific Northwest, and Sandia..
Two facilities at IPPE comprise a closed nuclear fuel cycle involving highly enriched
uranium, while one of them also stores and uses large amounts of other nuclear materials,
particularly plutonium. As part of the MPC&A programs, nuclear material accounting at these two
facilities are undergoing significant improvement by the implementation of regular physical
inventories and material balances. It is the purpose of this work to describe these MPC&A
procedures in detail.
The BFS Fast Critical Facility, with the BFS-1 and BFS-2 assemblies and their associated
nuclear fuel storages, contains a large amount of nuclear material, including several hundred
kilograms of weapons-grade plutonium and several tonnes of highly enriched uranium (HEU).
These materials are contained in tens of thousands of clad disks, which are stacked along with
coolant and structural materials in vertically oriented tubes within each critical assembly. When
they are not undergoing movement for normal critical assembly operations, the disks reside in the
fuel tubes of the critical assemblies and in storage tubes in the storage vaults. All of these tubes
can be sealed, and those in the vault are under surveillance. No processing operations occur at
BFS, in the sense of removing the cladding to reveal the core nuclear material.
Periodically the BFS nuclear material at BFS undergoes a physical inventory taking (PIT)
based on statistical sampling techniques and a suite of measurements that currently include gross
weight and specialized gamma ray and neutron measurement techniques. The chief limitation of
the PIT is that data about all the disks has not yet been entered into the computerized material
accounting system; this lengthy task shall be completed in about one year.
At the Technological Laboratory for Fuel Fabrication (TLFF), which is adjacent to BFS,
enriched uranium metal disks.for BFS-1 and BFS-2 are reclad. The original cladding for these
BFS disks was aluminum and has begun to suffer degradation, resulting in the implementation of a
campaign to replace the aluminum with stainless steel. The campaign started in 1991 and is
projected to be completed by 2000. TLFF receives batch transfers of uranium metal disks from
1

This work performed under the auspices of the U.S. Department of Energy, under Contract No. DE-AC0276CH00016
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BFS. There are more than twenty individual steps in the recladding process—from decladding,
through cleaning, to recladding. When not undergoing processing, the disks are kept in a storage
vault within the TLFF. After being reclad, the disks are returned to BFS. Both transfers are
verified quantitatively.
Periodically the BFS nuclear material at TLFF undergoes a physical inventory taking (PIT)
on the complete population and a suite of measurements that currently includes gross weight and
gamma ray measurements. Additionally, during the recladding process, which generates waste
streams, disk identity is checked against the internal serial number and the nuclear material core is
weighed. By virtue of the transfer verifications and the data obtained during the recladding process
and the PITs on the population of BFS fuel items at the TLFF, the material balance around the
recladding process is closed and evaluated over the specified material balance period.
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The feasibility of geophysical field techniques in monitoring a closed
repository is unknown. The monitoring problem is new in nature and difficult.
Because other techniques to monitor the presence of spent fuel canisters in the
repository are not available, there are arguments that support further studies to
determine the potential of geophysical techniques. The report includes a problem
specification together with guidelines for a possible research program. Criticism of the
approach to use geophysical techniques for safeguards purposes is also included.
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CODE HEX-Z-DMG FOR SUPPORT OF ACCOUNTING FOR AND CONTROL OF NUCLEAR
MATERIAL SOFTWARE SYSTEM AS PART OF INTERNATIONAL SAFEGUARDS SYSTEM
AT BN-350 SITE.
A. G. BUSHMAKIN
Mangyshlak Atomic Power Complex, BN-350
B. SCHAEFER
Argonne National Laboratory-West
A code for computation of global neutron distribution in threedimensional
hexagonal-z
geometry
and multi-group
diffusion
approximation was developed at BN-350 as the main part of the BN-350
accounting for and control of nuclear material software system to
increase the accuracy of the definition of isotope compositions and
inventory of produced plutonium.
This
software
system
includes:
model
for stationary
distributions of neutrons for operative support of current reactor
exploitation and for numerical analysis of reactor experiments; model
to calculate isotope compositions changing; model of refueling
operations;
To develop this system next two problems were solved: to make a
micro cross sections library for all nuclides for BN-350 reactor
core; to develop the code for computation of global neutron
distribution.
To solve first task the SCALE [1] code was used. The twentysix-energy-groups micro cross sections library for more than seventy
nuclides was produced. The comparison of produced sections and former
Soviet Union sections ABBN [2] library was done. The SCALE U-235
fission micro cross sections for enrichment and blanket parts of BN350 core and the same ABBN sections are shown in Fig. 1. For all
other nuclides there were gotten the reasonable correspondence also.
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FIG 1. Fission micro cross section for U-235
To solve second task three-dimensional hexagonal-z geometry and
multi-group diffusion approximation code was developed. This code
(HEX-Z-DMG) was based on the solution of the multi groups diffusion
equation using the standard net approach.
To b e sure that this new HEX-Z-DMG code works well the series
of
calculations
w a s performed
in
twenty-six-energy-groups
representation using this code and well-established DIF3D [3] code as
well. W e wanted to compare eigenvalue ( keff ), spatial and energygroup-dependent
neutron
flux
distribution.
For these
both
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calculations
(DIF3D
and
HEX-Z-DMG)
the
same
real
isotopes
concentrations of the BN-350 rector core and the same twenty-sixenergy-groups micro cross sections library were used.
Energy-group-dependent neutron flux distributions (DIF3D and
HEX-Z-DMG) for the central position of the BN-350 core are shown in
Fig. 2.
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Spatial neutron flux distributions (DIF3D and HEX-Z-DMG) from
the central position up to boundary {radial distribution) of the BN350 core are shown in Fig. 3.
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FIG. 3. Spatial neutron flux distributions
After the series of these calculations we can say that HEX-ZDMG code is well established to use as the part of the BN-350
accounting for and control of nuclear material software system.
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PROGRESS'IN DISMANTLING'OF tNS.WAK PILOT REPROCESSING PLftWT
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he (WAKJ, Eggenstoin-Lsopoldshafan, Germany
It'lias-bean generally s a c k e d that safeguards approaches for new installations are developed at.an ©gfly a ^ e lii'tftei design of tbd.plant ft has therefore become common practice th'^jqte^n/e. ^rs|:u|t^|iq|is_featwf©n operators and inspectorates- start long- b ^ r e ' j ^ j ^ i j l ^
'begin. .The sairpe
arguments apply at'the' 6hi^ ^ , i ^ ! i | ^ ' ^ © ' ' o | ! t h © . ^ l ^ riameily at .tfecGmmissiqriShg
snd dismantling of shl^yofe^l'ai]|y;''pf|'^j^f©c§ssing ceases the specKlepurpose
^ i ^ ^ ^ * ^
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Particular Safeguards Provisions .will, therefore, ba formally required. Also safeguards schemes during the dififer©of '^see^frifssjonlng phases of a plant need to foe
discussed and agreed bereft'©pera'tors 'and, Inspectorates; sufficiently far In ad=
vance to allow a smooth 'phasing out bf'ipfggua^ds obligatlcns';ant? activities while
the plant ,fi dismantled Tfafrmay.&ls© Mlp'thp 1ns^&ctoral@§-tb.spar©.tlieir reeoyress
by saving inspection'maH-d^s..
, this papar describes the progress ip dismantling of th& W&9derau?arbeituftgs°
anlage terisruh© (WAK) pilot repfocassfns plant. Ttie fetifstj- was commissioned in
1971 and finally shut down at Ihe en,tl ©f. 1900. Durihg 31 eamp^igns.210 Mg of uranium and 1100 kg of pjutonium .origlngypg 1rom'-dif¥srent,GeiTnan reactors vjere reprocessed. All(_separated plutohium ^rt^'uran'urn v^re shipped off site. .The medium
and low level wastes were shipped to £h@ wast© ^©atcnentarid Intermediate storage
facility at the Research Centre Kedsruha (FZK). Some 70 ma of high activ© waste
p^ncentrate (HAWCJ has teen accumylate^ as ."retained was!te" in a separate butld:
* the WAK plant', just waiting for yitrifieationWlth r®spee^
to' t iie nuc|©sr
p
| r materja?
teri eentents
nten and rspnbrasslng capabilKy. the
split, into
g
daeemrntesloning and dismantling of. ihe'WAKThese phases
hay©
b
p
p
y iaean sbreliey
ed iin [1], The phases 1 = 3
l t
ti
(operation, clesn-out,
posll operatiqh)
ended in 19^0,' 1991 er d mid of 19^6, respectively. Now, in safeguards phase 4 the process building of W
is being dismantled
stepwise until" 2005. The vitrification of the HAWC will be pp rformed in safeguards
g
h
h i h ' will also fee finalised jt\ 20,05. Having
H
hi phase
h
th WAK
phsse
5, which'
f nishe d thisth©
WAK
site will net contain nuclear material'&t drily',contaminated e^uipraenl in the HAWC
storage and vitrification area. M this time, WAK'wilt not hav© any reprocessing <m.-*
pafoitity at'ipll,.
On;th@ other sjde; sia d i s r a n f e g steps1 are defined p±
1) DeoDmmisstorilng of prscesa building (safeguards pnase 3)
2) First dismantling of process building using' established .equipment
3}_ Rpmote'controlled dismantling in the process building (safeguards phase 4)
4) Decommissioning -of the plant after HAWQ-dlsposalRthts and the folfw/ing
steps #ter safeguards phise 5)
5) Dismantling-of wastQ storage fadiiSes
6) Dempittion of th® buildings a r t refrnedtettea of'the sife
WAK was end, is corstlrtupusly informing the l^EA on She dismantling, progress by
sending updates of Iha adivlty programme to EURATOM.
Since1 the mid of 1993 th© proc©ss ares of WAK doas not contain anymore
fJssite material, apart from' surface contaminetion of vessel© a i d pipes. In 1994 WAK
i d 1 a Partial Dismantling Licene© that slloV/ed a totally dry andfcteck©(Sprocess
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area. Now it was not anymore necessary to maintain the contfol units of the vessels,
evaporators and extractors.-Therefore, the electrical eonnecttc ns from tha measuring
.devices to the indicators-or recorders were Interrupted-As a •esuJt the Central Control Room of WAK became "dark". At the same time the IAEA decided to re&foe the
routine inspection frequency to once a year. During the inspections, the IAEA verified
some seals at strategic points, the fissile materials in the analytical laboratories arid,
of course, the books. Performing these safeguards activitiesT the IAEA maintained
the continuity of knowledge onthe WAK design and ensured that no fissile material
could be fed to or removed from the process $ree. It has beer already shown [3] that
some containment-measures and pliant design verifications are sufficient to ensure
the nortroperatian of a shut down reprocessing plant; '
Getting two more Partial'Dismantling Licences in. 1936, WAK started to remove equipment from the head and tail end of the process jrea. The equipment of
the fuel receipt, the fuel cask decontamination unit, the fuel storage pond and the fuel
disassembly cell'is already almost totally removed. Further/riore, the uranium and
Plutonium product load put will,be dismantled within the nex: six months, From the
IAEA point of view, the removal of key cornponents is esseht al for the classification
of e plant For reprocessing plants the dissolver is the'main kpy component. In close
co-operation with the .German authorities.WAK is planning to remove the dissolver
within the next months..This task can b. & performed with the sMl remaining equipment
of the fuel disassembly celt. Having finalised this work, the dcse rate' in this area, wil!
be reduced significantly. In a further action,.a partial removal rf extraction equipment
fa foreseen very soon.' During .routine inspections the IAEA may verify the WAK design according to the dismantling progress. • . '
.Taking all these dismantling steps into account, it will bis possible for the IAEA,
to accept very soon that WAK has lost its reprocessing capab Jfty ancj-tnerefore fs not
any more a reprocessing plant" Regarding the WAK process building-the IAEA then
will be able to decide that safeguards measures are not an/more necessary. This
may also.facilitate to .phange the status:of the HAWC frdm "retained waste" to
"measured discard"
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The International Atomic Energy Agency (IAEA) is interested in increasing its
safeguards efficiency, e.g. by reducing its inspection effort A number of
member states carry out field tests using various equipment, in order to
assess the potential and impacts of remote data transmission schemes or
design appropriate remote monitoring systems for implementation. The
German Government sponsors a field trial in the commercial facility for the
dry storage of spent fuel casks at Ahaus. The objectives are to study
technical and non-technical issues related to the remote transmission. Major
technical issues are the authenticity and confidentiality of the transmitted data
as well as the applicability of. the components which make up a remote
monitoring system! Non-technical issues are related to the operator's effort
arid responsibilities in a remote monitoring scheme as well as to the release
of data including the timing of data transmissions. The first phase of the field
trial took place from February to December 1996 It focused on the
transmission of digital video data via Integrated Services Digital Network
(ISDN) within Germany. xThe remote monitoring system consisted of a
customized smart camera known as the Digital Camera Module One-Four
(DCM14) developed under the German Programme in Support of the IAEA
and commercially available PC hardware and software. The paper describes
the test setup, operation and results and draws conclusions.
The remote transmission of surveillance images is the most interesting issue
both from a technical and from a procedural point of view, e.g. regarding the
release of confidential information. Image files are significantly larger than
any other type of data file. Therefore, it was important to investigate into the
technical requirements1 of digital image transmission such as data
compression and local data storage in the camera. Secondly, the operator
may be concerned regarding commercially sensitive or security relevant
information. Therefore, the release of image data is an important issue. While
the safeguards authority is interested in obtaining authenticated data at its
review station, wherever it may be located, the plant operator may not allow
unauthorized access to the data. Therefore, the data must be secured by
acceptable encryption. Consequently, procedures for the handling of
encryption has to be agreed upon between the safeguards authority and the
state.
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The system was composed of the following components: low power CCDcamera, digital camera module DCM14, Image collection PC, SyQuest
270MB removable data carrier for image storage, data communication PC,
and Integrated Services Digital Network (ISDN) terminal adapter.
For the purposes of the field trial it was sufficient that the camera viewed a
running clock. The images were stored on the removable SyQuest disk which
was not remotely accessible in the image data collection PC. Once per week,
the disk was retrieved by the plant operator and inserted into the
communication PC for remote image retrieval via ISDN within Germany.
Thus, the time delay of the remote image data transmission was totally in the
operator's influence. The image data files stored on the SyQuest disk were
retrieved from offices in Juelich and Pulheim. The field trial took about 10
months, during which some 50,000 images were collected.
The video signals from the low power CCD-camera were digitized,
compressed, authenticated and encrypted. The time interval for image taking
was set to 8 minutes corresponding to 180 images recorded per day. The
image capacity of the SyQuest disk was approx. 19,000 images. For the
remote data transmission commercially available communication software
was used. Access to the communication PC at the field test site was only
possible for authorized individuals using a dedicated password. Moreover,
the remote monitoring system was operated in the call back mode, which
inhibited access from any ISDN station other than the two at Juelich and
Pulheim.
The image review software ran under WINDOWS 95 or WINDOWS NT.
Technical evaluation criteria were the completeness of transmitted data,
authentication, encryption, and image quality, usability of communication
software, time required for data transfers, usability of review software, and
finally transmission costs. Also the implications were assessed for the plant
operator to carry out safeguards relevant activities in a remote monitoring
scheme. In conclusion, a potential reduction of inspection effort may concur
with advantages on the plant operator's side, such as operational flexibility
and savings for escorting. Furthermore, a remote monitoring scheme results'
in a much higher security for the inspector and data.
The results of this field trial have shown that a remote image data
transmission scheme is possible. A precondition is, that all components of a
remote monitoring system should meet the applicable safety standards, in
particular those regarding electromagnetic interference. The customized
components such as the digital camera module with low power CCD-camera
and battery backup have performed acceptably, whereas some of the
commercial ofMhe-shelf hardware and software did not perform appropriately
for safeguards use. Therefore, the principal conclusion is, that any future
remote monitoring system should consist of thoroughly selected components
diligently tested in the facility in question before implementation. Finally, each
state and plant operator may impose different boundary conditions regarding
the release of image data, e.g. resulting in time delayed image data
transmission schemes.
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WhltenhcU Laboratories, ARCL
H, Canada

ABSTRACT: Most concept* for the deep geological disposal of spent nuclear fuel involve the
permanent emplacement of contalncre of conditional fuel in a geological repository, with no
expectation of retrieval. A geological reponilory will consul of a largu number of disposal rooms
excavated «( depths of a few hundred metres to more than one thousand metres within « suitable
geological formation like crystalline rock, suit, shale, clay or turf.
The generally accepted concept for a repository involves sinking a &htilt into the selected rocks imd the
mechanical excavation of (he disposal rooms/tunnels. Although no repositories have been bull), sonw
Information is available about the proposed design of these facilities in a geological medium
comprising of crystalline rocks. Mill dwnes. volcanic tuff and clays (Wuschke 1991, Myatt et al. 1995,
Porsbwg J901). A reference repository for development of nufeguardK for spent fuel is described by

'Itio Atomic l'.Tiergy Control Board (ARCH), on behalf of Canada, is misting the International Atomic
Energy .Agency (TARA) in developing monitoring techniques for safeguards for «|>cni fuel in
geological repositories (SAGOK). AECL. in co-operation with the AHCB, has conducted a study of
exiHtlng and potential geophysical techniques that might be applicable to the safeguards monitoring of
spent fuel containers in geologic repositories. Electromagnetic, magnetic, radiomefric and groundpeneirating radar stM'vcyB from the floor of the rooms containing buck-filled emplacement boreholes
can nwiitt in monitoring the continued presence of the containers of spent fuel during the o|>cr(Uion of
repositories. The high frequency Kclnniu reflection (whniquc ami digital ground penetrating rndnr
technique tested fur mapping fracture zones within a 50 m exclusion distance- for the Canadlatt
dinposal concept provides encouragement for monitoring to detect the presence of undeclared diversion
luinuJn or roomn. Acoustic Emission/Micro-sclsmic monliorinj; technique with suitnbJy deployed
sensors can provide advatwo warning of «ny nctive undeclnred excavations.
The purpose of this paper is to discuss the scenarios under wliich geophysical techniques could he
uKed by IAEA inspectors fur safeguards monitoring of» geological repository. Several opcrniiunv (e.g.
cxetivitlion, emplacement and baekfilling} could be carried oui ximultniicously in an operating
geological repository. The safeguards approach inoy re<]tiire verification of the loeHlion and status of
spcnl fuel dixpo«Hl container* cmplaeed in the rvpository both during operation of the repository And
following it* nettling and closure, The gnfcgtiards approach also rcqulrw detection of unrepmiod
excavationv which could be used for diversion of «pent nuclear fuel. This pn{ier provides H summary
of the geophysical techniques which have potential for application in;
(u)verification of individual or groups of containers after emplacement In the borehole*;
(b)vuritjcution of (he integrity of bulkheads of backfilled rooms;
(c)detcclion of unauthorized excavation/boreholes during operation of the repository; and
(d)dciec(ion of an intrusion ttvenario during the pctutclosurc phase.
Recent improvements in Instrumentation, collection of multiple sensor data by remotely wnlrolled
vehicles And iW data processing techniques have advanced the feasibility of using these techniques
during the day-to-day operstjons of fopositorlcs. The techniques diseased with the HiniUid exception
of AB/MS, bcreJiolc mdur, surface radar and seismic reflection are not yet directly tested in
experimental/real repository environments. The continued follow up of the developments of multiple
wnsor platforms and developing case history examples from cx|>crimental repository enviromneitts will
provide confidence in the application of geophysical techniques for tepository cafeguurds. Assuring the
continued presence of spent fuel after repoRitory cloRUre by monitoring unauthorized excavations nt
depth using AH/MS technique and surface activity surveillance by satellite monitoring h receiving
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further ntlcniion. The- c-ontinucd monitoring of individual containers from surface is not H (rivial
mailer nnd is receiving sorna attention from ongoing research in Finland. The actual details of dm
technique* and details of instrumentation available In l^xlha et al. 099b) will form the core of this
papw.
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Digital Cerenkov Viewing Device for Verification of Spent LWR Fuel
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L. Hildingsson, B. Lindberg, O. Trepte
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A scientific charge-coupled device (SCCD) has been evaluated [1,2] as a
detector in a Cerenkov Viewing Device (CVD) to verify spent LWR fuel. The
study is part of a joint task between the Canadian and Swedish Support
Programs to develop a CVD with higher sensitivity than the Mark IVe. The
instrument should be capable of verifying spent fuel cooled for 40 years with a
burnup of 10 000 MWd/t U. In addition, the IAEA indicated a desire to have
data storage and the need to have a more objective verification of the spent fuel.
A commercial laboratory instrument, purchased from Astrocam Ltd.
(Cambridge, UK), was coupled to a recently developed 250-mm lens and an
ultraviolet-pass filter [3]. The SCCD detector was a frame-transfer chip
consisting of a 512x512 array of photosensitive pixels with a total area of
59 mm2. The chip was Peltier-cooled to about -35°C to reduce the dark noise.
The quantum efficiency of the chip was measured to be 8% at 300 nm near the
maximum of the Cerenkov light produced from spent fuel.
The computer-controlled instrument was tested at the Ringhals NPP and
CLAB interim fuel storage facility in Sweden. Acquired Cerenkov glow images
of BWR and PWR spent fuel assemblies showed more detail than those taken
with the Mark IVe CVD. A SCCD Cerenkov glow image of a 15 x 15 PWR
spent fuel assembly with a burnup of 42 000 MWd/t U and a cooling time of
1 year is shown in Figure la. The major feature seen in this image is the array of
very bright guide tubes. The fuel rods can be seen as dark circles under the top
plate. Between the fuel rods, the spacer grids located along the length of the fuel
assembly can be seen. The inner ring of guide tubes appear to be brighter than
the outer ring, which indicates that the light from the guide tubes is highly
collimated. The same results can be seen clearly in the false colour image
(Figure lb). Moreover, from an examination of the light between the fuel rods,
it can be seen that the centre of the assembly is brighter than the edge of the fuel
assembly. This is a new Cerenkov characteristic that has not been observed
previously.
The instrument was also used to image a BWR fuel assembly cooled for
16 years with a burnup of 22 000 MWd/t U. This was judged to be the limit of
the instrument and was comparable to the limit of the Mark IV CVD.
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To meet the IAEA verification target, an increase in sensitivity will be
achieved with the latest generation of SCCD sensors. A new prototype Digital
Cerenkov Viewing Device (DCVD) is being developed using a back-thinned
scientific charge-coupled device. The split-frame transfer detector consists of a
1024 x 1024 pixel array with 12 Jim square pixels having a quantum efficiency of
> 40% in the ultraviolet. An improved filter has also been developed to increase
the ultraviolet light throughput and to have a very high rejection of visible and
infrared light. The portable instrument will have an integrated compact display.
Ergonomic design and operation (including software interface) will be
emphasized in the development of this new instrument. The computer will be
embedded in a separate light-weight wearable backpack. The prototype DCVD
will be produced in early 1998 with testing later that year.

(b)
Figure 1.

Cerenkov image of a PWR spent fuel assembly, burnup of
42 000 MWd/t U, cooling time of 1 year, (a) Digital SCCD
image, (b) False colour image.

REFERENCES
1. Attas, E.M., G.R. Burton, J.D. Chen, G.J. Young, L. Hildingsson and O.
Trepte, "A Nuclear Fuel Verification System using Digital Imaging of
Cerenkov Light," Nucl. Instrum. Methods Phys. Res., A384, 522-530, 1997.
2. Chen, J.D., E.M. Attas, GJ. Young, G.R. Burton, R. Keeffe, P. WardWhate, L. Hildingsson, A. Nilsson and O. Trepte, "Spent Fuel Verification
Using an Ultraviolet Sensitive Charge Coupled Device," in the Proceedings
of the 37th Annual Meeting of the Institute of Nuclear Materials
Management, Naples, Florida, U.S.A., Volume XXV, 770-775, 1996.
3. Chen, J.D., E.M. Attas, G.J. Young, L. Hildingsson and J. Brauneisen,
"Cerenkov Viewing Device: Recent Developments and the Implication for
Spent Fuel Verification," in the Proceedings of the 17th Annual ESARDA
Meeting, Aachen, Germany, 653-659, 1995.

31

XA9949339
IAEA-SM-351/18P
EXPERIENCE IN THE APPLICATION OF ARC SEALS
FOR SPENT FUEL CONTAINMENT
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Ottawa, Ontario, Canada
The In-situ Readable Ultrasonic Seal System (IRUSS) was delivered to the IAEA in 1996
March. This system provides a comprehensive, effective, and user-friendly system to
support the application of AECL Random Coil (ARC) Seals for safeguarding irradiated
fuel in water-filled bays. Delivery included seal reading instruments; a comprehensive
training program for inspectors, seals clerks and equipment maintainers; software and
documentation.
This paper reviews experience gained and lessons learned in the development and use of
IRUSS and the ARC Sealing system that it supports. IRUSS was developed in close
cooperation with the IAEA and was one of the first projects to require formal quality
assurance based on the ISO-9000 standard. The experience is applicable to many
safeguards instrument development projects and implementation of ARC Sealing at new
facilities. Recent developments, current work and future directions are discussed.
AECL Random Coil (ARC) Seals have been used routinely to seal irradiated fuel in waterfilled bays for nine years. The seals resemble nuts and are installed on threaded studs or
bolts. Each seal contains a coil of wire that serves as both the identity and integrity
element. Once installed, an ARC Seal cannot be removed without permanently destroying
the wire coil.
The seals are read using an ultrasonic sonar technique. When a seal is first installed, an
electronic instrument connected to ultrasonic reading heads records an ultrasonic seal
signature as a reference. During subsequent verifications the newly acquired signatures
are compared with the reference signature. The original ARC Seal system used a Seal
Pattern Reader (SPAR) based on technology developed in the early 1980s. [1]
IRUSS maintains a database of ARC seal information including all seal signatures; the
location and status of each seal, and quantity of nuclear material under each seal;
inspection data such as dates, inspector codes, comments and observations; and
inventories of sealing hardware (seals, covers, etc.). Computer software is provided for
the IAEA seals clerk to maintain and use this database. Prior to each inspection this
software is used to create a diskette containing relevant data and software, and a preinspection report to advise the inspector on the facility status. At the facility an IAEA
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inspector uses the diskette in a notebook computer connected to a seal reading instrument.
IRUSS leads the inspector through pre-programmed ARC Seal inspection procedures
ensuring correct installation, verification and removal of seals. Data acquired during the
inspection is stored on the diskette and returned to IAEA headquarters in Vienna where it
is transferred into the database and used to generate inspection reports and files to transfer
relevant information into the IAEA's main seals database. [1]
Throughout 1995 and 1996 IRUSS was used in parallel with the original SPAR system.
This provided confidence in the new system, helped overcome limitations and problems
with the SPAR and allowed IAEA inspectors to become familiar with the new system.
During this period many seal signatures were stored and analysed, providing an
opportunity to assess not only IRUSS, but the overall ARC Sealing system. The results
show that ARC seals provide a signature that is stable despite prolonged underwater
storage. However, verification results can be considerably improved by using new
electronic circuits and more sophisticated signal processing algorithms that are possible
with modern computers. IRUSS contains incremental improvements to the signal
acquisition system including enhanced gain control, higher signal bandwidth, and more
sophisticated temperature compensation algorithms. Additional improvements could be
achieved through replacement of the signal smoothing algorithm with a true envelope
function, and locating the bottom of the ARC seal using ultrasonic techniques to
compensate for reading head placement.
Experience with the original ARC Seal reading system indicates that IAEA inspectors use
the system infrequently. Hence, a key goal of IRUSS is to provide a system that guides
the inspector and seals clerk through pre-programmed activities while providing enough
flexibility to cope with more sophisticated situations. IRUSS achieves this through a
detailed user interface based on menus and forms. Close interaction with the IAEA and
direct technical contact and work with IAEA inspectors is essential in the development of
an interface that meets the IAEA's needs.
The IRUSS formal acceptance test was conducted in 1995 December and included a test
at a nuclear generating station. IRUSS training was conducted in 1996 April in Canada
and at IAEA headquarters in Vienna. Review of feedback from the inspectors, seals
clerks, system maintainers, and other IAEA personnel confirms that IRUSS meets the
project requirements and design goals.
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Performance Results from the First Integrated NDA VXI Safeguards System
David Bot, Bot Engineering Ltd. and
Reinhard Messner, Atomic Energy Control Board of Canada
The IAEA has expressed a formal need for equipment standardization starting in 1992 with
the establishment of the IAEA Integrated Safeguards Instrumentation Programme (I2SIP).
Periodic I2SIP consultants and advisory group meetings have resulted in recommendations
and guidelines. In particular, the VXIbus standard has been recommended as a first choice for
unattended monitoring systems. As a result, in late 1992, an effort was started by the
Canadian Safeguards Support Program (CSSP) to develop truly integrated and modular
safeguards system hardware and software. This effort was directed at fulfilling the need to be
able to integrate large monitoring systems into an easy to manage safeguards instrument
package.
This need was related to IAEA experience with the large scale Core Discharge Monitor
(CDM) system which was installed at one multi-unit CANDU station. This was a large system
consisting of 64 detectors spread out over 1 kilometer distance. While quite successful, the
original CDM was very complex, consisting of 3 main computers and 17 additional pieces of
computerized equipment spread out across the plant. The original system also required
expensive custom software to be developed, which could not be easily adapted to other
installations. The project that resulted from this need was entitled the VXI Irradiated Fuel
Monitor or VIFM system.
The basic concept behind the VIFM system was to provide a totally scaleable system that
could accommodate from one to 96 detectors without the need for either hardware or software
redesign. This functionality was further expanded to provide the ability to integrate multiple
NDA systems into one software package. Examples of such a subsystem approach is the
integration of the core discharge monitor and spent fuel bundle counter into one user interface.
These totally unrelated systems operate seamlessly in the VIFM environment sharing both
main computer and data acquisition resources thereby simplifying the operation, service and
architecture of the system as well as providing excellent economies of scale.
In early 1997, the first of the VXI based radiation monitors were installed at several nuclear
power plants around the world. These systems varied in configuration from simple bundle
counters to complex integrated systems involving up to 5 different NDA systems in one
cabinet. Although these configurations differed widely, all systems utilize exactly the same
software and hardware components.
This paper presents the operational results obtained from these first systems and provides
details of the performance of the integrated system concept. Of particular interest in
examining the data collected thus far is the very high fidelity of the recorded signals as well as
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the very good time resolution of the system. This fidelity and resolution is unsurpassed in any
existing IAEA system and opens the possibility on "fine structure" signal analysis of the
radiation signal. This type of analysis has been shown to be able to provide detailed
information regarding the spent fuel transfer process. Automation of this process may allow
the determination of previously unobtainable or obscure details.
In addition to radiation data, the VIFM system provides a history of the user's interaction with
the system. This capability has proven very useful in fine tuning the usability aspects of the
system and can also be used to determine which areas of operation may need emphasis during
inspector training.
In one set of the VIFM system installations, a new technique has been pioneered that has
allowed the use of simple reactor control type cabling as the interconnect between the
electronics cabinet and detectors. This development has allowed the installation of critical
NDA systems that were either not technically feasible or prohibitive in cost to even consider
previously. As part of this paper, further details on the performance of systems equipped with
this connection scheme will be presented.
In specific terms, the paper presents details on the following items:
1. System performance, including data on detector, computer and data acquisition subsystems.
2. Presentation of recorded data, with specific details on the wide dynamic range and
resolution of the system.
<
3. Evaluation of the system user interaction log as a guide to usability problems.
4. Present data on the performance of the new cabling scheme.
The final part of the paper outlines the current efforts aimed at expanding and enhancing the
capabilities of the VIFM system. These additional items consist of VXI compliant hardware
modules that seamlessly integrate with the existing hardware via the system's software. The
additional functions include enhanced authentication and tamper indication of NDA detectors,
precision time keeping capability, high speed remote transmission and dialog, increased NDA
functionality, video integration and finally very large scale detector networking capability.
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A Model Safeguards Approach for a Geological Repository
R. Keeffe and T. Ellacott
Atomic Energy Control Board of Canada

Introduction
The direct underground disposal of spent fuel from commercial nuclear power reactors is an
option that is currently being explored by a number of countries. Implementation of this option
for the final part of the nuclear fuel cycle requires construction and operation of two new types of
facilities:
• conditioning plants for preparation and packaging of the spent fuel in disposal containers; and
• geological repositories (operating and closed) for final emplacement of the filled containers.
The introduction of these new facilities imposes an obligation on the International Atomic
Energy Agency (IAEA) in Vienna to develop and effectively implement new safeguards systems
that will provide adequate assurance of non-diversion of nuclear material from both conditioning
plants and repositories during all phases of operation and following repository closure. The
safeguards support programs of Canada and several other Member States have accepted the
IAEA task on Safeguards for Final Disposal of Spent Fuel in Geological Repositories (SAGOR)
to develop generic safeguards approaches for these facilities.
Canada's Role in the SAGOR Project
Canada has undertaken a lead role in performing studies and preparing the associated technical
reports covering the development of a safeguards approach for an operating geological
repository. In collaboration with its partners, Canada has also prepared a report that provides a
general overview on the application of different geophysical techniques and a brief description of
related instruments that have potential for safeguards applications in a geological repository for
spent fuel.
The Safeguards Approach for a Reference Repository
As a prerequisite to designing a model safeguards approach for a geological repository, a report
was prepared to describe the design and operation of the reference facility and the design of the
disposal canister and cask that would be received from the conditioning plant. The reference
repository is a generic facility which incorporates aspects of several design concepts; however,
actual specifications on characteristics of different fuel types and the conceptual designs of
disposal facilities from a number of Member States are also provided as appendices in the report.
The reference facility is excavated to a depth of about 500 m in crystalline rock. Disposal
canisters filled with spent LWR fuel are lowered into the repository via a single vertical shaft and
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emplaced in boreholes that are drilled in the floors of disposal rooms. Each disposal canister has
a copper shell for corrosion protection and an internal steel liner for strength, and will contain
nine BWR or four PWR fuel assemblies. A reusable outer cask reduces the radiation dose rate
from the spent fuel to acceptable levels within the repository from the time of receipt at the
surface until final transfer of the canister to the underground emplacement site.
A second study was then undertaken to determine the potential paths for diversion of nuclear
material from the repository. It was found that a limited number of locations ("detection points")
could be identified for the detection of all attempted diversion strategies. Further examination of
these detection points revealed that an even smaller number of locations ("strategic points") common to multiple diversion scenarios - would cover all of the postulated diversion paths listed
in the report.
Based on the findings from these two initial reports, it was then possible to develop a model
safeguards approach for the reference repository. The most recent IAEA consultants' group
meeting on Safeguards for the Direct Final Disposal of Spent Fuel in Geological Repositories has
recommended that the IAEA combine containment and surveillance (C/S) methods with design
information verification (DIV) as the basic safeguards approach for an operating repository. The
research undertaken by Canada within the framework of the SAGOR Project supports the
feasibility of that recommendation to the extent that a reliable and comprehensive C/S system
could be employed, mainly at the surface of the site, to verify, inter alia, the flow of full and
empty spent fuel casks, and that DIV could be used as the primary safeguards technique below
ground level. It is thought that DIV, possibly in combination with environmental monitoring,
would be particularly effective in the detection of a clandestine underground reprocessing facility
or the existence of any undeclared structures or excavations within the repository.
As with previously established safeguards systems, a major consideration in the design of this
model safeguards approach is to employ non-intrusive methods. The ultimate goal is to develop a
system that is accepted by the IAEA as a basis for safeguards at all types of geological
repositories.

37

XA9949342
IAEA-SM-351/21
IAEA Symposium on International Safeguards (SM-351)

Development of Multimedia Computer-Based Training for
VXI Irradiated Fuel Monitors
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Introduction
The VXI Irradiated Fuel Monitor (VIFM) developed by the Canadian Safeguards Support
Program (CSSP) is a generic radiation monitor that is based on the international VXI instrument
bus standard. Complying with the IAEA Integrated Safeguards Instrumentation Program (I2SIP),
the architecture of this new equipment is based on the modular VXI computer bus and interface
format. VXI software uses LabView graphical software language in order to simplify the
development of automated measurement and instrumentation systems by using a virtual
instrument concept with a graphical user interface (GUI) as the front panel. A component of this
development effort was the production of an effective training package for the primary users of
the technology; namely, the IAEA inspectors and technicians.
Training Requirements
Although two distinct groups of end-users are involved, a portion of the training can be
considered generic and covers topics such as an overview of system components, a general
description of system specifications and functionality, software features, signal paths and
familiarization with the various LabView screens that serve as the user interface. More specific
information on the topics of data retrieval, malfunction identification, anomaly identification,
data analysis and reporting is required by the inspector whereas the technician is more concerned
with system performance, troubleshooting testing and maintenance. The training package is to
be produced in CD-ROM format, with future possibility of making it available on internal or
external networks.
Training Development
The software that controls the VIFM system has a GUI which incorporates a computer screen
and/or a number of dialogue windows for each function. The information on each screen consists
of areas associated with VIFM system identification, information on and control of subsystems,
status of components, control of functions, and display of messages. All user interfacing is
performed through active buttons on these screens via a mouse. Because of this unique method
of accessing the system, it was felt that training should be presented in a computer-based,
interactive format using emulations of the actual screens that would be encountered at the field
installations. As an added feature, a "canned" version of the actual VIFM software would be
installed to give the users an opportunity to explore some real situations as if they were
navigating the virtual panel of the equipment located at site. These combined features would
provide a simulator/actual environment for the trainee and, by making the sessions available on
CD-ROM, they would be totally portable and accessible to users at all times. This eliminates the
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need for specially scheduled individual training and provides a consistent training approach by
removing instructor variability. The CD-ROM also provides the capability for refresher training and
eliminates the need for IAEA staff to prepare and present training materials. The use of a multimedia
approach using text, sound, graphics, animations, photos and video has proven to be an effective
training technique that is superior to videos, lectures and other forms of instruction. In addition, a
complete set of manuals (Instructor's and Maintenance &Service Manuals) will be incorporated in
CD-ROM training package. The manuals will be available, on demand, by the users, for looking up
more detailed information.
Development of the computer-based training (CBT) sessions was contracted to a commercial
supplier of multimedia training systems. One of the prime considerations was that the contractor be
familiar with instructional design and its implementation in multimedia interactive modules. Both
operating and maintenance activities, including troubleshooting, were included in the requirements
specification. Non-sequential access was mandatory for all segments of the program through the use
of a standard panel of "live" buttons appearing on the screen at all times to create a stable user
interface. The overall presentation is constructed in modular format to allow easy access for the
different user groups and convenient expansion of current modules or addition of new modules. The
basic groups include:
- standard introduction (for all users);
- basic operation (for inspectors only);
- operational checks (for inspectors and technicians); and
- troubleshooting (for technicians only).
The standard introduction includes an overview of VXI technology with actual pictures of system
components, orthographic drawings and other graphical representations, and short descriptions of
current VIFM applications and the capability of this general-purpose equipment to be used in an
integrated or stand-alone mode. The inclusion of animations and full narration was also considered
to be a requirement as was a self-testing feature that would allow users to keep track of their own
performance on the subject matter and determine if there were any areas of potential
misunderstanding. This feature could also be expanded for the purpose of formal testing under
controlled conditions.
The sequence of development activities includes the following elements:
-technical review of the system and existing training materials with equipment developer;
- preparation of a video shot list and working script;
- preparation of graphics and text for on-screen use;
- video taping and photographing of equipment and user interactions;
- preparation of an audio track (including voice-over narration, sound effects and music);
- digital editing of video and compression of video using QuickTime;
- implementation of the multimedia module using Macromedia Director;
- review of the alpha version of the CD-ROM by CSSP staff and IAEA users; and
-production of a CD-ROM master in ISO 9660 format and delivery of a specified number
of copies.
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BASIC ASPECTS OF A SAFEGUARDS APPROACH
FOR A GASEOUS DIFFUSION ENCRICHMENT PLANT
Marco A. Marzo and Alfredo L. Biaggio
ABACC
Since the ABACC Secretariat started its operation, in the
middle of 1992, a major concern was how to apply safeguards in two
small enrichment facilities, one based on a diffusion process and
the other on a centrifuge process.
Preliminary analysis, looking for ideas and guidelines in use
in other parts of the world, showed that for centrifugation plants
there was a significant amount of information on safeguards
approach, safeguards activities and diversion scenarios/ including
facility misuse, while the information on diffusion plants was
scarce
if
any.
ABACC,
with
the
collaboration
of
other
organizations, in particular for dealing with some specific
problems of a PIV in a gaseous diffusion plant, has been studying
how to apply safeguards to a diffusion enrichment plant and this
paper summarizes the main results of such studies.
From the beginning, the studies clearly indicated that as the
physic of the diffusion process is quite different from the one
for centrifugation plants an extrapolation of the safeguards
practices followed for centrifugation to the case of diffusion was
not possible. Furthermore, the physical differences of the
processes are such that some elements of the safeguards approach
for a centrifugation plant have no meaning in the context of a
diffusion one.
Two examples of differences that have a significant impact
from the safeguards point of view are indicated below:

equilibrium time
in process inventory

centrifugation
order of hours
order of kg

diffusion
order of months
order of tons

One example of a safeguards tool used in centrifugation
plants that could probably be meaningless in the case of diffusion
plants is unannounced inspections.
After an introduction, the paper briefly describes the physic
of the gaseous enrichment process and the main characteristics of
a gaseous diffusion plant are summarized. Also, the principal
differences
with
the
centrifugation
process
are
indicated.
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In addition, the basic safeguards objectives for diffusion plants
are described and a concise diversion analysis is made where it is
also
indicated which
instruments
and
activities
should
be
considered in the case of diffusion plants. Also, the difficulties
for carrying out some activities, as a PIV that includes the in
process inventory are summarized and possible solutions are
outlined.
Finally, as a conclusion, the paper presents a summary of the
main control elements and the rational behind them, including a
preliminary description of possible facility specific instruments
as well as inspectors activities for interim inspections and PIV.
It is noted that in spite of the fact that these studies where
carried out for a small capacity diffusion plant most of the
concepts can also be applied to larger gaseous diffusion plants.

41

1

XA9949344
IAEA-SM-351/23
DEVELOPMENTS IN MATERIAL ACCOUNTANCY IN MEXICO

Description of the procedure in Accountancy matter for Nuclear Material.
R. A. Rodriguez Pulido
Safeguards Inspector, National Commission of Nuclear Safety and Safeguards, Mexico.

This synopsis is intended to make a description about the way the Accountancy of
Nuclear Material is carrying out in Mexican Facilities nowadays. The procedures were designed
gradually over the past four years, address to accomplish finally the periods of time for sending
ICR, PIL and MBR reports to IAEA.
The procedures starts in a certain facility where an inventory change and/or physical
inventory taking has ocurred. After that the facility send information to the Regulatory Body
(CNSNS) by means of a hard copy and magnetic file. The information included in the files is
equal to that required by ICR, PIL, and MBR forms.
This information is reviewed in Safeguards Department of the National Authority, and
if correct then the information is recorded in CNSNS data base using magnetic files. Once the
information has been considered by CNSNS to be right, it is sent to IAEA.
The procedures for sending ICR, PIL, and MBR reports to IAEA have been developed
quickly through the past four years, making the process of data information easier, quicker and
safer.
A brief history of this development is summarized as follows:
a)
1973-1993. November 28, 1973, the first PEL report is sent to IAEA corresponding to
Material Balance Area MX-A, the way of filling out the reports during this long period
was by using typewriter.
b)
1993-1995. In 1993 computarized system began to be used. Thus data information is sent
from the facilities to CNSNS Regulatory Body in Lotus format. In CNSNS data
information is copied in excel format and then sent to IAEA in printed form, using ICR,
PIL, and MBR format.
c)
1995-up to now. CNSNS National Authority and Mexican Facilities work with the same
application and version using using both hard copy and magnetic files. In addition
CNSNS began to send data information to IAEA using ASCII files in the required
format.
Thus CNSNS guarantee that the information in facilities data base is exactly the same to that sent
to IAEA.
The way to send the information to IAEA is through magnetic disc using ASCII files. Working
in this way timeliness has been improved, so that the number of delays in reports sent to IAEA
has decreased.
Excel data becomes ASCII Data by means of a program designed in language "C++"; MS-DOS.
Internal procedures to review and make reports are followed by CNSNS Safeguards Department.
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CUBAN EXPERIENCE IN THE ESTABLISHMENT O F A USGAZ, SUPPOJRT T O SET UP
A NATIONAL SYSTEM O F ACCOUNTING F O R AND CONTROL. O F NUCLEAR
MATERIALS.
L, Echevarria, JJL. Paredes, R. Iglesias
National Center ofNuclear Safety
CUBA
To develop the progr«5isn9 for the peaceful tee of nuclear energy, in «ts Republic of Cuba there
was issued &s Decree- Law No.5<S of May 2 5 * , 1982 " For the regulation of the peaceful use of
nuclear energy **, which defines as one of its principal objectives the organization of the effective
accounting for and control of nuclear materials.
Within this legal body, there were established fins' Systems of Regalaiory Measures, being one of
them the National System of Accounting for and Control ofNuclear Materials.
At the same time, there were established the objectives of this System and fee Executive
Secretariat for Nuclear Affairs was the organization entrusted to parry out the regulation,
supervision and control at national level of the necessary measures to assure the accomplishment
of the obligations set forth by the accounting for and control of nuclear material in the country.

Due to th© reorganisation carried out 1994 at State level in the Organizations of the
Central Administration, these functions were transferred to the recently created Ministry of
Science^ Technology and Environment* when the Executive Secretariat for Nuclear Affairs
became a part of it
improvement and development of the legal base according to the new organization adopted by the
Ministry of Sciences, Technology and Environment, and to the faculties established in the DecreeLaw No.56, it was approved by the Cuban Council of Ministers, and became effective, the Decree
No.208 " On the National System of Accounting For and Control of Nuclear Materials " to
implement the general dispositions, necessary for the establisment of ihis
This new Segal body was conserved with the purpose to contribute to obtain sn efficient sad
economic- management of nuclear materials, detect any unauthorized use, loss or movement of
nuclear materials or any other items that might be under control, and fulfil! the international
of the Cuban Sfctfe, relaisd with the peaceful use of nuclear energy.
The dispositions within this legislation can be applied to all die nuclear materials or other items is:
any activity, and in any State organization or entity, private or under joint venture basis established
in Cuba,
Tse Ministry of Sciences, Technology asd l&viroxseHt was the organization designated to look
after the accoaipUshment of these dispositions, and ai the same time the Ministry assigns the
National Center of Nuclear Safety the performance of ihe functions which derive from die
responsabilitiee that the Ministry itself must accomplish.
Nevertheless, it is conveniently established that Sits greatest responsability for the accomplishment
of these dispositions wii! fell upon the diree-lors of&e iaciiitie-s independently of fee supervisory
action earned out ia that sense by fee National Center of Neolear Safety, a is also established the
obligation to designate- is&ide the iaoiiity a person responsible for die performance of ihesccountnig for and control functions.
As a general principle it is established that every organization or entity will require a license to
use or produce iaicie-ar materials, aad aa authorization to export or import such materials, which
will be granted by the Minictry of Sciences, Tecimology and Enviroranent
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Likewise, the National Center of Nuclear Safety is assigned fee responsability for the
establishment sad performance of tbe Nsfifiual System of Accounting For aad Control, and so are
the directions of the facilities at thsir own level.
The System of Accounting for end Control of Kuclear Materials wil be based ypo*> the
performaaca of ciaterjai balances closing in material balance areas., previously deiJaed between
die facilities and ffie National Center orNuetear Safety.
In order to accomplish the general principles established in this Decree, Hie Ministry of Sciences.
Technology and Envif caflient dictated a Resolution mat approves and puts hi festec the Reflation
fen- Accotmtiiigibr and Control of i-«uc!sar Materials, which estahlishei: && standards related vwiili
&is System in the following aspects:
- Responsibilities
- Licenses and authorizations
- Acounting for and Control GfNucIear Materials
.design information
. manual of internal procedures for each facility
. measurement system
. records and reports system
. physical inventory
. material balance closing
. inspections
In both documents were taken into account die dsspoflitioas, allowing to accomplish both ffoe
national objective and the iaternational commitments made on IAEA safeguards agreements snd the
aspects stated in the regulatory documents issued by &e TAKA.
References:
- Decreto No. 208 " Sobfe ei Sistema Naeional de CootabiUdad y Conirsi de ios Materiaie.s
Nucleares" Gaceta Oficial de la R«p(ibiica ds Chiba(10 de juaio da 1996 ) .
' Resolution No.62/96"" Re^ameailo para la Contabiiidad y Control de los Materiales Nuciefii^es"
Qaceta, d» laXepublicadc Cuba (2 de fictubre).
- Ouidelines for States' Systems of Accounting For and Control of Nuclear Materials
IAEA/SG/mF/2.
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THE SYSTEM OF ACCOUNTING AND CONTROL OF NUCLEAR MATERIALS IN BELARUS
Igor Sudakou and Syargey Zaitsau, Promatomnadzor, Belarus

The state system of accounting and control (SSAC) of nuclear materials
facilitates attainment of both international goals (as a basis necessary for the application
of safeguards in accordance with obligations of a state, in particular, with the requirements
of the IAEA Safeguards Agreement), and national goals (prevention and detection of
theft, loss or unauthorized use of nuclear materials).
The SSAC in Belarus was established on the basis of the resolution Ns 373, dated
8.06.1993, of the Belarus Council of Ministers "On measures to ensure the fulfilment of
the Non-Proliferation Treaty". In parallel with the SSAC creation, Belarus have started
the process of formation and development of the state supervision of various atomic
energy uses with concurrent division of powers and responsibilities among governmental
authorities, etc.
Taking into account the economic situation, the necessity of making an efficient
SSAC in the shortest possible time, limited human resources, location of nuclear
materials on one site, priority was attached to establishing accounting, control and
physical protection system at the facility level. The regulatory and control functions were
assigned to the state.
Experts of Promatomnadzor in conjunction with the ministries and agencies
concerned have developed and introduced fundamental documents governing the SSAC
operation. They define the basic rules and procedures for material accounting and control,
preparation and submission of reports to the state regulatory body and the IAEA. Criteria
have been established for the application and termination of accounting and
control
measures applied to nuclear material, and the respective powers and responsibilities of the
regulator and licensees have been defined. The initial SSAC concept has been built in such
a way as to provide for sufficient possibilities for its further development and improvement.
Coding of accounting data is based on Code 10 used by the Agency. SSAC-related
recommendations of the Agency have been broadly employed.
In Belarus there is two material balance area (BY-A) located at the Scientific and
Technical Centre "Sosny" (Minsk) and (BY-E) located at the waste management disposal
facility "Ekores". Direct responsibility for maintaining accounting and control system at the
MBA's lies with the entities holding licenses for activities involving use, storage and
transport of nuclear material, i.e. the operators. Accounting and control activities on the
facility level are run with due regard for design of nuclear installations and characteristics of
material uses.
On the state level, the SSAC is maintained by the Nuclear and Radiation Safety
Inspectorate - a special unit within the Promatomnadzor - whose inspectors visit the
facilities on a regular basis. Inspection activities are widely supported by other ministries,
agencies and safety organizations such as Ministry of Health, Ministry of Interior, etc.
The existing regulations require that the regulatory body shall conduct independent
measurements. They can serve as a useful tool of verification of accounting information
and evaluation of SSAC operation at the facility level to determine the extent of compliance
with established criteria. Promatomnadzor is planning to start making such measurements
in the near future.
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All installations and nuclear materials in Belarus are under the IAEA safeguards.
Agency inspectors, accompanied by representatives of the regulatory body, perform their
own measurements. Accounting documents are processed and prepared by using
computer software. The operator submits accounting information to Promatomnadzor
mainly on hard copies. Magnetic media have been used only occasionally. Subsequent
processing is performed by Promatomnadzor taking into account previously submitted data
and inspection results. Pill's, MBR's and other reports to the Agency are still prepared on
paper. All inconsistencies revealed are eliminated by special investigations.
To strengthen the non-proliferation regime and gain additional confidence in that
nuclear material is not diverted or used in nonlicensed activities, the SSAC has to be
complemented by adequate physical protection (PP)measures. In Belarus, parallel
development of the SSAC and PP is viewed as the most optimal approach. Adequate
physical protection of an installation is one of the basic conditions imposed on a licensee.
Belarus have taken the following basic lines of further SSAC development:
1) perfection of the organizational, methodical and technical requirements for the
system of accounting and control of nuclear materials;
2) ensuring conformity of accounting and control procedures in respect of nuclear
materials to international practices and the requirements of the Safeguards Agreement
between the Republic of Belarus and the IAEA;
3) modernization of the legislation covering atomic energy uses;
4) gradual switching to more sophisticated systems of information processing based
on advanced computer software, computer communication links between the IAEA,
Promatomnadzor and operator;
5) development and improvement of inspection activities;
6) raising qualification of personnel.
Intensification of cooperation with IAEA and other international organizations as one
of the main directions of enhancing reliability and efficiency of the system of safeguards
against nuclear weapon proliferation, development of inspection activities of the state and
legislation on uses of atomic energy highlighted the necessity of upgrading the SSAC and,
first of all, on the state level. Currently the IAEA is implementing the development
programme ( Programme 93+2) aimed at increasing effectiveness and efficiency of the
system of safeguards. One of the components of the Programme is the development of
cooperation with national systems of accounting and control. At the same time, closer
cooperation forms are possible with both international organizations (IAEA, NEA, etc.) and
national SSAC's, which would contribute not only to exchange of experience between
personnels, but also to building trust between the states.
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Testing of the Elements of Strengthened Safeguards
on the Nuclear Fuel Cycle in Sweden
Goran af Ekenstam, Goran Dahlin, Ingegard Rehn and Lars Hildingsson
Swedish Nuclear Power Inspectorate, Stockholm, Sweden
and
Valerij Bytchkov, Michio Hosoya, Wolf-Dieter Sellinschegg and Alexander Touzov
IAEA, Vienna, Austria

The Committee on Strengthening the Effectiveness and Improving the Efficiency of the
Safeguards System, established by the Board of Governors on 14 June 1996, submitted a Model
Protocol, additional to safeguards agreements, which was approved by the Board. In the near
future, IAEA safeguards will be developed to the Strengthened Safeguards System, which involves
measures expanded under the Protocol. Since 1994, Sweden and several other Member States have
been playing an active role in providing assistance through their Support Programmes to the IAEA,
in testing additional elements for strengthening the IAEA Safeguards System. The following
elements were tested in Sweden under the Swedish Support Programme to the IAEA:
•
•
•
•
•
•

provision of a draft Expanded Declaration on nuclear and nuclear-related activities
enhanced co-operation between the SSAC and the Agency
remote transmission of information, including surveillance images
taking of environmental samples
verification of closed-down and decommissioned facilities
performing unannounced random inspections for verification of nuclear material flow and for
confirmation of the absence of undeclared activities.

The nuclear fuel cycle in Sweden includes an LEU conversion and fuel fabrication plant in
Vasteras, twelve power reactors, a separate spent fuel storage facility and R&D facilities in
Studsvik, which include a 50 MW(e) research reactor and a hot cell laboratory. Although some of
the tests are still going on, the results obtained demonstrate the feasibility of the elements, and show
the effectiveness and efficiency gains in safeguards implementation for the entire nuclear fuel cycle.
These results provide a basis for developing an integrated, strengthened and cost-effective
safeguards approach for a representative nuclear fuel cycle.
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Tomography as a means for experimental verification of the integrity of irradiated
nuclear fuel.

A. H&kansson, C. Andersson, A. Ba'cklin, S. Jacobsson and P. Jansson
Department of Radiation Sciences Uppsala University, Uppsala Sweden
The tomographic technique comprise methods with a high potential for being powerful
tools in safeguard. Specifically, the verification of the integrity of spent nuclear fuel assemblies
may gain considerably in efficiency and accuracy if adequate tomographic methods are
developed. However, the large variations of the gamma-ray attenuation within the assembly and
the fact that the fuel rods may have been repositioned from their nominal positions, make it a
difficult task to find such methods.
As reported earlier 111, we have developed a method to verify the integrity of an irradiated fuel
assembly by using tomographic techniques. The method is based on single photon emission
tomography (SPECT). By using an iterative method to solve the reconstruction problem
encountered, the method essentially follows the same procedure as in some medical SPECT
applications. That is, a cross section of an object is divided into a large number of radiating pixels
which each contributes to the total intensity outside the object. By correcting the reconstructed
intensity of each pixel with a function depending on the size of the detailed calculated intensity
contribution from the corresponding pixel, the problem with self-attenuation within the pixels
and, consequently, the problem with non-converging iterations are almost avoided.
In the previous presentation of the method III we reported the results in the case where
one fuel rod was removed from an 8x8 BWR fuel assembly. We also presented experimental
results from measurements on an actual BWR fuel assembly where one fuel rod was removed.
These results clearly demonstrated the potential of the method to reveal at least one missing fuel
rod. The results obtained showed that one missing pin, positioned in the central part of a fuel
assembly, can be revealed with a certainty exceeding 99%. However, the accuracy of the method
to determine the activity in each fuel rod (although not the main issue in this project) was hard to
judge from the experimental measurements. This was mainly due to the fact that the
measurements were performed on a test assembly with a very odd power history. This implied, in
turn, that the calculated source distribution within the assembly, as calculated by the operator,
was afflicted with large uncertainties which, consequently, contributed largely to the overall
uncertainty.
In this paper we present the theoretical foundation of the method and an extended
theoretical investigation of the case where several fuel rods are removed in various patterns from
a BWR fuel assembly. We also present new results from corresponding simulations of a PWR
fuel assembly. The results so far show that our technique has a potential to fulfil reasonable
requirements on detection limits for removed fuel rods.
As noted in ref. 1, our experimental work in this field have been carried out by using the
gamma scanning equipment described in ref. 2 which has been re-constructed to fit the present
purpose. The equipment is not optimal for this application e. g. the geometry of the collimator
makes it very sensitive to small deviations of the assumed measuring geometry. We therefore
plan to continue this part of the work by designing a dedicated collimator-detector system which
is more suitable for tomographic measurements.
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THE IMPORTANCE OF THE RETRIEVABILITY OF NUCLEAR WASTE FOR THE
IMPLEMENTATION OF SAFEGUARD REGIMES FOR GEOLOGIC REPOSITORIES
J.A. SWAHN
Institute of Physical Resource Theory, Chalmers University of
Technology and Goteborg University, Goteborg, Sweden

A number of countries propose to use geologic repositories for
the final disposal of spent nuclear fuel. This high-level waste
contains fissile material (plutonium) that can be used for the
construction of nuclear explosives. There is therefore a need to keep
the waste under a safeguard regime during operation of the
repositories and for an extended period after their closure [1-3].
Even though many now believe that it is feasible to site and
develop geologic repositories that will environmentally secure for
over 100 000 years, decisions to do so are being taken under a veil of
uncertainty about the long-term integrity of the method and about
possible societal and technological developments in the future. Almost
all criticism of the concept stems from the uncertainties involved.
In order to obtain widespread acceptance for the use of
geological repositories and in order to facilitate their siting it
appears rational to analyse these uncertainties and examine how to
adapt the concept to best cope with them. Such an analysis leads to
the conclusion that it is possible to carry out the implementation of
geologic repositories for high-level nuclear waste in a way that, as
far as readily achievable, takes any uncertainties into account [4],
In this paper such an implementation is described with an emphasis on
the successful implementation of a safeguard regime.
The uncertainties involved when disposing of high-level waste in
geologic repositories can be grouped into three main groups:
- uncertainties about the implementation of the method and about the
chosen site that can be resolved during the operational phase,
- uncertainties about whether the method will ultimately be found to
be the best one to use, many of which can be expected to be resolved
within the next 100 years, and
- uncertainties about long-term environmental and safeguard issues.
These groups deal with uncertainties that exist at different stages in
the life of the repository and thus concern different time-frames. We
will examine each group in turn and will show that by keeping the
retrievability of the waste at an optimal level at different times the
uncertainties involved can be minimized.
After a final decision is made on how the geological repository
is to be designed and after a satisfactory site has been found the
construction and operation of the repository can begin. In the plans
for the implementation of a Swedish deep repository the operation of
the repository is to be carried out in two stages. In a first stage 510% of the canisters are to be deposited and after this has been done
an evaluation is made. If the method or site is found deficient the
waste can be retrieved and the system is to be designed to facilitate
retrieval in such a case. Arguments can be made for having the waste
in a hiahlv-retrievable state during the operational phase. This has
to be considered when developing the safeguard regime for the
operational phase.
The second group of uncertainties involve the choice of method.
It has been suggested that the plutonium in the spent fuel in the
future will have to be used for energy supply and that therefore no
spent fuel should be disposed of in geologic repositories. It has also
been suggested, either for improved environmental security or in order .
to avoid the need for long-term safeguards, that there are other,
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better, disposition methods than geologic repositories that should be
used instead. The evaluation of the feasibility of these alternative
suggestions is complicated and the result is heavily dependant on how
the global society develops in the future, but many answers should be
available towards the end of the next century. The first geologic
repository for high-level waste will probably not reach the end of the
operational stage until 2040, perhaps later. The waste will at this
stage be in a semi-retrievable state in what can be a called a highly
secure long-term storage facility. The facility can at any time
readily be converted into a closed geologic repository by closing the
access tunnel or shaft. At this time the first decisions for closure
of a repository have to be considered and an evaluation of the
feasability of alternatives to closure can be made with a much better
knowledge than we have today. However, closure does not have to be
done immediately and if enough uncertainties remain about the future
and the possible use of alternative methods, closure can be delayed
until these are resolved. The only disadvantage this entails is that
the safeguard regime can not be moved to the lower level of activity
that is possible to have after closure.
The third group of uncertainties involve long-term environmental
and safeguard issues after closure. We will here examine the safeguard
issues only. When it has finally been decided that the geologic
repository concept will be the best method to use in the long term, it
is important that the repository access tunnel or shaft be sealed as
tightly as possible to prevent access. The goal should be to make it
as difficult to access the repository as it would be to excavate a new
tunnel or shaft. The nuclear waste is now in a low-retrievable state
and a post-closure safeguard regime can be implemented. The level of
surveillance needed in the long term will depend on a number of
factors, the most important being the relative ease of obtaining
fissile material from other sources. However, with the development of
mining technology, especially the introduction of tunnel boring
machines (TBMs), it is clear that already today a new tunnel to a
repository at 500 m depth can be excavated relatively easily within a
period of months after initial preparations. It is possible that the
technology for excavation will improve further in the future. It is
therefore important that the needs for implementation of long-term
post-closure safeguards are not neglected when planning for the
disposal of fissile material in geologic repositories.
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Fuel assembly assessment from digital image analysis:
A feasibility study
C. S. LINDSEY, Th. LINDBLAD
Physics Dept., Royal Institute of Technology, Stockholm, Sweden
L. HILDINGSSON, B. LINDBERG, O. TREPTE
Swedish Nuclear Power Inspectorate, Stockholm, Sweden
To investigate the feasibility of automatic determination of fuel properties for
safeguards verification purposes, image analysis techniques have been applied to a set
of digital fuel assembly images. The goal was to determine if useful information could
be extracted and provided to an inspector by an image analysis system connected to a
Cerenkov Viewing Device, or CVD (Attas 1996). Ideally such a system would
provide information in real time or near real time since the inspectors only spend 1020 seconds examining a particular assembly. The information might help the inspector
enhance the images (e.g. indicate that the gain should be adjusted), help align the
camera over the centre of the assembly (i.e. by maximising the collimation effect),
and perhaps even provide a detailed assessment of the fuel assembly properties (e.g.
calculate the probability that it is fuel or non-fuel.)
This study only examined what kind of information is feasible to obtain. Development
of a working system will require extensive interaction and field testing with the
inspectors to determine what assistance with the images they really want and need.
An experimental test version of a digital CVD was used to obtain the images. This
instrument is a highly UV-sensitive CCD camera used to observe fuel assemblies in
storage (Attas 1996). To test the camera a team recorded a number of images of fuel
assemblies at the storage ponds at CLAB and Ringhals in Sweden (Trepte 1996, Chen
1996).
Two main areas were explored: (1) image processing and recognition methods; (2)
properties of the Cerenkov light distribution across the assembly face. The first area
involves the processing of the images to find the assembly in the image, identify its
type, and obtain the intensity distribution. Basic image processing techniques include,
for example, intensity equalisation since the brightness can vary considerably from a
hot and bright assembly to a cool and dim one. Most of the image recognition
techniques work best with binary images so the grey scale image must be converted to
a black and white image. The assembly must be found in the image and its type
identified. This requires a pattern recognition algorithm to scan the image. Filtering
methods help to reduce the background noise and clutter to make the recognition task
easier.
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Figure 1 A Boiling Water Reactor assembly with 2 crossing handles is shown on the left.
The image was subjected to image and recognition processing that resulted in the picture on
the right where the assembly has been located as indicated by the bright square outline.

Once the assembly has been found in the image, the distribution of light over the
assembly face provides the only clues to the properties of the fuel (or, perhaps, nonfuel) assemblies and fuel rods. Previous Monte Carlo studies indicated that the light
distributions could reveal even a single dummy rod within an assembly (Kulka 1995).
Real world problems make this difficult. Handles and cover plates, for example,
obscure many of the assemblies. Therefore we had to study the properties of the light
distributions to determine if they indeed provide information unique to the types of
fuel. We concentrated on the gross features of the distributions to see if they
consistently correlated with the type of assembly, the burn-up and cooling time, and
fuel and non-fuel type.
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KNOWING THE SAFEGUARDS FIELD
THE INTELLECTUAL FOUNDATIONS OF PROGRAM 93-PLUS-2 AND THE IAEA'S NEW
INTEGRATED
STRENGTHENED SAFEGUARDS SYSTEM
Marvin R. Peterson
Former Science Attache, U.S. Mission, Vienna
Jason Cameron
Former Staff member, Uranium Institute
Introduction. All noble human endeavors are built on the shoulders of giants. Strengthening
safeguards is no exception. Recent developments in safeguards have deep roots in the intellectual
heritage of great "non-safeguards" thinkers. This paper explores the intellectual bases for the new
safeguards system, with an emphasis on the importance of completeness as the foundation of good
analysis and for deriving meaning from the vast amount of new information becoming available as a
result of the approval of the IAEA's new, integrated strengthened safeguards system.
The Overriding Importance of Completeness. Kant forecast the logical foundations of the new
safeguards system and its emphasis on the completeness of information on a State's nuclear
program. For Kant, the partial analysis of any system could never lead to true understanding.
Worse, it can lead to false assurances, as did the partial safeguards in effect in Iraq before 1991.
Kant's firm maxim in this situation would have been "He considered nothing done, so long as
anything remained to be done." Iraq showed that even highly effective safeguards at declared
nuclear locations can lead to totally misleading country-wide safeguards conclusions.
The Importance of Access to Locations. Completeness of information is a hollow principle without
access to locations. As IAEA Director General Blix points out, countries do not have the option of
granting selective access to facilities of their own choosing. This would permit a cheater to deny
access to locations involved in illicit nuclear activities; thereby rendering meaningless other IAEA
verification activities in the same country. Instead, it is the Secretariat alone that makes the
selection - and from a "complete" menu of locations. Countries must be transparent and open in
granting access to locations. IAEA inspectors can discern quickly if a country is not cooperating in
this area.
The Importance of "Global Understanding" - Why Access to Information is not Enough. While
access to information and locations are essential preconditions of a credible safeguards program, the
Secretariat must also have sophisticated analytical talents in order to derive meaning from the
information obtained. Formulating credible country-wide safeguards judgments requires more than
adding up individual factors. Kant emphsized the importance of grasping "correctly the idea of the
whole, and from thence to get a view of all those parts as mutually related by the aid of pure reason,
and by means of their derivation from the concept of the whole. This is only possible through the
most intimate acquaintance with the system." The new safeguards analyst must command an
intimate understanding of all nuclear activities and how they fit together in an integrated, "global"
sense. Otherwise, analysts will find, "inconsistencies everywhere, although the gaps which these
indicate are not in the system itself, but in their own incoherent train of thought"
The Importance of Understanding a Nuclear Program as a Dynamic Organism. A nuclear program
is an organic system that changes over time and has an intent. It has unique characteristics and a
dynamic form, or "Gestalt." As in psychology "organized processes leave traces in which the
organization of these processes is more or less adequately preserved.... When studying the nature of
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traces, we may at any time make observations by which certain problems in perception can be
clarified. Perceptual organization occurs not only in the direction of space but also in that of time."
These concepts are directly relevant to the analysis of any country's ongoing nuclear program.
The Importance of a Cost-Effective Methodology that Leads to Credible Verification Conclusions.
Hofstadter writes that "one of the deepest problems in cognitive science is that of understanding how
people make sense of the vast amount of raw data constantly bombarding them from the
environment. The essence of human perception lies in the ability of the mind to hew order from this
chaos." This epitomizes the task facing the IAEA safeguards analyst in making intelligent use of the
new information available under the new safeguards system. However, the very completeness of the
new safeguards program makes possible the use of new safeguards evaluation methodologies which
not only ease the analyst's task.
Practical Implications The new safeguards system will have a major practical impact on the
implementation of IAEA safeguards. Some of these practical considerations include:
1. The need to revise the safeguards criteria.
2. The need for an Active Secretariat to implement the new Protocol.
3. The desirability of more Secretariat Transparency to the Board of Governors.
4. The benefits of dual-use export reporting to the IAEA.
5. The potential cost saving benefits of the new system and the inducement this provides for early
implementation of the Protocol.
6. The need for all States to adopt the strengthened safeguards system.
Conclusion. IAEA member States have now empowered the Secretariat so that it can truly become
the master of the safeguards field. Lightly, subtly, but effectively, the new safeguards system must
now be allowed to extend itself into the recesses of all nuclear-related activities around the world. In
doing so the Secretariat need not arrogate unto itself the full physical trappings and grandeur that
will, and must, remain under the control of member States. Instead, the Secretariat must use the
member States symbiotically as key components of its sensory system and thereby enable itself to
carry out its primary mission - which is to illuminate in a credible fashion the absence of nuclear
malevolency throughout the civilized world.
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In 1967, in order to promote conclusion of the Treaty
on the Non-Proliferation of Nuclear Weapons, President
Johnson pledged that the U.S. would "permit the IAEA to
apply its safeguards to all nuclear activities in the United
States-excluding only those with direct national security
significance." This pledge came in spite of the fact that
such safeguards in the U.S. were not required under the
Treaty. It recognized that the importance of the NPT in
stemming the spread of nuclear weapons globally justified
voluntary acceptance by the U.S. of the NPT's verification
measures.
In 1996, in order to promote the conclusion of a
Protocol strengthening the ability of the IAEA to implement
comprehensive safeguards agreements, such as required under
the NPT and Treaty of Tlatelolco, President Clinton pledged
that the U.S. will apply the new measures as fully as
possible consistent with its obligations under the NPT.
U.S. action was spurred by the importance it places on
combating the possibility of a future Iraqi-type clandestine
nuclear weapons program.
The U.S. position evolved rapidly leading up to
President Clinton's pledge. There was early acceptance by
the U.S. that the IAEA was empowered to implement the
Programme 93+2 Part 1 measures at U.S. facilities to which
safeguards were applied under the U.S. Voluntary Offer
Safeguards Agreement in the same manner as they are
implemented in states with comprehensive safeguards. With
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respect to Part 2 measures, it was recognized that it was
clearly necessary for the U.S. to take certain steps, such
as export reporting, if it were to support effective
implementation of Part 2 in non-nuclear weapons states.
However, it quickly became clear that it was essential for
key countries that the level of participation by the U.S. be
comparable to their own. Consequently, the U.S. determined
to make a political commitment to a more extensive
application of the measures and worked together with these
and other states to ensure that the Model Protocol would
strengthen safeguards in an effective manner as well as •"
making them more efficient.
In the view of the U.S., President Clinton's pledge was
critical to our ability to work toward a successful
conclusion of the work of Committee 24. Without this
pledge, we would not have been able to work constructively
with our non-nuclear weapons State colleagues to resolve
problems on reporting and access that were of concern to
many countries. We would not have been able to address
issues of implementation with our these colleagues so easily
without the recognition that we would face similar
implementation problems. It permitted the U.S. to sit at
the negotiating table not only as a country committed to
strengthening the non-proliferation regime but as one also
genuinely interested in how the proposed measures would
impact states and concerned about how to implement them.
Following adoption of the report by Committee 24 to the
Board of Governors, the U.S. made clear how it would
implement President Clinton's pledge. The U.S. determined
that it would accept the Protocol in its entirety as an
amendment to the U.S. Voluntary Offer Safeguards Agreement
and apply all of its provisions. Consistent with the
language of Article 1 of our safeguards agreement, the U.S.
will withhold information on and access to activities of
direct national security significance to the United States.
How to ensure that the limitations of Article 1 of our
safeguards agreement will apply to activities under the
protocol will need to be established through an appropriate
legal mechanism.
The U.S. intends to have the Protocol be legally
binding. As with most other states, the U.S. anticipates
that it will have to change some of its laws and regulations
in order to implement the Protocol. We expect to submit a
package of legislative changes to Congress. We expect this
process, including needed regulatory changes, to take some
time and although we intend to move ahead expeditiously, it
is difficult to predict when we will complete this process.
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Richard Lucero, Sigfried Schneider, Don Glidewell, Sandia! National Laboratories
Douglas Reilly, Los Alamos National Laboratory
Curt Maxey, Oak Ridge National Laboratory

As part of the International Remote Monitoring Project, a remote mjonitoring system (RMS) has
been installed at the Argentina Nuclear Power Station in Embalse, Argentina. This installation
will eventually replace the original RMS that was installed March of 199S at the CANDU reactor
spent fuel storage facility. This new system monitors the entire spent -fuel transfer process from
the spent-fuel pond, to the welding hot cell, and the silo storage area. This field trial is a joint
effort and coUaboration including the Ente Nacional Regulador Nuclear (ENREN), Department of
Energy (DOE), Sandia National Laboratories (SNL), Los Alamos National Laboratory (LANL),
and Oak Ridge National Laboratory (ORNL).
The monitoring equipment consists of gamma and neutron radiation; sensors, motion indicators,
and video systems. Ail sensor data communicates over an EcheloniNetwork to a single datalogger. All sensor and image data are stored on a Data Acquisition System (DAS) and reviewed on a
Data and Image Review Station (DIRS). Data and images are remotely monitored through commercial telephone links using modem communications. The data and images are authenticated
before transmission. Data review stations are available at ENREN in Buenos Aires and Sandia
National Labs in Albuquerque, New Mexico.
The spent fuel at the Embalse CANDU reactor is stored in the Spent Fuel Pool for approximately
5-6 years prior to being transferred to dry-storage silos. The typical Enjbalse CANDU spent fuel
bundle contains 40-50 g of plutonium; 60 bundles (24 rods/bundle) are| packaged in each
Embalse, dry-storage canister, and nine canisters are sealed in an Embalse silo. There are two
spent fuel pools at Embalse; the Entrance Pool where fuel bundles are discharged from the core,
and the Main Storage Pool where 99% of the bundles are stored for five to six years before they
are packaged for long-term, storage in silos.To begin the transfer, a tfay is moved to the turning
machine, which grasps all 24 bundles and rotates them 90 degrees to a v srticaj orientation. Flaskl,
with the lower half of the canister, is already in the pool. The operator a taches a tool to the bridge
crane and moves the bundles, one-by-one, to the canister, taking less (an a minute for each bundle. A gamma/neutron radiation sensor (Dl) located in the pool sends out a count reading over the
LON network to a data logger and an underwater camera (VI). Once (the} pre-programmed count is
exceeded, a trigger message is sent to VI and an image is captured each time a fuel bundle is
loaded in flaskl. Once flaskl is filled with 60 fuel bundles the lid is placed on top and locked on
the flask.
Flaskl is then raised, drained, washed with high-pressure water, dried Vcith compressed air, and
then placed on a cart labeled cartl, which moves on rails between pool side and the welding hot
cell. A gamma detector 0 2 ) is mounted oh the lid of flaskl. The data is transmitted over an RF
system to a receiver that is connected to the LON network. As cartl approaches the entrance to
the hot cell, a breakbeam array is broken, and another message is sent to the data logger. When the
RF transmitter sends out a signal from Dl that is above the threshold and the breakbeun array has
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been triggered, both messages are sent to a second camera (V2) and an image is captured. Once
the flask is in the welding hot cell, a grapple lifts the flaskl lid, and cartl is moved under another
flask called flask2. This flask contains an integral crane which is used; to lift the loaded canister
bottom out of flaskl. A third crane lifts the canister lid from another cirt called cart2 and then the
carts are moved go that the canister bottom can be placed on cart2. The lid is then lowered over
the canister bottom containing the 60 bundles. A lower welding arm moves into place arid the canister is rotated. A single weld is (aid down in approximately 5 minutes After the welding process,
cart2 is moved back under flask2, then the welded canister is raised ifljto flask2 and its lower
shielding doors closed. The welding door is raised and another cart labeled cart3 is backed into
the room with a tractor. During the course of this process, a second gamma/neutron radiation sensor (D3) located inside this welding hot cell and is transferring radiation count data over the Echelon network to the data logger. At the conclusion of the welding proqess, an overhead crane
moves flask2 from the welding cell to cart3, which is pulled outside arid parked for an inspection.
The lid of flask2 also has a gamma detector (D4) that is connected to an RF transmitter which is
used to transmit voltages that correlate with radiation measurements. When the pre-programmed
threshold is exceeded, a message will be sent to the datalogger and a tnird camera (V3).
At the time flask! leaves the hot cell, a breakbeam mounted 3 meters above the ground is tripped
and a message is sent to the datalogger and V3, which is mounted on top of the building, captures
an image of flask2 en route to the silo field. The camera requires a sigr al from the RF system and
the breakbeam before an image is captured. Flask2 is then moved to the selected silo and is lifted
by a mobile crane to the silo top. Operators then ascend the silo to operate flask2, which provides
necessary personnel shielding and lowers the canister into the silo. Two gamma detectors (D5D6) are used to monitor the dose rate in each silo. An instrument tube located on opposite sides of
a silo contain a gamma detector and an RF transmitter. When the pre-programmed threshold is
exceeded, the RF transmitter sends out a signal to a receiver and fourth camera (V4) is triggered
to capture images of the silo activity. Bach silo is filled with nine canisters, and one canister is
moved per fuel transfer. This concludes the fuel transfer process.
With this remote monitoring process a continuity of knowledge of theicanisters throughout the
transfer process using the spent fuel radiation signature (D1-D6) is known to state and IAEA
inspectors. This remote monitoring system will be undergoing a field trial for an unspecified
period of time with an expectation of acceptance by the IAEA.
This paper provides a description of the monitoring system, experiences from the field trial installation, and initial results from spent fuel transfer monitoring.
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The Modular Integrated Monitoring System (MIMS) is an architecture for performing remote monitoring
by integrating off-the-shelf and custom components. The long-term goal of MIMS is to provide plug and
play components for integrating sensors, analysis, data warehousing, and user interfaces. Reaching this
goal will require a series of evolutionary changes from the germinal capability of the Remote Monitoring
System (RMS). Each version of MIMS contains improvements and brings the system closer to the
long-term goal.
The basis of MIMS was the RMS - a DOS-based, Clipper/C, set of data acquisition and display
programs. The first major improvement was the addition of a Visual Basic user interface to provide more
sophisticated review and analysis capabilities. Initially, the remote aspect derived from DOS
communications programs which interfered with the acquisition process. The sensor network, based.on the
Echelon LONWorks product, required special programming for each sensor type and extensive
reprogramming for configuration changes. Sensor types and the data from those sensors were limited to
custom products.
The current MIMS provides data acquisition and provides data review for remote users. Data types
include images as well as discrete and analog sensor outputs. The MIMS uses an Echelon LONWorks
network but now adds the LONMark interoperability standards and Standard Network Variable Types
(SNVTs). This interoperability standard provides a standard means and method of data acquisition from
all types of sensors. The data base is now common to both acquisition and review systems. To achieve
sensor plug and play capability, the database not only stores sensor and image data but also provides a
structure by which dynamic changes to the sensor system can be reflected in the data acquisition and data
review subsystems without affecting the execution software.
The current MIMS architecture includes standards for wide area communications between data
acquisition systems and data review systems. Data authentication is provided as an integral part of the
design. This data authentication assures the user that the data reviewed is the data acquired.
The purpose of a remote monitoring system is to allow continuity of knowledge of the material and
activities being monitored without requiring,a continuous on-site presence. To meet this goal, the data
analysis tools must help the user assess continuity of data gathering, provide assurance that declared
activities have occurred as expected, provide assurance that material has not been diverted, and determine
the explanation for anomalous events. The current MIMS provides a suite of baseline tools that allow the
user to assess the operational history of the data acquisition system and to locate and characterize unusual
events. Interpretation of those events is left to the user and his knowledge of activities at the site.
The current MIMS software implements this architecture by combining the use of commercial
applications with a set of custom 16 and 32 bit Microsoft Window applications which are run under
Windows NT and Windows 95 operating systems.
Follow-on upgrades include:
increased communication capabilities via the Internet and World-Wide Web,
additional analysis capabilities,
integration of LONWorks Network Services,
advanced data visualization techniques,
adopting standard data formats for raw data,
and standardizing the software deliverables to achieve a "shrink-wrap" product.
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Sandia National Laboratories has several ongoing projects in the area of nuclear materials management. These
projects establish a core capability in monitoring stored nuclear materials. The overarching goal of these projects is
to get the right sensor information to the right user to enhance the safety, security and international accountability
/of stored nuclear materials. An effort has been initiated to merge the projects into a common system. This paper
; will provide an overview of several of these projects and the integration activities between them. The following
paragraphs give brief descriptions of the projects.
Straight Line has been developed by Sandia National Laboratories over the past three years to monitor stored fissile
materials for nuclear safety, security, and accountability applications. The ultimate goal of the project has been
threefold: 1) To provide authorized users immediate access to the right sensor information, 2) to reduce the need
for human inspection of the stored materials and the accompanying risks and expense, 3) to provide a
comprehensive and approved inventory method for international accountability while minimizing the need for
inspector intrusion into the storage areas.
The Modular Integrated Monitoring System (MMS) is an effort to develop and demonstrate the building blocks for
a flexible and robust unattended remote monitoring system. The effort is directed out of DOE/NN with Sandia
having the lead lab responsibility. Los Alamos, Lawrence Livermore, Argonne West and several other labs also
support the effort In general, the effort is focused on material movement tracking," verification and static storage in
support of international material control and accounting.
The Integrated Nuclear Material Monitor (TNuMM) project is a multi year project focused on the development of a
family of miniaturized flexible, micro power electronic monitors which can meet the needs of remote monitoring
projects such as Straight-Line and MIMS. INuMM has a goal of demonstrating the integration of a variety of
sensors into a small volume (approximately I cubic inch) with ultra low power electronics and a minimum
operational life of greater than five years.
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1. I N T R O D U C T I O N

Traditional gamma safeguards measurements have usually been performed using a
segmented gamma scanning (SGS) system. The accuracy of this technique relies on the
assumption that the sample matrix and the activity are both uniform for a segment. Waste
barrels are often highly heterogeneous, span a wide range of composition and matrix type.
The primary sourtes of error are all directly or indirectly related to a non-uniform
measurement response associated with unknown radioactive source spatial distribution
and heterogeneity! of the matrix. These errors can be significantly reduced by some
imaging techniques that measure exact spatial locations of sources and attenuation maps.
In this paper we describe a joint R&D effort between the Lawrence Livennore
National Laboratory (LLNL) and the Institute of Nuclear Techniques (INT) of the
Technical University, Budapest, to compare results obtained by two different gamma-ray
nondestructive assay (NDA) systems used for imaging waste barrels. The basic principles
are the same, but the approaches are different. Key factors to judge the adequacy of a
method are the detection limit and the accuracy. Test drums representing waste to be
measured are used to determine basic parameters of these techniques.
2. G A M M A - R A Y NDA M E A S U R E M E N T S A T LLNL
LLNL is developing an emerging gamma-ray NDA technology that we call active (A)
and passive (P) cpmputed tomography (CT) [1J. We have implemented our A&PCT
technology at LLNL and into a mobile Waste Inspection Tomography (WIT) trailer [2L
These A&PCT technologies have been used to inspect waste containers at 3 waste-barrel
storage sites, LLNL, Rocky Hats Environmental Technology Site, and Idaho National
Engineering Laboratory. A&PCT can be used to characterize waste barrels up to 416liters (110-gals.) with weights up to 725 kg (1600 lbs.), and containers up to 92-cm (3
ft,) diameter and 122 cm (3-4-ft.) tall. •
A&PCT uses ai single, highly-collimated HPGe detector and a I66m Ho external
radioactive source). The detector/source can be operated in two different modes: (1)
collimated gammaj-ray scanner (CGS) or (2) active and passive CT. The CGS mode is
very similar to SGS except the detector is much more collimated. CGS is used to
determine the height and isotopics of source(s) within a barrel. A&PCT is used to
identify, localize and determine an accurate NDA of the barrel's radioactive content
The active data acquisition for both CGS and A&PCT measures the attenuated gammaray spectrum emitted from a l66m Ho source. For CGS the data is integrated while the
barrel is continuously rotated. In ACT the data is obtained using first-generation CT, i.e.,
the barrel is translated atxd rotated discretely for each slice.

* The LLNL work was funded by the Environmental Restoration and Waste Management Office of Science
and Technology and performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract W-7405-ENG-48. The INT work was funded by the
Hungarian Committee for Technical Development The cooperation was supported by the US-Hungarian
Science and Technology Joint Fund.
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To obtain passive CGS or CT images, the x 6mHo source is shuttered; and the barrel is
scanned in the same fashion used to obtain the active CGS or ACT data, respectively. In
the passive mode, the detector records only gamma-rays emitted from within the barrel,
The active scans generate attenuation data at each significant gamma-ray energy
identified in the passive barrel scan. Thus, the active scans provide energy-specific
attenuation data (one value per slice for CGS and maps or cross-sectional images for ACT)
so that attenuation corrections can be made for each internal gamma-ray energy identified.
3. COMBINED S G S - L O W RESOLUTION TOMO SCANNER AT

INT

INTs effort is aimed at modifying an existing SGS to employ tomographic imaging
principles to assay heterogeneous waste. Significant improvement can be obtained when
tomographic principles are used for measurement of unknown barrels [3]. An
economically feasible solution is to build an array of small size, room-temperature
detectors to an existing SGS. Without increasing the scanning time, it provides:
• the spatial distribution of attenuation coefficients (density) of any section of a
barrel, using a transmission imaging;
* the gross distribution of radioactivity concentration of any Section in a barrel,
using emission imaging-this is limited by the detector energy resolution.
These two important: distributions provide means to choose the operational mode and to
estimate the error of a measurement. The high-energy resolution gamma detector can
serve as a detector for SGS mode of operation and imaging selected isotopes. Accuracy
of measurements depends on image resolution capability of the scanner. An array of 10
detectors ensures an accuracy level of about 5% independent of the heterogeneity of the
waste. The measurement time and sensitivity are nearly the same as for an SGS scanner.
REFERENCES
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Passive neutron multiplicity counting has been very effective at reducing bias errors
in. neutron coincidence counting assays, particularly for significarit amounts of nuclear
material that may be multiplying.1'4 However, samples with very low mass may not exhibit
much neutron multiplication and the required bias correction may be quite small. In
addition, the precision for these small samples may degrade because of counting statistics
limitations, compared to larger masses. This effect has been explored using a figure of
merit code that evaluates both bias and precision for coincidence and multiplicity counting
and determines the optimum regions for each in neutron assay applications.5 This code
takes as input the sample mass, multiplication, and alpha-n rate, and detector parameters
such as detection efficiency, die-away time, and assay time. It calculates the reduced
factorial moments of the neutron multiplicity distribution, which can be considered as the
single, double, and triple neutron coincidences. From these distributions, the code
calculates the variance in the singles, doubles, and triples, assuming normal poisson
statistics. Finally, it calculates the net variance by inverting the neutron multiplicity point
equations including the calculated variances from singles, doubles, and triples.
Consider the application of multiplicity counting when; the singles, doubles, and
triples are used to solve for mass, multiplication, and alpha. In cases where the sample is
large and multiplying, multiplicity counting corrects for the bias error and is a significant
improvement compared to coincidence counting. For cases where the sample is small and
not multiplying, there is only a tiny bias so that multiplicity counting provides only a slight
bias correction. However, in low leVel neutron counting applications, the variance from
counting statistics (uncertainty in singles, doubles, and triples) can exceed the improvement
in the bias. In these cases coincidence counting has a lower total error.
,
Because of the general success of neutron multiplicity counting for safeguards, we
have explored novel methods for extending it to low level applications. The first technique
is a new method for inverting the multiplicity point model equations. Normally, the point
model equations are inverted algebraically. We have expanded these equations using the
triples to doubles ratio as an expansion parameter. The result are the multiplicity equations
to first order. The first order term can be adjusted with a multiplicative factor between 0
and 1, to effectively turn the multiplicity component on or off. It can also be used to select
a partial multiplicity correction. We call this technique tunable multiplicity, and it has
proven effective (using the figure of merit code) at extending multiplicity to lower masses
and multiplications. The equations for tunable multiplicity, solving for mass,
multiplication, and alpha are shown in equations 1 4

* This work is supported by the US Department of Energy, Office of Nonjiroltfcration and National
Security, International Safeguards Division.
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(3)

v,, - l)va A second approach addresses counter design. Low level counters are designed
with very high efficiency, so they usually lack a cadmium liner. (By contrast, high level
counters usually have a cadmium liner). A typical thermal neutron counter with cadmium
will have a single mode die away, which means a nearly pure exponential decay of the
thermal neutron count rate. However, thermal neutron counters without cadmium, those
designed for low level applications, may have a more complicated decay, such as multimode die-away. In these cases, the decay is the superposition of several exponential
decays.
The multiplicity point model equations were derived assuming a single mode, single
exponential decay. The key part of the derivation is the convolution integral for the neutron
detection probability. We have re-calculated this integral for a dual-mode die-away time,
including the cross product terms. The result can be substituted into the point model
equations and used for high efficiency thermal neutron counters without cadmium liners.
REFERENCES
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MEASUREMENTS USING THERMAL-NEUTRON MULTIPLICITY
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M. S. Krick, Los Alamos National Laboratory, Safeguards Science and Technology,
Group NIS-5, MS E540, Los Alamos, NM, 87545 USA
Although thermal-neutron multiplicity counting has become a routine technique
for the verification of impure plutonium samples, important characteristics of these
counters and assumptions made in the multiplicity analysis algorithms have not been
adequately studied.
The algorithms most commonly used for multiplicity analysis are based on the
assumptions that all neutrons have a fission-spectrum energy distribution and that the
neutron multiplication is a constant. For impure plutonium samples these assumptions
are never quite true, and sometimes they are not even good approximations. The energydependent bias that results from the first of these assumptions is the subject of this study.
Neutrons from (a, n) reactions on impurities can have energies from a fraction of an MeV
to several MeV. The point-model multiplicity equations [1] were extended to include the
energy dependence of the neutron detection efficiency, the induced-fission probability of
(a, n) neutrons, and the moments of the induced-fission neutron distributions. The
energy dependence of the efficiency is a fundamental problem; unless the energy
spectrum of the source is known, energy-dependent bias cannot be removed. Therefore,
multiplicity counters have been designed to have as constant an efficiency as possible
within cost constraints.
Energy-dependent bias was studied for seven counters: a hypothetical counter
with constant efficiency, three counters designed for multiplicity counting, a counter used
as a multiplicity counter but not designed to be one, and two IAEA counters—the HLNC
and AWCC. For each of these counters the bias was calculated as a function of neutron
energy as follows. The plutonium samples were taken to be cans of impure oxides with a
plutonium mass of 1 kg, a density of 2 g/cm3, a can diameter of 10 cm, and a 2iWPu content
of 6%. The neutron multiplication for fission neutrons was taken as 1.1. (a typical value
for a 1 kg sample) and the alpha value [the ratio of (a, n) to spontaneous fission
neutrons] was taken as 3 (representing a moderately impure sample). The singles,
doubles, and triples rates were calculated using the energy-dependent multiplicity
equations. These count rates were then used to solve for the plutonium mass using the
usual point-model, energy-independent multiplicity equations. The bias is the percent
difference between this mass and 1 kg. The energy dependence of the (a, n) inducedfission probability is sample dependent and was obtained from Monte Carlo calculations
using the MCNP code [2].
The results are shown in Fig. 1 for the seven detectors mentioned above.
As expected, the three counters with the smallest biases are the hypothetical
constant-efficiency counter, the 5-ring counter, and the in-plant counter. A bias of
several percent is possible even for the constant-efficiency counter because of sample
effects. The PSMC has medium biases. The AWCC and 3RMC have similar biases,
which are larger than for the counters designed to be multiplicity counters. The HLNC
has large biases because it has a single ring of tubes and a thin detector body.
* This work is supported by the United States Department of Energy, Office of Nonproliferation and
National Security, NN-44.
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FIG. 1. Multiplicity assay bias vs. neutron energy for seven neutron detectors:
1) HLNC (High Level Neutron Coincidence Counter), 2) AWCC (Active Well
Coincidence Counter), (3) 3RMC 3) Ring Multiplicity Counter), 4) PSMC
(Plutonium Scrap Multiplicity Counter), 5) IN-PLANT (In-Plant Multiplicity
Counter, 6) 5RMC (5 Ring Multiplicity Counter), and 7) FLAT (hypothetical
constant-efficiency multiplicity counter). Fission-neutron multiplication =1.1;
alpha = 3. See text for sample description.

The IAEA has a number of AWCCs, which could serve as multiplicity counters
when top performance is not required. As seen in the figure, the 3RMC and AWCC show
comparable biases, and the 3RMC has been used for IAEA verifications of impure
plutonium oxide—with good results. For use as a multiplicity counter, the AWCC needs
graphite end plugs instead of polyethylene, but this is easily done. The AWCC requires
about 60% more counting time than the 3RMC for the same statistical precision.
Important items for future work include the measurement of neutron spectra from
samples, the development of correction procedures, and the production of plutonium
impurity standards (with elements such as fluorine, boron, and magnesium) for controlled
experimental studies.
REFERENCES
[1]

[2]

Cifarelli, D. M. and Hage, W., Models for a Three-Parameter Analysis of Neutron
Signal Correlation Measurements for Fissile Material Assay, Nuclear Instr. and
Meth. A251,550-563 (1986).
Briesmeister, J. F., Ed., "MCNP - A General Purpose Monte Carlo Code for
Neutron and Photon Transport," Los Alamos National Laboratory report LA-12625M, Ver. 4A (November 1993).
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DEVELOPMENT OF AN UNDERWATER COINCIDENCE COUNTER TO MEASURE FRESH
MOX FUEL ASSEMBLIES
George Eccleston and Howard Menlove
Los Alamos National Laboratory
Dick Olsen
International Atomic Energy Agency
Mixed-oxide (MOX) fuel assemblies containing recycle plutonium are being fabricated for
use in nuclear reactors. These fresh MOX fuel assemblies are stored underwater in fuel ponds at
reactor sites awaiting core refueling. An underwater coincidence counter (UWCC) has been
developed for the International Atomic Energy Agency (IAEA) and will be used to nondestructively
measure these MOX assemblies and verify their plutonium contents. New features and improved
capabilities have been developed and incorporated into the UWCC compared to previous
underwater measurement systems. The UWCC has been designed to be insensitive to the boron
loading in fuel storage ponds. This advancement has eliminated the need to measure and correct
for the biases caused by varying boron concentrations resulting in a less complex instrument.
Assay measurements are based on underwater neutron . An advanced measurement feature
incorporating neutron multiplicity counting has been added to the UWCC. The development and
features of the UWCC for nondestructive measurements of fresh underwater MOX fuel assemblies
will be presented.
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AN AUTHENTICATED, SECURE, REMOTE MONITORING ARCHITECTURE FOR
NUCLEAR SAFEGUARDS SYSTEMS BASED ON INTERNET SECURITY
TECHNOLOGIES FOR ELECTRONIC COMMERCE AND INTERNATIONAL
BANKING.
LEONARD BURCZYK, Los Alamos National Laboratory, Los Alamos, N.M., U.S.A.
JOHN PUCKETT, Los Alamos National Laboratory, Los Alamos, N.M., U.S.A.
A remote monitoring safeguards architecture based on technologies from the Internet and
World Wide Web have been considered because of the many advantages and cost savings
related to the use of a general purpose medium such as the Internet. Distributed system
technologies offer the opportunity to implement new instrumentation as well as extend
legacy systems to serve as information appliances on the global network.
To date, the primary limitation of such an approach has been the relative lack of security
and guaranteed authentication required for nuclear safeguards data. Over the past year,
several new Internet technologies have realized the degree of maturity necessary to
achieve the level of security required for global electronic commerce and international
banking. The automation of electronic credentials required to exchange secure data has
been appearing to meet the requirements for these secure applications. Complete data
encryption is an integral component of the new technologies.
Los Alamos National Laboratory and the Department of Energy have been developing a
domestic model for the real-time remote monitoring of safeguards data based on the
Internet and World Wide Web. The prototype has evolved over the past year and is
currently evaluating secure, authorized connections based on the .X509 electronic
certificate technology. The new, low cost, automated technology for providing secure
data exchange implements fully authenticated data servers and clients to provide a
significant degree of security for sensitive data exchange. The widespread acceptance of
these technologies by industries such as electronic commerce and international banking
endorse the Internet as a candidate for international remote monitoring of nuclear
safeguards data.
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ENVIRONMENTAL MONITORING BY BULK ANALYSIS: CONTROLLING THE
PROCESS FROM START TO FINISH.
P.H. HEMBERGER, DJ. ROKOP, and D.W. EFURD
Chemical Sciences and technology Division, Los Alamos National Laboratory,
Los Alamos, NM 87544 , USA

Bulk analysis can serve as an important tool in the arsenal of methods available to
track and characterize the release of actinides into the environment. As with any physical
measurement, each step of the process - from sampling to data interpretation - must be
carefully controlled to ensure not only accurate results but also accurate interpretation of
those results. We will describe a series of measurements of environmental levels of
plutonium in water. Analysis of water from a lake shows the presence of very trace levels
of plutonium, but gives no information on its history or origin. Core samples of bottom
sediment, taken at various depths, show discrete layers of World War II vintage
plutonium and fall-out plutonium, but show no indication of modern plutonium. These
data are supported by other environmental surveys in that area, both in watersheds and
surrounding environs where contamination would not be expected. We will discuss each
step of the analysis process from sampling through sample preparation and isotopic
measurements to data interpretation. A QA/QC system that monitors the integrity of the
sample through the entire process, as well as the process itself, will be described.
Particular emphasis will be placed on potential pitfalls that can arise in this process and
situations where bulk analysis is especially well-suited for the characterization of
environmental contamination.
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Solution Monitoring: Quantitative Benefits to Safeguards
Tom Burr, C. Alton Coulter, and Larry Wangen
Safeguards Systems, Los Alamos National Laboratory, Los Alamos NM, USA
In safeguarding modern large-throughput reprocessing plants, we anticipate that
the International Atomic Energy Agency (IAEA) will pursue one or both of the
following options: (1) consider various forms of enhanced containment/surveillance
including remote monitoring, and (2) investigate how to maximize loss detection
ability in a formal statistical sense.
Solution Monitoring (essentially continuous monitoring of solution level, density
and temperature in in all key process tanks) plays a role in both options. This
paper focuses on option (2) and begins to quantify and define the loss detection
benefits from solution monitoring. We use a simulation code developed at Los
Alamos (FACSIM) to simulate data from the Rokkasho Reprocessing Plant (RHP)
that is now now under construction in Japan. Example data (in arbitrary volume
units) from steady state operation of the first six main tanks at RRP is show in
Figure 1. Tankl is the input accountability tank. Tank 4 ships to the first set of
pulsed columns (where we do not expect solution monitoring to be possible) and
tank 5 receives from the first set of pulsed columns.
This paper shows the possibility of reducing the effect of systematic errors by
using solution monitoring. We divide the effort into 4 activities for an oversimplified
3-tank system and a more realistic 15-tank system and compare the two cases. We
say a tank is in wait mode if its level change is due only to environmental and
measurement noise. Otherwise, a tank is in transfer mode. The 4 activities are: (1)
monitor each tank for volume loss during each wait mode, (2) monitor each tank
for mass loss during each wait mode, (3) monitor each tank for volume loss during
each transfer mode, and (4) monitor each tank for mass loss during each transfer
mode.
During a wait mode, a good measurement of the volume change will involve the
random error only because the systematic error will cancel. Therefore, detecting
loss during a tank's wait modes is easier than detecting loss during a tank-totank transfer. However, with more effort, and less but still noteworthy success, we
can also detect loss during tank-to-tank transfers. The sucess will depend on the
success of our proposed bias corrections to the volume measurements, rections. To
apply bias corrections, we require that some reasonable number of transfers (20 for
example) are known to have no true loss and we then either (1) apply a formal bias
correction to reduce the systematic error variance (a type of poor-man's calibration)
or we (2) use the average shipper-receiver difference between the two tanks during
the 20 no-loss transfers as the "target" shipper-receiver difference (SRD) around
which all future SRDs are assumed to randomly vary with a variance that depends
only on the random error variances involved. In either method we are reducing
the effect of systematic errors. The effectiveness of the technique will depend on
the relative sizes of the random and systematic errors involved because the main
outcome is a reduction of the systematic error variances. If there are large variations
in true (legitimate) temporary losses such as pipe holdup which would add to the
random error variance in our model, the effectiveness will be reduced. Even in such
cases we will show there will be improved loss detection.
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Figure 1: Example data from the first six main tanks at RRP at steady state
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INTERNATIONAL TECHNICAL COOPERATION TO DEVELOP THE RUSSIAN
METHODOLOGICAL AND TRAINING CENTER
G. PSHAKIN
Institute of Physics and Power Engineering (IPPE), Obninsk, Russia
B. RYAZANOV
Institute of Physics and Power Engineering (IPPE), Obninsk, Russia
D. DICKMAN
Pacific Northwest National Laboratory (PNNL), Richland, Washington, U.S.A.
R.L. CROSS
Pacific Northwest National Laboratory (PNNL), Richland, Washington, U.S.A.
S. GUARDINI
Joint Research Centre (JRC), Ispra, Italy
M. CUYPERS
Joint Research Centre (JRC), Ispra, Italy

The changed political framework of nonproliferation and safeguards in the countries of
the Former Soviet Union resulted in the fragmentation of centralized control and management of
nuclear materials. The Russian Federation has embarked on an effort to upgrade its state system
of accountancy and control (SSAC) of nuclear materials, to be more consistent with other
national and regional systems. The modification of the SSAC has resulted in the need to educate
a large number of Russian nuclear material protection, control and accounting (MPC&A)
specialists in these new approaches in a relatively short period of time. The widespread
development of modern methods of MPC&A requires both facility enhancements and
widespread training of personnel involved.
In March 1994, the Russian Federation Ministry of Atomic Energy (Minatom), made the
decision to create a state training center to support the practical implementation of enhanced
nuclear materials management and safeguards. This state training center, the Russian
Methodological and Training Center (RMTC), was established at the Institute of Physics and
Power Engineering (IPPE) at Obninsk, Russia. Its purpose is to provide training and
implementation support in the new concepts, regulations and techniques of MPC&A throughout
Russia. It also is designed to foster a climate which will support research and development on
MPC&A methods and provide a forum for discussions between plant operations personnel and
inspectors.
In March 1995, the Federal Nuclear and Radiation and Safety Authority (Gosatomnadzor
or GAN) and Minatom signed an agreement to share the RMTC as a state training center. GAN

73

has the oversight for the state system of accounting and monitoring of nonmilitary use nuclear
materials within Russia. As a result, the RMTC will also provide training to GAN inspectors in
general topics of MPC&A, as well as MPC&A oversight and inspections.
One of the most significant areas of technical cooperation in the U.S.-Russian
Government to Government Cooperative Program for MPC&A and the program of assistance by
the European Commission has been in the domain of education and training. Since the initial
decision to create the RMTC, these collaborative efforts have resulted in a number of activities to
enhance the development of the RMTC and support development of indigenous Russian training
capabilities. Due to the fact that there are many nuclear facilities in the Russian Federation and
several hundred MPC&A specialists, this education and training effort is an extremely large one.
It is also one of great importance due to the need to quickly transfer knowledge of modern
MPC&A concepts and technologies throughout the Russian Federation.
Assistance to the development of the RMTC encompasses a number of activities. These
include providing training to Russian MPC&A specialists, equipping MPC&A training
laboratories and automating training administration facilities, and supporting RMTC
infrastructure development initiatives. In addition, the U.S. and EC-JRC have contributed to the
optimization of this training environment by supporting international MPC&A and training
conferences at the RMTC, providing assistance in curriculum development and providing
MPC&A training specifically designed for Russian instructors. The overall program of
cooperation to develop the RMTC is being conducted in three primary stages, which will occur
in parallel with the activities described above.
Stage one following the initial organization of the RMTC involved the U.S. and the ECJRC sharing its experiences in developing MPC&A program development and implementation
with Russian specialists. This was primarily accomplished through development and delivery of
training courses, but also took the form of conferences, seminars and workshops designed for
open discussion of mutual problems and issues. This stage involved conduct of a training needs
assessment to determine RMTC requirements for curriculum support and training equipment.
An analysis of the Russian nuclear fuel cycle and analysis of operator work activities was
conducted in order to design a comprehensive curriculum of MPC&A courses for the RMTC and
recommend training equipment to be provided. This initial analysis identified eleven courses for
development during 1996, with approximately 20 additional courses identified for development
in the subsequent two years.
Stage two involves the adaptation of these training courses to reflect Russian regulations
and procedures, and further enhancement to the original course curriculum. Russian instructors
have been identified and technical training is being provided specifically to meet their individual
needs. During the period where these courses are being adapted to the Russian system, they will
be jointly taught at the RMTC by Russian and foreign specialists. Training equipment will
continue to be provided, as well as continued support to the overall infrastructure development at
the RMTC. A primary focus during stage two is the creation of Distance Learning capabilities,
in order to provide cost-effective training developed at the RMTC to the broadest possible
audience throughout Russia.
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Ultimately, all training courses will be fully transitioned to the RMTC for management
and delivery. During stage three, the U.S. and EC-JRC will continue to provide technical
support and assistance as requested by the RMTC. Continued emphasis will be placed on
infrastructure development, to ensure that equipment and software required for training
operations, publishing, etc. is in place. In addition, a full technical reference library will be
created to provide resources for instructors and MPC&A specialists.
The instruments that are being procured for the RMTC are those nondestructive assay,
mass/volume and containment/surveillance instruments and devices that are, or will be employed
in MPC&A for Russian facilities. These include NDA instruments such as active and passive
neutron measurement devices, high and low resolution gamma spectrometry devices, room
temperature gamma detectors, and densitometry devices. The mass/volume instruments will
include input, process and output reprocessing tanks with pressure/level meters. The
containment/surveillance devices include seals, cameras and operator devices.
During the period of international cooperation, significant progress has been made at the
RMTC. Enhanced training facilities are in operation, with approximately fifteen courses being
completed. The RMTC infrastructure has been strengthened and a strategic plan for the
development of regional training capabilities via distance learning and other methods has been
completed. Due to the large number of nuclear facilities in the Russian Federation, and hundreds
of specialists who will need MPC&A training, the development of this "distance learning"
capability is essential in order to ensure the high-quality training developed at the RMTC is
available to the widest possible audience.
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USE OF STANDARD DATA FORMATS FOR REMOTE MONITORING AND OTHER
SAFEGUARDS TECHNICAL DATA
R. B. MELTON and D. K. GRACIO
Pacific Northwest National Laboratory (PNNL), Richland, Washington, USA
International safeguards involves the collection of ever increasing amounts of data.
Traditionally each instrument provides data in a unique electronic format. With the increasing use of
instruments and systems that produce digital data standardization of data formats has become an issue.
Standardization of data formats is important because it allows end-user organizations, such as the IAEA,
to specify data format standards for instrument manufacturers and for providers of software tools for
analysis of the data. As applications such as remote monitoring are deployed for large scale use the need
for a standard data format becomes even more important due to the increased volume of data.
A separate but related issue is the documentation of data. For safeguards related activities it is
important that data be documented. Examples of information that document safeguards data are:
identification of the specific source of the data (for example by instrument serial number), calibration
information, instrument settings, the data of collection, date of review, data quality assessments of the
data, algorithms that have been used to process the data, and interpretations of the data. This type of
information documenting raw or processed instrument data is commonly referred to as "metadata" [1],
which literally means "data about the data".
Standardization of data formats and the collection and storage of metadata are not new
problems. Within various scientific and technical disciplines standard data formats and schemes for
managing metadata have been developed. In earth and environmental sciences the use of remote sensing
capabilities has stimulated the development of very effective and general approaches to these problems.
In particular self describing data formats have been developed that provide practical approaches to
dealing with data format standardization and with management of metadata.
Self describing data formats generally provide for the storage of sensor data and the associated
metadata. The direct linkage of metadata with the primary data produced by the sensor or instrument
helps assure that the data will be useful over long periods of time. Self describing data formats are also
generally supported across a variety of platforms and provide transparent conversion between platform
specific floating point number formats and a standard such as the IEEE floating point standard. Finally,
mature self describing data formats have associated tools for the storage and retrieval of data.
Self describing data formats are file based and typically have a logical structure as illustrated in
the figure below. The file is commonly divided into two logical components - a header and data fields.
The header stores metadata of two types. First, metadata that applies to all of the fields in the file and
second, metadata that is specific to individual data fields. The field data can be thought of as being
stored in parallel arrays with a common time index.
Standard data formats, such as the network common data format (NetCDF) [2] and the
hierarchical data format (HDF) [3] have been developed and are widely used by researchers in a variety
of disciplines. The network common data format, in particular, has been developed by Unidata, a
component of the University Consortium for Atmospheric Research (UCAR) located in Boulder,
Colorado. NetCDF is of interest for safeguards remote monitoring and instrument data because it
supports a wide variety of data types including: satellite imagery, still-image snapshots, multidimensional "gridded" data, time series data, spectral data and character data. A multi-language
programming interface is provided for storage and retrieval of data. NetCDF files are platform
independent across a broad range of computers from PC's to supercomputers and there are a significant
number of applications that can directly access NetCDF datafiles.
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The wide variety of existing applications that can access NetCDF files and the use of a data
format standard allow for the development of a flexible "data bus" approach. Applications can be
developed to the standard and access data in a uniform manner much as the standard bus definitions for
computers allow manufacturers to design and implement new hardware.
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IRMP Technical Topical Workshop, Held February 18-20, 1997, Software
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The first IRMP Technical Topical Workshop, Tools and Development, was held February
18-20, 1997 and hosted by Sandia National Laboratories. The workshop offered an
opportunity for attendees and participants to explore some of the accomplishments and
successes that IRMP projects have had in software technologies, ongoing development in
these technologies, and discuss future needs and directions for remote monitoring systems.
Participants from various counties and government agencies participated; Germany, Brazil,
US, Argentina, Russia, and Austria were just some of the countries that participated. A total
of forty-five (45) people attended the workshop, A survey was taken at the conclusion of the
workshop to assist in directing content, format, topics and style for future IRMP workshops.
On a scale from 1-5, with 5 being the highest, the overall rating (average) taken from the
survey responses for this workshop was 4.688.
All speakers were video taped and placed on a six-volume tape set. Eleven and a half hours of
talks, presentations and demonstrations were recorded. This display will offer an opportunity
to those individuals that were unable to attend the workshop in February to view specific
speakers and/or topics that were presented. Copies of the materials presented as well as the
workshop survey findings will also be made available. Some of the speakers and topics
presented were r
.
IAEA Remote Monitoring Plans & Requirements ~ Mr. Guy Martelle, IAEA.
MIMS 1.0-A New WinNT Application ~ Mr! Bill Davidson, SNL
.
ENREN Remote Monitoring Argentina ~ Mr. Anibal Bonino, ENREN
Development of an Object Oriented Graphical User Interface Building Tool~ Mr.
Luis Rovere, ABACC & Mr. Horacio Fontanini, CNEA
Internet-Technologies for Data Transfer in RMS at Kurchatov Institute ~ Mr.
Alexander Grigoriev, Kurchatov
German Remote Data Transmission Field Test ~ Mr. Bernd Richter, KFA
Video Reviewing Station (GARS) ~ Mr. Steve Kadner, Aquila Technologies
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The Finnish Centre for Radiation and Nuclear Safely (STUK) and Sandia National Laboratories (SNL), working
under the United States Department of Energy (DOE)-funded International Remote Monitoring Program, have
undertaken a joint effort to demonstrate the use of environmental air sampling with remote data transmission via
telephone and the internet for possible future use of the IAEA.
The essence of the first phase of this project is to merge the environmental monitoring system already in existence
at STUK Headquarters in Helsinki, Finland, with a remote monitoring system. The remote monitoring system will
provide safeguards for the environmental monitoring system, and will include the following features:
Motion sensor to view the air sampler from above
Various tamper detection sensors
Video camera to monitor the sampler. The camera will be event-triggered from the motion sensor, or triggered by
a request from the user.
A LONWorks network on an NT-based platform
A Network management system using ICELAN-G software
An EEC data logger
,A Data Acquisition System (DAS) that incorporates sensor management, data acquisition, real-time event displays,
data authentication, data storage and transfer, and image storage.
Data Image Review Stations (DIRS) at STUK, Sandia National Laboratories, and possibly the International Atomic
Energy Agency.
The STUK environmental monitoring system includes the following features:
Sodium Iodide Detectors
A radiation monitoring PC, operating on a Windows 95 platform. This PC will process data collected from the
environmental sensors.
A process control PC, operating on a Windows 95 platform.- This PC will monitor the health of the environmental
system, including flow and filter data.
A radiation analysis PC, which integrates the information from the radiation monitoring and process control PCs.
The radiation analysis PC also operates on a Windows 95 platform.
A STUK LAN network.
In phase I of the field demonstration, the remote monitoring and environmental monitoring systems will be linked
by modems. In a later phase, this linkage, and the linkage to the DIRS will be accomplished over the internet At
that time, STUK will insert a firewall computer, based on an NT platform, between the DIRS and the DAS.
An interesting innovation of this system is the integration of the outputs from both the environmental monitoring
system and the remote monitoring system into one DIRS computer. The operator or inspector at the DIRS can
query the status of the remote monitoring system or query the status of the environmental monitoring system. The
DIRS will be an NT-based platform, and will include the MIMS Data Transfer Module supplied by Sandia
National Laboratories, and the Data Transfer Module and ACM S/W Module supplied by STUK.
Phase I installation is scheduled for June 1997, with field trials to continue through December 1997. The final
report for Phase I is scheduled for February 1998. At the time of the IAEA Symposium in October therefore, the
field trials will have been well underway, with significant data available to present. The focus of the presentation
will be to update the status of the system, provide an evaluation of the various components, and offer preliminary
recommendations for Phase 2 and any other follow-on efforts.

79

XA9949367
IAEA-SM-351/49
CONTAINMENT AND SURVEILLANCE - PAST, PRESENT AND FUTURE
By
Cecil S. Sonnier, US DOE and Sandia Consultant
DarrylD. Drayer, Sandia National Laboratories
Don Glidewell, Sandia National Laboratories
INTRODUCTION
This paper addresses the evolution of the specific subject of technical means to maintain continuity of knowledge
between inspection intervals - classically referred to as Containment and Surveillance.

THE PAST
. '
From the beginning, the fundamental element of International Safeguards has been material accountancy; that
is, accounting for nuclear material subject to safeguards. This is achieved through inspections, examination of
records and reports, material measurements, and other means. In INFCIRC/66, one of the basic safeguards
documents, Containment and Surveillance (C/S), was not specifically identified as a means to be used, nor was its
use excluded. The recognition of C/S was a very slow process, arranged on a case-by-case basis. In the mid-1970s,
with the emergence of INFCIRC/153 ("The Structure and Content of Agreements Between the Agency and States,"
June 1972), C/S was specifically incorporated as "important complementary measures" to material accountancy
and was specifically identified as measures that should be used for the purpose of fulfilling inspection
responsibilities.
The IAEA was established in 1957. The first inspections began in the early 1960s at several small research reactors
and expanded in 1962 to several power reactors. It was in this time frame that the first use of C/S, as it is
commonly known, began. Several commercially available seals were placed in use, initially on an experimental
basis. In the fall of 1966, the IAEA was using the US Internal Revenue Service (IRS) seal, later termed the "Type
E" seal. Brookhaven National Laboratory (BNL) later developed solder techniques designed to strengthen the
tamper resistance of these seals. No optical surveillance or monitors were in use in the first decade of the IAEA. In
this decade a functional organization was established, including the commencement of a limited number of
inspections. In this period, there was little C/S equipment available for use.
Starting in the second decade, a variety of equipment was introduced. In the area of seals, the backbone became the
earlier introduced Type E metallic seal. Today, after several modifications, it remains the most widely used seal.
Adhesive (paper) seals were introduced, principally for short-term sealing applications. The first fiber optic seal,
termed Fiber Lock, was developed and offered for evaluation by the US Arms Control and Disarmament Agency
(ACDA). Also, electronic seals were developed by Forschungszentrum Juelich (KFA) in Germany, and Sandia
National Laboratories (Sandia) in the US. By early 1976, the IAEA had approximately 60 Optical Surveillance
systems in use, including several types of single frame 35mm, 16mm, 8mm, Super 8mm cameras, and a few
custom made video units. In general, this came about as a result of the rapidly expanding commercial market for
industrial and home use of film-based movie photography.
Throughout this decade, numerous commercial film cameras were developed and appeared on the market. A
number of these systems were evaluated by the IAEA and, to a limited degree, used.in field applications. These
systems included Minolta XL-400 and XL-401 Super 8mm Cameras. By 1978, this system, after a number of
timer modifications, became the primary IAEA optical surveillance device (the XL-401) and was in wide-spread
use.
.
.
'
.
• .
As can be seen from the above, in its second decade the IAEA evaluated and, in a number of cases, implemented a
wide variety of C/S equipment. There was, and of course still is, a direct relationship of C/S equipment usage to
availability of basic technology on the commercial market.
In the third decade of the IAEA, there were many technology advances, and the level of C/S equipment activities
increased. Equally important, a number of Member State Support Programs were established, and several of these
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programs had significant activities in the area of C/S. In this decade as in the previous one, to many, "C/S" meant
"Cameras and Seals". Considerable effort was devoted to the development of film camera systems with increased
film capacity, video systems utilizing video cassettes and discs, electronic seals, and a variety of other C/S
equipment. These systems included the Variable Coded Sealing System (VACOSS) electronic seal, the COBRA
Seal System, Passive Environmental Monitors, multiplex video systems, ultrasonic sealing systems, and reactor
power monitors.
•
•, •
It was in this decade that the first Integrated Monitoring System was developed which combined radiation
detectors, crane monitors, and a data collection module, and provided for triggering optical surveillance cameras.
Also, in this decade, in the US, ACDA developed the RECOVER System designed to remotely, via commercial
telephone lines, monitor the status of C/S devices. This system was extensively tested on a world-wide scale and
served to demonstrate the basic feasibility of remote monitoring. Concurrent with the RECOVER activities, in
Germany, KFA developed and tested the LOVER (Local Verification) System intended for use within a complex of
facilities in the same local area. Following the tests of the RECOVER and LOVER systems, in Japan, JAERI
continued development of remote monitoring equipment.

THE PRESENT
In the late 1980s, it became evident that the film camera technology would be replaced by video technology and
that steps were necessary to insure that, when that time came, the IAEA would be prepared to replace the some 200
Twin Minolta Film Camera Systems that were deployed. Both Japan and the US addressed this problem - JAERI
with the Compact Surveillance Monitoring System (COSMOS) and Sandia with the Modular Integrated Video
System (MI VS) which are both now in routine safeguards use.
The coming of the age of video surveillance brought with it a tremendous increase in the amount of recorded data.
While the increased amount of surveillance is very desirable from the standpoint of determining what has occurred
in the inspectors' absence, it also brings along a burden to inspectors who must review the data. In recognition of
the large amount of data that will result from the transition from film camera to video systems, the European
Union (EU) and US commenced development of several video review systems: at JRC/lspra, the Polyline System;
at Sandia, the MIVS Image Processing System (MIPS); and at a commercial firm in the US, Aquila Technologies
Group (ATG), the MK V Review Station. In Germany, the Neumann Review Station was developed. The ATG
MK V Review Station and the Neumann Review Station are currently in routine use. In another approach to assist
in data review, the EU, France, and Germany pursued development of video front-end processing of surveillance
data.
In the early 1990s, the digital video and low cost network technology came into widespread industrial use. In
France, Germany, and the US, development of the EMOSS, Neumann, Gemini, and Image Compression and
Authentication Module (ICAM) digital video systems commenced. At the present time, these systems are in
various stages of field test or approval for safeguards use. Work on advanced seals also proceeded.

THE FUTURE
Remote monitoring systems are expected to become routine with transmission of a variety of relevant safeguards
data to IAEA Headquarters and to regional offices. Remote monitoring technology will be progressively updated to
take advantage of rapid technology advances. The World Wide Web offers the possibility of drastically reducing.
the cost of data transmission. Use of this technology for safeguards purposes will require careful consideration of
security issues, but it is expected that such issues will be resolved soon, and information transfer over the web is
expected to be in widespread safeguards use in the not very distant future. Acceptance of certain openness and '
transparency measures is also expected. Such measures may include some form of short notice inspections,
perhaps on an allocation basis. Other measures may include joint sharing of data from safeguards systems, joint
resolution of discrepancies in the data, and sharing of site process and audit data. All of this is expected to have a
profound affect on the entire regime of international safeguards.
A glimpse into the future also indicates that an important element of safeguards instrumentation will be the
merging of C/S and NDA equipment into integrated systems including seals, video systems, and a wide range of
detectors. In some cases, such detectors may be similar or identical to detectors used in the domestic Physical
Protection arena.
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CONCLUSION
In this paper, an attempt will be made to identify the various C/S development activities conducted by, and
technology developed for, the IAEA, the EU, and IAEA Member States. This listing demonstrates the evolution of
C/S equipment and the large amount of effort that has been devoted to the furtherance of C/S. Further progress is
anticipated including the implementation of remote retrieval of data and incorporation of openness and
transparency measures. These developments should further improve the efficiency of safeguards operations,
freeing the inspectors from certain routine tasks and providing them with better and more frequent data. The
result should be a more efficient regime of safeguards without any loss of effectiveness.
Becoming aware of the significant changes of the past several years and their effect on the expectations
for future international safeguards, it is necessary to reflect on which direction the development of nuclear
safeguards in a new era needs to take and the implications of that direction on safeguards policy and practice. The
time-proven monitoring techniques, based on quantitative factors and demonstrated universal application, have
shown their merit. However, new expectations suggest the possibility that a future IAEA safeguards system could
rely more heavily on the value of a comprehensive, transparent, and open implementation regime. Most certainly, a
very large reliance on qualitative data will be necessary in order to gain the many benefits of the emerging C/S and
remote monitoring technology. ,
.
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Bobby H. Corbell, John C. Matter, Sandia National Laboratories, Albuquerque^ New Mexico, USA
(505)844-8468; and
Michael J. Whitaker, Oak Ridge Y-12 Plant, Lockheed Martin Energy Systems, Inc., Oak Ridge, Tennessee
37831 USA (615)576-1682; and
Rene Lemaire, Roumen Tzolov, International Atomic Energy Agency, Vienna, Austria, 43-1- 2060-21849 and
Jack Welch, Aquila Technologies, Albuquerque, New Mexico, USA (505)828-9100
Malcolm O'Toole, COMSAT RSI, Network Systems, Clarksburg, Maryland, USA (407)524-1515

Field Trial Origin and Objectives
A Remote Monitoring System (RMS) field trial has been conducted for the International Atomic
Energy Agency (IAEA) on highly enriched uranium materials in a vault at the Oak Ridge Y-12
Plant. The RMS included a variety of Sandia, Oak Ridge, and Aquila sensor technologies. The
technology areas of interest were access monitoring, item monitoring and asset measurements.
The RMS as installed provided seals and motion sensors for access monitoring, video monitoring
for assessment of events, radiation measurements for asset measurements, and container
identification for item monitoring to an on-site DAS (Data Acquisition System) by way of
radio-frequency and Echelon LonWorks networks. The accumulated safeguards information was
transmitted to the IAEA Vienna Headquarters via satellite (COMSAT/RSI) and international
telephone lines. The data were available to the IAEA Toronto Office, Oak Ridge National
Laboratory (ORNL), Aquila Technologies Group (ATG) and Sandia National Laboratories
(SNL) via dial-up telephone lines. Data sets were archived on a Data and Image Review Station
(DIRS) at the remote facilities.
The key objectives of the Field Trial included:
Identification of individual sensors and sensor combinations which provide a reliable, durable,
and cost-effective way of obtaining IAEA verification goals at a storage facility while
operating in a totally unattended mode.
Evaluate front-end triggering of video frame recording to confirm that compared to the current
method of interval recording a significant reduction of data can be accomplished without loss
of any significant event images.
Identify authentication solutions that satisfy IAEA and DOE information protection
requirements.
IAEA assessment of the remote monitoring system's acceptability to serve as a routine IAEA
inspection mechanism for the Oak Ridge Highly Enriched Uranium (HEU) storage vault.
The technologies being tested in the remote monitoring environment are the RadCouple and
RadSiP radiation detectors, and SmartShelf identification tags from the ORSENS (Oak Ridge
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Sensors for Enhancing Nuclear Safeguards) technologies; the Sandia on-site DAS (Data
Acquisition System), ICAM (Image Compression and Authentication Module) video surveillance
system, AIMS (Authenticated Item Monitoring System) motion sensor, and AIMS fiber-optic
seal (AFOS); and the Aquila AssetLAN identification tag, VACOSS-S fiber optic seal, and
Gemini digital surveillance system.
.
Technical Description
All of the sensors have performed in predictable manners. There have been the expected lessons
learned associated with the application of new technologies into an operation environment.
The ICAM imaging component captures an image when an alarm condition occurs with a sensor.
The sensor forwards the alarm to the ICAM as a trigger. The event triggered images are used as
an assessment tool for alarm events from the RMS. The event triggered images also
demonstrated the reduction of the number of images versus interval recording required for the
monitoring tasks.
The AFOS and the VACOSS-S seals are based upon fiber optic cable monitoring techniques.
The AFOS reports the status of the seal via RF while the VACOSS-S reports via the Echelon
network. Both seals plus the AIMS motion sensor provide for access monitoring of the material.
Both seals and the motion should alarm before an adversary could gain access to the material.
The alarm event from these sensors trigger an image to be captured from the ICAM.
The RadCouple sensor measures gross gamma radiation while the RadSiP measures gross
enrichment. Both of these sensors provide relative measurements to minimize the issues of
sensitive data while at the same time providing the knowledge that the material has not been
compromised. The RadSiP sensor was modified to provide event triggering to the ICAM
component.
The SmartShelf and the AssetLAN sensors provide a basis for item monitoring and in situ
inventory measurements. The sensors are applications of a commercially available ID tag.
Future Directions
The system was operated from October 1996 through June 1997. Experience gained through the
field trials will allow the technologies to be applied to various monitoring scenarios. Tests were
conducted during the monthly IAEA Interim Inventory Verification (IIV) inspections for
evaluation of the equipment.
The conclusion of the Field Trial has allowed for a follow-on system to be proposed for the
specific task of monitoring the Y-12 storage vault. The system will include seals and motion
sensors for monitoring material access. These sensor alarms will trigger image frames to be
captured. The video component will also include an interval (~1 hour) capturing of image
frames.
A secondary consideration to the proposed system is that of the U.S. domestic safeguards
requirements. The domestic safeguards requirements will result in the inclusion of at least one
asset measurement to be recorded. The IAEA and U.S. requirements must both be met to
extend the on-site inventory.frequency to a common denominator.
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The future system must support the data surety requirements of both monitoring agencies. All'
data will be available for evaluation by both parties. During the. Field Trial, the evaluation of the
data has focused on the technical issues of the system:
Remote monitoring of materials stored under safeguards produce much more data than the
on-site physical inspections as currently performed. This explosion of data available to the
inspectors must be handled in automated fashions such that the inspector can assess the status of
the material in an efficient manner. Advanced data analysis routines will be developed to support
the safeguards inspection requirements. The status of the remote monitoring system must be
reported. Any alarm events must be highlighted for review. Automatic data transfer from the
storage facility to the review site will be high priority. The remote data transfer will satisfy the
timeliness criteria and reduce the number of interim inventory verification. These features and
benefits of the remote monitoring system support the IAEA user requirements.
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Through international partnerships and bilateral agreements with the U.S. Department
of Energy (DOE), and through the International Remote Monitoring Project (IRMP),
Sandia National Laboratories has emplaced remote monitoring systems in nuclear
facilities and laboratories in various parts of the world. The technical basis for these
systems and the operational environments have been described elsewhere.
Experience with the systems and the sensors, and experience with the communication
and handling of safeguards-relevant data via international telephone lines, are
discussed here.
It is important to keep in mind that the remote monitoring systems discussed here were
field trials, not operational safeguards systems. These systems are characterized by
integration of the sensors and video components, coordinated data storage, and off-site
communication. The video data collection associated with the systems is triggered i.e., images are collected only in response to a stimulus, and time-lapse video is not
used in the system. During the life of these field trials, portions of the technology have
been improved or modified, but the functional aspects of the various systems are still
as originally designed.
The quality of telephone communications vary widely around the world, as any traveler
can confirm. At all field sites we have used commercial telephone links for the remote
data access, and have not been given special consideration by the host other than the
requirement for a dedicated, single-party line. Obviously the quality of the
communication link is important in determining the data transmission rate. In addition,
it is important to use modems that match appropriately at both ends of the link. '
From the beginning of the remote monitoring project we placed no emphasis on the
rapid acquisition of data from the site. Remote monitoring in a safeguards context will
require an open and cooperative environment that is fundamentally different from that
of a physical security application. That is, the monitoring agency will not have a means
of responding rapidly to discrepancies in the data, and will not have the wherewithal to
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invest major effort in resolving minor anomalies. With remote monitoring, there now
exists the possibility to have all of the data available to the IAEA, regional authorities
(where applicable), the State authority, and the facility operator. With all having equal
access to the data, it will be possible to resolve many of the anomalies simply by
telephone or other real time communications and the speed of data retrieval is of little
consequence.
In an open and transparent environment minor events can be resolved cooperatively
between the monitoring agency and the monitored facility. Therefore a slight delay in
accessing a site and retrieving data is of no consequence in international safeguards.
Although not generally a problem, slow communications, and an inability to achieve a
telephone link the first time every time, can be overcome by an automatic dial system.
These problems may also be reduced by other special efforts such as use of the
Internet. The performance of the latter, however, depends on the link through which
the Internet is reached.
The DOE field trials of remote monitoring systems have met the objectives of the IRMP
program. The experience gained from the trial use of these systems has shown the
viability of the concept of using.integrated monitoring systems with front-end triggered
video and providing off-site data communication through commercial telephone lines.
The field trial systems have been reliable, considering that the technology is new and
that a variety of new applications and options were implemented in the program.
Overall they have functioned as intended. Data have been collected and transmitted
off site, both within the country of the host facility and to Sandia National Laboratories
in Albuquerque, New Mexico.
• "• ,.
Despite this progress, there still are.policy and technical problems that need to be
resolved, and cooperative and eager partners willing to assist in progressing into an
operational prototype phase. This is being accomplished through the recent field trial
at the Y-12 facility and upgrades at the Embalse facility in Argentina, the Russian
Federation, and other sites. It is our expectation that fully operational remote
monitoring systems will be implemented by 1998, With acceptance of variety of
openness and transparency measures. There are numerous organizations in the US
and around the world currently working on remote monitoring technology for
International Safeguards. In addition, the technology is rapidly advancing. It is
necessary to seek agreement on standards - standards that will allow each
development organization to use their resources as they wish, but still present a
useable product for safeguards use. Openness and transparency, including some form
of short-notice inspections, are prerequisites to the implementation of remote
monitoring in any State.
We believe the commercialization of the remote monitoring system design, as well as
the monitoring organization responsibility for system installation and operation, will
proceed in. the near future. Further improvements in the technology and the software,
with cost reductions through standardization, are expected and shoufd make the
concept of integrated collection of safeguards data with remote access to the data
useful for safeguards purposes. We believe the utility and functional reliability of the
concept of remote monitoring for international safeguards has been shown.
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PROTOTYPE DEVELOPMENT OF ISOTOPE DILUTION
GAMMA-RAY SPECTROMETRY*
T. K. Li and Tom Kelley, Los Alamos National Laboratory, Safeguards Science and
Technology, Group NIS-5, MS E540, Los Alamos, NM 87545 USA
Accurate, rapid determinations of the plutonium in spent-fuel dissolver solutions are
very important for input accountability analysis and nuclear material control and for on-site
verification: essential elements of the near-real-time accounting system at reprocessing
plants. A novel technique, isotope dilution gamma-ray spectrometry (IDGS) [1,2] has
been recently developed for the simultaneous measurements of plutonium concentrations
and isotopic compositions in spent-fuel dissolver solutions at a reprocessing plant.
Because of the small sample volumes (containing less than 0.1 mg of plutonium) in the
analysis, the plutonium isotopic composition are determined by measuring the highintensity, high-resolution, low-energy gamma-ray spectrometry. To measure the
plutonium concentration in the dissolver solution, a spike is added to the unknown .
dissolver solution based on the isotope dilution principle. We then determine the
concentration from the measured isotopic differences among the spike, the unspiked dissolver solution, and the spiked dissolver solution. Resin bead techniques have been
developed to rapidly separate fission products and recover plutonium from dissolver
solutions for measurements by high-resolution gamma-ray spectrometry.
For automated, rapid measurements of the plutonium concentration and isotopic
composition in spent-fuel dissolver solutions, we are developing a prototype IDGS system
including physics, algorithms, and analysis software. The prototype EDGS system
consists of a hyperpure germanium (HPGe) planar detector and associated electronics, an
ORTEC Multichannel Buffer (MCB), and an IBM compatible personal computer (PC). The
HPGe planar detector has dimensions of 1000 mm 2 by 13 mm and a resolution (full width
at half maximum) of 560 eV at 122 keV. The integrated signal processor features a highvoltage bias supply for the detector, spectrdscopy amplifier, pile-up rejecter and live-time
corrector, and an 8192-channel, 100-MHz analog-tq-digital converter. The computer is to
interact with the user, to control the MCB hardware to acquire spectra data for measurement
information, to automate the analysis of these measurements, and to store gamma-ray
spectra on disk for future analysis. A PC at least as advanced as a 486 33Mhz with 4 Mb
memory and 120 Mb hard disk is needed.
The IDGS software package is a windows application program. The operating
system used on the PC is Microsoft Windows 3.1 which runs on top of DOS 6.3. The
Microsoft Visual C/C++ 1.0 compiler, the XVT design tool, the db-VISTA Database
Manager, the ORTEC DLL (dynamic link library), and the libraries developed by the
software section in the Los Alamos NIS-5 group are being used as primary development
tools. Even though a C++ compiler is being used, the IDGS software is being written in
regular C. The XVT design tool is a commercial graphical user interface (GUI) generator.
The db-VISTA Database Manager from Raima Corporation is used to store and retrieve the
parameters needed for spectral analysis.
*This work is supported by the United State Department of Energy, Office of
Nonproliferation and National Security, International Safeguards Division , and Power
Reactor & Nuclear Fuel Development Corporation, Japan.

The IDGS software became a complete package when a version of FRAM [2] was
modified to fit the IDGS requirements and the ability to take live measurements was added.
The FRAM analysis algorithms are used to compute peak areas. Special algorithms are
used to calculate the relative activities and masses. The measurement option allows the user
to automatically analyze a spectrum after a real-time measurement.
Over 20 dissolver solutions with plutonium concentrations varied from 0.6 g Pu/^
to 1.6 g P\x/£ have been analyzed. The range of plutonium isotopic abundance (wt. %) is
0.34% to 1.24% for 238p U] 58.24% to 70.84% for 2 3 9 Pu, 21.21% to 27.94% for 2 4 0 P u ,
4.00% to 8.9% for 2 4 1 Pu, and 1.4% to 5.2% for 2 4 2 Pu. For plutonium isotopic analysis
of dissolver solutions, the agreements between the results of IDGS and isotope dilution
mass spectrometry (IDMS) are extremely good. The average IDGS/IDMS ratios are 1.000,
1.003, 0.998, and 1.003 for 2 3 9 Pu, 2 4 0 Pu, 2 4 1 Pu, and 2 4 0pu/ 2 3 9 Pu, respectively. The
typical precision within a 1-h count time is 0.6% for 2 3 ^ p u > o.2% for 2 3 9 Pu, 0.5% for
240
Pu, and 1.3% for 2 4 1 P u .
For the plutonium element concentrations of dissolver solutions, the average plutonium concentration obtained by IDGS agrees with that obtained by IDMS within 0.2%.
The typical uncertainty of IDGS measurements is less than 1% within a 1-h count time.
These results indicate that IDGS measurements are nearly unbiased relative to IDMS
measurements. The rapid and accurate IDGS technique can provide a timely, less
expensive, and simpler on-site verification method of the plutonium in the input
accountability samples.
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Following the dissolution of the USSR, Ukraine signed agreements with the U.S. concerning the
development of state systems of control, accounting and physical protection of nuclear materials.
Subsequently, the U.S. Department of Energy (DOE) began providing assistance in nuclear
material safeguards, including: material control & accountability (MC&A) systems, measurement
techniques, and physical protection. MC&A assistance includes aid in developing automated
accounting systems for nuclear materials. Key Ukrainian institutions participating in this
program are the Ministry of Environmental Protection and Nuclear Safety, Kiev Institute for
Nuclear Research, Kharkiv Institute of Physics & Technology, Sevastopol Institute for Nuclear
Energy & Industry and the South Ukraine Nuclear Power Plant.
The Automated Inventory/Material Accounting System (AIMAS) is a PC-based application for
MC&A which runs under Microsoft Windows. The first AIMAS software prototype was
designed to provide a starting point for joint U. S. / Ukraine system development. The features of
AIMAS include: basic physical inventory accounting (item level); transaction logging; user
defined fields (UDFs); support for material balance areas (MBAs) and key measurement points
(KMPs) distributed over multiple PCS; on-line contextual help; multilevel security; multiple
item (group) transfers within and between MBAs and KMPs; import/export records to/from other
systems; enhanced query and reporting options; process transfer diskettes for transfers between
MBA or KMP databases on different computers.
AIMAS is being developed using Microsoft Access 2.0, a MS Windows relational database
management system (RDBMS) and application development environment. A primary objective
of the AIMAS project is to work cooperatively to achieve a MC&A capability that meets the
needs of the facilities and the state-level IAEA reporting requirements. The approach taken to
achieve this objective was to: field an initial software prototype early, take an evolutionary
approach (build a little, test a little), involve U. S. and Ukrainian MC&A experts and developers
in the prototype iterations, leverage commercial off-the-shelf hardware and software to achieve a
robust, supportable system.
AIMAS is designed to be highly flexible and to support a wide range of computing infrastructure
needs to meet a variety of facility requirements. AIMAS permits MC&A inventory databases to
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be distributed over several computers. Simplicity, redundancy, and security are major design
goals. For example, a standalone PC can be assigned one or more KMPs, with inventory transfers
between PCS synchronized with diskette data transfers. A transaction verification process is
enforced by the software design to insure that items transferred to another PC are properly
entered on the correct destination computer. Any PC can assume the duties of a failed PC to
maintain high system availability. Security measures include multilevel password access
controls, all transactions logged with the user ID, and system administration controls.
Security and redundancy is enhanced by the system hardware specification, which uses
computers with all removable media. The system hardware configuration has a single drive bay
which accommodates a high performance removable SCSI disk with a lock to permit all MC&A
activity to be isolated from general purpose computing. Limiting access to the MC&A disk to
authorized personnel minimizes the possibility of unauthorized data access.
AIMAS provides a generalized import/export external interface to other applications, which
permits users to read data and effect transactions from files such as character delimited or fixed
field-width ASCII files or dBase (DBF) files. The user can create templates describing the
format of the import/export file. Items that are imported are held in a temporary table and
verified by the user before committing to the AIMAS database. Two applications using this
feature are the bar code data entry and the burnup / nucleonics calculations.
An example of an external application used with AIMAS is bar code data entry. This is a fast
alternative to keyboard entry and is not susceptible to transcription errors. Bar code readers can
be programmed to prompt users and record data. A typical bar code application for MC&A will
use a set of bar-code labels to identify inventory materials and another set of bar code labels to
identify storage locations. In a typical transaction, the user will select a transaction type and the
item, location, and seal identifiers will be scanned to complete the transaction record. Data entry
can occur as single transactions, or an entire room can be inventoried at once. Data is stored as
ASCII text and imported into the AIMAS database.
A nuclear reactor operating under IAEA Safeguards must report the isotopic content of its fuel.
Periodic burnup calculations provide the means to obtain partially-burned and spent fuel
isotopics. The PSU-LEOPARD code was modified to produce a standard cross section library.
The burnup code VENTURE-PC was upgraded to create data files for interfacing to AIMAS.
Neutron cross sections are generated and used in a multidimensional reactor solution for
instantaneous flux and power distributions. The burnup calculation is made to account for
neutron-induced reactions such as fission and capture. A graphical user interface has been
designed in Visual Basic 4.0 for controlling the information flow between the user, the
burnup/neutronics module, and the AIMAS database. The interface permits the user to make
selections for the number of fuel assemblies for which neutron cross sections are needed, the step
time, and the average power over the step. The user can initiate the calculation sequence through
LEOPARD and VENTURE-PC, with final recovered data being returned to files usable by
AIMAS. Fuel shuffling and discharge are part of the user interface.
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After the International Atomic Energy Agency (IAEA) decision in 1993 to
evaluate environmental monitoring (EM) as one of a series of methods to enhance
nuclear safeguards(Programme 93+2), the U.S. Department of Energy (DOE) added
four additional laboratories1 to the two long-time members2 of the IAEA Network of
Analytical Laboratories (NWAL). This Extended Network of Analytical Laboratories
(ENWAL)3 has the primary responsibility for bulk analysis of environmental samples
in the overall U.S. support program. Because of the large geographical separation and
tradition of independent operation of the DOE laboratories, it was obvious that a
simple, uniform communication and reporting format would be required, and that a
relational database would be necessary to manage all of the data and information
required by the program. During the Programme 93+2 EM field trials, a database was
developed in a continuous fashion as the needs of the program became clear. Data from
the DOE ENWAL laboratories were reported via modem to a password protected
electronic bulletin board in Oak Ridge, Tennessee (DOE coordination center for IAEA
EM support) using a simplified database format that allowed data to be appended to the
master database after review. Communication by modem was also used to report final
data to IAEA Headquarters.
With the official implementation of environmental monitoring for safeguards by
the IAEA in February 1996, the DOE ENWAL moved to a simple encrypted electronic
mail reporting system using the same database structure developed during the field
trials. Because of the need for more timely access to data and sample information,
efforts were initiated to explore some of the new techniques and products that have
become available in recent years that allow dynamic access to data and other
information over the internet. Some of the key considerations in selecting a system to
integrate the DOE laboratory network with the IAEA included:
•
•
•
•
•
•
•

Worldwide user access
Operating system independence
Server independence
Database independence
Scaleable architecture
Built-in security
Dynamic HTML generation and database interaction

1

Additional laboratories added to support environmental monitoring: Savannah River Technology
Center, Los Alamos National Laboratory, Lawrence Livermore National Laboratory, and Pacific
Northwest National Laboratory.
2
The original U.S. DOE members of the IAEA NWAL were Oak Ridge National Laboratory and New
Brunswick Laboratory.
3
The DOE ENWAL is comprised of Oak Ridge National Laboratory plus the four laboratories listed in
footnote 1 above. New Brunswick Laboratory continues to support the IAEA in its traditional role as a
supplier of standards and reference materials.
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As currently envisioned, the new internet-based system will be used to:
•
•
•
•
•

Initiate a request by the IAEA for sample analysis
Monitor all status information
Report data from the DOE ENWAL to the coordination center in Oak Ridge
Report approved data to the IAEA
Initiate queries concerning specific samples

In many cases, data entered at any point will be available dynamically
throughout the system to nodes with appropriate access. For example, information
entered into the system by IAEA headquarters in Vienna about a shipment (shipping
date, shipping number, sample numbers, analysis instructions, etc.) will immediately
be available to both the U.S. DOE coordination center in Oak Ridge and to the
appropriate laboratory. Automatic electronic mail messages will notify the appropriate
people that information on the upcoming shipment is available. Once the shipment
arrives at the laboratory, the receipt information will be available throughout the
system, as appropriate.
A master database containing all the data generated by DOE laboratories along
with detailed sample information will be maintained at the DOE coordination center in
Oak Ridge. Each laboratory in the DOE ENWAL will have access only to the data
generated by that laboratory and to sample information concerning those samples.
After review and approval, new data will be made available to the IAEA. In general,
the servers for this system will be maintained in Oak Ridge, and all communication will
occur over the internet using a secure browser. Current plans call for a prototype
system to be developed between one DOE ENWAL laboratory, the Oak Ridge
coordination center, and IAEA headquarters. After a short evaluation period, the
system will be rapidly expanded to the remainder of the laboratories.
A number of benefits are expected to accrue from this internet-based reporting
system, including:
•
•
•
•
•
•
•

More timely data reporting
Near real-time access to status information
Reduced risk of data errors (the data will be entered by the laboratory, so
transcription errors will not be a problem)
More robust data validation
Greater ease of use at all points in the cycle from analysis request to data reporting
Greater flexibility in deployment (users can be added or subtracted as needed)
Rapid communication between the IAEA and DOE ENWAL (e.g., the capability for
rapidly submitting a question about a single sample or a group of samples)
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IAEA-SM-351/55
$AFfiGUARDS APPROACH FOR CONDITIONING FACILITY FOR SPENT FUEL
Margaflt A, Barhany Lockheed Martin Energy Systems, Inc., Oak Ridge Y-I2
Plant, PjO. Box 2009, Oak Ridge, TN 37831 -8206, USA
Bruce \f. Moran, US Nuclear Regulatory Commission, Washington, D,C,
2055S-Q001

j safeguards approach was developed in support of the IAEA Programme for the
Development of Safegi ards for the Final Disposal of Sperit Fuel in Geologic Repositories
(&/ &Ok). t h e propoi ed safeguards approach is based on a generic facility which incorporates
fea uresj of conditioning; facility designs currently proposed in the participating Member States.
Thu safi$#uariis approach was designed to address the most difficult to safeguard design features
faei: lg c'4rtside|red. The goal of the development process was to identify an effective safeguards
apj roach that efficientl; i uses IAEA resources and could be tailored to specific facilities by
sel< ctin£ fronji the identified safeguards measures those that would apply to the given facility, The
cor ditidrtfng facility provides the last practical opportunity for direct verification of the spent fuel
befprelitJB enjiplaoed to the geologic repository.
p i e generic facility design that w&s used includes the consolidation of fuel pins, which is
the activity o\ greatest nafeguards concern in the conditioning process. The schematic diagram of
the generic conditioning j facility (Fig. 1) shows the flows of materials through the facility and the
int« mei {Eunctfonat subdivisions of the facility.
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Hn developing the safeguards approach, the diversion scenarios developed under preceding
jfr^ramme t< sks were utilized and safeguards measures to detect each scenario were
ide ntifi^d. Although afl of the scenarios might not be practical for a given conditioning facility
da ign, jeach ^ccnario vr&B possible for one or more of the conditioning facility designs being
copsidetad by the Stat< s participating in the SAGOR Programme,
After identifica ion of the potential detection methods and candidate safeguards
approaches, the potential safeguards approaches were evaluated to determine the optimal
app1 roadh. The goal in the final step was !to minimize the impact of the safeguards approach on
the' operation' of the facility, to minimize the resources required of the IAEA, and to provide a
high lev^el of Assurance that the quantity of spent fuel received at the conditioning facility was
trajisferf^ from the facility to the geologic repository in disposal casks,
tlihe general des|ign of the safeguards approach results from the difficulty to perform
measurementjs on the spent fuel in the conditioning facility. The technical options for verifying
spc nt fuel quantities are very limited, particularly once the spent fuel assembly is no longer an
inti ct i?t verifiable item!. In the absence of attributes measurements, the need for highly effective
coi taih&ent tad surveillance activities and design information verification is paramount. The
dri 'ing factor, is the overwhelming cost, of recovering from a loss of continuity of knowledge.
Op sraf drs of the conditioning facility will be highly resistant to opening a disposal cask to permit
cot firrh liion jof the cor tents, if subsequent inspections result in a determination that acceptable
coi taihment And survei lance was not maintained. The design of the safeguards approach contains
suf fcidi t redundancy a id ruggedness to provide a very high level of assurance that a potential
div ittib i of spent fuel • vould be detected and that the continuity of knowledge of the spent fuel
coi tenjt established at t ie point of the last verification measurement is not lost because of the
failjire idrk component bf the safeguards System.
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Programme for Development of Safeguards for the Final Disposal of Spent Fuel in Geologic
Repositories (SAGOR)
Bruce W. Moran, U.S. Nuclear Regulatory Commission (NRC), Washington, D.C., USA
Abdul Fattah, International Atomic Energy Agency, (IAEA), Vienna, Austria
The International Atomic Energy Agency (IAEA) is currently pursuing development of an
international safeguards approach for the final disposal of spent fuel in geologic repositories. This
development is being supported by advisory group meetings (September 1988 and December
1997) and consultants meetings (May 1991 and November 1995), through the Programme for
Development of Safeguards for Final Disposal of Spent Fuel in Geological Repositories
(SAGOR), and through individual Member State Support Programs. The advisory group and
consultants meetings provide technical and policy guidance to IAEA; SAGOR and the other
Member State Support Programmes recommend safeguards technologies and approaches that can
be effectively implemented by IAEA. The SAGOR program, which was initiated by the IAEA in
response to recommendations of the 1991 consultants meeting, is a collaboration of eight Member
State Support Programs (MSSPs) that undertook technical assessments for conditioning plants,
active repositories, and closed repositories. This report discusses the SAGOR Programme and
preliminary recommendations of the programme.
The SAGOR Programme was initiated to develop integrated safeguards approaches for
facility types (i.e., spent fuel conditioning plants and geological repositories) that have not been
previously safeguarded. The geological repositories will have to be safeguarded during preemplacement (i.e., design information verification), while spent fuel is being emplaced
(operational phase), and post closure. Safeguards on the spent fuel will continue after disposal in
the repository and closure of the repository for as long as safeguards agreements remain in force.
Before developing the safeguards approaches, investigations were conducted to determine
credible diversion paths and technical means for verification. Diversion path analysis entailed
defining a model facility containing what was perceived to be representative and worst-case
design elements of safeguards interest. Using this model, potentially credible strategies for the
diversion of spent fuel, or the nuclear material contained in the spent fuel, were identified. The
technical means for verification are the safeguards measures and equipment [e.g., design
information verification, geophysical techniques, integrated safeguards verification systems
(IS VS), authenticated operator systems, and nondestructive assay techniques] that are potentially
available to the IAEA to verify the State's declarations on facility design, operations, and nuclear
material flows.
Taking into consideration the results of the diversion path analysis and contemporary
IAEA safeguards practices for nuclear material contained in spent fuel, guidelines for acceptable
approaches to safeguarding the final disposal of spent fuel in geologic repositories were proposed.
The guidelines identified the objectives of the safeguards approach, definitions of defect levels for
verification measurements, and acceptable safeguards levels. The guidelines establish a baseline
against which potential safeguards approaches can be developed and evaluated. Diversion path
analysis for several repository designs (e.g., geological matrices) indicated that the timeliness goal
and inspection frequency for nuclear material contained in spent fuel in a closed geologic
repository should be evaluated on a case-by-case basis.
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For nuclear materials emplaced in a geological repository, the general safeguards
objectives were defined to be (1) to detect the diversion of spent fuel from the repository and (2)
to detect undeclared activities of safeguards concern (e.g., tunneling, underground reprocessing,
or material substitution). Verification activities, which parallel those stated in the existing IAEA
safeguards criteria, were proposed for three levels: for items under "acceptable dual C/S", the
identity and integrity of the containment would be verified; for items under "acceptable single
C/S", the presence of the spent fuel within the containment would be verified; and for items not
under C/S, the quantity of spent fuel would be verified. Where the presence or quantity of spent
fuel must be verified by measurements, gross and partial defect measurement levels related to the
container types were recommended.
Development of the safeguards approaches for spent fuel conditioning plants, active
geologic repositories, and closed repositories was performed by the participating State with the
lead responsibility for that facility. The proposed approaches were submitted to the SAGOR
Technical Coordinating Committee for review, discussion, and approval by all of the participating
States. The safeguards approaches are the subjects of other papers being presented to the IAEA
Safeguards Symposium.
The SAGOR programme will recommend generic safeguards approaches that the IAEA
can tailor for effective application to the final disposal facilities and will identify safeguards
measures and equipment that require further development before they can be effectively
implemented, as well as, other issues requiring further study. Separate final reports are being
prepared for conditioning plants, operating repositories, and closed repositories. In addition, a
reference volume is being prepared that contains the supporting documentation for the final
reports' conclusions. The draft reports will be provided to the attendees of the December 1997
Advisory Group Meeting (AGM) on the subject to form a basis for their deliberations and
recommendations to the IAEA. The reports will be placed in final form and distributed after the
AGM to ensure agreement between the AGM and report recommendations.
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Advances in Gamma-Ray Measurement Technology for Safeguards AT
THE LAWRENCE LIVERMORE NATIONAL LABORATORY
William M. Buckley, DeLynn Clark, Anthony Lavietes, Wayne D.
Ruhter and Tzu-Fang Wang Lawrence Livermore National Laboratory, Livermore, California USA
The Safeguards Technology Program (STP) at the Lawrence Livermore
National Laboratory (LLNL) has developed medium and
high-resolution gamma-ray spectrometer systems that expand the
practical range of safeguards measurements that can be made in
the field. We have also developed analysis software for uranium
enrichment and plutonium isotopic measurement for
medium-resolution detectors and have extended the capabilities or
developed new codes for high-resolution isotopic analysis of
uranium and plutonium.
There is a defined need for portable radiometric instrumentation
that can accurately confirm the presence of nuclear materials and
allow isotopic analysis of radionuclides in the field. To
fulfill this need the STP has developed a hand-held,
non-cryogenic, low-power gamma- and x-ray measurement and
analysis instrument that can confidently verify the presence of
nuclear materials. We will report on the use of cadmium zinc
telluride detectors and LLNL-developed supporting detector
electronics. We will also describe analysis software for these
detector systems that allows uranium enrichment measurements to
be made with moderate accuracy in the field and the development
of plutonium isotopic analysis software. These systems provide
capability for safeguards inspection and verification
applications.
STP has developed systems based on a compact
electro-mechanically-cooled high-purity germanium detector. This
detector system broadens the practicality of performing
high-resolution gamma-ray spectrometry in the field. Utilizing
small, high-reliability coolers and active vibration control,
these systems greatly improve the ease of performing
high-resolution gammas-ray spectrometry in the field. We can
construct systems that will run autonomously for extended periods
of time without operator input or maintenance. These systems are
particularly well suited for unattended safeguards or treaty
verification applications.
STP is developing actinide isotopic analysis technologies in
response to needs that address issues of flexibility of analysis,
robustness of analysis, ease-of-use, automation and portability.
Recent developments such as the Intelligent Actinide Analysis
System (IAAS) begin to address these issues. . We are continuing
to develop enhancements on this and other instruments that
improve ease-of-use, automation and portability. Requests to
analyze samples with unusual isotopics, contamination, or
containers have made us aware of the need for more flexible and
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robust analysis. We have modified the MGA.program-to extend; its
plutonium isotopic analysis capability to samples with:greater
24lAm content or U isdtopics. We have developed a uranium
analysis code, U235, that includes analysis of the 100 keV region
to determine uranium enrichment. We have developed a version of
MGA with improved analysis of the high-energy spectrum below 1
MeV. This version will also run without low-energy data available
for analyzing heavily shielded samples. We are also developing a
methodology for determining uranium enrichment in thick-walled
containers. We are looking at ways to allow the program to use
additional information about the sample to further extend the
domain of analyzable samples.
All the analysis software can be run from the same executive
using the same graphics. Alternatively they can be run as
"engines' from scripts or other programs.
In summary LLNL.has developed detector systems that extend the
applicability of gamma-ray measurements in safeguards
particularly for highly portable or unattended operations, and
analysis software that extend
.
.
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MATERIAL INTEGRITY VERIFICATION RADAR (MIVR)
STEVEN K. KOPPENJAN
Bechtel Nevada, Special Technologies Laboratory, Santa Barbara, California, USA
The International Atomic Energy Agency (IAEA) has the need for verification of
"as-built", spent fuel-dry storage containers and other concrete structures. The Special
Technologies Laboratory (STL) has fabricated, tested, and deployed a stepped-frequency
Material Integrity Verification Radar (MIVR) system to nondestructively examine the
internal construction details of these containers. The MIVR system is based on previously
deployed high-frequency ground penetrating radar (GPR) systems that have been developed
by STL for the U.S. Department of Energy (DOE) [1]. Whereas GPR technology utilizes
microwave energy to create subsurface images, MIVR is a variation for which the medium is
concrete instead of soil. The MIVR system employs very low-level microwave power to
perform depth profiling on concrete structures. The purpose is to nondestructively verify the
placement of concrete-reinforcing materials, pipes, inner liner, and other attributes of the
internal construction.
The MIVR system is a frequency modulated-continuous wave (FM-CW) radar that
operates over a frequency range of 1000 to 2000 MHz. Color displays of two-dimensional
depth profiles are generated for analysis of structural anomalies in sections up to one square
meter. Detailed position information is correlated with the acquired radar data to reconstruct
accurate images similar to an MRI or x-ray image. The intensity or brightness of pixels in the
image is directly proportional to the strength of the radar return signal, which is a function of
whether there are targets, such as reinforcing bar, present. The entire system consists of three
separate modules: the computer control system, the radar scanner, and the scanner
positioner. A picture of the system in operation is shown in Fig. 1.
The MIVR system underwent an initial
field test on CANDU reactor spent fuel storage
canisters at Atomic Energy of Canada Limited
(AECL), Chalk River Laboratories, Ontario,
Canada in October 1995. During a week-long
operation, data were acquired on several
canisters. Reinforcing materials were evident in
the color, two-dimensional images produced by
the MIVR system and AECL design engineers
confirmed all test results. During this visit
verification requirements and procedures were
discussed with IAEA safeguard personnel.
A second field test at the Embalse Nuclear
Power Plant in Embalse, Argentina, was
completed in May 1996. The DOE's GPR also
was demonstrated at the site and confirmed the
MIVR measurements on the canisters and
concrete base. Data collection and analysis were
performed for the Argentine National Board of
Nuclear Regulation (ENREN). Personnel from
IAEA and the Brazilian-Argentine Agency for the Fig. 1. The MIVR system being tested at
Control and Accounting of Nuclear Material
Embalse, Argentina.
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(ABACC) were present as observers during the tests. The MIVR system detected a
continuous pattern of reinforcing material in the canister and in the base. Accurate estimates
on the reinforcing bar spacing, depth, and size were made and plant personnel confirmed
results. The potential uses for safeguard applications were jointly discussed with DOE,
ENREN, ABACC, and IAEA.
A side-by-side comparison of MIVR images from the canisters at the Chalk River
Laboratories and Embalse Nuclear Power Plant are shown in Fig. 2. It is obvious that
different reinforced bar grid spacings are used (15.2 cm and 10 cm, respectively).

0.9 m

Fig. 2. Canister comparison: MIVR images from Chalk River (left) and Embalse (right).
Arrows indicate reinforcing bar location.
The MIVR system, as successfully demonstrated on the two field tests, can be used as
a design verification tool for IAEA safeguards. It is planned to create a database by testing
MIVR on known test beds. This would form the basis for briefing and training material for
IAEA inspectors. STL personnel will continue to provide field support, data interpretation,
and training. A deployment of MIVR for Design Information Questionnaire (DIQ)
verification purposes is anticipated in the near future.
REFERENCES
[1] Koppenjan, S.K., and Bashforth, M.B., "The Department of Energy's Ground Penetrating
Radar (GPR), an FM-CW system," in Underground and Obscured Object Imaging and
Detection, Nancy K. Del Grande, Ivan Cindrich, Peter B. Johnson, Editors, Proceedings SPIE
1942, April 15-16, 1993, pp. 44-55.
Work supported by the U.S. Department of Energy Nevada Operations Office under Contract
No. DE-AC08-96NV11718.
By acceptance of this article, the publisher and/or recipient acknowledges the U.S.
Government's right to retain a nonexclusive, royalty-free license in and to any copyright
covering the article.
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ADVANCEMENT OF THE STATE SYSTEM OF ACCOUNTING FROM
MAINFRAME TO PERSONAL COMPUTER (PC) TECHNOLOGY
G. PROCO, USA
The advancement of the US government's state system of accounting for nuclear
materials from a mainframe computer to a personal computer (PC) had been successfully
completed. The accounting system, from 1965 until 1995 a mainframe application, was
replaced in September 1995 by an accounting system employing local area network
(LAN) capabilities and other state-of-the-art characteristics.
The system is called the Nuclear Materials Management and Safeguards System
(NMMSS), tracking nuclear material activities and providing accounting reports for a
variety of government and private users. The uses of the system include not only the
tracking of nuclear materials for international and domestic safeguards purposes but also
serving to facilitate the government's resource management purposes as well. Resource
management encompasses dynamic allocation of material to a diverse range of special
projects, financial accounting for the material as assets of the government, development
of government strategies for disposal of excess materials and studies into the historical
activities of former nuclear sites.
The transfer to a state-of-the-art system had been delayed for a number of years
until it could be demonstrated that so dramatic a change in technology would be
successful both in terms of achieving economies inherent in the technology and in
protection of the sensitive data contained in the system.
The system contains a large and diverse amount of data. Included in the records
are inventory, material balance and transaction (inventory change) data from 1,130
nuclear facilities in the US. In addition, export and import data identifies the foreign
facilities that have had transactions with US facilities along with the details of those
transactions. When material exported to another country is subsequently transferred to
third country, most of our export arrangements require transaction data on movements of
material of that kind. Our data base on international transactions including retransfers
was retrofitted in 1981 to include information dating back to 1950.
The NMMSS platform is a dedicated, stand-alone automated information system
with no direct external communications connections. A dedicated staff of trained
internal users operate the system to accept, process and report data submitted by the
external users. Most of the data forwarded by external users is in electronic form. The
same is true for the output reports provided to our clients. The number of standard
monthly output reports ranges from 400 to over 1,000, the number being greater for
quarterly, semiannual and annual reports. At a distant location, a backup system is
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maintained for use under emergency conditions. On a weekly basis, copies of the
software and the week's data are sent to the remote site. Daily copies are made and kept
locally in a safe.
The NMMSS facility houses two stand alone PCs to upload incoming and
download outgoing output reports. All incoming data is virus checked. These direct
electronic links, or electronic bulletin boards, are accessible to external users via user ID
and password. These devices are housed on separate PCs not connected to the LAN.
The NMMSS application consists of an executable program developed under
FoxPro 2.5 (DOS) running under the Novell 4.02 operating system. The application,
treated as a single computer software configuration item, is a menu-driven modular
application which mimics the architecture of the NMMSS database. It consists of
procedural code (software) constructed with programs and procedures around the
imported flat files which contain historical NMMSS data.
The structure of the NMMSS data base is well suited to a fourth generation
language relational data base application such as FoxPro 2.5. FoxPro contains
application tools that enhance productivity by allowing the programmer to focus on
functionality rather than the programming process. Components (i.e., data bases and
screens for data input) can be written using the Project Manager, executed, debugged and
tested without compilation and linking. After debugging and testing are completed, the
components can be compiled and linked to provide faster execution. With the FoxPro
Development Tools, the programmer can design the components and the FoxPro software
will automatically generate the application's source code. The programmer can then
customize the code, if required.
The success of the move to a PC based system can be measured in increased
capability and efficiency. As an example, the number of programmers on the present
system has never been more than four and most of the first year's operation was
performed by two programmers. This number contrasts with the figure of no less than 25
programmers that were required to maintain the predecessor, mainframe system.
Future changes to the system are inevitable and the national system of accounting
for nuclear materials has the technology base to meet the challenges with proven
capability.
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Limitations on the Precision of 238U/235U Measurements and Implications
for Environmental Monitoring
G. Price Russ m and
Lawrence Livermore National Laboratory (LLNL), Livermore, California,
U.S.A.
The usefulness, for safeguards, of the isotopic ratio 238U7235U in
environmental samples is limited by the precision and accuracy of the
measurements and by any variations in the ratio from other causes whether
natural or anthropogenic.
In thermal ionization mass spectrometry, mass fractionation in the
ion source is a major limitation on the accuracy of ^U/235^ determinations. Even though the apparent precision of an analysis may be high, the
result may be biased by fractionation. To overcome this difficulty, the
"double spike" technique has been used at LLNL for over a decade. In this
technique an accurately know mixture of ^^U and 233U is added to the
sample and the measured 236U/Z33U is used to determine the mass
fractionation. In environmental samples, one can assume there is no 236U or
233
U in the sample and the measured 236TJ/233U is a direct indicator of the
fractionation. (If these isotopes are present in the sample, two analyses,
one spiked and one unspiked, are necessary.) The accuracy of 238U/235U
determinations by the double spike technique is limited by the spike to
238
U ratio, the ion beam intensity, and interferences in the spectrum due to
molecular ions. Figure 1 illustrates the uncertainty on the fractionation
correction observed for different spike to sample ratios. In cases where
236U/238U > 23su/238Uj t h e u n c e r t a i n t y j n 23*u/"sU is controlled by the
precision of the 235U determination. Figure 2 illustrates the magnitude of
the fractionation correction for a wide variety of sample types. By careful
control of operating conditions, the fractionation can
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usually be kept below 0.001 per mass unit. Where this is possible,
variations in 236U/233U may be more indicative of interferences in the
spectrum than useful to correct for fractionation. This issue is under
investigation.
Multiple mass spectrometric analyses were performed on each of a
number of samples to establish run-to-run reproducibility with the double
spike correction. Such data provide the basis for determining the minimum
distinguishable isotopic variation. For samples with near normal isotopic
composition, 238U/235U=138, the standard deviations for the measurements
of the individual samples ranged from 0.02 to 0.4 with 0.2 being typical. If
fractionation is the dominant cause of analysis-to-analysis variation, the
standard deviation of the fractionation corrected data should be less than
that of the uncorrected data. This was generally but not always the case
and points to spectral interference in some analyses. Backgrounds
measured at "half mass" positions confirmed interferences in some cases.
Molecular species such as K / , e/m=233.78, may not be adequately
accounted for by strategies using half-mass background corrections. This
issue is also under continuing investigation.
Even if one could determine the 238U/235U to infinite accuracy,
variations would not be significant for safeguards purposes unless one
knew the extent of variation of the ratio resulting from geological or
activities not associated with nuclear weapons. To assess this variation, if
any, 238U^35TJ is being determined in a suite of soils from areas where no
uranium isotopic processing is believed to have occurred. To date 17 soils
from widely distributed locations have been analyzed. In favorable cases, it
was possible to make multiple "runs" on the same mass spectrometer load.
If only the first "run" of each sample is considered, all analyses fall in the
range 137.4 < 238U/235U < 138.2 j.e., the total variation observed is ±0.3%.
For the samples with multiple analyses, the range of the sample averages is
137.7 - 138.0. Given the uncertainty on the analyses, no variations have
been observed in the 2nU/asU of these soils.
From these preliminary analyses, it appears that with careful
control of fractionation and spectral interference, one should be able to
resolve differences of <0.2% in 23gU/23STJ. On a fractional basis, this
corresponds to the addition of 4x10'4 low-enriched uranium, 3% ^ ' U , or
8x10'7 high-enriched uranium, 95% a 5 U.
This work was performed under the auspices of the U. S.
Department of Energy by Lawrence Livermore National Laboratory under
contract No. W-7405-ENG-48.
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INTEGRATED MONITORING TECHNOLOGY DEVELOPMENTS AT LOS ALAMOS*
S. F. Klosterbuer, M. E. Abhold, S. E. Buck, J. K. Halbig, W. Hansen, H. O. Menlove, and R. F.
Parker; Los Alamos National Laboratory, Safeguards Science and Technology, Group NIS-5, MS
E540, Los Alamos, NM 87545 USA
Los Alamos staff have participated in the development and installation of unattended
monitoring systems in facilities in Europe, North America, Asia, and Central Asia. These systems
were designed to respond to needs generated by safeguards inspectors and plant operators. A first
generation of instruments and software was developed to instrument facilities from approximately
1988-1995 and is still in use today. A second generation of instrumentation and software is now
under development to meet the increased needs of the end users.
Unattended monitoring systems designed at Los Alamos have traditionally been composed of
several standard components. From the hardware perspective there is the detector that is connected
to the detector electronics [e.g., Shift Register or Gamma Ray and Neutron Detector Electronics
(GRAND)]. The detector electronics are connected via its serial port to a collect computer
contained in a sealed cabinet located as close to the detector as possible. In many systems, a second
detector electronics unit with its associated computer are located in the same cabinet for redundancy.
In a location away from the radiation area, a faster, more powerful computer is used to review the
data. For systems used by the IAEA in routine inspections, the detector electronics and collect
computers run continuously in the sealed cabinets. During the facility inspection, typically at 30- or
90-day intervals, the sealed cabinets are opened, the data copied to a floppy disk or Bernoulli drive,
and the disk containing the data taken to another location where the data is reviewed. The software
components of these systems includes the Monitor program, an application-specific program in the
GRAND that does adaptive processing to detect when radiation is present and when to save all data
points. The Collect program runs in the collect computers that off-load the data from the detector
electronics, saves it in data files, and provides the interface that the inspector interacts with during
an inspection. The Review program runs on the review computer; the data is imported from the
various different detectors in the plant and then the user graphically displays the data to determine
when radiation moved, and, in the case of NDA assay-type systems, selects certain data to be used by
analysis programs to determine the amount of material present.
New developments in the hardware and software for these systems have been dictated by the
requirements for systems to collect data at a central location rather than having the user go to each
individual sealed cabinet to collect the data, to have the radiation-based systems integrate other types
of data such as video surveillance and alarm panels, to have data moved to the central computer in
near-real-time so decisions can be made within seconds or minutes of the radiation detection, and to
have the capability to transfer data to a location remote from the facility.
To solve the problem of connecting all the detector electronics units to a central computer
in the facility, the LONWorks network was selected. The basic system hardware design was modified
to include an Intelligent LON Electronics (ILONE) module, developed at LANL, at each end of the
connection between the detector electronics units and the central computer. The ILONE module has
the capability to transmit serial as well as parallel data. The ILONE module intercepts messages as
they go from the computer serial port to the instrument, translates them into packets, and sends
them over the network. The ILONE at the instrument receives the packets from the network and
translates them into the original commands sent by the computer. With this solution, no changes
were required in existing GRAND software for the initial ILONE implementations. In some systems
it was necessary to transmit parallel signals to do things such as sound alarms or turn on cameras;
these signals were transmitted from the parallel ports of the GRANDs, again intercepted by the
ILONEs and transmitted over the network. In addition to creating ILONE modules, an Intelligent
Shift Register (ISR) has been developed. This instrument performs the basic functions of the
* This work is supported by the US Department of Energy, Office of Nonproliferation and
National Security, International Safeguards Division, and Office of Research and
Development.
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traditional shift registers but has special capabilities for executing the Monitor program and has
memory to temporarily store data; these additional capabilities were essential so that the ISR could
also be connected to the LON network and transfer its data to the central computer in near real time.
To meet these requirements as well as bring the software interfaces up to the current state of
the art, a new suite of programs is being developed to perform the original functionality of the
unattended monitoring systems and to include new capabilities as dictated by the new user needs. The
Monitor software has been enhanced to run in different types of instruments and has added
capabilities for sending and receiving information from its parallel port and to time synchronize with
other instruments on the network. Software has been developed to make the LON modules
intelligent; these programs are typically facility specific and do such things as combine signals from
multiple detectors to trigger video systems. A multi-unit, multi-instrument Collect program that runs
on the central collect computer is being developed. It has the capability to interface to multiple
GRANDs and ISRs as well as to binary devices; it also has the capability to run just one GRAND or
ISR so that it can also be used in the more traditional systems. The Review program has been
expanded considerably to handle the integration of various data types and to automate parts of the
review that were previously done manually. Various Review programs specific to the different kinds
of data have been written. The Radiation Review program expands on the existing GRAND Review
and Shift Register Review programs; it is capable of reviewing data from both types of radiation
detection systems; analysis algorithms have been developed that automatically detect the radiation
movement and determine the direction of motion. An Operator Review program has been written to
import operator declarations; this can be customized for each facility. Two programs have been
written to deal with video systems, one for analog systems and one for digital video; they have the
capability to display the requested images. For systems that do a review during an inspection, a
program called Integrated Review uses a messaging scheme to control the specific Review programs
for each type of data. It causes the various programs to import and analyze their specific data. The
results of the reviews are sent to Integrated Review, which then automatically reconciles the data as
specified by the user; such as comparing the date and time of each radiation event with the declared
operator movements. The video associated with each radiation event can be located and displayed.
For systems running in the real-time mode, a Real-Time Alarm program is being designed to get the
analyzed data from the other Review programs on a near real-time basis. The radiation movements
are then compared to the facilities plan for the day and any anomalies are reported to the user.
Other modules that will be added to the Review suite of programs include a performance monitoring
Review program that will display the instrument state-of-health information in a manner that makes
it easy to detect problems, a configuration program that allows a straightforward way for a
knowledgeable user to develop the configuration and parameter files for various facilities, and a
remote access module that will allow transmission of data to remote locations.
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SIMPLE, LOW-COST WAYS TO DRAMATICALLY IMPROVE THE SECURITY OF
TAGS AND SEALS
R.G. JOHNSTON and A.R.E. GARCIA
Los Alamos National Laboratory, Los Alamos, New Mexico U.S.A.
Tags and seals play an important role in international safeguards. Tags are
materials or devices intended to uniquely mark or "fingerprint" an object (such as a
container) so that it can reliably identified at a later date. This prevents the object
from being confused with a similar looking object. Security seals, also called
tamper-indicating devices, are meant to leave unambiguous, non-erasable
evidence of unauthorized access.
The Vulnerability Assessment Team at Los Alamos National Laboratory has
analyzed over 100 different tags and seals, ranging from simple and inexpensive
products, through high-tech, complex devices. We have demonstrated how they
can all be rapidly defeated (in 3 sees to 2 hours) using inexpensive, low-tech
methods [1,2].
This work has led us to formulate some generic suggestions for optimizing the
security and reliability of tags and seals. We believe that many of these
suggestions can be implemented with minimal additional cost, and with only minor
changes in the design of the products and/or how they are used. Some of these
suggestions include:
• Users of tags and seals should have a clear understanding of their goals
and what they want the tags/seals to accomplish. Periodically revisit these issues.
•
There should be periodic vulnerability assessments [3], ideally conducted
by outside, independent personnel psychologically predisposed to finding
problems and suggesting useful counter-measures. These assessments should
not be used to "certify" or "reject" certain products. Rather, vulnerability assessment
should be thought of as a means for understanding the strengths and weaknesses
of a tag/seal, for matching it to the most appropriate applications, and for optimizing
reliability and security.
• Tags and seals should be viewed as only one part of an overall security or
verification program. Discovering vulnerabilities in a tag or seal does not
necessarily mean that the entire security/verification program has failed.
• Materials testing of a tag or seal-while useful-is not a substitute for a
comprehensive vulnerability assessment [3].
• New tags and seals should undergo vulnerability assessments throughout
the design process, not just when the product is complete and it is too late to make
changes [3].
• Tag/seal inspectors should be familiar with the most likely attack scenarios
associated with the tag/seal they are using, and specifically look or test for them.
• Tags or seals that are inspected visually should be examined with an
identical tag or seal held right alongside. Humans do not accurately remember
details of exact color, size, surface texture, and patterns, but they are very proficient
at visual side-by-side comparisons.
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• Tags and seals must be protected both before and after use. Discarded
tags and seals, even if partially destroyed, provide potential adversaries with a
useful source of information and counterfeit parts.
• If it is practical, used tags and seals should be archived for possible future
analysis as new attacks are uncovered.
• Information about a tag or seal (such as the serial number) must not be
stored in the container being protected, unless the information is encrypted.
• Manufacturers should not sell or provide free samples of seals lacking
serial numbers. These are an excellent source for counterfeiting. Free samples
should be a different color from the commercial product, or be blatantly marked in
some other fashion.
• (Ideally the same) serial number should appear on every independent part
of a seal. If serial numbers are stamped or embossed on a tag/seal, they should be
done deeply enough that they can't be easily buffed off.
• Simple physical attacks on high-tech systems are often highly effective
because of the ease with which they can be accomplished, and because
users/developers of high-tech systems often focus on other issues.
• The correlation coefficient, while commonly used, is often a poor algorithm
for comparing "before" and "after" images for evidence of change [4], On the other
hand, blink comparators [5] can be simple and effective.
• Tags and seals based on adhesive labels should be protected for the first
48 hours after application, because of incomplete adhesion. (Heat can help speed
up the process.) Users should clean the surface prior to application, and watch for
surfaces that may have been pre-oiled or pre-coated to reduce adhesion. The
adhesive, printing ink, and label substrate should be soluble in exactly the same
solvents. The adhesive should melt at a higher temperature than the printing inks
and substrate. Inspectors should examine not just the label, but the general area
around the label. They should also pay particular attention to areas on the label
that have not adhered to the surface, such as over slots, grooves, or screw holes.
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PLUTONIUM ISOTOPICS - NON-PROLIFERATION AND SAFEGUARDS ISSUES
John Carlson, John Bardsley, Victor Biagin, John Hill
Australian Safeguards Office, Canberra, Australia

In response to the various demands and expectations placed upon it, the IAEA is giving
attention to the re-orientation of safeguards resources to areas recognised as having highest
priority, and to a greater use of technology in order to enable the most efficient use of
inspection resources. Current developments - including the increasing stocks of excess fissile
material from weapons dismantlement, plans to utilise this material in dedicated plutonium
burring reactors, and the prospect of separation of weapons-grade plutonium from fast
breeder reactor blankets - draw attention to the position of low bum-up plutonium in the civil
fuel cycle. Hence it is timely to examine safeguards and non-proliferation issues related to
plutonium, with particular reference to low burn-up plutonium. The paper also touches on
more general issues, such as implications of the use of remote monitoring, the relevance of
timeliness goals, and safeguards issues raised by the effects of aging of irradiated fuel.
To date the isotopic composition of plutonium has not been a major issue for safeguards,
because most plutonium under safeguards is of a similar composition, ie "reactor-grade". The
IAEA applies similar safeguards measures to all plutonium, regardless of isotopic composition
(except for Pu-238). As a consequence, current practice does not provide for more rigorous
safeguards measures to be applied to low bum-up plutonium, at or near weapons-grade,
despite the possible proliferation significance of such material.
A proscription on the production or separation of plutonium at or near weapons-grade would
be an important confidence-building measure in support of the non-proliferation regime. The
situation which arose with the DPRK highlights the fact that production of separated
weapons-grade material by a non-nuclear-weapon State should not be accepted as a normal
activity - and even for nuclear-weapon States, the proposal for a convention on the cut-off of
production of fissile material for weapons purposes has major implications in this regard.
There is a view that safeguards and non-proliferation measures should not differentiate
between plutonium grades, because this might be seen as minimising the proliferation risks of
reactor-grade plutonium and could lead to pressure to reduce controls on such plutoniurn. A
reduction of controls on reactor-grade plutonium is by no means a natural consequence of
differentiating between plutonium.grades, however, and to ignore the different degrees of
attractiveness resulting from isotopic composition could be counterproductive to nonproliferation objectives.
The paper certainly does not canvass a reduction in controls on reactor-grade plutonium.
Rather, it seeks to highlight an issue which cm be expected to assume increasing importance that the production and possession of significant quantities of plutonium at or near
weapons-grade has the potential to undermine the confidence on which the non-proliferation
regime is built Accordingly, it seems prudent not only to subject such material to the most
rigorous control, but to avoid its production to the greatest possible extent.
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It is suggested an outline of a non-proliferation approach satisfactorily addressing the problem
of low bum-up plutonium might contain the following elements:
(a) States would refrain from any avoidable production of low burn-up plutonium, eg through
abnormal operation of reactors;
(b) reprocessing would not be undertaken so as to obtain low bum-up plutonium as a
separated product (low bum-up plutonium would be reprocessed in stream with high
burn-up material);
(c) where possible, accumulation of low bum-up fuel would be avoided - where a State uses
reprocessing (by itself or by another State) as part of its spent fuel management strategy,
low burn-up fuel would be given priority (with, reprocessing carried out in accordance
-with (b) above);
(d) where significant quantities of unirradiated weapons-grade plutonium are held, eg for
critical assemblies, consideration would be given to the possibility of replacing that
plutonium by non-weapons-grade plutonium (similar to the international program to
convert research reactors from HEU fuel);
(e) existing stocks of unirradiated low-bum-up plutonium would be diluted, or given priority
for fuel fabrication, or permanently disposed of.
The paper's discussion of safeguards aspects proceeds on the basis that if diversion of
plutonium from safeguards were contemplated, it seems reasonable to assume that low.
bum-up plutonium (if available) would be of greatest interest The assurance derived from
safeguards would be enhanced if safeguards approaches took this into account.
Where significant holdings of unirradiated plutonium exist, it is questionable whether the
current timeliness goal of one month is appropriate as far as low bum-up plutonium is
concerned, and remote surveillance with real-time, or near real-time, reporting to the IAEA
would represent a considerable improvement. It can also be argued that the current timeliness
goal of three months for irradiated plutonium is not appropriate in the case of low bum-up
plutonium - while this conclusion might suggest the need for more frequent timeliness
inspections, these could be obviated through the introduction of remote monitoring.. In the
case of both unirradiated and irradiated plutonium, unannounced inspections would be an
important part of the safeguards approach. In addition, an increased concentration of
verification activities is suggested for low burn-up plutonium.
Having regard to the relatively small proportion of plutonium currently under safeguards
which is in the low burn-up category, a more intensive regime for such plutonium would not
appear to have significant resource implications for the IAEA, nor to create any particular
difficulty for facility operators.
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ENVIRONMENTAL SAMPLING AND ANALYSIS FOR SAFEGUARDS
N.A. WOGMAN

Pacific Northwest National Laboratory, Richland, WA, USA
G.R. HOLDREN
Pacific Northwest National Laboratory, Richland, WA, USA
Environmental sampling and radionuclide analysis of the resultant material can
be utilized to complement the safeguarding of nuclear material, especially in
the detection of undeclared nuclear activities. The initial collections and
analysis have codified our knowledge about the fate of key signature materials
from U enrichment or Pu production within different environmental settings.
The methodology used integrates information regarding the sources for
individual signature materials within the primary and alternate environmental
pathways along which the material migrates. Meteorological, geological and
hydrological information is used to determine where to sample, what to sample,
and how often to sample to provide the greatest likelihood for detection.
This paper discusses the environmental sampling and analysis technologies,
their costs, and considers the knowledge needed such as 1) the production
activities for which the site or facility is to beevaluated, 2) the signature
materials generated during those production activities, and 3) the most likely
pathway for release of those signature materials from the production cycle to
the environment under normal operational conditions as well as for accident
scenarios.
The probable transport routes of the signature radionuclides and their
chemical changes occurring within the environment are then determined; i.e.,
1) probable chemical transformations that the materials undergo in the
specific environment (will uranium being released to the groundwater be mobile
as an oxidized, carbonate-complexed species, or will it be reduced to U[IV]
and be retained in the solids?); 2) migration rates along certain
environmental pathways (are recharge rates high or low, or do disposal wells
enhance the transport of the signature materials away from the production
facility; in what direction will the signature materials migrate?); and 3)
modes for concentration of the signature material inspecific environments
that will be accessible to sampling. Sampling strategies are considered for
hydrological, atmospheric, geological, and biological pathways.
The detection of concealed nuclear reactor operations, reprocessing, and
enrichment activities based on environmental sample collection and analysis
will be discussed utilizing collections that involve the sampling of air,
water, sediments, biota, vegetation, and soil.
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TRAINING IN ENHANCED OBSERVATIONAL SKILLS FOR INTERNATIONAL SAFEGUARDS
INSPECTORS
Richard V. Badalamente
Frank L. Greitzer
Pacific Northwest National Laboratory, Richland, Washington, U.S.A.
Frederic A. Morris
Battelle Seattle Research Centers, Seattle, Washington, U.S.A.
In light of recent experience with undeclared activities in States having a comprehensive safeguards
agreement, the IAEA Director General has stressed the importance of strengthening the safeguards system
by "enhancing the Agency's ability to detect and obtain access to any undeclared activities that should have
been declared under safeguards agreements." In support of this goal, in July 1993 the IAEA Secretariat
launched "Programme 93+2" to develop a comprehensive proposal for a strengthened and more costeffective safeguards system, including capabilities to detect undeclared activities. The training described in
this paper, developed for the Agency through the United States Program for Technical Assistance to IAEA
Safeguards (POTAS), is intended to be of sufficiently broad applicability to be generally supportive of the
range of measures to strengthen safeguards which the Agency has already taken, as well as measures under
development as a result of Programme 93+2.
The Enhanced Observational Skills course was originally developed in 1993-1994, delivered on a pilot
basis in February 1995, and further revised and delivered as part of the Agency's training program in May
1995, May 1996, and November 1996. The course has three primary learning objectives: (1) to help
change inspectors' attitudes about their inspection roles - to encourage them to be more inquisitive and
observant, (2) to sensitize inspectors to perceptual principles that affect their ability to be more observant,
and (3) to provide practical examples and exercises that help inspectors develop skills and abilities in
perception, recognition, attention, memory, mental imaging, and judgment.
The course emphasizes generic skills, to help inspectors understand what it means to be observant, what
strategies and techniques can improve their observational skills, and how such skills contribute to more
effective safeguards inspections. The course does not address IAEA policy or procedures. This is a "how
to look" course; it does not cover specific proliferation indicators. This area is addressed in a separate
course that provides the "what to look for" aspect of the inspector's training.
The Enhanced Observational Skills course teaches inspectors to observe more effectively ("how to look"),
whereas the proliferation indicators course teaches inspectors the most relevant information on which to
focus their observation ("what to look for"). The two types of training complement each other in
improving the inspector's ability to evaluate the completeness and accuracy of the State's declaration with
respect to a facility, and the current IAEA training program schedules these course in tandem.
The Enhanced Observational Skills course is designed for 16 hours of classroom delivery, ideally in four 4hour sessions over a period of four days. The first 12 hours provide training in five skill areas:
•
•
•
•

Perception and Recognition
Attention and Attention to Detail
Memory
Mental Imaging, Mapping, and Modeling
Judgment and Decision Making
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Training in each of these skill areas is provided through a combination of lecture, class discussion,
individual exercises, and small group activities. These sessions are intended to help the participants
develop an understanding of basic cognitive principles, identify individual strengths and weaknesses, learn
about practical techniques for enhancing skills or compensating for weaknesses, and relate observational
skills to safeguards inspections.
Following the training in each skill area is an Integrating Exercise involving a simulated facility visit. In
this exercise, participants are provided with a written pre-briefing that includes background and design
information on the facility. They then view a videotape of a facility walk-through, during which they make
individual notes. They next meet in two small groups to compare their observations and discuss their
findings. Each group is then de-briefed by a facilitator. Finally, participants view the videotape a second
time, during which the facilitator critiques the groups' results. The Integrating Exercise thus gives course
participants an opportunity to demonstrate and reinforce their understanding by applying what they have
learned.
A great deal has been learned about conducting a course of this nature. This course proved to be very
different from the typical inspector training course, which generally involves acquiring skills/abilities in
carrying out specific procedures or in operating particular kinds of safeguards equipment. This paper
describes lessons learned and approaches taken in achieving the learning objectives set out for the course.
In addition, the paper describes enhancements planned for future course offerings.
5 a a -6
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ENVIRONMENTAL MONITORING ANALYSIS TOOL TO ENHANCE SAFEGUARDS ACTIVITIES
GRHOLDREN,JR.
Pacific Northwest National Laboratory, Richland, WA USA
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The success of the environmental sampling portion of "Programme 93+2" has raised the profile of
environmental sampling as a cost effective and potentially nonintrusive tool for determining the nature and
extent of nuclear activities at a site. While safeguards applications are the focus of IAEA's activities,
environmental sampling also affords the user with information to protect or enhance public health and
environmental quality, and to address public concern about the safety of nuclear-related facilities.
Regardless of the application, environmental sampling is a powerful tool because all nuclear
facilities release some trace contaminants to the environment, and once released, these contaminants are
extremely difficult to recover or disguise. With this in mind, a well designed sampling program requires at
least three considerations: 1) Which radiological "signatures" are associated with a facility? 2) What are
the predominant pathways along which these signatures escape to the environment? and 3) Once released,
where should one look to maximize the probability of finding the signatures?
Effective, routine monitoring for certain parameters can usually be implemented with minimal
site-specific planning. However, designing and conducting a detailed monitoring program requires
knowledge about the fuel cycle, reactor physics, plant design and processes, geochemistry, meteorology,
and analytical chemistry. To assist those interested in designing a site-specific environmental sampling
plan, Pacific Northwest National Laboratory is developing a sampling strategies tool to help users
maximize the likelihood of detecting signatures of nuclear activities. This framework identifies processspecific signatures, release pathways, and major environmental and chemical factors that should be
considered when developing a sampling plan. We are presenting an overview of the approach used in
constructing this tool and describe how it can be used in the design of a sampling program to verify the
nature of activities being conducted at a nuclear-related facility.
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REQUIREMENTS FOR AND A MANAGEMENT ACTION PLAN TO
IMPLEMENT E N Y I R O N M E N T A J L MONITORING FOR THE
IAEA'S SAFEGUARDS PROGRAM*
D.W. Swindle, Jr

Radian International IXC
Denver, Colorado, USA
h. J.Keith
Radian International LLC
Austin, Texas, USA
As a result of decisions made by the IAEA Board of Governors on Programme 93+2, the IAEA's
Department of Safeguards has proceeded to implement and put into routine use, environmental sampling I or
safeguards inspections. Over the past several years, a significant effort has been in progress involving
Member States and the IAEA oh evaluating and identifying techniques and methods to collect and analyze
environmental samples and how to interpret the results of these analyses for safeguards determinations.
Routine use of environmental sampling and its implementation is requiring the IAEA to plan o d
standardize what and how to sample, identify what analyses are required, and. how to interpret the resiil'rs,
Routine use is also requiring the IAEA to develop new operating procedures, new methods of data
interpretation, establish new inspection procedures, etc. In effect, a totally new capability, management
process, and operational infrastructure and skills are being established within the Agency to successfully
implement an effective environmental sampling capability and monitoring program.
Technical and management assistance has been provided to the Deputy Director General for

Safeguards and his department staff to develop an overall "blueprint" and Management Action Plan (MAP)
to assist in the implementation, organization, and the identification and cataloguing of the IAEA program's
technical requirements, interfaces, and overall implementation activities and schedules. All needed work,
elements to have a successful environmental monitoring program have been identified and evaluated. This
MAP or "road-map" will assist rn guiding the overall implementation and budgeting for the IAEA to fulrill
its obligations to die Board of Governors in implementing environmental sampling. The MAP, its scope,
work elements, and overall recommendations are described. Included in the plan are activities,
requirements, and identified roles and responsibilities for such elements as training, archiving, data analysis,
etc.

..

.

•

:'

•

The.Management Action Plan recommends that the IAEA consider its overall environmental
sampling programme as consisting of two distinct elements: management and technical. Each of these
elements are characterized by three key functions or systems, procedures and processes that are necessary to
a Hilly functioning environmental sampling program. Illustrated in the Figure 1 below, the "Wcrk
Breakdown Structure" for the Agency's environmental sampling program represents a complete programme
for the IAEA.

Supported under the U.S. Program of Technical Assistance to the IAEA, Task A.200.3
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Figure 1: Work Breakdown Structure for IAEA Environmental Sampling Programme

For the IAEA's Environmental Sampling Program, a total of 51 specific recommendations and
actions plans were developed to accomplish implementation and establishment of a fully operational
program, integrated into the other IAEA safeguards systems and tools by March 31, 1998. In addition, a
detailed PERT chart and GANTT chart of activities and events to be accomplished fay organization was
developed.
This Management Action Plan is a key element of the IAEA's establishment and integration of a
successful environmental sampling programme into the IAEA's Department of Safeguards. It also serves as
an excellent reference of a process to review other in-progressv programmes of the Agency and serve as; a
reference for similar environmental monitoring and sampling programmes in other member states for
safeguards, CTBT, and research.

117

XA9949386
IAEA-SM-351/69P
DESIGN FEATURES AND CAPABILITIES OF THE CLASS 100
CLEAN LABORATORY FOR THE IAEA'S ENVIRONMENTAL
SAMPLING PROGRAM

D. W. Swindle, Jr
R.E.Perrin*
Radian International LLC
Denver, Colorado, USA
W. C. Webb
Radian International LLC
Oak Ridge, Tennessee, USA

On December 15, 1995, the International Atomic Energy Agency (IAEA) Director General
inaugurated a new Class ]00 Clean Laboratory at the Agency's Seibersdorf Analytical Laboratory, to be ihe
centerpiece of the new environmental sampling program for the Department of Safeguards. The need "'or
this highly specialized laboratory was recognized earlier by the IAEA and several Member States as an
essential centerpiece to applying and implementing environmental sampling in safeguards inspections under
elements of Programme 93+2. The Agency's Class 100 Clean Environmental Laboratory has been designed
to receive, archive, manage, analyze, and perform QA/QC on thousands of environmental samples annually
that have been acquired during baseline collections and routine safeguards inspections. Funded principa ly
by extra-budgetary support from the United States' Support Program for Technical Assistance to the IAEA,
this laboratory, when fully operational, represents a capital and operational investment to date exceeding .J7
million U.S. The design work began on this laboratory in October 1994, and major construction work was
completed in December 1995. Startup, equipment installation, procedures testing and development, and m
expansion took place from January 1996 through March 1997. Processing and analysis of safeguaris
baseline environmental samples began in April 1997.
Thia paper describes the design, construction, and unique features of the IAEA Class 100 Clam
Laboratory, including its recent expansion. Measurement techniques, sample' types, performani^e
requirements, and installed instrumentation are also described. This laboratory has been designed to
analyze environmental samples containing small quantities of uranium, plutonium, and other materials
indicative of nuclear activities in samples with particles as small as ten (10) microns in diameter. This
laboratory provides the Agency with the capability to detect undeclared nuclear activity.

* Formerly International Atomic Energy Agency, Seibersdorf Analytical Laboratory, Vienna, Austria
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A SINGLE MODEL PROCEDURE FOR ESTIMATING TANK CALIBRATION
EQUATIONS
A. M. Liebetrau
Pacific Northwest National Laboratory (PNNL), Richland, Washington, USA
The calibration equation that relates the height of liquid in a process tank to its volume is a
fundamental component of a control and accountability system for any processing facility that
handles liquid materials. Tank volume calibration equations are typically estimated from pairs of
height and volume measurements obtained from a series of calibration runs, and standardized to a
set of fixed reference conditions. Such data typically exhibit significant run-to-run variability, i.e.,
variability between runs is much larger than variability within a single run. If the between-run
differences are ignored in the statistical analysis of these data, the actual measurement variability
can be seriously underestimated. Thus, run-to-run differences that would otherwise be
insignificant can assume practical significance if not treated properly when estimating
measurement uncertainty. In a recent paper, Liebetrau and Thomas [1] presented a model that
provides reasonable uncertainty estimates when the data exhibit significant run-to-run variability.
Tank volume calibration equations are traditionally constructed by independently fitting
the data from several segments and then combining the individual fits. This fitting procedure is
tedious and time consuming. Moreover, uncertainty estimates for a given segment are obtained
independently of the data in adjacent segments, although the defacto assumption that data in
different segments are independent is certainly not true in practice. In this paper, we present an
estimation procedure that removes these difficulties. The procedure follows from a representation
of the Liebetrau-Thomas model that allows .all model parameters to be estimated simultaneously
for all segments of the calibration function.
Let Y and x denote, respectively, the observed (standardized) height and volume for the
ith calibration increment (i = 1, 2 , . . . , n) of the jth calibration run (j = 1, 2,..., r). Then, for a
linear segment of the calibration equation, the Liebetrau-Thomas model has the form
In Eq. (1), aO and {30 denote, respectively, the intercept and slope of the true underlying
calibration function that relates the height of liquid in the tank (Y) to its volume (x). The variable
aj represents the deviation in the intercept of the jth run from its true value aO. Similarly, |3j
represents the deviation in the slope of the jth run from its true value pO. The variable eij
represents the residual measurement error for the ith calibration increment of the jth calibration
run. The model in Eq. (1) can be used to obtain reliable estimates of uncertainty whether or not
run-to-run variability is significant. Moreover, the model can be readily extended to polynomials
of higher degree to fit nonlinear segments of the calibration equation.
To estimate the calibration function in the conventional manner, it is first is divided into
several segments. Then, a polynomial of suitable degree is fit to the data of each segment.
Finally, all segment-wise fits are combined to produce an overall estimate. In this process, the
estimates for adjacent segments must somehow be matched at the segment boundaries, and the
differences in uncertainty estimates between adjacent segments must be resolved. This
segment-by-segment estimation process is tedious and time-consuming.
In the remainder of this paper, we employ a representation of the calibration equation first
presented by York and Liebetrau [2] that eliminates the need for segment-by-segment estimation.
This representation permits the estimation of the entire calibration function in a single unified
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fitting operation. When applied to the Liebetrau-Thomas model, the fitting procedure yields
reasonable uncertainty estimates regardless of whether or not run-torrun variability's a significant
component of total variability. As with other estimation procedures, the first step is to identify
suitable calibration segments and define polynomials of suitable degree to fit each. Next, the basic
idea is to extend the definition of these functions from the segment on which they are defined to .
the entire range of the calibration function. Then, the calibration function can be expressed as the
sum of functions that all extend over the entire calibration range, rather than as a sum of functions
each of which is defined on a particular segment.
Let fk denote the function (linear, quadratic, etc.) selected to describe the kth calibration
segment with endpoints denoted by ck-1 and ck. Thus, f(x) = fk(x) for ck-l<x<ck. Now, let
gk(x) be a new function defined in terms of x as follows:

Note that gk(x) equals fk(x) over the kth segment, but extends the definition of fk(x) to the entire
range of x. With this representation, the calibration function f can be written
The key observation is that the domain of each of the S components of fin Eq. (2) extends over
the entire range of the calibration function. With this representation, it is possible to write a .
design matrix that permits all segments to be fit in a single step. Moreover, all components of
variability are estimated in the context of fhe entire model, so correlations among observation
pairs in different segments are treated properly, in accordance with the model (and not defacto
treated as zero, as in segment-by-segment estimation). Additional details on construction of the
design matrix are presented in the full paper and results of this fitting procedure are illustrated for
several tanks. A computer code has been developed that does all of the necessary fitting
calculations and facilitates the analysis and presentation of results.
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A SAFEGUARDS MEASUREMENT EVALUATION PROGRAM WITH
INTERNATIONAL SIGNIFICANCE
M. I. SPALETTO
AND
M. E. M. TOLBERT
New Brunswick Laboratory, U. S. Department of Energy
Argonne, DL USA
New Brunswick Laboratory (NBL), a United States Department of Energy (DOE)
laboratory, has been operating its Safeguards Measurement Evaluation (SME) Program since
1984. Originally, this program was instituted to monitor the quality of safeguards measurements
for United States domestic participants only. Currently, there are approximately 15 United States
and one foreign participants in this program. NBL has historically administered several sample
exchange programs, including the Safeguards Analytical Laboratory Evaluation (SALE) Program,
which had as many as 50 participants, both foreign and domestic, between 1970 and 1984. In
1984, due to changes in DOE directives for NBL, the SALE Program was terminated.
The international dimension to the SME Program was added in 1996 with the inclusion of
the Safeguards Analytical Laboratory located in Tokai, Japan. With the approval of the DOE's
Office of Safeguards and Security, this laboratory was included on a cost-recovery basis. NBL
now has approval to include additional interested non-United States participants on a similar costrecovery basis. Details on the program are presented below.
One of the primary responsibilities of the United States Department of Energy, the United
States Nuclear Regulatory Commission (NRC), and indeed the entire nuclear community is the
safeguarding of nuclear materials. Measurements are essential in demonstrating that this
responsibility has been fulfilled. To verify that a given facility's measurements are of adequate
quality to assure successful safeguards, the facility must demonstrate that its measurements have
adequate precision and accuracy, and are traceable to and compatible with the international
measurement base. This is accomplished through quality assurance.
Within a laboratory, internal quality control is typically assured by analyzing well-known,
traceable reference materials, either Certified Reference Materials (CRMs) or working standards,
concurrently with sample analyses. This, however, does not completely assure the accuracy of the
measurements. Quality problems may arise, for instance, in the preparation and handling of the
reference material prior to destructive analysis. A sample exchange program provides another,
external level of quality assurance through the distribution of samples with characterized,
traceable values. Additionally, a sample exchange program allows a comparison between facilities
in different locations, having different analysts, and possibly different methods of analysis. In this
way, compatibility is more fully assured.
All of the test materials distributed through the SME Program have characterized,
traceable reference values. Test materials are either devised from materials in-house, or are
obtained from the participating facilities. They are prepared and packaged at NBL, and are
characterized as packaged, following a random sampling plan and an analysis plan devised by the
NBL's Numerical Analysis Group. The analytical methods utilized in the characterization include
the NBL-modified Davies and Gray titration for uranium concentration, and thermal ionization
mass spectrometry for uranium enrichment. For all characterizations, multiple quality control

121

aliquants prepared from NBL CRMs are analyzed each analysis day, to provide quality assurance
and traceability. The characterization data are subjected to statistical analysis. A mean value is
assigned and a 95% confidence interval calculated which includes all statistically significant
sources of variation. As a continuing validation, the NBL also participates in the SME Program
in the analysis of all the current test materials, through the NBL Measurement Services Program.
This serves as a check not only of our own performance, but also of the integrity of the materials.
After characterization, materials are then sent to the participating facilities following all
pertinent shipping regulations. An accompanying letter includes instructions on handling and
analysis, and reporting dates. Whenever possible, participants are asked to analyze each of two
samples in duplicate on each of two days, producing a total of eight results. This maximizes the
information available for statistical analysis, while minimizing analytical effort.
The initial product of the program is an individualized report on the statistical analysis of
the data submitted. Whenever possible, the report is processed and sent to the participating
facility and its operations office within two weeks of receipt. The report includes an explanatory
cover letter, the statistical evaluation, and a graph of the data plotted in terms of percent relative
deviation from the reference value. Also, data are consolidated, and accumulated data for an
entire year are compared between facilities in an overall annual report sent to the participants and
their respective oversight organizations. The international target values are used as a benchmark
to evaluate performance.
It should be noted that NBL is the U. S. Certifying Authority for uranium and plutonium
reference materials for elemental and isotopic composition, primarily in support of destructive
analyses. NBL serves as an IAEA network laboratory, and also performs referee analyses on DOE
and NRC safeguards samples for inventory verification and for resolution of shipper-receiver
differences. A move to expand international involvement in the SME Program operated by NBL
is a positive step in internationalizing the methodology and accuracy of measurements in the
evaluation and support of nuclear safeguards.
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Information Security Implementations for Remote Monitoring
By Curt Nilsen & Brad Mickelseri
Sandia National Laboratories
Curt A. Nilsen, Brad Mickelsen,

USA

In September 1993, President Clinton stated the United States would ensure that its fissile material meet the
"highest standards of safety, security, and international accountability." Frequent human inspection of the material
could be used to ensure these standards. However, it may be more effective and less expensive to replace these
manual inspections with virtual inspections via remote monitoring technologies.
A successful implementation of remote monitoring, however, requires significant attention to a variety of
information security issues. In developing Project Straight-Line and the Storage Monitoring System, Sandia
National Laboratories has designed and built a variety of remote monitoring implementations that can satisfy a
variety of information security requirements. Special emphasis was given to developing methods to use the
Internet to securely disseminate the data.
This paper will describe the various information security implementations used and tested in Project Straight-Line
and the Storage Monitoring System. The design details, advantages, disadvantages, and lessons learned will be
described for each implementation. Also included is a discussion of the benefits and risks of using the security
provided by the Windows NT operating system.
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TRAINING OF ADVANCED SPENT FUEL VERIFICATION USING SFAT
M.Nikkincn
Finnish Centre for Radiation and Nuclear safety (STUK)
Accumalatrag spent fuel inventories, specially those with assemblies
having long cooling times, low bum-ups and located in variating
quality of water, are becoming a major challenge for safeguards
verification. A practical and reliable method called SFAT has been
developed and implemeted by STUK Finland. Daring a training course
of new IAEA inspectors, spent fael verification using new SFAT tools
is carried out ai Finnish facilities.
Until now the verification of die SFAT spectra have been based on
re-analysis after the verification measurement. In this case it is
possible that sometimes the peaks are not significant enough for
statistical verification whereas most of the spectra are acquired far
tco long for verification purposes. In the training the importance
of statistical significance of certain peaks of intrest in addition
to visual verification of the spectra is emphasized.
Using the computer program Sampo it is possible to run peak analysis
even during the acquisition. Inspector is no longer required to
determine integration time because the end of the acquisition is
triggered by the statistical analysis during the counting. Integration
times below 10 seconds can be enough for the verification. In real
sample spectra confidence levels above 99% for the existance of the
Cs-137 are seen even using one second Integration time. Time savings
using these procedures is remarkable; verification of SO to 100
assemblies per hour is possible with high reliability.
The quality assurance of the measurement is taken into account
during the training. After the QA calibration measurement the system
can automatically correct shifted energy calibration and changed peak
shapes. Therefore an inspector is not required to manage difficult
an d time-consuming calibration calculations on-plant.
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The safeguarding of a large size MOX fuel facility
X. Rincel
FRANCE

The purpose of this paper is to present safeguards implementation in a large size MOX fabrication facility ;
this facility is located in France and can be considered as the first industrial plant of this type, given its current
capacity (115 tons of heavy metal per y e a r ) . This capacity will be further extended in order to reduce the
quantities of separated plutonium and for a better use of plutonium .
Safeguarding of plutonium in large bulk handling facilities does not break new ground; the approaches and
techniques have been developed progressively in Europe and Japan for reprocessing plants and MOX
fabrication plants.
The challenge lies in the size of the facility : although safeguards had been successfully implemented in small
sized MOX fuel facilities the related plant (Melox) posed an unique problem as far as timely detection was to
be taken into account. Discussions between the safeguards authority (Euratom), the French National
Authorities and the operator were commenced very early, on an informal basis at the beginning . A structure
aiming at solving the technical difficulties and taking the appropriate decisions has then been put in place when
it appeared that a close, early and in depth collaboration was one of the keys for taking up such a challenge .
The discussions and the early provision of design information (Basic Technical Characteristics in the
Euratom wording) have resulted in a safeguards scheme based on a number of classical principles. including
containment and surveillance coupled with verification of flows of nuclear materials materials into and out of
the main input and output stores . For the process , the safeguards scheme consists of monitoring the nuclear
material modifications on a continuous basis , by means of on-line unattended measurement systems ,
branching of selected operator's flow measurement equipment and reduced sampling plans . This scheme is
referred as « Continuous Inventor}' Verification « by Euratom .
Although the installation constitutes only one Material Balance Area (MBA ) for safeguards accountancy
purposes, the safeguards scheme makes profit of its subdivision into sectors for operations purposes ; this
subdivision permits a close surveillance of the movements of nuclear materials .
Arriving shipments of PuO2 are sealed at the shipping installation ; appropriate Containment and
Surveillance
( C/S) ensure the continuity of knowledge of the incoming PuO2 including its storage in the
input store . The fuel assembly store and the fuel assembly store exit are controlled by Euratom independent
systems until the placement of seals on the transport containers . Scraps movements and shipments are verified
by Euratom independent systems .
The verification of the nuclear material inventory within the installation is based upon :
* a daily declaration of the operator :
* independent unattended measurements;
* C/S measures to maintain the continuity of knowledge ;
* branching and logging of operator's flow measurement and monitoring equipment;
* interim verifications;
* use of other aspects including the continuous presence of inspectors .
The declaration, generated automatically, is transferred to the inspector's computer system by diskettes .
The data of the unattended measurement systems is transferred to a centralised Euratom system .
The branching data is collected on an Euratom centralised computer system .
In addition , destructive and non destructive analysis are perfonned on samples selected by the inspectorate .
The computer system performs the verification of the information ; this , along with the results of interim
verifications results in the validation of the daily operator's declaration .
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In this scheme , the Euratom inspectorate monitors continuously the inventory of all nuclear material and its
modification on a continuous basis . The Physical Inventory Verification activities are consequently reduced,
compared with what they would be in the case of a classical Safeguards Scheme .
At the time of this symposium, the Safeguards Scheme has been in place successfully for approximatively two
years; it is therefore possible to conclude that the goal of safeguarding large MOX fabrication facilities is
attainable.
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Experience of SSACs in implementation
of international safeguards
after the splitting of the CSFR.
L. Bartdk, A. Bencovd,
S. Bezdk, V. Cisaf
CZECH REPUBLIC
SLOVAKIA

Foreword
Taking into account its non-proliferation principals former Czechoslovakia
access to the NPT on July 1, 1968. Confirming the requirements of INFCIRC/153
Safeguards Agreement between the Government of the CSSR and the IAEA was
signed on March 1, 1972 and entered into the force on March 3, 1973 after the
CSSR has become the member of the IAEA. Such agreement contend reservations
to the Articles 10 and 22.

Experience of SSACs
Creation of SSAC was based on the requirements of Safeguards Agreement and
reflected both national and international objectives. The Czechoslovak Atomic
Energy Commission (CSAEC) was authorised to play the role of SSAC in
Czechoslovakia. The legal basis of SSAC was defined in details in the Regulation
No. 28 issued in 1977 by former CSAEC. Maintenance of accounting data and
program for accounting and reporting to Agency was established and operated in
Nuclear Research Institute in Rez (NRI).
The decision on the splitting of the CSFR was so fast that there were no time to
prepare this step from the point of view of handing over the responsibility to both
new states. As a first step it was necessary to create new SSACs in both states and
to assure the continuity of safeguards implementation. These bodies took over the
legislative of the former CSFR in this field as well as the technical support for
SSAC in its last form.
The main problem of safe keeping of safeguards implementation continuity
consisted in the fact that both new countries could become the members of the
IAEA only on September 1993 at its regular session of General Conference. With
the aim to overcome this vacant legal period the CSFR declared in December
1992 and following both the Czech Republic and the Slovak Republic confirmed
their preparedness to fulfil the requirements of safeguards agreement on voluntary
basis. The negotiation with the Agency was evoked by both states in March 1993
to approve the details for safeguards implementation in that period. At the same
time the consultations had been started on the accountancy data and systems
division, kind of reporting and relevant codes for new single countries and MB As.
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With the reference to the complexity of such situation very reasonable decision
was adopted about reporting for both states all together until the middle of 1993.
At that moment initial reports for each MBAs in each state, dated back on January
1, 1993, were created. The only negative effect of this solution was
announcement of Agency about the delay in reporting for both states, reason of
which was strictly working computerised system of Agency.
Next step of the splitting of SSAC was division of LOFs which was finished
only in 1994 together with division of exempted nuclear material. From that
moment started both SSACs to play their fully independent roles. On the side of
the Slovak Republic it was re-verification of all nuclear materials at all MBAs and
preparation of new DIQs for nuclear facilities. On the side of the Czech Republic
negotiation on new Safeguards Agreement had been opened with the Agency and
routine verification of nuclear material was continued.
Very closed and efficient co-operation at the sphere of non-proliferation was
confirmed by assignment of bilateral agreement between both states in nuclear
safety and safeguard implementation. Based on this agreement regular exchange
of mutual experiences and technical improvements took place. At the interest of
simplification of international transfer of nuclear material between the Czech
Republic and the Slovak Republic procedure of Export-Import Notification is used
and inventory change reports forms are mutually confirmed.

Conclusion
The intention of this paper has been to submit main problems which might be
met in the field of accountancy for and control of nuclear material during the
process of splitting one country into several ones. We wanted to show that such
problems might be significantly reduced in case of closed and qualified cooperation of particular states authorities bilaterally and with the Agency.
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ASPECTS OF AGENTS FOR SAFEGUARDS

XJ. KOTTE
Programmgruppe Technologiefolgenforschung,
Forschungszentrum Jiilich, Germany
(ASPEA01)
The
development
of
international
communication
networks and userfriendly access structures like the WWW
(World Wide Web) offer an almost unlimited potential which
can be exploited as well for safeguards measures. Based on
the availability and accessibility of data (either from
confidential or open sources, provided by humans or
automated/ smart instruments, acquired routinely or on
adhoc basis) verification relies strongly on observation,
analysis and assessment of information. But the amount of
information which is thus potentially useful for safeguards
is growing tremendously.
(Intelligent) software agents are one of the means
expected to relieve human staff from the burden of
information overload and to contribute their part in the
future to safeguards' data acquisition, data evaluation and
decision making. Envisaged concepts propose the transfer or
delegation of functions * from human staff to agents or
robots which are better suited to cope with many forms of
complexity in data treatment.
At present, the following fields appear to be of
interest for the delegation of functions by application of
agents: information access and management, building of
communities,
workflow
and
administrative
management,
adaptive user interfaces. Of course, another perspective
may view further fields and set up different priorities.
Information treatment is one of the important tasks in
safeguards. A considerable extent of the personmonths
(/years) is devoted to the acquisition, confirmation and
evaluation of information (e.g. reports, communications
etc.). Even more information is to be evaluated through the
93+2
programme.
Therefore,
automated
information
acquisition, filtering and integration should be considered
an appropriate means to assist and support the human staff.
Based on the network-centric computing paradigm, data
sources like remote instruments
(e.g. smart sensors),
international databases, WWW documents as well as inhouse
data could be uniformly managed by applications relying on
software
agent
technology. Unattended by
the staff,
information can be delivered by push or pull methods, realtime connection or outside peak hours.
The
building
of
communities
is
understood
as
establishing communities of common interest (also opinion
or taste) and group
interaction based on networked
communications. By means of international peer networks
people can congregate to share their competence and ethical
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points of view. This approach can foster transparency and
acceptance of decisions and judgements based on safeguards
information. It could also support the collaborative
development of new trends in multi-media
information
applications.
There have been already many attempts to solve
problems in the workflow and administrative management
field.
Inspection
schedules,
travel
plans,
activity
outlines,
appointment
arrangements
etc.
are
mostly
coordinated and managed in traditional ways. These business
processes are usually interrelated, and are triggered by
external or internal events. The timely observation of
trigger events and the performance of the related functions
could be transferred to software agents and carried out by
them without the need of human intervention. Delegation of
these functions could permit time-consuming workload to be
resolved by way of background computing.
Access to and monitoring of networking operations are
carried out via the user interface. The variety and the
complexity of these processes can be reduced by means of
adaptive user interfaces which assist the human staff in
normal operations or support the user in the case of
difficulties. Interface software agents are expected to
learn and to behave according to the user's preferences and
habits thus improving the individual human skills.
The potential of (intelligent) software agents has
received growing attention throughout the media. Several
companies
are
already
offering
mature
products
predominantly in the fields of information retrieval and
integration (e.g. search" engines) and personalized pull/
push information services (e.g. news and newspapers), but
also for shopping purposes.
Secure operation of software agents will require some
conditions and boundaries for them to be trusted. The
increasing number of products will not only enhance
existing procedures and define new applications, but may
also imply the risk of abuse.
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TIMELINESS AND DETERRENCE IN IAEA SAFEGUARDS

R. Avenhaus
Universitat der Bundeswehr Miinchen, Germany
M. J. Canty
Forschungszentrum Jiilich GmbH, Germany

Together with the postulate of a significant quantity of fissile material, the
principle of timely detection of illegal activity has formed the basis for negotiation, planning and implementation of IAEA safeguards activities under the
NPT. The concept of'critical time to detection', i.e. the estimated time a State
would require in order to construct a nuclear explosive device from diverted
fissile material, essentially defines the frequency of inspection and the required
level of automatic surveillance at routinely inspected nuclear facilities.
Previous investigations of timeliness have focussed on the technical aspects
of detection, treating the problem as a zero-sum game with time to detection as
payoff to the inspectee; see [1, 2, 3]. Our contribution presents a first attempt to
examine the idea of critical time quantitatively within the context of the overall
inspection problem faced by the safeguards authority. This overall problem is
characterized not only by detection goals such as significant quantities and time
to detection, but by the subjective preferences (utilities) of inspectorate and
inspectee, available resources, detection and false alarm probabilities and above
all by the primary aim of verification, which is to deter illegal activity.
We shall refer to the maximum allowed time to detection for a facility or
material balance area as the critical time interval and denote it by t. Our
quantitative model then consists of a two-person, non-cooperative game between
the Inspectorate, represented by the inspector, and the State, represented by
the facility operator. During a reference period T, for example one inventory
period, which consists of n critical time intervals, nt < T < (n + l)t, the
inspector performs k interim inspections, 0 < k < n, coming, if at all, always at
integer multiples of the critical time period. The operator either behaves legally
or carries out an activity in violation of the safeguards agreement precisely
once during the reference period. If no violation occurs, both players receive a
normalized payoff of zero. This, being the best result for the inspector, is also his
maximum possible utility. If the violation occurs and is followed by an inspection
within time t, then detection, which in general occurs with some probabilty 1—/?,
is timely. The operator's payoff upon detection is then minimum, —b < 0, and
that of the inspector is -a < 0. Otherwise, detection, although still possible
upon subsequent inspections, is not timely. The operator then receives his
maximum utility, d > 0, and the inspector his minimum utiltity, —c < —a.
The set of all (pure) strategies of the inspector consists of all possible ways
of distributing k inspections over n opportunities. The set of (pure) strategies
of the operator consists of legal behavior and the choice of one of the n intervals
for violation. Two variants are considered: In the first of these, the protagonists
choose their strategies prior to the beginning of the reference period T, in the
second the strategies are chosen sequentially, thus allowing use to be made of
information available during the reference period.
For the simplest non-trivial case n = 2, k — 1, both variants are considered in
detail. Where applicable, sufficient conditions for inducing the operator to legal
behavior are given, conditions which relate both 'political' and 'technical' parameters to the goal of deterrence. By 'political' parameters we mean subjective
payoffs such as perceived sanctions in the event of timely detection, incentive
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to violate, etc., whereas 'technical' parameters are inspection frequencies, false
alarm and detection probabilities and the like.
For arbitrary values of n and k, a complete solution of the non-sequential
model is also given. The sequential case, however, can only be solved fully for
'attributes sampling', that is, under the assumption of zero non-detection and
false alarm probabilities. The solution turns out to be another interpretation of
Dresher's model [4], which was recently generalized to non-zero-sum games by
Rinderle [5]. Since, in the 'variables sampling' version with finite non-detection
and false alarm rates numerical solutions are possible, safeguards relevant conclusions can be drawn here as well.
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The Principles and Objectives for Nuclear Non-Proliferation and
Disarmament [1] which were adopted by the 1995 NPT Review and
Extension Conference called for the immediate commencement and
conclusion of negotiations on a non-discriminatory and universally applicable
convention banning the production of fissile material for nuclear weapons or
other nuclear explosive devices and also demanded to reduce nuclear
weapons globally, with the ultimate goal of their complete elimination.
Such a "cut-off" convention would be a prerequisite for credible
nuclear disarmament and a strengthened non-proliferation regime. In order to
comply with the intensions a such an agreement effective international
verification measures would be required on all weapons usable nuclear
material in any state on the globe.
Whereas the non-nuclear weapon states (NNWS) adhering to the NPT
have concluded comprehensive safeguards agreements (full scope
safeguards) with the IAEA which will be further strengthened by measures
proposed in the "Programme 93+2" [2] there is growing concern about
weapons usable materials accumulating in the military domain as well as in
the civilian fuel cycles of the nuclear weapon states (NWS) and in the fuel
cycles in states outside the NPT without any international control.
The categories of nuclear material of concern are plutonium and highly
enriched uranium (HEU) originating from the dismantlement of nuclear
weapons and material contained in the military stocks, both in classified or
unclassified form, material in the civilian fuel cycle of the NWS which is not
under safeguards and material in undeclared stockpiles of Non-NPT states.
Real and credible nuclear disarmament measures assuring the
irreversibility of nuclear disarmament would require control on all potential
sources of nuclear material capable of replenishing dismantled weapons or
capable of feeding new weapons as well as military stocks of weapons usable
material under a regime of international and comprehensive verification. This
implies international verification of cessation of production, verification of
material from the dismantlement of nuclear weapons and released for final
disposal or use in the civil fuel cycle and material from military stocks
declared to be in excess and transferred to be used for civilian purposes or
disposal. Complementary application of NPT-safeguards to civil nuclear
activities in NWS is required because of the possibility of rededication of
weapons usable material from civil uses to weapons purposes.
Further a credible disarmament regime assuring the irreversibility of
arms reduction would require high transparency of these stocks and adequate
international verification, thereby not disclosing the characteristics of
sensitive materials and technologies.
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The first step needed to enhance transparency must be the
establishment of standards of accountancy and control for such material. For
the civilian fuel cycles in NWS they should be identical to the standards in
NNWS with comprehensive safeguards agreements, including measures
envisaged within the "Programme 93+2". Otherwise undeclared weaponsgrade material in the civilian fuel cycle could be rededicated to military
material for weapons purposes or other nuclear explosive devices. This
should be also in the interest of the NWS when proceeding to further nuclear
disarmament and approaching a very low level of nuclear weapons arsenals.
The first steps undertaken by the NWS by submitting selected facilities under
voluntary offer agreements with the IAEA might be considered as confidence
building measures but will not serve the purpose to be fulfilled within a
future cut-off agreement because they cover only selected nuclear sites and
are thereby in no way comprehensive and such sites may be withdrawn from
IAEA-safeguards on the basis of unilateral decisions by the corresponding
state.
Technically the verification of a cut-off agreement and the extension of
NPT-safeguards to all states including the civilian nuclear programmes in the
NWS should not pose any unsurmountable problems. The increased burden
on the IAEA might be alleviated by the use of new procedure and
instruments as developed and envisaged within the "Programme 93+2" which
in the future will be presumably applied to the NNWS with NPT safeguards
agreements. The high potential of e.g. satellite monitoring, remote
monitoring and environmental sampling to increase safeguards efficiency and
effectiveness should be fully exploited and applied universally in a
nondiscriminatory way.
Having in mind the ultimate goal of the complete elimination of nuclear
weapons as expressed in the Principles and Objectives for Nonproliferation
and Disarmament, the universal application of strengthened NPT safeguards
in a nondiscriminatory manner would be more demanding than ever before.
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The Joint ESARDA/INMM Workshop on Science and Modern
Technology for Safeguards was held in Arona, Italy, October
28-31, 1996. It was attended by some 120 participants,
consisting principally of scientists from various disciplines
and safeguards experts from the inspectorates. The Workshop
provided a full discussion on the near and far term
scientific- technologies that may be applied to safeguards. In
addition, there were extended discussions on the social and
political aspects surrounding the areas of Nonproliferation,
International
Safeguards,
and
Regional
Safeguards.
The
general opinion was that the Workshop met and exceeded its
goals, setting the stage for future workshops of this type.
One of the outstanding characteristics of the Workshop was
the ample amount of time allowed for full discussion of each
presentation, both for technical issues and social/political
issues. This procedure was substantially different from the
usual ESARDA and INMM meetings. This paper will discuss the
organisation and conduct of the Workshop, as well as the
results as reported by the four Working Group Chairs and the
Workshop Co-chairs. The plans for the next similar Joint
Workshop, to be held in the USA in 1998, will also be
discussed.
Summary
In today's world, the non-proliferation of nuclear
weapons is vitally important. Safeguards and nuclear material
management are the heart of nuclear non-proliferation. In
order to promote research and development in the field of
safeguards, and to encourage the advancement of nuclear
materials management, ESARDA and INMM have jointly conducted
a workshop on "Science and Modern Technology in Safeguards".
The purpose of this Workshop was: First, to inform the
safeguards community about sciences and selected advanced
technologies that are currently available, or that will
become available in the next years, and that could be used to
support needed advances
in international and
regionall
safeguards; and second, to stimulate application of these
sciences and technologies to safeguards by providing an
opportunity for interchange between experts in the various
technologies and experts in safeguards.
Safeguards, as they exist today, rely on established
procedures that are applied within a legal framework at the
national, regional and international levels. A number of
recent developments in various parts of the world have
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presented new challenges to the organisations responsible for
international safeguards. These developments include: the
discovery and documentation of the Iraqi nuclear weapon
development programme; the statement by North Korea of its
intent
to withdraw
from
NPT,
and
subsequent
nuclear
inspection activities in that Country; the break-up of the
Soviet Union, and the creation of a number of new states that
possess significant amounts of nuclear materials; and the
submission by nuclear weapon states of stocks of excess
nuclear materials
of
military
origin
to
international
inspection.
It is essential to maintain an effective level of
safeguards in our changing world. This will require a robust
and flexible technology base that can cope with new
situations. Furthermore, future safeguards activities must be
conducted in a practical manner without adding unnecessarily
to the existing requirements for manpower and funding. This
will require new technology, new data handling and analysis
capabilities,
and
new
procedural
approaches
to
be
incorporated into safeguards activities. This workshop was
one means by which we are attempting to address these
requirements.
The workshop provided a forum for the presentation and
discussion
of
selected
fields
of
science
and
modern
technology that have not, as yet, been considered or fully
exploited by safeguards organisations. The workshop also
provided an opportunity for the invited experts in these
selected
fields
of
current
research,
and
experts
in
safeguards to explore possibilities for the application of
these technologies to safeguards, as well as one could
determine the extent to which the selected technologies can
be used to improve safeguards in the future to propose new
research and development activities to the scientists and
technologists that are relevant to the safeguards needs.
The workshop was divided into four Working Groups. Each
group addressed a number of selected technology fields, with
emphasis on the application of the technology to specific
safeguards areas. Technology experts were invited to present
a paper describing his or her area of expertise and its
current applications. With the help of a moderator, several
invited safeguard experts and the technology expert, the
working
group
held
a
discussion
of
the
prospective
applications of the technology to safeguards. The results of
the
workshop
are
presented
in
an
ESARDA
Conference
publication.
The four working groups addressed Data Generation, Data
Collection and Organisation, Data Analysis and Decision
Support, and the Political and Social Framework.
As regards science and technology, the following areas
were considered: new sensor technologies, satellites, global
communications, networks, remote monitoring, virtual reality,
fuzzy logic, neural network, game theory, conflict analysis,
regime theory and social monitoring.
This paper will discuss the results of the workshop. It
is foreseen that a similar INMM/ESARDA workshop will be held
in 1998 in the USA.
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EXPERIENCE AND CURRENT STATE ON SAFEGUARDS IN PERU
R. RAMIREZ
Instituto Peruano de Energfa Nuclear, Peril
The safeguard activities in Peru are based in the commitment taken upon onself as signant of Non
Proliferation Treaty (NPT) which is included into their legal regulations. The fulfillment of Safeguards Agreement
signed beetwen Peru and IAEA (1978), related to the INFCIRC 153, is supported on the functions developed by
BPEN which has been commissioned as National Authority concerned in the nuclear safety, radiation protection and
safeguards. In such a way, IPEN becomes the State System for Accountability and Control of nuclear materials.
1. STARTING AND IMPLEMENTATION OF SAFEGUARDS
The beginning for implementing the safeguards was in 1978, when the nuclear material was sent to Peru
to be used in a critical facility of zero power (RPO). At this time some of the countries had not signed the NPT and
as nuclear material came from this non-NPT countries, a quadripartite agreement had to be made beetwen United
States of America (owner of the nuclear material), Argentina (user of the nuclear material), Peru and the IAEA. The
nuclear material was used under responsiblity of Peru along twelve years. The safeguards for this material was
terminated for Peru when the material was re-exported to another country after fulfilling all of the needed
arrangements. Currently, this facility holds another fuel elements (LEU) which has been bought to another country
and are safeguarded through a Facility Attachment with the IAEA.
After this first experience, another projects and studies were developed to locate and quantifiying uranium
resources. Some laboratory experiences were also carried out to obtain ore concentrates (yellow cake). The total
quantities of yellow cake produced are very low (less than 3 kg.) These laboratories were definitively closed and
the concentrates are permanently stored in an authorized and controlled location.
In 1988 the construction of the RACSO Nuclear Center was finished and a research reactor of 10 Mw
(RP10) was put into operation. Previously, importation of fuel elements was required. This fuel elements was
bought to Germany and authomatic safeguards was implemented as this nuclear material arrived to Peru. Specific
arrangements for IAEA safeguard were implemented through the Facility Attachment which is currently in force.
This research reactor continues operating.
Besides, another nuclear material are being used. They are depleted uranium - as shielding of teleteraphy
units - and thorium for non-nuclear use. The depleted uranium has been exempted by IAEA. In the case of thorium
material termination arrangements have been requested and granted by the IAEA as this nuclear material was diluted
in such a way that their recovery is non practical nor economical.
Encompassing the written agreements, the nuclear materials under permanently IAEA safeguards are the
nuclear fuel of research reactors RPO and RP10 (LEU). Other less significant nuclear materials have been reported
to IAEA but Facility Attachments were not needed for them. In spite of this, EPEN mantains a control even for this
other materials.

2. PARTICIPATION IN THE IAEA PROGRAM 93 + 2 AND OTHER PROGRAMS
As proposed measures of 93 + 2 IAEA program were implemented, Peru has agreed to participate in this
expanded safeguards. In this way information on nuclear activities has been expanded to IAEA, in order to keep
continuosly the transparency of its nuclear program.
This implementation has not resulted in a greater difficulty because the scope of national regulations
involves to all of the nuclear material and related activities in the country, so they were always registered and
surveyed by the IPEN. This fact has made easy to expand reports to IAEA with non additional expenses.
In other way, the country is participating in the IAEA report system of Illicit Trafficking of Nuclear
Materials and Other Radioactive Sources, because this fact is close related to the interest for avoiding the non pacific
uses of nuclear material which could be stolen in one country and introduced to anothers.
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3. SAFEGUARD REGULATION AND CONTROL
The safeguard regulations establishes several obligations on the accounting and control for all the facilities
whose activities entrails the use of nuclear materials, both nuclear use and non nuclear use. This control is supported
on reports which the facilities send to National Authority and periodic inspections carried out over them. A flow
chart organization for implementing the safeguards measures is shown in Fig. 1 .
When the safeguard control began the frecuency of inspections to each one facility was close to 8 times
in a year. However, this frequency has been reduced currently taking into account the low quantity of nuclear
material and the almost invariable conditions of use and the few movement of nuclear material. At this time, the
rutinary inspections are carried out just twice a year, with the exception of those cases where more frequent
inspections would be deemed necessary. Additionally the facilities are rutinary inspected every year by the IAEA.
Due to this, enough capabilities remain in the country which allows to offer to the IAEA the possibilities of
collaboration, if required.
4. FUTURE PROPOSALS
It is not expected that the nuclear program will increase significatively in the coming years. However, the
safeguards activities will continue making efforts to increase the effectiveness of the control measures, where
applicable.
Regulations on the use of nuclear materials and developing of activities nuclear-related are being reviewed
in order to be encompassed with the strenghtening measures that IAEA has undertaken or being proposed to
implement.

Fig. 1. Organizational Row Chart on Safeguards
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Contribution of the Member States Support Programmes
(MSSPs) to IAEA Safeguards
V. Fortakov, D. Gardiner, J. Rautjaervi

Member States of the International Atomic Energy Agency (IAEA) have provided, during the
past 20 years, invaluable technical support to IAEA Safeguards through their Member State
Support Programmes making available their resources to satisfy IAEA's research and
development as well as implementation support needs. IAEA does not carry out in the area
of Safeguards R&D any major research activities solely by itself. Currently 14 Member
States and EURATOM have active Support Programmes to IAEA Safeguards. About 250
tasks are currently addressing the needs identified in the Agency's Safeguards R&D and
Implementation Support Programme. During the past four years about the same number of
tasks were active at any time and about 70 were completed each year.
MSSPs played a paramount role in the realization of Programme '93+2'. The majority of the
results of corresponding tasks were successfully utilized thus providing technical basis for the
political efforts to agree upon strengthening measures regarding the IAEA safeguards system.
Information about the efficiency of task management and the use made by the Agency of the
completed tasks is analyzed. During the past two Safeguards Research and Development and
Implementation Support Programme periods 1993-1994 and 1995-1996 about 280 tasks were
completed. More than 80% of the results have been used by the Agency's end users as
provided for in the agreed Task Outlines. Extent of the use per R&D Programme Need and
task Category (Measurements Methods and Techniques; System Studies; Information
Processing and Evaluation; Containment and Surveillance and Monitoring Systems; and
Safeguards Evaluation and Administration Support) are analyzed (illustrated in Figure 1).
Also the reasons are described as to why some of the results have not been used as originally
intended or why some of the tasks were terminated prior to completion.
The administrative and managerial processes involved in Support Programmes' activities and
the Support Progammes Information and Communication System (SPRICS) are also
addressed.
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MEASUREMENT AND POSSIBLE IDENTIFICATION OF ULTRA
TRACE LEVELS OF HEAVY ELEMENTS BY MEASUREMENT OF
ALPHA TO FISSION BRANCHING RATIO BY SSNTB
A.Ramaswami, P.C.Kalsi, R.Sampatkumar, R.J.Singh , s.B.Manohar and

D.D.Sood
Radiochemistry and Isotope Group , Bhabha Atomic Research Centre,
Mumbai 400 085, India
Industrial units and manufacturing plants including nuclear fuel cycle facilities
release small amounts of material into environment during various industrial
manufacturing processes involved. In the case of nuclear facilities the
material likely to be released arc actinides and other radionudides. The fine
particles and/or aerosols released into the immediate vicinity of the industrial
unit set attached to atmospheric dust and get transported 10 large distances
depending upon wind direction ana velocity, omwc autiujj^ w...i.w.u« «•*
quite dense, only those dust particles carrying extremely minute amounts
perhaps of the order of pico to nano grain are expected to be airborne and
travel some distance away from the industrial unit and ultimately get deposited
on building trees etc. A suitable method is required for the quantitative and
qualitative estimation of ultta trace levels of actinides in environmental and
biological sample* . Presently chemical separation of actinides followed by
alpha spectromctry is routinely used for the identification of the actinides in
trace levels. This technique is time consuming and involves tedious chemical
separation of the actinides. Most of the acunides arc poor gamma ray emitters
and hence direct gamma ray spectrometry for their identification in ultra trace
levels is not possible. All the known isotopes of actinides are uniquely
identifiable by their alpha decay constant, spontaneous fission decay constant
and/or by their neutron fission cross section. Nuclear solid state detectors are
one of the most inexpensive track detectors which can distinguish alpha and
fission events with large discrimination factar.The alpha to fission branching
ratios for the spontaneously fissioning actinides have been measured using
solid state nuclear track detectors . However the spontaneous fission
branching ratio being very low ror mow ui uic av<iniuw u.;.» w . «,«.« u»
effectively used for the identification oP actinides in trace levels. Most of the
fissile elements have large fission cross section for thermal neutron induced
fission ( few hundreds of barns), while the fertile elements have few tens of
barns cross section for the reactor neutron induced fission .Table-! gives the
hair life, thermal neutron fission cross section, reactor neutron cross section
and alpha to fjssfon ratio. There is a large difference in the alpha induced
fission ratios for the actinides and this can be effectively used for the
identification of trace level of the actinides. As can be seen from the table
some of the important actinides 235rjt 238TJ 9 239p u an£ j 241 Am have a very
widly different alpha to fission ratio making these measurements very useful
for the identification of these aclinidcs at trace levels in environmental
samples. Feasibility studies have been carried out to determine the alpha to
fission ratio for 238p u An4 238\j taking n anagram to microgram
quantities/The experiment oonaist of measuring the alpha decay probability
using Lfc-115 alpha track derecior.The concentration of 2 3 8 Pu solution used
was 100 nanograntf cc. and approximately 6000 track density was obtained
for a exposure time of 5 minutes. The fission branching ratio was determined
by recording the fission tracks on a Loxan track detector. The sample ,

141

in 0.5 mm cadmium foil was irradiated in E-8 position o!' AF5ARA
reactor For known length of time. From the track density the total number of
fissions were calculated .The measured values of the alpha to fission
branching ratio for 2 3 ^ p u was (6.95±G.26) 10 12 and for 238 U (5.60 ± 0.34 )
iv/\ m e ucivjiiiuieu vaiucs ror a ; ? o r u and i J U U matches well with the
calculated values indicating that this can be effectively used for their
identification in uhru iracc levels. The experimental determination of these
ratios for other important aeiiuides is underway,

TABLE -1
CALCULATION OF ALPHA TO FISSION BRANCHING RATIOS FOR
ACTIN1DES AT MAXIWELLIAN AND RESONANCE INTEGRAL
ENERGIES

S.No.

Nuclide

i.
2.
3.

232 Th
232u
2J3u

4,

25SU

5.
6.
7.

8.
9.

10.
11.
12.

238u
^Np

2

Half

life

^max

(Years)*
L405E 10 —
68.90
66.(53
1.593 E 5 470.8
7.038 E 8 503.2
4.468 E 9
—
2.14 E<5
—

^ /CJ max

°res

—

0.636
364.1

4.79 E 12
2.93 BOS
6.20 E 04

772.2
152.4
2.02
6.36
32.70

2.458 E 6
8.760 E 11
1.787 EOS

2.048 E 05
2.430 E 06
1.615E09

15.23
7.660 E 12
87.74
1.64 E 13
699.6
3.045 E 09
1.30 E 09 299 J
2.412 E 4
0.0530 —
6563
8.938
240Pu
3.745 E09
947.7
14,35
•241PU
7..W1FI7
1,61 £ 1 2 590.4
242i\i
3.733 E5
0.0228
5.577
1.055 E l 0
432.7
2.721
241 Am
3.680 E l 2
1.87 E 13 13.81
Nuclear Wallet Cards. National Nuclear Data Center, USA, J.K.Tuli
(1990)
Cross Section Vaiucs taken (rum JAERI-M-90-099 (1990)
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Evolution of Safeguards and Nuclear Non-proliferation
Kenji Seyama
Director, Safeguards Division, Nuclear Safety Bureau, Science and Technology
Agency, Japan
Hiroyoshi Kurihara
Senior Executive Director, Nuclear Material Control Center, Japan
Nuclear Non-proliferation and Nuclear Disarmament
Recently, evolution in the field of nuclear non-proliferation and nuclear
disarmament can be recognized.
At the conference of the review and extension of
the NPT held in May 1995, the indefinite extension of the Treaty was decided as well
as "reinforcement of the reviewing process" and "the principles and the goals of
nuclear non-proliferation and nuclear disarmament". This series of decisions define
the future direction and important issues of an international order based on nuclear
non-proliferation and nuclear disarmament. Japan will respect the decisions and
intend to progress in nuclear non-proliferation and nuclear disarmament in accordance
with them.
As for the released nuclear material from warheads under the START, the US,
Russia and the IAEA should establish a strict verification regime in order to construct
confidence in the nuclear disarmament.
Applying verification technology of safeguards to the obligation deriving from
the cut-off convention will be a new challenge to the IAEA. Japan expects that not
only NNWSs but also NWSs and States outside of the NPT will accept the
international verification scheme equitably.
Discussion on Programme 93+2
From the beginning of the discussion, Japan approved to establish the new
regime required by the Part 2, because its activities are expected to have possibilities
to detect undeclared materials and activities non-discriminately. However, since the
Part 2 suggests to give the IAEA rights to collect information widely and to have
access to locations complementarity beyond the coverage of comprehensive
safeguards agreements, there is anxiety that it might increase intrusiveness toward the
operator. The Member States, therefore, should keep in mind that only indispensable
element should be contained in the requirement defined by the Part 2.
Giving practical and logical consideration to the Part 2, Japan recognizes several
issues. For example, we would like to point out that the cost neutrality is essential.
The IAEA should improve their efficiency of current safeguards from the view point
of budget saving. It is true that an additional activity defined by the Part 2, such as
the complementary access, should be applied to the Member States equitably
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according to the agreed rule. The term "equitably" could be understood that the
IAEA might not always execute the activities to every Member State but should do to
the State in question raised from the results obtained by the current safeguards and
information analysis with expanded declaration and others.
In the early stage of the discussion, many Member States stated that the
Programme 93+2 should be applied to NWSs and States outside NPT as well as to
NNWSs. NWSs should consider the reduction of the original discrimination in the
NPT by the full acceptance of the Programme. Universal application will lead to
increase in the effectiveness from the view point of information analysis. Various
information such as import/export data are very useful to confirm international
consistencies.
New points of view related to safeguards
While it is said that the current safeguards employ quantitative measures based
upon material accountancy technique, the information analysis and the
complementary access, executed qualitatively, are essential to detect undeclared
materials and activities. Therefore we recognize the necessity to establish hybrid
criteria or guidelines by combining qualitative and quantitative measures. Japan
would like to contribute positively to establishing such criteria.
The current safeguards approach could be reviewed to improve their efficiency
by introducing possible measures such as an unannounced inspection coupled with
remote monitoring technique. This fact suggests that there are some possibilities to
modify the current safeguards criteria by taking into account of new technologies.
We can recognize that the environmental sampling technique may be very useful
to confirm the absence of undeclared activities. Japan intends to prepare a clean
laboratory of the environmental sampling for the propose of domestic use as well as of
international cooperation.
Japan expects that by a close cooperation between SSAC and the IAEA, the
efforts of the IAEA could be reduced. In order to realize the cooperation, it is
essential that the SSAC maintain its high quality and have own independent
verification scheme in cooperation with the IAEA. Japan intends to establish a good
partnership with the IAEA in various fields such as joint use, development of
inspection equipment, and coordination of inspection plans which may be executed
on unannounced or random basis.
Presentation points
Authors would like to present the following points in detail.
1. Nuclear non-proliferation policy in Japan
2. Present Status of implementation of safeguards in Japan
3. Japanese directions to support Programme 93+2
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New Roles for International Verification of the IAEA
Mitsuru Kurosawa
Osaka School of International Public Policy, Osaka University
Masahiro Kikuchi
Nuclear Material Control Center, Japan
Kinji FCoyama
Japan Institute of International Affairs
1. Basic Understandings for the nuclear non-proliferation after the Cold War
The decrease in the influence of the super powers has led to regional or small conflicts which may
be the occasion of seeking in the manufacture of nuclear weapons. Elimination of the nuclear
weapon is disabled in the world community, but the disassembling of nuclear weapons has brought a
new source of anxiety.
2. Possible Nuclear Proliferation Scenario
(1) Proliferation from the Civil Use
According to the current safeguards measures, the verification efforts will increase in proportion
to the quantity of nuclear materials. But from the view of the nuclear non-proliferation, the current
safeguards has not sufficient function to detect the undeclared materials and activities.
(2) Proliferation of Nuclear Material released from the Military Use
As U.S. and Russia agreed that the nuclear weapons no longer needed for a global security
should be disassembled, both states and the IAEA are now discussing to establish the practical
procedures to verify weapon usable nuclear materials. However, the control regime for
disassembled the warheads or the pits has not been clearly stated by the both States. The
international community is anxious that warheads from tactical nuclear weapons would have a high
possibility to proliferate to the countries hold internal or regional conflicts. The illicit trafficking of
small amount of nuclear materials and other radioactive sources have reported by public sources.
3. New Roles of the IAEA
(1) Strengthened Safeguards Activities for Detection of Undeclared Nuclear Activities
The IAEA must develop a new system related to a confirmation of absence of undeclared
material and activities which can be used to manufacture nuclear weapons. Therefore, the IAEA
should establish a new method for confirmation of the end location of equipment which could be
used directly for the nuclear weapons as well as its end use based on the information provided by
the Member States.
(2) Increasing Transparency of the Nuclear Activities in the Member States
The IAEA should apply the comprehensive safeguards equally to the States composing of
NWFZs, independently whether the States are parties to the NPT or not. The IAEA should also
support positively the governments' activities to establish guidelines to manage of peaceful use Pu.
The IAEA should make effort to establish appropriate and sufficient evaluation procedures for the
function of Physical Protection System produced by the each states.
(3) Verification of Nuclear Materials released from Nuclear Weapons and Control System for
Dismantled Materials
Although to control weapon usable nuclear materials with sensitive information is not subjected
to the international verification, the IAEA should establish a piacliual system and measures to
fissile materials as well as pits from warheads no longer needed in a global security. Regarding
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prevention of illicit trafficking, the expected roles and functions to the IAEA are the systematic
investigation, data recording, provision of the information to the Member States and coordination
of information exchange between the Member States.
(4) Participation in Verification of Nuclear Disarmament Treaties
As for FMCT, the verification activities should be submitted to the IAEA by the parties to
conclude the treaty, because Ihe IAEA's potential of technology such as the measurement and the
surveillance is useful for establishment of its verification regime. The IAEA should also
contribute to make up the control and verification system for disassembling of the missile beyond
the present START Treaties.
(5) Development of Proliferation-Resistant Technology
The time has come to consider the non-proliferation function to the nuclear technology from
beginning of development and facility design. The IAEA should promote and support the
activities in the Member States, and should spread the results to the world.
4. Technical Issues related to the New Verification Activities
(1) Proliferation Oriented Approach
a. Identification of Proliferation Scenarios
We can identify that the most critical events related to the proliferation are as follows;
- Undeclared production of HEU and Pu including undeclared irradiation and recovery
- Illicit Trafficking of Material released from Warhead
b. Collection and accumulation of the information used for analysis
The sorts of information to be used for analysis are shown in Article 2 of the Protocol. The
submitted information would be categorized systematically and accumulated in the computer by the
suitable database system.
c. Information analysis and resolution of the inconsistencies
The IAEA should construct a methodology to be used for the analysis and resolution of the
inconsistencies step by step.
Step 1 : Identification of the inconsistencies in the provided information
Step 2 : Recognition and evaluation of magnitudes of the inconsistencies
Step 3 : Following up actions including a requirement to provide additional information
Step 4 : Additional evaluation including of the complementary access
(2) Integrated verification system
The IAEA should integrate the current safeguards approach and the proliferation oriented
approach. Theoretically, if we can achieve such high assurance level, the proliferation oriented
approach could influence to the current approach, positively. When the proliferation oriented
approach could be put into practice, the IAEA could improve the current approach efficiently to
reduce the efforts to be expended for them under the condition which shall keep or maintain the
effectiveness of the current level.
5. Conclusion
The end of the Cold War brought enormous change to the problems in the field of the nuclear
non-proliferation. The roles and functions of the IAEA shall be improved in accordance with the
expectations from the international community.
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for Safeguards at Rokkasho Reprocessing Plant (RRP)

KOCHIAI*)
Science and Technology Agency, Tokyo, Japan
K.NIDAIRA, T.HATAKENAKA, S.YASU**)
Safeguards Analytical Laboratory, Nuclear Material Control Center, Tokai-mura, Japan
D.DERON, G.JAMMET, D.DONOHUE
Safeguards Analytical Laboratory, International Atomic Energy Agency, Vienna

A large scale commercial reprocessing plant is under construction at the Japan Nuclear
Fuel Limited (JNFL) Rokkasho Reprocessing Plant (RRP) in Japan. It has the capability to
reprocess 800tHM/a, recovering about 1000SQ of plutonium per year as mixed oxide powder.
About 1000 verification samples are expected to be taken for DA and NDA. This would exceed
the analytical throughput of the NMCC-SAL if they were transported for off-site verification.
The transport of a similar number of samples to the IAEA-SAL is also undesirable. This
initiated the plan to establish an on-site laboratory (OSL) jointly used by the State and IAEA.
The following benefits are expected; improvement of timely verification and lower analytical
errors due to no preparation of samples for transport, elimination of transport work, and cost
effectiveness. The OSL is now in the stage of drafting its detailed design. This paper describes
the conceptual design of the OSL.
The OSL will be housed in a space of 600m2 in the JNFL analytical building lent to the
inspectorates. Independency of the measurements at the OSL will be maintained, while all
analytical procedures and working practices will comply with the safety and security rules
applying to the operator's laboratories. Both the State and IAEA OSL staff will comply with
operator's safety, security and administrative arrangements.
Nuclear material accountancy verification activities would be based on the 1991-1995
IAEA Safeguards Criteria and the recommendations of LASCAR. The verification
measurement approach uses the algorithms described in STR-261 to calculate sample sizes for
gross, partial and bias defects. The verification measurement methods and the accuracy should
be the best currently available for routine analysis. The number and performance of enclosures
such as hot cells, glove boxes and inner storage for samples are designed by taking into
consideration analytical instruments, analytical flow, and radiation level. Authentication
measures must be enforced to provide evidence that the samples received at the OSL originate
from the material selected for verification analysis and that continuity of knowledge is
maintained throughout the processing within the OSL.
Present affiliation: *) IAEA, Vienna,
**) Powere Reactor and Nuclear Fuel Development Cooperation, Japan
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The types and number of verification samples were estimated by the above mentioned
algorithm and the JNFL's operation plan. The expected total number of verification samples is
about 1000 with the following approximate distribution: 8%(Input solution, DA), 18%(lnput
solution, NDA), 6%(Pu solution, DA), 12%(Pu solution,NDA), 12%(MOX,U/Pu solution,DA),
35%(MOX,U/Pu solution, NDA), l%(High Active Waste(HAW), DA), 8%(High Active
WasteQBAW), NDA). The rest are samples of uranium nitrate solution. No pretreatment such
as aliquoting and dilution is performed on the samples before they enter the OSL. IDMS was
selected as the DA method for all types of samples in preference to coulometry or titration
except uranium samples which are analyzed by titration in a fume hood, because it is
applicable to wide types of samples and is the best method for input solutions. Two mass
spectrometers are available for use by the State and IAEA For partial defect detection, one
HKED will be used for the analysis of input solution, a second one for samples of product
materials including MOX. This should allow to keep OSL under full operation even in case of
the instruments fails. Pu(VT) spectrophotometry will be used for quick assay of HAW samples.
HAW and input samples are handled in a line of five hot cells. The functions of the first hot cell
are to receive samples and to precondition the HAW samples. The second hot cell includes
HEED, balance and precondition for IDMS. The HAW samples are measured by Pu(VI)
spectrophotometry in the third cell. The fourth hot cell includes an automated chemical
separation and a sample dispatch equipment. The fifth hot cell is used for maintenance of
instruments. Plutonium samples are handled in tong (or glove) boxes. A first chain of five tong
boxes is used for a HKED, a balance, and dilution. Automated chemical separation and alpha
spectrometry are performed in a second chain of five boxes. Each mass spectrometer is
connected to three glove boxes for the sample loading on filaments, measurements and
decontamination of instrument parts.
Joint samples are taken under joint C/S by the State and IAEA inspectors. For the HKED
an analyst of one party will handle the sample under observation of the other party. The two
analysts will then operate the instrument and collect the results jointly. In case of DA, each
party carries out its own pretreatment of a subsample. The measurements with authenticated
equipment are carried out in the same manner as the HKED. The State and IAEA analysts
will usually make single measurements on their subsamples and compare the results. In case
the difference is outside of acceptance limits, the subsamples will be measured again by each
side. The results reported by the States and IAEA are respectively used for their own
independent verification.
The operation of OSL should bring the benefits of timely verification, no work and no
delay related to transport of samples, no necessity of sample treatment before shipment.
Further, error sources related to transport may disappear resulting in a better measurement
accuracy. The joint operation of the OSL would avoid unnecessary duplication by the States
and IAEA and contribute to cost effective safeguards.
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A Model Structure of Non-proliferation Database
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1. History of Expanded Declaration
The discoveries of undeclared nuclear material and facilities in Iraq and the
problems in the Democratic People's Republic of Korea caused the international
community to recognize the necessity of strengthen of the IAEA safeguards with
respect to its capability of detecting undeclared nuclear material and activities. In
1992, the Board of Governors adopted a number of decisions relating to special
inspections, to design information and to a "reporting scheme for nuclear material and
specified equipment and non-nuclear material". After these decisions the IAEA
prepared Programme 93+2 in December 1993 and Document GOV/2807 in June 1995,
which contains a comprehensive set of strengthening and efficiency measures.
One of these measures is "broader access to information" associated with
"improved information analysis", which consists of the expanded declaration by the
States and increased physical access by the inspectorate. This measure, in other words,
requires the Member States to provide the IAEA with increased transparency of their
nuclear activities, and requires the IAEA to improve its capabilities to treat huge and
various amount of information from the Member States as well as from new activities
by the inspecorate.
The Government of Japan, recognizing the importance and the urgency of this
measure, established within the IAEA an programme named "Information Treatment
Assistance Programme .(ITAP)" by providing special funds since 1993.
2. The efforts to increase the transparency
One of the projects of ITAP is to investigate an appropriate model of national
database system which contains not only information needed by the Expanded
Declaration to describe all nuclear activities in a State but also information that can be
utilized as so-called "open source information". It should be a friendly system to
potential users such as the IAEA and the Authority of the relevant State that provides
well consolidated and visible results. In this paper we call such a database as Nonproliferation Information Database.
Nuclear Material Control Center (NMCC) in Japan is developing such a
Database under the closed cooperation with ITAP. Information from open sources
which consists of a part of the Non-proliferation Information Database will be
collected from various sources published in Japan. Information of this kind will be
periodically transferred to the IAEA by telecommunication such as E-mail system.
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3. A Model Structure of Non-proliferation Information Database
The contents of a Non-proliferation Information Database shall be selected by
individual States according to their own privilege and also they may vary depending on
their nuclear fuel cycles and nuclear facilities. In case of Japan, various information
relating to peaceful use of nuclear materials shall be collected by relevant national
authorities and stored by NMCC in the Database. Following categories of information
are presently considered as the elements of the Database.
1) Inventories and domestic transfers of the nuclear materials concerned with
nuclear fuel cycle,
2) Information on the imports and exports of nuclear materials including
uranium or thorium which has not yet reached at the stage of the nuclear fuel
cycle,
3) Information on the exports and imports of nuclear equipment and nonnuclear material specified in the London Guideline Part 1 and Part 2,
4) Information on the nuclear programme, such as operation programme
related to nuclear fuel cycle, demand and supply of the nuclear energy,
operation of the facilities (burn-up, the plan of the fuel
reloading to
reactor core, and so on), maintenance schedule, plan of the uranium
procurement by each Electric Power Company and plan for reprocessing of
• the spent fuel,
5) Information on R&D activities related to nuclear energy,
6) Information on further description of nuclear facilities including it's propose,
capacities and detailed location,
7) Assistance and support programme for nuclear activities in foreign country,
and
8) Others.
A database being developed by NMCC in cooperation with ITAP will give an
example of a Non-proliferation Information Database.
4. Contribution to Safeguards State Files
It is reported that to evaluate all relevant information the IAEA has established
an organizational and procedural scheme and improved information analysis system
has been developed or being developed. In this scheme a Safeguards State File will be
used as an important information that describes the status of safeguards
implementation in a country. To this end the Safeguards State File should always be
updated. Since the Non-proliferation Information Database is owned and maintained
by an individual State, and since it is therefore easy for the country to update it, the
IAEA can also update the Safeguards State File by accessing to the updated Databases
of each country in timely manner. This is the ultimate purpose of developing an
appropriate National Non-proliferation Information Database.
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Development of the Unattended Spent Fuel Flow Monitoring System for the High
Temperature Engineering Test Reactor Safeguards Use
Shigeaki Nakagawa, Takayuki Kikuchi, Shingo Fujisaki and Kiyonobu Yamashita
Japan Atomic Energy Research Institute, Oarai, Japan
Howard O. Menlove and Mark E. Abhold
Los Alamos National Laboratory, Los Alamos, USA

The HTTR (High Temperature Engineering Test Reactor), HTGR(High Temperature
Gas-cooled Reactor) type research reactor, is under construction to perform the necessary R&D
for establishing and upgrading the HTGR technology basis, and to conduct various innovative
basic research concerning high temperature technologies. As for the safeguards approach for the
HTTR', it is impossible to perform the visual inventory verification of nuclear material in the
reactor core and the spent fuel storage. The reason is that helium employed as a coolant is not
effective in radiation shielding like light water in the LWR, and a radiation dose becomes very
high. That is to say, the reactor core and the spent fuel storage are in "difficult-to-access areas"
because of high radiation. On the other hand, it takes about 200 days to change all the fuel blocks
in the reactor core with the refueling machine. This long time causes an increase of safeguards
effort. To reduce the inspection effort, the use of the unattended spent fuel flow monitoring
system (UFFM) was proposed to verify the spent fuel flow in the safeguards approach of the
HTTR.(1) Figure 1 shows a movement path of the fuel in the HTTR. The UFFM is to be installed
at the door-valve between the reactor pressure vessel and the fuel handling machine. The doorvalve is the only path when the spent fuel block is discharged from the reactor core. Figure 2
shows cross-sectional view and schematic diagram of the UFFM. Two UFFMs are to be inserted
Reactor building
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\
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Fig. 1 Movement Path of Fuel in HTTR

151

Tungsten shielding
Tungsten shielding

Stainless steel detector package

Seal cabinet
Analog output

D-fF
is

i

:

I GRANDIII

GRANDm
IS : Isolation box

I Computer
L
I

Computer
Fig. 2 Cross-sectional View and Schematic
Diagram of UFFM

into two penetrations in the door-valve. Each of two UFFMs consists of one He-3 neutron
counter, two ionization chambers and an electronics. The He-3 counter and ionization chambers
are contained in a hermetically sealed stainless steel detector package. Each of these packages
has a length of 560mm and a maximum diameter of the shell of 100mm. The detectors used in the
UFFM are designed to be compact because of a limitation of the installation space. An effective
length of the detector, 3 inches for the He-3 neutron counter, and 2.5 inches and 5 inches for two
ionization chambers, is shorter than that for conventional detectors. The performance test was
performed to ensure the specification of the detectors. The plateau curve of the He-3 neutron
counter with 3 inches effective length was equivalent to that of conventional one. 1700V was
selected as the operational bias voltage from that curve. From the result of the performance test,
the UFFM is adequate to detect the spent fuel despite a short effective length of the detectors.
REFERENCES
(1) K. Yamashita, et. al., "Safeguards Approach Study for High Temperature Engineering Test
Reactor (HTTR)", Proc. INMM 37th Annual Meeting, Naples, 1996
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PIT Experience as Bulk Facility in NUCEF (SCF)

K. TONOIKE, H. YANAGISAWA, Y. TSUBATA, H. SONO, H. HIROSE, M. UMEDA,
S. SUGIKAWA A. SONODA and M. MIYAUCHI
Department of NUCEF Project, Japan Atomic Energy Research Institute (JAERI), Tokai-mura, Japan

Two PITs were performed on low enriched uranyl nitrate solution and low enriched
uranium dioxide in 1995 and 1996 in NUCEF (SCF: Solution Critical Facility) for the first experience
as the critical facility where bulk material is handled.
The NUCEF has two critical facilities, Static Experiment Critical Facility (STACY) and
Transient Experiment Critical Facility (TRACY) for the criticality safety research on nuclear fuel
reprocessing.

In the STACY, critical mass of uranyl nitrate solution has been measured under

various solution conditions, reflecting conditions, etc. for the advancement of ciriticality safety design.
In near future, plutonium nitrate solution is also going to be handled in the STACY for critical mass
measurement.

On the other hand, only uranyl nitrate solution is used in the TRACY to investigate

the criticality excursion phenomena of solution nuclear material.

The purpose of TRACY experiment

is to understand and establish the scenario of postulated critical accident in a nuclear fuel reprocessing
plant.
Currently, uranyl nitrate solution of 10% U-235 enrichment is available for the experiment
of STACY and TRACY.

The solution was produced by dissolution of uranium dioxide.

There is

still the uranium dioxide inventory in the SCF for future dissolution to produce uranyl nitrate solution
of 6% U-235 enrichment.
also existing in the facility.

Fuel pins which are made of uranium dioxide of 5% U-235 enrichment are
The pins will be used for critical mass measurement of heterogeneous

system in the STACY together with the uranyl nitrate solution of 6% enrichment.
From the view point of nuclear material accountancy, the uranium dioxide contained in cans
and pins which is source material of uranyl nitrate solution and the fuel pins are treated as the "Item"
material.

In each PIT, item counting and item identification are major activities for those item

materials.
On the other hand, the uranyl nitrate solution have to be handled as the "Bulk" material.
For the bulk material accountancy, considerations on facility design, tank calibration, solution
handling, etc., as listed in Table 1, have been taken account from the design phase, through
construction work and to the current operation phase of the SCF.
first two PITs were successfully carried out.
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Due to those considerations, the

Table 1.

Consideration for Bulk Material Accountancy

1. Minimization of Hold up Volume
Slope of all solution transfer pipeline
As short solution transfer pipeline as possible
A Solution outlet tube whose tip is closely located at the bottom of a solution tank
2. Uniformity of Solution
Solution stir and sampling sequence
3. Initial Tank Calibration
Two or three calibration runs per one tank.
One calibration run under the actual ventilation condition for the PIT tanks*
4. Electromanometers equipped on the PIT tanks*
*) Pu PIT tanks only.

Initial tank calibration was carried out in prior to the hot operation of SCF on the PIT tanks
defined in the DIQ.

In the following analysis of calibration data, calibration curve and error

estimation of the curve are established for each PIT tank.

At the first in each PIT, electromanometers

of each PIT tank were calibrated by the standard pressure to estimate the error.

The calibration

curve and its error and the error of electromanometers were bases of the solution mass measurement in
each PIT tank.
After the completion of the electromanometer calibration, facility clean out was done to
reduce the hold up solution mass located in other places than PIT tanks.
far as the STACY and TRACY experiment schedule permitted.
for the clean out.

Clean out was repeated as

In 1995, it took one month and more

But, it was reduced to a half month in 1996.

The facility clean out was followed by solution mass measurement and solution sampling.
Sampled solution was sent to the analytical laboratory in NUCEF.

Uranium concentration and U-

235 enrichment were measured by potentiometric titration (Davies & Gray Method) and thermal
ionization mass spectrometry, respectively.
After all measurement, physical inventory of the solution was calculated as well as MUF
and oMUF estimation.

The summary of PIT result in 1995 and 1996 is shown in Table 2.

Slightly

large MUF observed in 1996 might have been caused by the reduced clean out operation mentioned
above.

Table 2. Summary of PIT result in 1995 and 1996
Year
Ending Book Inventor)' (A)

1995
0.77958 SQ

1996
0.77917 SQ

Ending Physical Inventory (B)

0.77611 SQ

MUF: (A)-(B)

0.77946 SQ
0.00012 SQ

O MUF

0.00062 SQ

0.00104 SQ
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Development of a Simplified Neutron Detector Using Wavelength
Shifting and a Light Transmission Technique
Yoshiyuki Saitoh, Noriyuki Yoshida, Katsumi Urayama*, Nobuyuki
Imai*, Masahiro Takebe**
Tohoku Electric Power Co., Inc., Sendai
*Mitsubishi Heavy Industries, Ltd., Omiya
**Tohoku University, Sendai
JAPAN
We developed a simplified detector using wavelength shifting
and a light transmission technique a which is capable of
monitoring neutron and
gamma rays. This is called n-Littra
(Light Transmission Type Radiation(neutron) monitor). Fig.l
shows the appearance of this radiation monitor.
The n-Littra discriminates distinctly between neutron and
gamma rays and measures their coexisting radiation levels. The
n-Littra is a modification of our previous Littra and combines a
scintillator with fluorescent optical fibers. n-Littra's
functions are upgraded to monitor neutrons. As is shown in
Fig.2, n-Littra is made with a mixture of ^Li compound and
ZnS(Ag) scintillator stuck to a fluorescent optical fiber.
When a neutron ray radiates the ^Li compound of the mixture,
an a ray is generated, based on the (n, a ) from the 6 Li reaction,
and absored by the ZnS(Ag) scintillator. This scintillator,
activated by absorbing the a ray, then generates fluorescence
with a wavelength of about 450 nm. The fluorescent optical fiber
converts the wavelength of the fluorescence from about 450 nm to
about 520 nm. Introducing a function of short to long wavelength
conversion (wavelength shifting) adds new characteristics:

Fig.l n-Light Transmission Type Radiation Monitor(n-Littra)
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l.A notable improvement in the light condensing effect because
the wavelength shifting takes place inside the fluorescent
optical fiber.
2.Long distance transmission of light signals because the
wavelength is shifted to the band where optical fiber
transmission loss is the lowest.
3.The monitor is miniaturized and lightweight.
4.Using the monitor under water or in an electromagnetic field
is possible.
Characteristics 3 and 4 are a result of the combination of
scintillator and fluorescent optical fiber, which allows
separating the scintillator and the high voltage power source.
Light, converted by the fluorescent optical fiber, is
transmitted through the fiber to the photomultiplier.
Fig.3 shows the results of n-Littra monitoring. The neutron
ray source is 241J^m_Be an(j -the Y r a Y source is 60co. Paraffin is
put between the 241Arn-Be source and n-Littra to increase the
content of thermal neutrons. The figure verifies that n-Littra
discriminates distinctly between neutron and v
\^ Fluorescent optical fiber
520 nm
fluorescence
Output

Neutron
Fig.2 Diagram of n-Light Transmission Type Radiation Monitor
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A Proposal of NDA Measurement Systems
for Large Scale Reprocessing Plant Safeguards
M.Koyama, I.Kadokura, S.Uehara, H.Ai, K.Hiruta and Y.Yamazaki
Japan Nuclear Fuel Limited

A large scale reprocessing plant is presently under construction at Rokkashomura in Japan, with a design capacity of 800 ton of Uranium per annum. The spent fuel
receipt and storage facility will be started commercial operation in 1997, and the main
reprocessing plant from head-end area to product storage area will be operated
commercially in 2003.
Large scale and automated reprocessing plant presents challenges for
implementation of IAEA safeguards. The current safeguards measures for inventory
verification and flow verification of nuclear materials do not only consume a large
quantity of inspector's efforts and operator's resource, but also are very difficult to apply
to the automated large scale reprocessing plant.
In order to resolve these problems, we are studying and developing nondestructive assay (NDA) systems to provide continuous safeguards measurements in
place of continuous human inspection for large scale reprocessing plant safeguards.
• Spent fuel receipt and storage area
Item Counting and gross defects measurement for verification of spent fuel
receipt are conducted by radiation monitors which are installed in the narrow channel
between the spent fuel unloading pit and the temporary storage pit.
• Spent fuel shearing and dissolution area
Detection of all transfers of spent fuel assemblies from the spent fuel pond to
the spent fuel sending cell is carried by neutron or gamma monitor which is inserted into
the feeding cell wall.
The completion of dissolution and nuclear materials in the fuel rod hulls are
determined and verified by assaying the missile material content of the hull drums using
the hull monitor which is an active neutron NDA system.
• Head-end, separation and purification area
Samples taken from main tanks having authenticated signal are transferred to
the inspector's on-site laboratory. Hybrid K-edge densitometer measures the uranium
element concentration and the plutonium element concentration in the on-site laboratory.
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Nuclear materials in vitrified high level waste may be verified by passive neutron assay
system.
• MOX co-denitration area
MOX holdup inside glove boxes is measured by GBAS (Glove Box Assay
System) which consists of two passive neutron detectors positioned on opposite sides of
a glove box. Nuclear materials in waste generated from MOX co-denitration area are
measured by passive neutron NDA systems (WDASrWaste Drum Assay System,
WCAS:Waste Crate Assay System).
• Storage areas of MOX product and UO3 product
MOX product in the canister and UO3 product in the bottle are measured for
inventory verification and flow verification by passive neutron NDA systems which are
designed respectively.
NDA systems for material flow verification are networked, and data are
collected automatically in the inspection room. Inspectors access the data when they visit
the facility for inventory verification. This unattended operation increases the
effectiveness of safeguards and remarkably decreases associated costs for both
inspectorates and operators.
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Integrated Safeguards System for the PFPF Plutonium Feed Storage Area
By
T. Asano, H. Kobayashi, S. Takahashi
PNC, Japan
M. Abhold, H.O. Menlove
Los Alamos National Laboratories, USA
R. Abedin-Zadeh, A. Abdel-Halim, G. Moussalli, M. Piana
International Atomic Energy Agency

The Plutonium Fuel Fabrication facility (PFPF) fabricates the MOX fuel for the
experimental fast breeder reactors JOYO and MONJU. The PFPF introduced automated process
to achieve a large fabrication capability. However, the automated process required advanced
safeguards technology for the implementation of IAEA safeguards with extensive development
effort. The development activity included development of Non-Destructive Assay (NDA)
instruments based on neutron coincidence counting operating in unattended, continuous mode
operation for verification of the plutonium flows and inventory at all areas of the PFPF facility.
The implementation was carried out under close cooperation among IAEA, JNSB, LANL and
PNC.
The improved safeguards instrumentations for the feed storage area is described in this
paper. The original safeguards instruments for this area included an unattended mode NDA
system called the Plutonium Canister Assay System (PCAS) for the input to the storage and an
Advanced Containment and Surveillance (AC/S) system. The previous surveillance system was in
operation for 10 years and had to be upgraded with new electronics. The upgraded system
includes a second Plutonium Canister Assay System (PCAS-4) for verification of the transfers of
plutonium canisters between the storage and the process area. In addition, two Motion Direction
Sensors (MDS) based on neutron counting technique have been added to the system and the NDA
systems have been integrated with the IAEA multi-camera surveillance system (MOS).
In the future, the integrated NDA and C/S systems will have remote transmission of the
NDA data to the inspector's room at PFPF with the technical capability for remote transmission
of the data outside of the facility. As a first stage, the state-of-health data can be used for the
remote data transmission.
The new system includes four sensors that are integrated for verifications of the direction
of transfers within the storage area. The NDA systems are used for quantitative verification of
plutonium transfers into and out of storage area as well as to monitor the movement of plutonium
canisters to supplement the surveillance system. The PCAS-1 is used to verify the plutonium
canisters received or shipped to other facilities. The PCAS-4 verifies the plutonium canisters flow
between the storage area and the process area. The two MDS are neutron sensors located near
the transfer chutes into the storage area from the outside and the process area, respectively. All of
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the plutonium transferred into or out of the storage is measured in the two PC AS systems and
their direction of transfers can be confirmed by the MDS sensors. By having the continuous
information on the plutonium canister movements and continuity of information on the storage
area by the surveillance system, the required re-verification and re-measurement is minimized.
The identification of the canister is obtained using the MOS surveillance system. The
PCAS systems trigger the MOS system for recording the sample identification.
The integration of the NDA systems and the MOS system provides both accountability
and C/S data that can reduce the inspection time at the facility. Additional efficiency can be
obtained by remote NDA and C/S data transmission. Arrangements have been made for a
feasibility trials for the transfer of the state-of-health and accountancy data to the inspector's
room and to provide the capability for remote transmission outside of the facility.
This paper will describe the integrated advanced safeguard systems based on neutron
coincidence counting detectors, neutron sensors and MOS surveillance system. The integrated
system is used by the IAEA and JNSB during the inspections.
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A Study of DIV for Recycle Equipment Test Facility (RETF)
— actual results and future plan—
T.OKA, K.HORI, H. KATO
Power Reactor and Nuclear Fuel Development Corporation (PNC), Tokai Works, Tokai-mura, Japan
A test facility for research and development of the reprocessing technologies on Fast Breeder Reactor (FBR) spent
fuel, RETF, is now under construction in Tokai Reprocessing Plant complex of PNC Tokai Works. The building construction
work began with the excavation in January, 1995 and will complete in the spring of 1998 and equipment installation work
will complete in the autumn of 1999 under the present schedule.
The main purpose of RETF is to carry out hot demonstration tests on advanced equipment developed for the future
FBR reprocessing technology. Through these tests, an engineering data will be acquired for use in design and operation of the
subsequent FBR reprocessing pilot plant, and test experience must tum out to be truly worthwhile to demonstration and
establishment of reprocessing technology which is based on the present method (chop & reach, Purex process).
RETF consists of three buildings : the recycle equipment test building, the emergency power supply building and the
administration building. The recycle equipment test building has two basements and six stories above ground. In its center
from 2nd basement floor to 2nd story above ground, there is a remote maintenance cell, where most of test equipment is
installed on a removable rack system, just like the Tokai Vitrification Facility (TVF) modelled after the canyon cell concept
in U.S.A and the FEMO cell concept in (West) Germany.
An outline of the process description is shown in Figure-1.
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RETF will carry out its test by using the blanket spent fuels of the experimental fast breeder reactor "Joyo" and the
prototype fast breeder reactor "Monju" and core spent fuels of Monju. The maximum test quantity of nuclear materials in
RETF is shown in Table-1.

Table-1

Annual Throughput

Test Case

Annual Throughput

• case 1: using only spent core fuel

3 Assy/1 test, 8 tests/year, 1.3tHM (Heavy Metal)/year

• case 2 : using only spent blanket fuel

34 Assy/1 test, 2 tests/year, 5tHM/year

• case 3 : using both spent core fuel and spent

spent core fuel: 3 Assy/1 test, 6 tests/year, ltHM/year

blanket fuel

spent blanket fuel: 34 Assy/1 test, 2 tests/year, 5tHM/year

In case of a new facility, DIV is carried out by IAEA's inspectors during the plant commissioning phase in the past
years. However, a series of measures were adopted in the Board meeting on 26 February 1992 (GOV/2554/Attachment 2/Rev
2) to strengthen the Agency's system of safeguards such as early provision of DIQ for a new facility. According to the
Board's recommendation, it was recognized that design verification must become an integral part of safeguards
implementation during the construction phase and should be extended throughout the lifetime of the facility.
Accordingly, PNC submitted preliminary (1st version) DIQ in November 1993 and 2nd version of DIQ in August
1996 to IAEA through the Government of Japan. It is also understood that DIVs of early stage are essential in connection
with early provision of DIQ to ensure and confirm as declared.
Therefore, Government of Japan and PNC have been made DIV opportunities for IAEA throughout the construction
phase which began with excavation.
This paper describes that experiences on DFV with considerations and how to cope with DIV for the future in facility
construction phase.
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Experience on Safeguards and Termination at TVF
By
T. Iwamoto, M. Yoshioka, H. Tomikawa, T. Nakatani, S. Akiyama
PNC, Japan

Tokai Vitrification Facility (TVF) was constructed in April of 1992 as a first
vitirication facility in Japan. The mission of TVF is to develop the technology for
immobilizing the high level radioactive liquid waste (HLLW) into the stable glass
form, the HLLW is stored or generated at Tokai Reprocessing Plant (TRP).
TVF main process is composed ofreceiving-pretreatment process, glass melting
process and canister handling process, the process flow diagram is shown in
following figure "MAIN PROCESS FLOW AT TVF".

MAIN PROCESS FLOW AT T V F
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The HLLW is transferred from TRP to the Receiving Tank through a pipe-line.
After the receiving of HLLW, elemental and radioactive analysis are conducted for
the measurement of re-transfer from retained waste and for process control. After
the measuremet, the HLLW is transferred from the receiving tank to the evaporator
to adjust the composition by adding sodium and concentrating.
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After the pre-treatment, the HLLW is fed to the glass melter continuously using
two feeding tanks by airlift system, priour to feed the HLLW, glass fiber additive is
soaked into the glass melter. The molten glass is discharged into a canister
periodically, and filled canister is stored in the storage cell after the lid welding.
TVF is a part of TRP and included into Process MBA (JR2A) of the TRP.
Retransfer from retained waste is measured upon receipt of HLLW from HLLW
storage tanks in TRP to the Receiving Tank in TVF. The amount of nuclear materials
are determined by the measurements of volume, density and concentration
analysis taken at the Receiving Tank. The amount of nuclear material contained
in vitrified waste for each canister is calculated from weight of the canister and
concentration in the evaporator. Produced canisters are terminated the safeguards
ather the varification take place by IAEA and JNSB, and those canisters are stored
in the storage cell.
IAEA and JNAB carrying out verification of re-transfer from retained waste by
sample taking, volume and density measurements at the receiving tank for
verifying the quantity of uranium and plutonium, and verification of measured
discards for the safeguards termination by item counting, item identification,
weighing of the filled canister and the attribute NDA measurement. The NDA system
contained Cd/Te, fission chamber and ion chamber detectors, which can measure
total neutron, total y and specific y ray from the spent fuel. Verification of
physical inventory also carrying out once per year by sample taking, volume and
density measurements to tanks in TVF.
In order to improve the TVF safeguards for effectively, efficiently and reducing
the inspection efforts, PNC will make effort within following two steps;
Step -1: An improved NDA system will be installed instead of the above NDA
system. The system will provide unattended inspection mode using by passive
neutron coincidence counting method with Cm balance.
Step-2 : To integrate the improved NDA system and surveillance system for
canister ID verification, and to develop their remote monitoring system from
TRP inspection room.
This paper describes plant descriptoin, present safeguards arrangement and
discuss the future safeguards arrangement at TVF.
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R. Abedin-Zadeh, P.Amman, P. Elomaa
IAEA, Vienna
Unattended remote monitoring has been considered a key element to increase inspection
efficiency at nuclear facilities. During the past several years, several NDA radiation systems have
been used by the IAEA and JNSB for both accountability and surveillance of MOX fueled
reactors in Japan. The facilities include the JOYO and MONJU test and prototype fast breeder
reactors as well as the FUGEN experimental Advanced Thermal Reactor. The NDA sensors
include gamma ray and neutron detectors to identify the presence of plutonium bearing fuel
assemblies.
In the MOX loaded reactors, it is especially important to verify the loading of unirradiated
plutonium fuels into the reactor core or temporary storage vessels as well as the transfer of spent
fuel assemblies from the core to the temporary storage vessels and subsequent into the spent fuel
pond. The JOYO and MONJU breeder reactors have Entrance Neutron Gate Monitors based on
passive neutron coincidence counting to measure the plutonium contents in the fuel elements as
they are transferred to the reactor building. Subsequently, the movements of the MOX fuel into
the core and out of the core to the spent fuel pool are monitored by both gamma and neutron
detectors installed on the normal transfer pathes. As complementary measures several video,
surveillance cameras monitor the transfer path for detection of removal of fuel through abnormal
routes. The monitoring systems include the Cask Car Radiation Monitor (CCRM), Ex-Vessel
radiation Monitor (EVRM), and Exit Gate Radiation Monitor (EXGM).
The FUGEN reactor receives both unirradiated MOX fuel and UO2fuel. The fuel
assemblies are approximately 4 meter long. An unattended monitoring system has been installed
on the fuel transfer chute that connects the spent fuel storage pool with the reactor containment
building. Approximate twice per year, about 120 fuel assemblies in the core are discharged and
then reloaded into new positions in the core together with some fresh fuel assemblies. The
unattended fuel flow monitor (UFFM) measures the gamma and neutron emissions to determine
the number of transfers, the direction and speed of transfer, and the type of fuel assembly. The
transfers include fresh MOX, fresh UO2, irradiated MOX, irradiated UO2 and highly radioactive
fuel plugs. Irradiated MOX fuel assemblies can be distinguished from irradiated UO2 by neutron
and gamma ray counting ratios.
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The data collection time intervals range from 2 to 10 seconds and data reduction filters are
used to condense the data by a factor of 50 for the periods when fuel is not being transferred.
Data collection and review software have been developed for storage of data, data retrieval by the
inspectors and subsequent data review The review software provides a convenient graphical .
review of the data. The monitoring systems include up to eight sensors to provide a wide range in
sensitivity as well as redundancy in case of component failure.
The GRAND based electronics are used to provide the bias voltages and power supplies
for the neutron and gamma sensors as well as to collect and buffer the data. The instrument stateof-health data is provided by the GRAND together with the reduction of background data
through filtering.
This paper will present a description of the nine unattended radiation monitors installed at
JOYO, MONJU and FUGEN together with the operational experience obtained by inspectors
and the performance and reliability of these systems during the last 5 years.
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The search for efficiency has always been an essential element of effective safeguards
management. This effort includes the use of technological innovations that permit unattended"
modes of monitoring and verification. The use of advanced technology for assay and monitoring
of material inventory and flow within an automated MOX facility as well as transfer between
facilities was introduced in 1988 in Japan. Among others, the application of unattended assay and
monitoring systems based on high level coincidence technique represents a major advancement for
international safeguards. There are presently over 10 unattended assay and monitoring systems
based on high level neutron coincidence technique that have been designed for installation in the
plutonium conversation and fuel fabrication facilities and fast breeder reactors in Japan. These
instruments operated in an unattended mode enabled reduced physical presence of inspectors.
The reductions were realized in terms of inspection efforts; the radiation exposure of inspectors;
and the level of intrusiveness of inspections in the daily routine of the operator while the
verification converges were expanded. They combine computer-operated non-destructive assay
systems with containment and surveillance, such that the measurements are made under controlled
and authenticated arrangements. The authentication of the systems were an intrinsic part of the
design and these systems have been successfully implemented.
Today, the unattended assay and monitoring technique is considered the only way to
implement safeguards at complex nuclear facilities, especially in automated plants. The design of
these systems was based on modular hardware and software incorporated in an open architecture
system. With this concept, the flexibility for accommodating a variety of applications were
designed into the basic architecture, without the need to establish a customized software and
electronics system for each applications. The integration of these systems with the complementary
surveillance systems was successfully demonstrated and is in routine application.
The neutron high level coincidence technique has been the main method used by the IAEA
and JNSB for verification of plutonium bearing materials for partial defect tests. The above
unattended assay and monitoring systems have provided an improved performance and accuracy
on the level of verification without presence of the inspectors.
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The unattended assay and monitoring systems has enabled unattended verification of the
inventory for timely detection and physical inventory. This has been realized by unattended
annunciation of randomly selected samples to the facility operator and verification of the selected
items in unattended mode and without presence of inspectors. The installed systems also enabled
unattended verification of material flow within the facility for example between the process and
the storage area. In addition, the transfer of plutonium bulk materials were verified in the
unattended mode and continuity of knowledge could be maintained on the transfers by the
correlation of measurement results between different systems.
Since the designs incorporate adequate redundancy, there has been no system failure
within the last 10 years. The analysis of individual component failures has enabled us to
understand the weak links in each system and corrective measures were applied to extend the
Mean Time Between Failures (MTBF). The amount of the necessary redundancy was based on
the reliability of the commercially available components which were incorporated in the designs to
increase the MTBF periods.
This paper describes the design of the installed unattended assay and monitoring systems,
present their reliability and performance during the last 10 years, and discuss the new trends for
future safeguards applications.
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H. NISHIMURA, M. MAGARA, T. ODA, S. USUDA, K. WATANABE, T. ADACHI,
H. NOGUCHI
Japan Atomic Energy Research Institute (JAERI), Tokai, Japan
The International Atomic Energy Agency (IAEA) proposed a new safeguards approach to
strengthen the international safeguards and to make it more efficient based on the 93+2
Program. In June 1995, the IAEA Board decided to adopt a part of the approach proposed in
the 93+2 Program as new safeguards measures. One of such measures introduced in 1996 is an
environmental sample analysis method in which the operation of a facility can be verified by
analyzing the isotopic composition of a trace of nuclear material contained in environmental
samples which may be taken at a strategic point or other places within the facility.
Since the Government of Japan has committed itself to establish radio-nuclide monitoring
stations at Okinawa and Takasaki and a radio-nuclide laboratory at Japan Atomic Energy
Research Institute (JAERI), Tokai, Ibaraki, which are to be incorporated into the International
Monitoring System for CTBT verification, it is proposed that a capability of analyzing
environmental samples taken under a regime of the strengthened IAEA safeguards could be
one of the functions of the radio-nuclide laboratory.
Primarily, in the laboratory, air samples are to be regularly analyzed for quality control of
monitoring devises for CTBT verification and to be precisely analyzed if abnormal events are
observed at the monitoring stations. The laboratory, however, could be used for analyzing air-,
soil-, water-, vegetation-, and swipe-samples taken at a facility or at a site not only for CTBT
verification but also for strengthened safeguards.
Since a trace of radioactive nuclides should be identified and their isotopic ratios are to be
analyzed by means of radio-chemically measuring environmental samples, sample treatment
and measurement should be carried out at a clean room with high level of cleanliness in order
to avoid cross-contamination. Since reliable data should be obtainable in the chemical analyses
and measurements under a severe quality control procedure, facility and equipment of clean
laboratory and devises for chemical analyses and measurements should be carefully utilized
and maintained. Personnel who have highly qualified analytical techniques and know-how
should be employed, trained and assigned to the laboratory. In order to maintain and improve
analytical techniques, an inter-laboratory program is very important, where common samples
are regularly distributed among laboratories and analyzed and the obtained results are
evaluated.
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The clean laboratory could have the following specifications:
- Building:
A chemical analysis building including clean rooms,
an administrative building, and a hot-analysis building.
- Equipment:
Equipment for clean rooms and clean benches, electric power supply, emergency
electric power supply, air conditioning, water supply and drain, etc.
- Devices for radio-chemical analyses and measurements:
Devices for radiation measurement (Lower background high resolution gamma
ray spectrometer, Alpha ray spectrometer, Liquid scintillation counter, Low
energy X ray measurement device, Highly sensitive beta ray spectrometer),
particle analysis, isotopic ratio measurement, element analysis, chemical
processing and data treatment.
The Science and Technology Agency (STA) of Japan asked JAERI to investigate and
develop environmental sample analysis techniques for safeguards because there is no
substantial experience in Japan, especially, in carrying out a particulate analysis in which
isotopic composition of particulate of uranium and plutonium is measured after taking samples
of the particulate dispersed over the environment although this technique is an important one
to analyze environmental samples for safeguards.
In response to STA's request, a program has been established in which the followings are
to be carried out: (1) an investigation of the latest analytical techniques currently under
research and development abroad and an examination of the fundamental requirements for
the radio-nuclide laboratory as a clean chemistry laboratory for safeguards, (2) development of
essential techniques and analytical methods which are necessary to carry out particulate
analysis, and (3) testing and evaluation of the analytical techniques developed, as a whole.
JAERI has requested technical collaboration with the DOE to support the environmental
sample analysis program in Japan. Pursuant to the DOE/JAERI Agreement Concerning
Research and Development in Material Control, Accountancy, Verification, and Physical
Protection, DOE and JAERI have agreed to cooperate on the program and the parties have
established a planning and coordination group to oversee and direct the program throughout
its duration, and agreed to produce initial systems requirement documents for the design,
construction, and operation of a clean laboratory facility for environmental sample analysis,
and to participate in a joint study of technologies to analyze minute amount of nuclear
materials in relation to environmental sample analyses for safeguards.
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INTRODUCTION
The Safeguards approach to be applied to Gaseous Centrifuge Enrichment Plants has been
drawn up in the Hexapartite Safeguards Project (HSP), which was established in 1983. For
the plant cascade area, a regime of Limited Frequency Unannounced Access inspections was
adopted. Part of this regime is 235U enrichment verification of gaseous UF6 by means of a
Non-Destructive Assay (NDA) go/no-go technique. This spot NDA has to be performed at the
cascade-to-header product pipes, and the device is known as Cascade-to-Header Enrichment
Monitor (CHEM).
METHOD
The present Cascade-to-Header Enrichment Monitor is designed for enrichment verification
of gaseous UF6 in 42 mm outer diameter (36 mm inner diameter) pipes and is therefore
denoted as "CHEM42". It employs y-NDA techniques for measuring the uranium enrichment.
The intensity of the relatively strong 185.7 keV y-line of 235U decay, which is representative
for the enrichment of uranium, is measured as the 235U signal. The uranium-total signal is
represented by the intensity of K« X-rays of uranium, induced by a 57Co source through XRay Fluorescence (XRF).
In case of gaseous UF6 in cascade-to-header pipes, a complication arises due to uranium
deposit on the pipe walls. The deposit gives rise to an unwanted contribution to the 185.7 keV
signal, which under unfavourable circumstances can exceed the required signal by over an
order of magnitude. The suitable method to overcome this problem is the so-called Two
Geometry Method (TGM). The TGM is based on measuring with two distinct detection
geometries, defined by suitable collimators[l][2]. One collimator is predominantly sensitive
to uranium in the gas volume, and the other collimator is predominantly sensitive to the
deposit layer. The required enrichment information is deduced from the two 185.7 keV
measurements.
LEU/HEU decisions based on enrichment measurements are made with the Sequential
Probability Ratio Test[3]. The procedure consists of performing a sequence of measurements
of equal duration, which is terminated if (a) the hypothesis that the enrichment < 5% can be
accepted at a user-defined non-detection probability or (b) the hypothesis that the enrichment
> 20% can be accepted at a user-defined false alarm probability. If no decision can be made
the procedure continues with the next measurement.
DESIGN
The CHEM42 employs a Dual Collimator containing two distinct detection geometries, and
two hyperpure germanium detectors for simultaneous 185.7 keV measurements with the two
geometries. For the XRF measurements the housing of the 57Co source and its collimator is
attached to the Dual Collimator. The XRF measurement is performed with one detector and
the gas-sensitive collimator. The design specification of this device is to reach a LEU/HEU
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decision in 1800 s on average for 60 Pa gas pressure and a deposit-to-gas U235 activity ratio
of20[4].
Each HP-Ge detector is connected to a Canberra Inspector Portable Workstation. These
workstations perform the data acquisition and are equipped with ADC, main amplifier,
stabiliser, detector High Voltage supply and memory. This workstation is operating under
OS/2 Warp 3.0.
The CHEM Control System is installed on a notebook computer provided with the same
operating system. The CHEM code is written in C++ using the GENIE-PC software and the
GENIE-PC programming library of Canberra. The code-modules are compiled with the
CSET++ compiler of IBM. The Graphical User Interfaces are implemented with the program
Visual Builder which is a part of the package Visual Age C++ of IBM[5].
The CHEM Control System executes three different tasks, namely:
1. LEU/HEU verification: based upon measurements at a cascade-to-header pipe the decision
"LEU CONFIRMED" or "LEU CANNOT BE CONFIRMED" is made;
2. Calibration on site: determination of the CHEM42 calibration constants based upon
measurements with a set of calibration pipes, specially prepared by ECN;
3. Calibration at Safeguards Analytical Laboratory(SAL) at Seibersdorf; determination of the
CHEM42 calibration constants based upon measurements performed at the UF6 testloop at
the SAL, Seibersdorf.
CONCLUSION
At this moment CHEM42 is a prototype which has been satisfactorily demonstrated at the
SAL at Seibersdorf. This prototype can be used to verify LEU/HEU presence in small pipes
with low gas pressure. The results are encouraging. For use of the CHEM42 by the
inspectorates tests in field, additional and adaptational work in the software and the design is
needed to meet the wishes of the Inspectorates.
REFERENCES
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EVOLUTION OF SAFEGUARDS AND SAFEGUARDS EVALUATION
R. Jorn S. HARRY
Adviser on nuclear safeguards and non-proliferation, Valkkoog, Netherlands
Changes in safeguards techniques and changes in the context in which it has to
be applied have led to a continuous evolution of safeguards. Nuclear material
accountancy, declarations, and their verification are the basis of the safeguards
according to INFCIRC/153. But also other, less technical, tools are developed for the
future. Will safeguards not become an idle story but continue to lay effectively and
efficiently a concrete foundation for international trust and peace, there is a need for
more investment in new methods and techniques to allow safeguards to keep pace with
the developments, both politically and technically.
Vagabonding material found in illicit trafficking, a dismantled nuclear weapon
programme of one NPT non-nuclear weapon State, and strong suspicions against a few
other States have emphasized the need to strengthen safeguards with new measures that
combine the INFCIRC/153 information with other relevant information gathering.
Precisely this has led to the formulation of the new Protocol to the existing Safeguards
Agreement that is now in the process of finalization. Implementing this Protocol
requires a new methodology for objective and formalized evaluation of the combined
information.
The nuclear material oriented safeguards assures that the declared nuclear
material is correctly accounted for. In case of dispute the .verification of the nuclear
material accountancy has to give the unambiguous answer to doubts on the correctness.
Assurance of the absence of non-declared nuclear activities is quite a different problem.
This needs another methodological solution to reach objective conclusions on more
fuzzy information in a formalized, objective and probably also quantified way.
In the past the completeness of the safeguards declarations was assumed
verifiable because nuclear weapon materials could not readily and rapidly be obtained
from outside the peaceful declared nuclear fuel cycle. Therefore, in non-nuclear
weapon States the assurance of completeness was on the one hand simply the absence
of contradictory information (which might have been supplied by intelligence services
of other States), and on the other hand it was intuitively judged possible to give a
mathematical proof of completeness of the accountancy verification system. The
increasing quantities of nuclear material in the fuel cycle activities per State put a limit
to the obtained assurance. However, this process has been strongly mitigated by
remarkable improvements in measurement and safeguards techniques.
The Hexapartite Safeguards Project for Centrifuge Enrichment Plants marked
another step forward. Safeguards on all the low enriched uranium producing centrifuge
enrichment plants (known at that time) had also to verify that the plants were not
misused for the production of highly enriched uranium. This point introduced a clear
separation between the complete assurance of verified peaceful use of declared
facilities, and the detection of other undeclared nuclear activities outside of the declared
installations, which belonged to the detection task of national technical means.

173

Techniques and means that thirty years ago belonged to the secrets of the
national technical means, have become available in the public domain, e.g. satellite
images and the forensic technique of high performance trace analysis, often referred to
as environmental sampling. As in the past the IAEA safeguards can always make use
of other relevant information on nuclear activities from the public domain. In many
States, a lot of information on the development of all nuclear activities is published.
But fundamentally, the NPT requires State Parties to co-operate with the IAEA, and
hence the fullest possible exchange of information on further developments of the
applications of atomic energy for peaceful purposes. NPT implicitly and explicitly
excludes any co-operation that may lead to non-peaceful applications of nuclear energy.
When these principles are fully implemented, the IAEA will have to deal with a
glut of information items that could be evaluated on individual correctness,
completeness of the essential information at that time, consistency between the
information items, and continuity of the information at successive times to see that the
information is coordinated and matches with the declared nuclear programmes. The
evaluation also has to take into account that errors will occur due to misunderstandings
and human oversight. This evaluation demands a much more flexible process of
judgement than the relatively straightforward evaluation of the correctness of the
nuclear material accountancy and technical capabilities of declared facilities.
Safeguards evaluation can benefit from evaluation techniques developed in other
fields that have proven to be successful. For example, in the field of safety a thorough
analysis of the interaction between the technical means and the human behaviour can
lead to relatively cheap solutions'aiming at the prevention of "human errors"(1). In a
study of the worldwide differences in safety performance •< cultural differences were
clearly correlated with differences in incident rates®.
The given examples will be of help to support the development of evaluation that
started with intuitive ideas and technical concepts and resulted in an objective method,
in the same way as the original concept of a black box has helped to found the
INFCIRC/153 safeguards and its applications.
(1)
In the proceedings of the ESARDA meeting in Arona a possible application to safeguards of a
method applied successfully in the petroleum industry is described in the paper "Detecting latent failures: a
statistical approach to diagnosis of hidden safety problems applied to nuclear safeguarding", P.T.W. Hudson,
Centre for Safety Research, Leiden University, Nederland.
(2)
Boeing found in a worldwide study on incidents and accidents with their planes a remarkable
correlations with "cultural indicators" as defined in "Cultures and Organizations, software of the mind", by
Geert Hofstede, first published in 1991 by McGraw-Hill. The book is also frequently quoted in economic
literature.
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New approaches need to be developed and implemented, aiming to strengthen
the safeguards system. One particularly interesting area is the application of
environmental sampling for safeguards purposes. High precision isotopic analysis of
samples collected within or away from declared nuclear facilities enables to read
characteristic signatures e.g. measurements of some natural krypton and xenon
abundances may indicate reprocessing activities.
As a result of the reprocessing process of nuclear fuel, the radioactive fission
products w Kr and the short lived IMXe as well as the stable isotopes of krypton and
xenon are released into the atmosphere. Blending calculations of fission xenon and
krypton released in air, were carried out in order to obtain a reliable approximation of
the expected changes in isotope amount ratios and the respective detection limit
thereof. Applying the KORIGEN code [1] two different scenarios were used as input
data: In Scenario A a PWR operated for electricity generation for commercial
purposes is considered whereas in Scenario B Plutonium production was suspected to
be due to low burn-up.
The isotope amount ratio «(l36Xe)/w(13lXe) shows the most significant alteration
due to the dilution and therefore it is the most interesting indicator for "added" fission
to natural xenon. In Fig. 1 the solid line and the dashed line indicate the natural
«(t3SXe)/«(ll2Xe) with its uncertainty, t h e detection limit for «(13SXe)/«('"Xe) was
calculated to have a value of 1:100000, which corresponds to a dilution of lg fission
xenon in 2-10' m3 air. The two scenarios could be distinguished down to a dilution
factor of lg fission xenon in 106 m1 air.
Solving the set of (i-1) equations (Eq.l), as used in isotope dilution mass
spectrometry, for the unknown isotope amount ratios of the released fission noble gas
(Rj,) provides the tool to recalculate its initial isotopic composition.

Nx j,:
R^y:
^ R,.xy
Ru:

number of atoms of fission noble gas or natural noble gas
isotope abundance ratio considered in fission noble gas or natural noble gas
the sum of isotope abundance ratios in fission noble gas or natural noble gas
the same isotope amount ratio in the blend

Due to the fact that the lightest isotopes (l24Xe and 78Kx) are not produced through
nuclear fission (U,M(7Wt=0) the number of unknowns {NJN<y and Y,K,x) do not
exceed the number of equations, and the equation system can be solved. However,
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successful application of the model strongly depends on the accuracy of the
measurements of Ry and Rn.
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The development of highly accurate gas mass spectrometry at the IRMM has
reached a level that measurements on field samples of noble gases might indeed
become feasible: a relative measurement precision and accuracy of 10 s has become
available from a gas isotopic measurement procedure which has lead to an improved
value of the Avogadro constant [2]. It opens the possibility to conceive stable isotope
measurements for the purpose described.
Since fission noble gases are more enriched in the heavier isotopes as compared
to atmospheric noble gases, a set of synthetic xenon and krypton mixtures have been
prepared, respectively. Gravimetric and volumetric blends were prepared from
enriched l3SXe, IJ 'Xe, l34Xe and 8SKr with xenon and krypton of natural isotopic
composition. The slight, intended, differences of the isotopic composition, i.e. the
dilution factor, in those mixtures correspond to the expected differences of the
isotopic composition of xenon (krypton) in air samples taken in the vicinity of a
reprocessing plant. The procedure, for high accuracy measurement of ratios of gas
isotope amounts, contains verifying the ideal gas behaviour during the measurement
by checking the observed ratio values for quantitative conformity towards kinetic gas
theory [3]. The thus measured values were in excellent agreement, 510"* or better
(relative) to the isotope amount ratios calculated from the preparation values of the
mixtures. In Fig 2. the plotted values indicate the prepared /j(1MXe)/n('"Xs) isotope
amount ratio in the set of synthetic mixtures as a dilution of ""'"Xe in natural xenon.
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Up to now the detection of released fission noble gases in air has been
performed by radiometric measurements of "Kr. Due to its rather long half live it is
available for measurements even after longer atmospheric transport. Although stable
noble gas measurements are less sensitive than the radiometric measurements oa "Kr
[4], highly accurate differential measurements on the stable isotopes of xenon and
krypton, sampled in the vicinity of reprocessing plants, can serve as a tool
complementary to common radiometric measurements. They reveal a source of
information on the plant's activities which has been widely neglected.
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Introduction
In the framework of the SAGOR (Safeguards far the Final Disposal of Spent Fuel) task, a joint
task (JNF C00799) was initiated by the IAEA among the Member State Support Programmes to
develop a safeguards system for spent fuel geological repositories. The Belgian Support
Programme has accepted in a fost stage to evaluate the diversion paths and detection points of
both & conditioning facility and a closed geological repository. In a second stage the Belgian
Support Programme concentrates on the safeguards approach for a closed repository.
Diversion path analysis of a closed repository
After closure of a geological repository a diversion of fissile material can only take-place by
excavating spent fuel containers and bringing them to the surface. Therefore mining activities are
required, either by reopening the original shaft, by creating a new shaft or by approaching the
containers underground via a neighbouring mine. This can be difficult for repositories in day or
salt formations because of the movement of the containers in these media.
The recovery time of the Stored spent fuel plays an important role in the determination of tne
timeliness criterium and, therefore, the inspection frequency of the site. Obviously, this frequency
can create a financial constraint due to the infinite character of tie spent fuel storage in a
geological repository. Clay and salt formations have more favourable features in this respect than
e.g. granite since it is more difficult to perform excavations in these formations.
Anomalies for detection of a possible diversion are undeclared mining activities.
Semi-quMktitative description of diversion paths.
A purely quantitative description of the likelihood of diversion paths is difficult to give. This
depends on the technical and financial means of the divertar and his estimates of the non-detection
probability. Moreover, the choice of a diversion path viD be made by the diverter on basis of the
applied safeguards measures. These safeguards measures still have to be defined
Some considerations have been made with respect to a semi-quantitative description of diversion
paths. These considerations take into account the influence on the likelihood and credibility of a
diversion path of e.g. the physical form of the fissile material and its environment Other criteria
are e.g. technological complexity, economic costs, safety hazards, amount of fissile material that
can be diverted and detection probability.
These criteria w can be combined to a global evaluation S according to

with g(w) a weighing factor.
Safeguards approach
The safeguards approach has to assure Continuity QfKnowiedge (COK) of the fissile material.
By consequence, a safeguards approach that is developed for a dosed repository, is influenced
by the safeguards approach applied to an open repository and a conditioning facility.
The safeguards approach for a conditioning facility and for both an open and closed repository
should contain the following features.
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At the conditioning plant the spent foci can be verified by Non-Destructive Assay (NDA) for the
last time, hit this is not necessarily required. From that moment on COK has to be maintained
unconditionally [1]. This implies application of redundant C/S measures (seals, unattended
monitoring). It is advisable to consider a more frequent verification of these measures. From the
safeguards point of view it is preferable that the time for the transport and bufifef storage and the
distance between the conditioning facility and the repository is kept as short as possible.
In an open repository Design Information Verification (DIV) plays, apart from the abovementioned C/S measures, a major rale. It should be noted that there can be considerable overlap
between DIV and C/S. O S measures will be used in most of the time "when DIV takes place. With
the M p of a continuous DTV (visual inspection of galleries, verification that no undeclared mining
activities take place) it should be verified tJbat no undeclared underground activities (e.g.
excavation) take place. Unattended monitoring should verify the activities underground from
entrance in the shaft to emplacement in the borehole and backfilling. Measures like visual and
radiation monitoring at the top of the shafts are necessary for verification that no fissile material
is taken out of the repository.
A dosed repository is verified by DIV. To perform the DIV satellite monitoring could be
performed for surface verification and e.g. seismic techniques could be used for verification that
no undeclared mining activities underground take place. Visual inspections of the site by
inspectors have to reveil concealment methods used by a potential diverter. These measures
should guarantee that the disposed spent fuel remains untouched.
References
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Report of the Consultants' Group Meeting on Safeguards for the Direct Final Disposal of
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Australian Safeguards Office, Canberra, Australia
A tentative attempt is made in this paper to anticipate how the elements of
verification under the NPT, FMCT and other conventions related to nuclear nonproliferation will evolve against the background of the disarmament process, with the
goal of achieving at some future stage an ultimate convergence of verification regimes
under a complete nuclear disarmament.
This paper looks at practical considerations for the near to medium term that
arise from the need for different verification regimes to converge in the long term. As
we focus on the verification of no retention of nuclear weapons by nuclear disarmers,
a major challenge is the establishment of a verification regime capable of meeting
both the needs of the international community for transparency and the protection of
design information related to States' national security. A major question is, at what
point, both in terms of the phases of the disarmament process, and in terms of the
weapon's life as it goes through the dismantlement and destruction process, should the
transition from bilateral to international verification take place.
An important development is the work in NWS on reconfiguration and
downsizing of their military nuclear fuel cycles, that includes decommissioning of old
facilities and consolidation of direct-use material in a smaller number of secured
locations. The IAEA assistance should be invited in the near future to perform
verification activities based on possible bilateral or trilateral (US/Russia/IAEA)
agreements on verified shut down of Pu-production reactors, old military HEU
production facilities, reprocessing and plutonium conversion plants.
It is important to keep track of the material retiring from the military stocks so
as not to increase further the already existing uncertainties about historical production
and existing stocks. Hence the following activities should become subject to
immediate verification as they commence: use of released weapons plutonium for fuel
fabrication, all other activities related to the disposal of plutonium and conversion of
metal HEU to oxide, followed by its fluorination and blending. Bilateral arrangements
between US and Russia would be quite sufficient at this stage. Later all records related
to these activities could be transferred to the IAEA to commence international
verification.
With the adoption of the CTBT, a FMCT is now of the highest priority. As a
first practical step in this area, the US and Russia have already agreed to cease
production of weapons-grade plutonium. Pending negotiations on the FMCT, all NWS
have come very close to an informal global moratorium on the separation and
enrichment of weapons-grade fissile materials outside safeguards. An unfortunate
stumbling block is the insistence by some States on linking the FMCT with a timebound or phased program for nuclear disarmament.
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Although not all unsafeguarded stocks of fissile material would become
subject to the FMCT from the outset, this should not be considered a permanent state
of affairs. Stocks of purely civil unirradiated direct-use material should be brought
under safeguards as soon as practicable. As regards material of national security
significance, the FMCT should clearly encourage parties to progressively bring those
stocks under safeguards. We believe that most of the unirradiated weapons-grade
material in non-sensitive form can involve international verification during the early
phases of the process. Unirradiated weapons-grade materials in sensitive form will
remain under States' MPC&A. Because of the lack of transparency that this implies,
and because holding material in component form suggests that it is readily available
for weapons, excess components should be destroyed as early as possible.
A sufficiently rigorous and transparent verification regime is needed to
confirm the completeness and irreversibility of the disarmament process while it is
under way, and to provide assurance of the absence of break-out both during and after
that process. The whole verification exercise should be underpinned by verification of
a declared initial inventory of nuclear material in military use, balanced against
verified flows out of that inventory. The fundamental importance to the international
community of whatever assurance of completeness can be derived from those
activities dictates that the IAEA be involved to the extent feasible.
Some of the material involved in naval propulsion fuel cycles are in bulk nonsensitive form and could become subject to international verification as soon as
practicable. Although FMCT is not expected to proscribe HEU production under
safeguards, NWS eventually should be prepared to close down production of HEU for
naval use.
The focussed safeguards approach suggested in relation to the current
discussions on the FMCT appears to be the only realistic option for commencing
international verification in NWS. Under that approach, safeguards would apply to: all
subject material (HEU, unirradiated plutonium and U-233) produced after entry-intoforce, facilities which are or have been capable of producing these materials, and other
downstream facilities handling subject material produced after entry-into-force. There
is no doubt that in the future, if measures developed further to Programme 93+2 prove
effective in providing assurance of the absence of undeclared enrichment and
reprocessing facilities, current nuclear-material-accountancy-based safeguards
measures would be required only on HEU and unirradiated plutonium. In other words,
"focussed safeguards" would become the appropriate model for general application
provided that it is extended to cover existing stocks of unirradiated direct-use material
and is supported by measures to detect undeclared activities.
This paper reflects the personal views of the authors and should not be taken to
represent Australian Government policy.
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Pre-OSL: the means to test and optimize
the technical operation of the OSL
H. G. Schneider, M. Merten, H. Ottmar, 0. Cromboom,
B. Brandalise, K. Mayer, P. Daures, L. Koch
Institute for Transuranium Elements
European Commission - JRC
Karlsruhe (Germany)
An On-Site Laboratory (OSL) is being installed by ITU Karlsruhe at the reprocessing plant of
Sellafield. Samples taken by Euratom Safeguards inspectors will be subjected to verification
Analysis in the OSL.
In order to gain already some experience prior to starting the actual OSL, a pre-OSL was
integrated in the analytical laboratories of the Institute for Transuranium Elements (ITU) in
Karlsruhe.
The pre-OSL is equipped with the same instrumentation and operates the same analytical
techniques as the OSL. Samples of nuclear material are analysed in the pre-OSL using
techniques like the Hybrid K-edge, neutron/gamma counting, isotope dilution mass
spectrometry, potentiometric titration and COMPUCEA (Combined Product Uranium
Concentration and Enrichment Assay). The analyses are performed under routine conditions.
This serves mainly two purposes:
1. Training of staff in using the individual measurement techniques and operating the
instrumentation. Permanently testing and improving the skills of the "inspector-analysts"
is a major goal of the pre-OSL.
Familiarization with the highly sophisticated instruments and the software are the
essential technical basis for operating the laboratory.
In addition, a number of procedures that are essential for the operation of the OSL can
already be tested. The flow of information within each team of analysts, the
communication between the weekly shifts and the understanding of the laboratory as on
entity can be optimized.
2. Testing and optimization of measurement equipment under routine conditions. As the
OSL will have to analyze more than a thousand samples a year emphasis has been given
to laboratory automation and improved NDA (Non Destructive Assay) techniques. These
novelties have been implemented in the pre-OSL. In an iterative process they were tested,
evaluated and adapted to the specific needs of routine safeguards analysis. For example:
Robitized sample preparation for mass spectrometry was developed and validated for
application. The fully automated procedure now comprises sample spiking, chemical
separation of U, Pu and the fission products, preparation of target for alpha
spectrometry, recording and evaluation of alpha-spectra, preparation of filaments for
thermal ionisation mass spectrometry.
In addition to the actual sample measurement, also the data handling needed to be tested. As the
OSL cannot make use of the informatics system that had been in use at ITU for many years, a
number of new programs were developed. These are aimed at simple and safe data transfer
within the OSL. The various modules of this package were implemented in the pre-OSL. For
several months the software was evaluated and finally approved and released.
The OSL will have to operate in a certain independence from ITU structures and management.
Therefore the teams will have to cope with a number of aspects of the laboratory and the
analysis on their own. The pre-OSL aims at preparing the inspector-analysts to a maximum for
the work in the OSL.
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Comparative measurements on samples of spent fuel solution were carried out at the
Institute for Transuranium Elements (ITU) in order to examine the possibility to use
the Large Size Dried Spikes (LSD) for spiking of reprocessing input solution. These
experiments were performed in view of an application of this technique in the On-Site
Laboratory (OSL) at Sellafield. Samples of spent fuel solution of moderate burn-up
were aliquoted and spiked with the LSD and in parallel with a ^ U and 244Pu spike
after appropriate dilution. The investigation aimed at quantifying the repeatability and
reproducibility of the two spiking techniques. The detection of possible differences of
random or systematic nature in the results obtained by the two techniques was another
goal. Ultimately, the LSD technique needed to be validated for its applicability in the
OSL. In order to increase the confidence in the measurement results, a quality control
sample (consisting of a U/Pu solution of known concentration) was subjected to the
same experimental scheme.
The experiments clearly demonstrated that the LSD technique delivers results of
better reproducibility for the assay of uranium and plutonium as compared to the
"conventional" spiking technique. The repeatability appeared to be only slightly better.
The LSD technique proved to be compatible with the analytical procedures currently
applied at ITU and envisaged in the OSL. It is furthermore of satisfying performance
for the analysis of LWR spent fuel samples of average burn-up as encountered in the
On-Site laboratory.
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IMPLEMENTATION OF SAFEGUARDS AT MODULAR VAULT DRY STORE
AT PAKS NPP IN HUNGARY
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International Atomic Energy Agency, Vienna, Austria
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Commissariat a l'Energie Atomique, France
Following a ,wait and see' approach, the decision on the fuel cycle back end
option has been postponed in Hungary. The medium term solution to the NPP's spent
fuel storage problem - in addition to or instead of shipping back to Russia - will be
provided by an on site GEC-Alsthom designed Modular Vault Dry Store (MVDS)
system for a period of up to 50 years. GEC-Alsthom constructed the original dry
storage facilities at Wylfa Power Station in the UK. In 1991 they have completed a dry
storage facility at Fort St. Vrain in the USA as well. One should note, however, that
neither of them is under international safeguards. Due to the lack of preliminary
safeguards related experience, the task required a careful consideration of the possible
safeguards strategies for this type of spent fuel storage.
The MVDS consists of three main parts. The first one is the transfer cask
reception building (TCRB), where the spent fuel is received in a C-30 type spent fuel
transfer cask, containing up to 30 VVER-440 reactor spent fuel assemblies or followers
(SFA/F) on a rail transporter wagon. The C-30 container is raised and transferred
between the wagon and the turntable of the cask transfer trolley (CTT) by the 100 t
transfer cask handling crane. At the transfer cask preparation area the C-30 container is
off-gassed and then the lid is unbolted. The adjacent working station of the TCRB is the
transfer cask lid removal station, where the lid lifting machine raises the cask lid. It
holds the lid until the cask is returned. The third working station of the TCRB is the
transfer cask load/unload port. It is the removal route - through the drying tube between the transfer cask and the fuel handling machine (FHM). Following the
unloading and drying, the SFA/F is transferred through the load/unload port to the fuel
handling cavity of the FHM. The second part of the MVDS is the charge hall. It is a
weatherproof cover above the charge face for the FHM which is used to transport
SFA/F between the load/unload port of the TCRB and the fuel storage tubes (FST) in
the vaults. The third part of the MVDS consists of the storage modules (vaults). Each
vault module has 450 FST. The SFA/F are stored in individual FST in an inert nitrogen
environment at a pressure slightly above atmospheric. Decay heat is removed by natural
circulation of air without any contact with the spent fuel assemblies.
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11 vault modules of the dry store - providing storage capacity for about ten
years production of the four reactors at Paks NPP in Hungary - will be constructed in
three phases. The first phase consists of the TCRB and three storage vaults, including
the corresponding charge hall above them. As soon as it is completed and
commissioned, the spent fuel can be loaded into the first two vault modules. The end
vault in both the first and the second phases cannot be loaded until the adjacent vault
module is constructed. The second and third phases consist of additional four vaults. In
addition, the MVDS can be extended to a total of 33 vault modules.
Owing to the design of the MVDS, the SFA/F in the FST can only be accessed
from the charge face by removing the shield plug of this FST. If the plug is sealed, the
SFA/F cannot be removed without tampering the seal. As a consequence, the main
problem is to preserve the continuity of the safeguards related information about the
SFA/F during the shipment between the spent fuel pond and the FST.
Due to the nature of the store, application of containment and surveillance (C/S)
measures is of primary importance. The first component of the relevant C/S system following the verification of the corresponding SFA/F by ICVD at the reactor ponds is the sealing of the C-30 type spent fuel transfer cask by a VACOSS seal in the reactor
hall. In addition, this point is monitored by a MIVS video system. Upon receipt of the
C-30 container at the TCRB, the removal of the seal and lid unbolting is monitored by
another MIVS video system. At the cask load/unload port - which is the most important
strategic point on the shipping route - a CONSULHA system was installed for
monitoring the transfer of SFA/F in unattended mode. This fuel transfer monitor (FTM)
was provided in the framework of the French Support Programme to the IAEA
safeguards. It consists of a 3He neutron detector (surrounded with 50 mm thick
polyethylene), a fission chamber, two silicon detectors, the corresponding electronics,
and a data recording unit. The detectors were installed in the vicinity of the drying tube.
The next component of the C/S system consists of an EMOSS electronic cabinet
(installed on the FTM) and four video signal splitting boxes. These are used to split for
the IAEA the video signals of two of the four fuel identification cameras (opposite each
other) of the FHM, in addition to that of the two navigation cameras. The video signal
authentication and recording is done inside the EMOSS electronic cabinet. In this way
both the identification number of the SFA/F and the position of the SFT are recorded.
The surveillance of the charge hall is based on EMOSS image recording system. It
consists of four EMOSS system cameras and two EMOSS electronics cabinets for the
recording units.
The sealing system involves sealing together groups of up to 29 storage tube
plugs and three support stools. The IAEA applies fiber optic Cobra seals. Individual
storage tubes are sealed with E-type metal seals as well. This serves as back-up.
The IAEA inspections will include an annual PIV, quarterly interim inspections
for timeliness, and interim inspection for the verification of transfers to the MVDS. The
PIV and quarterly interim inspection activities will include auditing of records (e.g.
general ledger, physical inventory list, transfer documents, storage location map) and
reports to IAEA (ICR, PIL, MBR), service of IAEA equipment, as well as replacement
and attachment of seals. In addition monthly interim inspection for the verification of
transfers may take place for the equipment service and seal attachment during transfer
campaign.
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Unattended continuous monitoring system results in large amounts of data, which
require much time and effort to inspect. Therefore, it is necessary to develop software that
automatically pinpoints and diagnoses the anomalies of the data. In this regards, this paper
presents a novel concept of continuous surveillance system which integrates visual
surveillance and NDA data by use ofa neural network based real-time diagnostic system.
'The R&D effort is directed into two different areas: development of monitoring
system hardware and software for monitored data analysis. The monitoring system hardware
integrates the sensory unit of a CCD camera and an NDA instrument, which records the
visual history of the material transport and the radiation level at the reception areas.
Pertaining to the latter R&l.) scope, a neural network based diagnostic software system that
integrates the visual surveillance data from the CCD camera and radiation data from the NDA
instrument, and performs analysis for safeguard purposes.
The presented safeguards system consists of a visual surveillance camera, radiation
detector and a neural network based diagnostic system. The CCD camera, mounted on a
pan/till device, is placed at a vicinity point where its view area covers the laTgcr area of the
normal material flow path of hot cell entrance. The camera is connected to an image
processing board to transfer the live image of* the work area in real-time. ITic image
processing board, MVB02 manufactured by Samsung Electronics Co., is mounted in a PC,
and capable of performing fast image capture and high speed image processing using a DSP
processor. Also, a radiation detector is mounted on the side wall of the entrance path to
measure the type and intensity of the radiation emitted by the passing cask. Tn
implementation, the Shielded Neutron Assay Probe (SNAP : model JSP-11) by CANBERRA
Co. is used, and the data acquisition electronics module is Portable Shift Register (model
PSR-B with PSR-AUX) developed by LANI.(I.os Alamos National Laboratory). The
detector is again connected remotely to the PC.
The system functions as follows. At every 1.4 seconds, both camera image data and
radiation dala are collected. At each tjme the spatial image data is converted to temporal data
(hrough image froccssing, and stored temporary memory. This process is repeated over an
extended time horizon of 1 minute duration. At the end of each titnc window, the temporal
data sets stored over two time horizons - the current and a prior one - arc processed to extract
characteristic feature inputs to the neural network. If the diagnostic result reveals
abnormality, the raw image data and tbe radiation data of the respective time interval artrecorded on the tape. Otherwise, the prior temporal data are removed from the memory, and
the data acquisition process is repeated over an updated time horizon. As a result, the
presented safeguards system can reliably identify the abnormality of the material flow into
and out of hot cell environment. Such an identification is further detailed into determining the
action, type and path of the transported material.
Recently, a prototypical system is developed and its functionality is tested through an
experimental spent fuel rod transportation in Irradated Material Experiment Kacility at Korea
Atomic Energy Research Institute. Figure I (a) shows the monitored neutron counts during
the experimental transprot, whereas Figure I(b) shows the visual images of the corresponding
instances during the transport. Through data processing and neural network, the various
phases of the fuel transport was successfully identified as fuel loading and unloading, fuel
transport, and no fuel transport.
Currently, a joint R&D effort is made by KAERI and Los Alamos National laboratory
for integration of the presented research result into an IAEA approved safeguard assesment
protocol. Upon further enhancement, this integral system is expected to be implemented in
the DUPIC fuel development fabrication hotcell to provide a reliable and effective safeguards
system.
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FIG. 1. Experimental Verification of Continuous Surveillance System
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Neutron multiplicity counters are developed extensively in recent years for the
safeguards activities to verify plutonium samples/1,2/. The three parameter model 131 gives,
the system of equations for the evaluation of the main characteristics of the sample: fission
rate F s , multiplication M, (a,n)ratio cc and neutron detection efficiency s - from the
measured multiplicity's, i.e. their factorial moments m<i). The 1st, 2nd and 3rd measured
factorial moments are used to determine neutron absorption rates of singlets di, doubles
d2 and triplets ci • in the sample, which depend from the Fs,M,a,e :
d; =

, i = 1,2,3,

(1)

were bn, ba are polynomial of M/3/. Solving eq.(l) one can find F s and two parameters
from three unknowns M,a,e. The drawback of the model is the necessity to have
information about at least one of the physical parameters - M, a or s, because there are
the only three measured neutron absorption rates in use.
The quadruplets and higher orders neutron rates are not used in the model, as it is
usually accepted, that due to the low detection efficiency of the higher multiplets, the
measurement accuracy is low. Our Monte Carlo calculations showed, that quadruplet's
rate can be measured with
statistical accuracy <20% in
1000CO
measurement time >5 min by
detector head with efficiency
>30%.
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Fig. 1 - Monte Carlo simulation of multiplets rates
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similar results were obtained in the measurements of plutonium oxide samples with
JCC-51 detector head(e=30%) and multiplicity counter/4/. The conclusion is drawn, that
quadruplet's rate can be used in the neutron multiplicity analysis of fissile materials.
The equations of the four parameter model for the~neutron absorption rates evaluation
are as follows:
di = T;
(2)
d2 = (nVD-nHdOT/ft;
(3)
2
d3 = (mn(2)-mb(2))T/fi - xdida/fi;
(4)
3
2
2
d4 = (ninormbpOT/fi - xd2(w2d2+xd, )/f, - xd,d3/fi,
(5)
where mn(i> ,mt,(i) - measured factorial moments in the triggered by detected neutron(n) and
delayed(b) gates/3/, T - totals rate, fi= e"Xp(l-e*Xt) - utilisation factor, w 2 =l-(l-e" x ^/V 1 ,
p-predelay, x-gate width. X'1- die-away time.
Evaluated with eq.(2-5) four absorption rates are used for the all four physical
parameters(Fs,M,a,8) determination using extension of eq.(l) for the i=4. The parameters
of the polynomial b4i(M),b42(M) were evaluated numerically/5/. The parameters depend
from the factorial moments of the spontaneous and induced fission multiplicity's
distributions of the plutonium isotopes presented in the sample. The evaluations of
b4i(M),b42(M) were done for several typical isotopic compositions.
The implementation of the four parameters model to the measurement of plutonium
oxide samples from PERLA shows that small plutonium samples (up to 20 g Pu240eq) are
analysed by the model, whereas for the larger plutonium masses it is necessary to correct
measured factorial moments for the dead time losses, because the quadruplets detection
rate is much more sensitive to the dead time effect, than lower orders of multiplicity's. The
dead time correction for the quadruplets rate was calculated using Monte Carlo code.
The main advantage of the four parameters model is a possibility for the inspector to
fulfil completely independent from the operator' data analysis of plutonium samples. The
paper presents main results of the work and discusses the problems of the implementation
of the four parameters model in practise.
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This paper presents new results in the sampling theory of the D statistic.
These results show that inspector verification data can be used to
estimate the mean square error of the total accountancy discrepancy in a
material balance. The results are of primary interest to state systems of
accounting and control (SSAC) and to the management of facilities
who collaborate with the SSAC in the implementation of verification
activities designed to quantify accountancy performance. The practical
novelty of these results lies in the fact that until now facilities could not
estimate the mean square error of the accountancy discrepancy in the
material balance in any empirical way. To judge their accountancy
system, they could only make models of amuf based on measurement
error propagation throughout the set of accounts. This however takes no
account of other causes of accountancy discrepancies and hence is at best
an idealistic yardstick for judging the accountancy system performance.
An SSAC must also develop empirical measures of real accountancy
performance and this can be done using audit information analogous to
that sought by international safeguards authorities (IAEA, Euratom).
This paper presents new results about how to use verification data to
estimate the mean square error of the total accountancy discrepancy in
the operators material balance. Up to now the sampling theory of the D
statistic has been used from the perspective of an international safeguards
authority to show that verification of randomly selected items can
provide an unbiassed estimator (MUF-D) of the true material balance
even if the accounts were deliberately falsified. The paper looks at the
relationship between the new results presented here and the classical
results used by a safeguards authority. It shows that there is no practical
conflict between the point of view of a safeguards authority and that of
the SSAC and facility management. Trieintersts of the SSAC and facility
management are however wider than those of the safeguards authority.
The SSAC is of course interested in MUF-D as an estimator of the
material balance but it is also interested in the total accountancy
discrepancy as an indicator of accounting system performance. The new
190

results presented in this paper show that these two elements can be
separately estimated. One of the interesting features of the new results is
that they are very general and hence are applicable to any accountancy
system which is undergoing regular audits.
The paper begins by reviewing briefly the application of D and MUF-D
by a safeguards authority wishing to estimate the material balance of a
nuclear facility. It then goes on to look at the perspective of an SSAC
which is concerned with setting up procedures to quantify accounting
performance. The SSAC is interested in causes of poor accountancy and
in particular, in the need to identify inadequate procedures and training
which lead to errors in record keeping.This in turn leads an SSAC to
consider how verification data can be used to identify problems, look for
improvements and quantify accountancy performance. The paper
considers the mean square error of the total discrepancy in the accounts
as an indicator of performance. Starting from the point of view of the
SSAC, the paper considers the joint distribution of D and MUF-D and
produces a number of new results about the variances and covariances. It
then goes on to show that when all the components of a material balance
have been submitted for verification by stratification and measurement of
randomly chosen items, the verification data can be used to construct an
estimator of the mean square error of the total accountancy discrepancy.
It also shows that an analogous result is true for a single verified stratum
or indeed for any set of verified strata even if they do not constitute a
material balance.
The new statistical results in this paper illustrate one of the ways in
which the objectives of an SSAC can be different from those of a
safeguards authority. As well as monitoring facility accountancy, the
SSAC also has to collaborate with facilities in order to bring about
improvements in accountancy. It can therefore be interested in types of
data analysis which are not of primary importance for a safeguards
authority. The paper finishes by looking briefly at the way in which the
SSAC organisational strucutre can give effect to this more extensive role.
The results presented in this paper have been developed in the framework
of the JRC collaboration with the Russian Federation supported by the
TACIS program.
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The use of neural network models have attracted much interest recently as predictive models in
system identification and control. In ref./l/ a model is described that enables the determination of the
235
U enrichment out of a y- spectrum obtained with a Ge-detector with well characterised samples. In
the paper the application of the model on spectra, obtained with a Nal detector with different
absorbing materials between sample and detector, is presented. In the data analysis the input is given
by the experimental spectra, without any prior knowledge of the different attenuating layers used, and
the output of interest is the 235U enrichment of the sample.
The measurement system is based on a Nal detector , commonly used in the EURATOM
safeguards system. One of the problems encountered during in-field measurements of this type is the
strong influence of the thickness and type of the material of container on the measurement results.
The neural network modelling is intended to help to solve the problem. For this purpose the network
should be provided by experimental data including measurements with varying type and thickness of
the container material. Measurements on a set of U3O8, UO2 and metallic U PERLA samples were
performed with a standard measurement system consisting of a Teledyne 3"X3/4" Nal detector, and a
conventional spectroscopic measurement chain. The spectra were accumulated in a 1 K memory
covering an energy region from 10 keV to 1100 keV. This region includes the U KX-rays and
gamma-lines from U and its daughters up to 1005 keV line. The set of the selected samples includes
the U3Og IRMM standards with enrichment ranging from 0.32 % to 4.46 % and PERLA UO2
standards with enrichment ranging from 20% to 92%. Metallic U samples, 93.11 % enriched, were
measured additionally. The standard collimator and close measurement geometry were used. The
measurement time varies from 200 s to 1000 s. Each sample was measured with additional filters: Al 2,4,8,12 mm and Fe - 1,2,4,8,12 mm. More than 200 spectra provide the basis for a neural network
analysis.
The general outline of the analysis model starts from x; —^-»yi, where the input-output pair
(xi,yi), respectively the y- spectrum and enrichment of the (i = l,...,p) learning examples, is the
available information, and f represents the process mapping x; to y-t. Formally, an observation is a ddimensional vector x (the dimension of the spectrum). In general it is not reasonable to expect having
the exact representation of f. Data compression is the answer to many questions about how to
proceed. It is widely believed that the better a theory compresses the data concerning some
phenomenon, the better we have learned and generalised and the better the theory produces unknown
data, following the "Occam's razor" paradigm about simplicity. In ref. Ill the relation between data
compression and learning is treated and it is shown that compression is almost the best strategy. This
is particularly true when the problem is characterised by a vast number of highly correlated inputs and
a modest number of examples. It is possible to train neural networks to learn such examples without
using an excessive number of parameters. Given a body of data known as features, concerning the
phenomena under investigation, the aim is to indicate single features which are likely to have good
discriminating power; it is to search for linear or non-linear variables to a small number of
parameters.
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The simplest, and by far most commonly used, method of feature extraction is to take the
principal components of X;; e.g. studies of X-ray fluorescence analysis 13/ and calibration of
nucleonic gauges 141. Unfortunately this method is only linear and fails to reduce redundant data in a
non-linear way. To relax this constraint, in ref./5/ a new algorithm called "Vector Quantisation
Projection" (VQP) is proposed. It can be view as a non-linear extension of Principle Component
Analysis (PCA): data samples are mapped onto a grid of neurons and the output space takes
automatically the relevant shape with a reduced dimension. Intuitively, VQP can be seen as an
unfolding of the data structure towards a low-dimensional space, which dimensions is the number of
degrees of freedom of the observed phenomenon. Learning can then be thought of as inferring
regularities from a set of training examples. If the learning has been successful, these intrinsic
regularities will be raptured in the values of some parameters of a learning machine.
The paper discusses the results in terms of the applicability of such an analysis method for the
determination of the 235U enrichment. In particular in terms of in-field use of a system based on a Nal
detector for samples with a variety of container material. This would allow an intrinsic determination
of the enrichment without supplementary correction for the attenuation of the gamma-rays, what is
still necessary with the conventional approach.
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Die-away time analysis of the neutron co-incidence collar with and without a
17x17 PWR fuel assembly.
Prediction and experimental verification.
S. Nonneman
European Commission, Joint Research Centre, Ispra - Italy.

The actually used interpretation model for co-incidence measurement results ( Bohnel,
Hage etc.) is based on a point-reactor model. This model is sufficiently accurate for
traditional samples, but in the case that the samples become somewhat asymmetric and
heterogeneous, the discrepancy between the prediction and the experiment increases. It
is intuitively clear that the use of a point model needs some corrections when the
samples have some space dependent characteristics. If this space dependent
particularities of the samples can be assumed as small perturbations, a correction of the
point model can be acceptable. Once the deviations from symmetry becomes so
important, it may be better to develop a space dependent model so that the space
dependent characteristics of the sample can be represented. In order to stay inside the
validity boundaries of the point-model, the detection equipment is optimised such that
the detector has only one exponential decay ( a unique die-away time constant). This
gaol is reached by applying Cd-liners between the sample and the moderator of the
detection system, and by dimensioning in a correct way the moderator of the detectors.
The presence of the liners results in a decreased efficiency of the overall system. The
mentioned decay time-constant is commonly measured with a Cf-source centred in the
empty cavity.
Once the cavity is filled with a sample ( of whatever nature ) the neutron transport
characteristics change and thus also the die-away time characteristics that represent the
life time of a neutron in the system. It is clear that the" die-away time can be changed in
absolute value, or that more exponential decay modes are introduced.
Recently, prediction methods of coincidence measurement results were developed, and
are benchmarked in an international exercise organised inside the working group for
non-destructive assay of ESARDA. The Ispra approach tends to be mathematically
rigorous and will use the Kolmogorov-Dmitriev approach for characterising and
describing the random process of the neutron transport in the used geometry in terms
of physical macroscopic parameters. As can be seen, the proposed method will not use
results of the point model approach, but the point model formalism can be obtained as
a special case of the general developed theory. The main advantage of the method is
that no assumptions regarding decay modes need to be made. The theory permits the
use of all types of detection mechanisms, and the use of fission or non-fission
interrogator sources. For completeness also the delayed neutrons are taken into
account. This method leads to a complete interpretation of experimental results in
terms of detector system decay modes. The method is implemented in MCNP
respecting all the facilities offered by the original MCNP version, so that a prediction
tool became available ( called MCNP_NC ) in which the experiment can be modelled
in all its detail. The simulation tool will then be used on the standard configurations as
defined.
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The present contribution describes the essential points of the interpretation model as it
is developed. The complete theory will be adapted to the real situation and needs.
Eight different configurations will be defined based on the 17x17 PWR fuel assembly
mock-up available in the PERLA laboratory. A summary of the measurement
procedure will be given, followed with the experimental results. Parallel to the
experimental section, the simulated predictions will be discussed, and the errors will be
analysed. Finally the experimental and simulated results will be confronted with each
other, and conclusions will be drawn.
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Mass/Volume Measurements : The Demonstration and Application of Portable and
Fixed Monitoring Units for Tank Calibrations and Long Term Monitoring.
B.A. Hunt, D. Landat, Joint Research Centre, 21020 Ispra (VA) Italy

Safeguarding nuclear facilities where the material is processed in tanks
represents a challenge to inspectors due to the bulk quantities and concentrations of
the strategic material handled on a routine basis. Tanks are usually equipped with
pneumatic measurement systems and sensors which measure the solution temperature
providing the operator with information for process control and nuclear material
accountancy. The inspectorate relies on operators records and declarations coupled
with independent checks on the correctness of the instrumentation signals. The latter
verification is one of the most arduous tasks facing an inspector in terms of time spent
in a facility and the interference it places on the operator. Verification, authentication
of instrument signals and data evaluation is a present day challenge for inspectors and
more so when the criteria of unattended long term monitoring is attached.
The support programme Safeguards group at the JRC Ispra Establishment
have attempted to approach these problems in designing portable and fixed
monitoring units for both tank calibrations and long term unattended monitoring.
These units have been designed using up-to-date hardware and software technology
coupled with their ease of use,for both installation in a facility and evaluation of the
gathered data.
A schematic design of a Volume Long Term Monitoring Device (VLTM) is
given in Fig.l. The VLTM has been designed for the unattended monitoring of
solutions in tanks. It comprises a data acquisition unit and one or more pressure
measurement instruments. The measurement device has two systems of
authentication: one hardware and one software. The system has been developed to
avoid all problems related to the use of a pc eg hard disk or monitor problems.
Depending on the internal memory installed (flash EPROM) several measurement
units can be connected-to it: According to the programmed parameters and the
EPROM capacity the VLTM can run for a period of several weeks. Parameters are
initially introduced from a notebook pc connected to the VLTM via..the RS232 port.
Downloading the date is carried out the same way. The communication between the
pc and the VLTM is protected with an electronic key connected to the parallel port of
the pc. Such protection is specific to the VLTM unit and not to the software of
communication. The authentication of the signal is effectuated through software. Each
pressure sensor is equipped with a passive transmitter assuring authentication of the
unit. After the parameter settings the pc is disconnected and the VLTM is locked in
such a way that it is impossible to switch it off, stop the acquisition or to change any
of the parameter settings. The VLTM is a tamper proof data acquisition unit located in
an external frame housing which is locked. In case of power loss an internal battery
assures supply for 6-8 hours after which time the system shuts down and will restart
automatically when the power supply is eventually re-established. The principle
function of the data acquisition is given in Fig.2. Parameter settings include
frequency of data logging, averaging, sd and alarm threshold settings. A similar type
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of software system is currently being used in a portable pressure measurement device
(PPMD) installed in the SAPPHIRE plant project under the auspices of the IAEA.
This system was installed in August 1996 and is continuing to collect data for IAEA
evaluation. A PPMD device with 3 pressure sensors was also installed for a one
month period in a nuclear facility in the UK as a proving and verification exercise.
Volumes Lons Term Monitoring

i.svel
Reference

Densirj'2

Deusirv 1

A Versatile Unattended Monitoring .Device

Programiniag and downloading of the. d IT I
from a dedicated laptop

Joint Research Centre Ispu - v

Fig. 1 Schematic design of the Volume Long Term Monitoring Device (VLTM)
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Fig. 2 Principle function of the Data Acquisition System
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Applications of Virtualised Reality to Safeguards
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For several years the JRC has been working with laser range finders aiming at the complete 3D
reconstruction of real environments "as built". Considering the models are extracted from real
data (i.e., the environment "as built") this technique is known as Virtualised Reality (as
opposed to Virtual Reality based on manual CAD based modelling). By scanning the
environment with a laser range finder, a map of the distances as measured frora a given capture
point is acquired. This "depth map" is at the basis of the 3D model to be created. A major
feature of the technique developed is the capability to resolve occlusions, i.e., the ability to
detect the regions of the environment which are not modelled (e.g., behind objects) and
integrate different "views" into a single integrated 3D model. Whenever required by the
application, the models can nave photographic quality. This is achieved by "painting" the
model with the visual look of the real scene, by pasting high quality video pictures onto the 3D
modcL Any user, say, an inspector, can import the model from most standard CAD tools, or
from any standard WWW browser using a VRML (Virtual Reality Modelling Language)
viewer.
There is a wide field of applications for these 3D models, in particular, Design Information
Verification and Training. Indeed, the fact the 3D model represents reality (e.g., a plant) "as
built", allows an inspector to use it as a reference for either:
a) comparing with an already existing CAD model (Design Information Verification),
b) for keeping track of changes since a previous visit (Continuity of Knowledge), or still
c) for getting acquainted with the premises in view of a future mission (Training).
The combination of the 3D reconstructed model with other on-line data, e.g., the description
of a piece of equipment or the inventory of some storage area, produces a very powerful tool
for training and for design information verification. An inspector can "walk through" the model
as if she/he were in the real plant, and grab all the spatial relations between the objects and
equipment present. Special tools can be developed for specific objectives such as design
information verification, e.g., measuring the accurate distance between any two user-selected
points (or surfaces) in the model, or comparing the most recent acquired model with a previous
one, namely the plant's CAD model.
The paper describes the technique used for building the complete 3D models from reality, the
corresponding accuracy, and will focus on the future applications for Safeguards.
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Regulation of Nuclear Materials Control and Accountability and Inspection
Practices in the Russian Federation
Y.G. Volodin, A.N. Dmitriev, B.N. Krouptchatnikov, RUSSIAN FED.

Review and assessment of the resent state orders and directives regulating nuclear
materials control and accountability, defining responsibilities and incorporation of
different agencies in nuclear materials control and accountability (MC&A) area in
Russia, related actions to stipulate tasks in developing the State System of Accounting
for and Control of Nuclear Materials (SSAC) and a role of the Federal Nuclear and
Radiation Safety Authority of Russia (Gosatomnadzor) in this process is presented.
Main principles, elements and practical results of Gosatomnadzor inspection activities
are reported. Elements of the SSAC, status of works in establishment of the SSAC and
in implementation of fragments of the SSAC, an international assistance in up-grading
MC&A systems at some of the Russian facilities and in establishing the SSAC in
Russia is outlined.
1. Introduction
Since mid 40-th of this century when Russia launched the programme of development of
nuclear weapons formally there was no a state system of nuclear material accountability
and control. The major objective of development of the nuclear industry in the USSR was to
create the strong defense capability against a military threat posed by the West, and in the
process, special conditions were set up that ensured the safekeeping of nuclear materials,
including their control, accounting, and physical protection.
The functions of the national regulatory authority and of the managing organization of the all
nuclear installations were performed by the USSR Ministry of Medium Machine Building the precursor of Minatom of Russia, that established strong requirements for nuclear
materia control and accounting {MC&A). The basic principles of the MC&A system were as
follows:
- a system of top secrecy regarding nuclear materials [NM] at all stages of the production
cycle,
- exclusive selection and training of personnel,
- establishment of special services for NM control and accounting,
- implementation of special measures for the protection of NM,
- personal responsibility of individuals for NM and any incidents related to NM,
- establishment of so-called discard or unprocessed quantities of NM for each production
operation,
- shift-by-shift recording of NM products and residues.
Gosatomnadzor of the USSR was created in 1984, but it's functions and responsibilities
were limited by regulation of nuclear safety and radiation protection of NPPs and some
research reators and by inspection activity at these installations.
The year 1992 saw the beginning of substantial changes that occurred in the management
restructure of the nuclear sector and also took the form of a redistribution of authority in
terms of the regulation and oversight of control, accounting, and physical protection of
nuclear materials. In particular, several ministries and state owned organisations became
responsible for managing and operating nuclear facilities (Minatom, Ministry of Defense,
Ministry of High Education, Ministry of Defense Industries, Ministry of Chemical Industry.
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SAFEGUARDS APLICATION IN TRANSFER OF NUCLEAR
FUEL OF THE RESEARCH REACTOR IAN R-l
Torres Ernesto (1), Perez Hector (2), Barreto Gustavo (3) IAEA

In Colombia the application of safeguards is consecrated in the Law 47 of 1982,
which establish that the nuclear materials subjected to safeguards, only could
transfered out of Colombia, if they are return to the State that gave them at first;
and if this happen, it will be necessary that the country notifies to the
International Organism of Atomic Energy, OIEA.
It is so that Colombia, through the Institute of Nuclear Sciences and Alternative
Energy, INEA, competent authority in nuclear matter notified the OIEA about
the proyected transfer outside the country of the nuclear material subjected to
safeguards and that this material was in the Research Reactor IAN R-l.
Considering that the shipping exceeded an effective kilogram, the notification was
made to the OIEA once concluded the contractual arrangements that governed
the transfer.
The OIEA carried out the pertinent inspections by means of one of their
inspectors, with the purpose of verifying the amount and composition of the
nuclear materials before they were transferred to the United States of America.
The Reactor's fuel is a material subjected to safeguards by OIEA and the
inspections are carry out generally every year; the last visit of regular character
was practiced on December 1 of 1995. Another aspect to highlight is that the
application of safeguards to nuclear material transferred from the United States
to Colombia is contemplated in the "Agreement of Cooperation relative to the
Civil Uses of the Nuclear Energy," signed between the two States.
The Nuclear Research Reactor IAN R-l, was operated from 1965 up to 1994 and
it's applications were used, between other fields, on teaching, investigation,
medicine, hidrology, industry, agriculture. To bringing up to date and
modernization, it was appropriate to change its nuclear fuel; that's why the
necessary transfer of fuel to the United States, country that had given it, fulfilling
agreements and international norms on the secure transport of nuclear materials;
and later on proceed to bring the new fuel so that the IAN Reactor Rl enter again
in operation and continue giving services to the country.
On the transport of fision or reactive materials, as well as other hazard
substances, added to the risk of conventional transport, should be considered the
dangerous nature of the materials transported, in this publication will be
presented the radiologic protection proceding and nuclear security, that we made
in INEA and that were taked in account during the transport operation, to avoid
possible risks that could happen to people, properties and enviroment which were
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fulfilled during the transfer to the decai pool, to the containers and to the
transport vehicle and then to the final place of destiny taking in account the
maneuvers of loading transport, manipulation and put in the container.
At this publication will come the description of the packing of transport, the
physical description of the packing, the technical specifications of design of the
packing, the description of the material that was transported, the regulations
dispositions for the transport, the marks, labels, tallies and documents, the
customs officers formalities, the surveillance that was used during the transport
for highway and in the obligatory stops and the radiological carried out by
personnel of the INEA. From same way, they will stand out the operations of
Safeguards that were carried out during the whole operation, until culminate with
the exit of the material of the Colombian territory.

(1) Office chief of Regulation and License INEA
(2) Specialized Professional Office of Regulation and License INEA
(3) Division Chief Radiological Protection and Security Nuclear INEA
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Recent GXWApplication Results
During the last year the Gamma Spectrometry / Weighing approach was
applied to both Uranium and Plutonium nuclear materials: Results are briefly
summarized in the attached paper and Notes to File [1,2, 3,4]:
1. B. Hassan, L. Lao and T. Dragnev, IOM to Mssrs G. Moussalli and D. Rundquist
January 1996;
2. J. Fager, A. Lagattu and T. Dragnev, Results from the Application of GXWM
Method to the Measurement of U-235 and U-total Quantities of Large Liquid
Uranium Samples, (96-08-23);
3. W. Raab, J. Perus and T. Dragnev, Some Results from Analyses of Calibration
Measurements of Different Uranium Materials, February 1997.
4. S. Kim, W.Wagner, J. Pykhtin and T Dragnev, Some Results from Gamma
Spectrometric Measurements of Pu Powder in Storage Containers, March 1997
In one paragraph results are:
1. In the case of small (5 mL) liquid Plutonium Solution samples [1] it was
demonstrated that highly accurate (better than 0.5 %) can be done routinely
in field conditions and thus to reduce strongly the necessity for
transportation of samples and destructive analyses. The Isotopic abundaces
are also measured significantly more accurately.
2. Very important from safeguards point of view is the application of the
method to large liquid Uranium solution samples [2], because may be it is the
only possibility to avoid many destructive analyses. The developed software
was used to analyze the measured spectra of four inspection missions and to
demonstrate that accurate and simple quantitative non destructive
measurements of this type of nuclear material can be done. Results are highly
reliable. It was even possible for Inspectors, on the spot, to correct wrong
operator's record. As expected for highly enriched U-235 materials enrichment
measurement results are significantly more accurate and reliable than the
MGAU code results.
3. For the first time the GXW method was applied for analyses of routine
inspection spectra of PuOxide and MOX materials in large containers [3]. The difficult
measurement problem (what type and how much is the additional to Pu unknown
material) was successfully solved. When fixed measurement geometry is used through
the same measurements isotopic composition can be determined more accurately.
Particularly important for further neutron measurements is the determination of Pu-242
abundance by measurements. This is may be the only NDA possibility to measure Pu242 through gamma rays attenuation in the measured material, which being not highly
precise should be significantly more accurate than through isotopic correlation,
particularly for reused Pu materials. Additional intrinsically calibrated analyses on high
energy region of the U/Pu spectra have been done, which make results even more
reliable. It is extremely important also, that using these gamma rays the inspectors
are "seeing" about 40 times deeper in usualy large sample than when only low energy
gamma rays are used.
4. It is becoming obvious that Gamma / Weighing Method will have wide
application, particularly in Nuclear Material Safeguards, that it is indispensable for
some of applications (e.g. NDA measurements of liquid Uranium samples) and in
general it will make safeguards measurements much more reliable and accurate being at
the same time simpler and significantly less expensive than the used methods.
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Performance Monitoring of Safeguards Equipment
K.Sirisena, IAEA, Section Head, Section for Common Technical Services
M.Peltoranta, IAEA, Unit Head, Unit for Performance Monitoring, Section for Common Technical
Services

SGTCS is responsible for monitoring and reporting the performance of SG equipment. Performance
monitoring has been implemented in the most important safeguards equipment installed in facilities and
operating unattended.
Inspectors acquire equipment performance data at facilities. After inspection, the data package is
submitted to SGTCS for processing and analysis.
The performance data is used to identify systems or components which should be changed in the field
and to identify modules which should be diagnosed at HQ in order to determine the cause of failure. The
performance data is also used for the maintenance and spares distribution planning, and to provide
statistics for official reports and for management decision making.
An important part of the performance monitoring is reporting. Equipment performance reports contain
information about equipment inventory,' utilization, failure type, failure distribution and reliability.
Trends in performance are given in graphical form, where past data is available. Reliability estimates as
expected times between failures are provided. Automated tools for generating equipment performance
reports are installed in the Equipment Management Information System (EMIS).
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"Overview of
Countries"

Experience

with

Initial

Verifications

in

NIS

-K. Murakami, J. Beguier, S-S Yim, C. Charlier, M. Zendel, N.
Islam.
IAEA
The paper describes the activities carried out by the Department of
Safeguards in implementing safeguards in the 14 NIS countries
created following the breakup of the Soviet Union. Current status
of NPT and Nuclear Safeguards Agreements with different NIS
countries is listed. Nuclear material present in these countries
are summarized. Status of initial declaration by each country and
their verification by the Agency is described. Problems faced in
initial verification and measures taken are touched upon. Support
from donor states to the NIS countries in areas of safeguards,
physical protection, nuclear laws and regulations, export/import
controls etc., co-ordinated by the Agency, are enumerated. Steps
taken to implement 93+2 programmes in these countries and results
so far are listed.
Prospects for completing the initial
verifications including check of correctness and completeness of
declarations are cited.
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PAST, PRESENT AND FUTURE OF SAFEGUARDS IMPLEMENTATION
FOR THE ONLOAD RBMK-1500 REACTORS IN IGNALINA
M. Zendel, S. Yim and C. Monticone
International Atomic Energy Agency
Vienna, Austria
S.Kurselis
Lithuanian Nuclear Power Safety Inspectorate
Vilnius, Lithuania

The on-load refueled RBMKs ("Reactor Bolshoy Moschnosti Kanalniy - Large Power
Channel Type Reactor") are very different from all other power reactors which the Agency has
been safeguarding over the past decades. Distinct differences in fuel properties and handling
necessitated the formulation of separate, facility specific approaches. The spent fuel management
at the RBMKs in Ignalina uses hot cells to cut each spent fuel assembly into two subassemblies.
A large number of subassemblies are subsequently stored in large capacity, compact storage
baskets at the spent fuel storage ponds adjacent to the reactor hall. The development of the
safeguards approach is presented considering limitation in core access, technological feasibility,
operation mode and financial as well as human resources of the Agency.
The safeguards approach is based on a quarterly inspection scheme using Containment
and surveillance (C/S) measures, verification of fresh and spent fuel by Non Destructive Assay
(NDA), establishing of flow balances to complement the material accountancy and the
application of neutron/gamma monitors in a continuous, unattended mode. The implementation
of these safeguards measures is discussed and actual inspection experience with an emphasis to
the application of the neutron/gamma monitors is given. The neutron/gamma monitors serve
multiple safeguards functions, such as monitoring shipments of waste from cutting operations for
irradiated fuel in the hot cells, confirming the unloading history for the on-load reactors,
complementing C/S by detecting movements of irradiated fuel materials in the reactor halls and
verifying the operational status and the power output of the reactors. Actual measurement results
are presented to demonstrate their effectiveness.
Considerations are given for future safeguards implementation matters at Ignalina
Nuclear Power plant (INPP) including 93+2 measures.
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A Cost Effective Safeguards Approach for the Chernobyl RBMK Reactor and
Separate Spent Fuel Storage, Based on Unattended Monitoring Systems
Kenji Murakami, Christian Charlier, Dorel Popescu, Roman Tzolov
International Atomic Energy Agency
Department of Safeguards, Section OC2
Wagramerstrasse 5, P.O. Box 100
A-1400 VIENNA, AUSTRIA
Tel: (43) 1 2060 22088
Fax: (43) 1 20607
Guillaume Sannie, Jean Louis Szabo, Romuald Woo, Georges Daniel
Commissariat a L'Energie Atomique
Departement des Applications et de la Metrologie des
Rayonnements Ionisants
BP NO 52-91193 GIF-SUR-YVETTE CEDEX FRANCE
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The paper describes the safeguards approach elaborated by the Agency for the RBMK reactor units
at the Chernobyl site as well as for the wet separate spent fuel storage. It addresses the technical
difficulties encountered by the Agency in implementing the safeguards approach for the Chernobyl
site in a most efficient and cost effective manner and how the French Support Program
(FRESPAS) assisted the Agency in fulfilling this requirement. FRESPAS designed, installed and
commissioned an unattended spent fuel monitoring system at reactor unit 3 and separate spent fuel
storage at the Chernobyl site, complemented by a digital surveillance system (EMOSS) which
resulted in a cost effective safeguards approach for the site. The technical specifications for the
unattended monitoring system defined by the inspectors are described in the paper as well as how
FRESPAS sought support from specialized French engineering companies such as EURISYSMESURES, EDF-CLI, and DAMRI in order to guarantee the technical success of the task.
Specific points such as grounding problems, design and installation of the detectors, reliability of
the system and preliminary results are also discussed, in addition to the health and safety radiation
conditions encountered by the French workers during the on-site installation. Finally, the paper
highlights how the good cooperation between the IAEA, FRESPAS and Chernobyl operators
permitted the completion of the task in less than one year.
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Evaluating information - key function of the New Safeguards System
A. Nilsson, K. Chitumbo, R. Hooper, K. Murakami, D. Perricos and D. Schriefer. IAEA
In the New Safeguards System, States will provide increased information about their nuclear fuel cycle; source
nuclear material, research programmes and production of nuclear related equipment. The Department of
Safeguards has established the organizational structure to evaluate the information provided by States, and
complemented by information collected by the Agency during inspections and obtained from environmental
sampling and collected from open sources. Divisions of Operations will maintain the Safeguards State File and
perform continuous as well as periodic evaluation of the information. Support Divisions will collect information
from open sources, process information obtained from environmental analysis and give general support to the
development of evaluation methodology. The Departmental effort is emphasized by the establishment of the
Information Review Committee, with a responsibility to review evaluations, give recommendations of follow-up
actions to the DDG-SG, review the information with a view of maintaining a high quality of information and
evaluation process, and perform additional evaluations as the need arises. The experiences gained in perfoming
initial country safeguards evaluations will be given.
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ENHANCED SAFEGUARDS TRAINING
Mr. V. Fortakov, International Atomic Energy Agency, Department of Safeguards, Division
of Technical Services, Vienna, Austria
Ms. C. Coolbaugh, International Atomic Energy Agency, Department of Safeguards, Division
of Technical Services, Section for Safeguards Training, Vienna, Austria
Mr. J. Vidaurre-Henry, International Atomic Energy Agency, Department of Safeguards,
Division of Technical Services, Section for Safeguards Training, Vienna, Austria.
Safeguards inspectors and other Agency staff require specialized skills and competence
to effectively implement international safeguards. The concepts, methods, practices and
techniques associated with safeguards implementation are continuously evolving, owing to the
constant growth and change of safeguards technology. The Agency therefore provides
systematic training for safeguards inspectors and other staff performing safeguards functions that
are affected by these developments.
The transition to a strengthened safeguards system generated new skill demands for the
International Atomic Energy Agency Inspectorate. In response to these demands, the Section for
Safeguards Training developed courses to ensure that inspectors have the capability to better
detect undeclared nuclear activities in States with comprehensive safeguards agreements, to
better detect the misuse of declared nuclear facilities and installations, and to more efficiently and
effectively manage the inspection process that allows such detection.
Within this framework the need for enhanced training in the following areas was
identified: design information review; environmental monitoring; co-operation with State
Systems of Accountancy and Control (SSAC); enhanced observational, communication and
management capabilities; and analysis of information on States- nuclear activities. This paper
examines the resulting enhanced, advanced and refresher, training curriculum for inspectors and
Member States's personnel.
The development of the new curriculum concentrated on the implementation of an
enhanced systematic approach to training methodology. This methodology engendered a logical
progression from the identification of the new competencies required under the strengthened
regime to the development and implementation of training to achieve these competencies, and
the subsequent evaluation of this training. Performance-based and criterion-referenced principles
of training were employed in analyzing the needs, designing, implementing and evaluating the
new courses to be offered. This paper addresses the resulting expanded training approach
implemented by the Section for Safeguards Training (TTR).
The starting point for the development and design of the enhanced training activities was
the analysis phase. An analysis of the changes in the inspector's job under the strengthened
safeguards system took place. This analysis resulted in the identification of the expanded
knowledge, skills and other characteristics the inspector would need to obtain for the new desired
competence.
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The design phase involved the actual preparation of the courses in close co-operation with
technical specialists and with the host countries, in the cases of external courses. This phase
included the development of performance-based objectives describing the intended outcome of
each course and of each training session, and incorporating criterion tests (skill checks) used for
measuring the accomplishment of the objectives.
The implementation by the Section of Safeguards Training of the training course is done
in close cooperation with Member States. A large part of the Safeguards Departmental Training
Programme, in particular a number of the new courses, is implemented with the assistance of a
Member State Support Programme (MSSP). In some cases, the assistance from the Member
State has been either allowing the use of nuclear facilities for training purposes, giving logistical
support and/or supporting instructors' participation in a course.
A structured approach for evaluating the contributions of training courses to the
improved effectiveness and efficiency of the inspectorate has been established to ensure that the
impact of training is properly assessed. The primary goal of the evaluations is to determine to
what extent each trainee has gained the skills and/or knowledge stated in the instructional
objectives of the course. The second goal is to assess the effectiveness of the course itself from
both a pedagogical and a technical viewpoint. Finally, an analysis of the impact that the training
makes on how the trainees go about their job is made in selected number of cases.
In 1996 in addition to the standard Basic, Advanced and/or Refresher training, the
enhanced training curriculum for safeguards inspectors and Member States' personnel featured:
Two courses on "Environmental Sampling" for 43 staff members and 6 EURATOM
personnel were held
Two courses on the "Nuclear Fuel Cycle and Proliferation Indicators" were held for 31
staff members
Two courses on "Enhanced Observational Skills Training" were provided, bringing the
total trained in this skill to 46.
In the area of design information verification, "Basic Engineering Design" for 12 staff
members and a "Workshop on Design Information Review at Research Reactors" for 10
staff members were held.
In total, the Section for Safeguards Training held 58 training activities for 1278 participants; this
was an increase of 316 participants and fourteen courses from 1995. In 1997 the Department of
Safeguards Training Programme again offers the courses to the staff.
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Implementation of IAEA Integrated SG Instrumentation
Programme
M. Aparo, R. Arlt, B. Barnes, V. Fortakov, K. Gaertner
IAEA

The IAEA Integrated SG Instrumentation Programme (I2SIP) was established in October
1992 to standardize and limit the number of types of equipment that the IAEA uses and has to
maintain so that savings could be achieved in respect of maintenance costs, including staff
training, compared to the situation where the number of instrument types would continue to
grow further. The implementation of the programme was aimed at the development of
safeguards equipment conforming to certain standards and designed in modular form that
would allow the Agency to have a smaller number of portable instrument types covering the
same or a wider range of applications, and also assemble instrumental systems at facilities,
using existing modules, in response to specific facility specific applications. Emphasis is
given to identifying commercially available components fulfilling Agency requirements and
adhering to international standards. In addition, for portable equipment the stress is on weight
and size and involves new technologies in radiation detectors, low power microelectronics
and portable computing.
The efforts made to limit the growth in the number of safeguards equipment types had not
been successful yet: at the beginning of 1997, the number of types authorised for inspection
use had increased to 91 and the use of at least six new equipment systems is expected to be
authorised during the year. The paper reports on the changes in the safeguards equipment
inventory since the initiation of the I2SIP and analyses the possible development of the
equipment inventory structure in the future. It reports on the work done under the I2SIP in the
three areas covered: implementation concepts, hardware and software development, and
system and data review integration. Describing the situation that prevails after pursuing the
I2SIP over the past years the paper analyses the current status of those three aspects of the
programme in respect to various safeguards equipment groups.
After a number of consultants meetings, an I2SIP Advisory Group Meeting (AGM) was held
in November 1996 with participation of all Member States actively involved in activities
addressing safeguards equipment. Technical guidelines for the I2SIP implementation in the
future were agreed. Subsequent to the agreement, the IAEA procedure for approving the
development and/or evaluation of equipment intended for inspection use has been modified to
reflect the results of the AGM.
A number of Member State support Programmes (MSSPs) are working on developing
modules of a generic model agreed upon during a consultants meeting of June 1996. There is
still limited information and experience on unattended applications suitable for safeguards
use. This applies also to the present MSSPs, pioneering safeguards related tasks based on te
VXI standard (recommended at the AGM of November 1996). Hardware-related activities of
the first three VXI-based safeguards equipment tasks are currently well underway and the
Division of Technical Services has been pursuing this topic particularly in respect of
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integrating the review capabilities of the German VDIS task and the two Canadian VIFM
tasks. However, the overall degree of success with the original intent of the programme has
been limited. The paper discusses a possible reorientation of the I2SIP, examines alternative
ways of achieving the programme goals, and, in particular, analyses to which extent the
reorientation will allow to attain the goal of reducing the Agency's overall costs of
maintaining safeguards equipment.
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REMOTE MONITORING FOR AGENCY SAFEGUARDS

M. Saied. R. Lemaire, A. Lagattu, P. Rodriguez J. Whichello, G. Martelle
Department of Safeguards
International Atomic Energy Agency
Abstract: The paper describes the field trials at three nuclear storage facilities and the results
obtained therefrom. It proposes a safeguards approach for un-irradiated direct-use material storage
type facilities and analyzes the implementation strategies and the role of SSAC in the use of remote
monitoring technology for Agency safeguards.
The remote monitoring systems set up at the storage facilities in US, in Switzerland and in South
Africa involve the use of digital video surveillance, radiation and motion detection sensors and
electronic seals. Both telephone lines and satellite communications have been used for the
transmission of authenticated and encrypted data from the field to the Agency and to IAEA offices
in the field. Costs for the equipment, transmission and associated software are provided for future
expansion of the systems.
The field trials indicate that remote monitoring technology is ready for use in the implementation of
Agency safeguards at installations with (almost) static inventories of nuclear material. Its
application, possibly together with other measures, would strengthen the existing safeguards system
and it has a potential to reduce the costs of safeguards applications.
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IAEA SAFEGUARDS ON RELEASED
WEAPONS MATERIALS

The paper presents an overview of IAEA safeguards implementation on released weapons materials
in the United States of America. After the end of the Cold War, tonnes of fissile materials from weapons
programmes have been declared in excess of defense needs. Starting in 1994, the Agency applied
safeguards to some of this "excess" material. Safeguarding big quantities of unirradiated direct-use material
constitutes a serious challenge for the Inspectorate. A brief description of specific safeguards at the various
U.S. sites is made together with currently being developed new measurement and surveillance techniques to
be used from 1998 onwards. The Trilateral Initiative of September 1996 marked the entry of the Russian
Federation in international safeguards on released weapons material. Huge quantities of "excess" fissile
materials are expected to be placed under IAEA safeguards in the short-term future. IAEA safeguards on
released weapons materials would provide the international community with the necessary assurance that an
effective reduction of military stockpiles is carried out.
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COOPERATION ARRANGEMENTS BETWEEN THE IAEA AND
ABACC
D. Schriefer* and J. Priest**
•Department of Safeguards
Department of Administration
* * Division of External Relations
IAEA

O. Y. Mafra* and C. Feu Alvim**
*OperationsOfficer
** Secretary
ABACC

Even when ABACC was established in December 1991, by the Bilateral Agreement
between Brazil and Argentina, the Common System for Accounting and Control of
Nuclear Material (SCCC), to be administered and applied by ABACC, was developed
aiming at being coherent with the IAEA criteria. In fact when the Quadripartite
Agreement (INFC1RC/435) was signed by Argentina, Brazil, IAEA and ABACC some
particularities were introduced in this agreement taking into account the existence of
ABACC and therefore the SCCC
The Quadripartite Agreement, which entered into force in March, 1994, demands a close
coordination between IAEA and ABACC, which while avoiding unnecessary duplication
of efforts, shall allow each agency to fulfill its responsibilities and to teach independent
conclusions.
A great effort was made by the Parties during the discussion of the General Part of the
Subsidiary Arrangements, in such a way that a code No 5 called "Arrangements between
ABACC and the Agency for co-operation in the application of safeguards under the
Agreement" was included in the Subsidiary Arrangements.
The IAEA and ABACC have agreed since the very beginning on the need of coordination
arrangements for technical matters related to the implementation of safeguards
inspections. Even though it took some years of joint work in order to be able to formalize
these coordination arrangements, taking into account the particularities of both
organizations and the countries involved.
In implementing the cooperation arrangements, the IAEA and ABACC were guided by the
following principle:
ABACC and IAEA need to coordinate, to the extent of possible, its activities for the
optimum implementation of the Agreement always considering the double goal of reaching
independent conclusions and avoiding unnecessary duplication of efforts.
Some areas have achieved great progress, with discussions taking place all over the year,
and a great effort put from both Agencies in improving cooperation.
1) Inspection Effort Coordination
Aiming at lowering the inspection effort a lot of time has been dedicated by
ABACC and the IAEA to adjust the inspections schedule, to discuss the activities to be
performed during the inspection missions in a coordinated way, to agree in special
procedures for some particular facilities. It is taking into account the facilities operational
program, PITs dares, constraints set by the safeguards approaches, the Agency/ABACC
criteria, different holidays periods, Agency inspections in other countries in South
America, and so on. A draft of procedures for a common planning has been agreed
recently, even though, a very good understanding between both agencies has been
achieved on this matter.
2) Coordination at Planning Level
ABACC and the Agency meet once or twice a year to discuss safeguards
implementation and coordination matters. During these meetings issues as general
overview of coordination matters, status of Facility Attachments Negotiations, Ad-Hoc
procedures for sensitive or complex facilities are exhaustively discussed. One of the most
important documents that came out from such meetings was the coordination
arrangements for inspections 1AEA/AB ACC, which after some years of discussions were
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unified as the "Guidelines for Coordination of Routine and Ad-Hoc Inspection Activities
between the Agency and ABACC". This document has been accepted by both Agencies
and is already in use by the inspectors from both Agencies. The purpose of these
Guidelines is to satisfy the requirements of INFCIRC/435 with regard to the coordination
of ABACC and Agency activities and provide guidance on the coordination issues. They
will be reviewed and amended, as appropriate, in the light of changing circumstances and
developments of, inter alia, new safeguards measures on the part of the Agency (e.g.
Programme 93+2), ABACC's capabilities, technical effectiveness and functional
independence. The next step is to have for each item mentioned on these Guidelines a
more detailed procedure what is on the way.
3) Coordination of Procedures and Facility Attachment Negotiations
Some facilities, as (he sensitive or the complex ones, care for special procedures in
order to carry out the inspections. A lot of effort in bilateral and tripartite discussions has
been dedicated to this subject and the procedures have been commonly used in the field.
The Facility Attachments Negotiations are progressing well. The negotiation procedure
was to focus on issues common to most of the Facility Attachments and then on the
specific ones under discussion. It is expected to have some F.A. approved for both
;
countries until the end of 1997.
4) Technical Cooperation and Training
Even without a formalization, that is on the way, the IAEA has participated in
several training courses held by ABACC for its inspectors and technical personnel.
Technical discussions for NDA and DA, also have helped to solve special technical
problems. With a Cooperation Agreement to be signed in the near future both agencies
will for sure benefits of the technical cooperation.
One can say that a good relationship between ABACC and the Agency has grown up and
this is the result of a demonstration of good willing from both Parties, trying to understand
the constraints of the other Part and of the appropriale technical level of the discussions
participants. In addition to the coordination agreement, a coordination arrangement is
being prepared to provide ABACC a role as a contributor in the IAEA's policy making
organs and a reciprocal role of the IAEA in ABACC's decision making process.
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THE

IAEA-US VERIFICATION EXPERIMENT AT PORTSMOUTH

R. Hooper, W. Theis, J. Cooley, N. Whiting. F. Franssen, D. Schriefer, P. Ikonomou, D. Gordon, et al.
Department of Safeguards
International Atomic Energy Agency
The US is using the Portsmouth enrichment facility for the down-blending of highly-enriched
uranium (HEU) declared to be material released from the weapons program. It is proposed that the
IAEA conducts a "verification experiment" on the process, so that the IAEA may be able to confirm
that the measured amount of HEU has, in fact, been down-blended to LEU.

217

XA9949443
IAEA-SM-351/131

"The results of researches of Laboratory of Microparticles Analysis (RF)
in
IAEA interests".
CeorgyA.KAUROV
PhD
Minatom of Russia
The prevention of spreading of nuclear weapons on the planet is one of the
most serious tasks which are deciding by the IAEA.
The Regime of IAEA Guarantees play the exceptionally important role in
conditions of extensive peaceful utilisation of nuclear energy by majority of
countries, but it require its improvement.
As the phrase is in "Moscow Summit Declaration" on Nuclear Safety and
Security Summit of 1996:
" We express our support for IAEA safeguards regime, which plays a
critical role in providing assurance against the diversion of nuclear
material going undetected".
President of Russia Boris Yeltsin said at the Moscow Summit:
"Russia considers it important that our eight countries should provide
assistance to the IAEA in fulfilling its control functions. The Agency
should be reinforced with financial and human resources and equipment
and legal rights.
I believe that the Agency's activities directed towards establishment of an
effective system for the detection of possible clandestine nuclear activities
should be supported".
This view was reflected in Moscow Summit Declaration. As the phrase is:
"We underline the need for the urgent strengthening of IAEA capabilities
to detect undeclared nuclear activities".
And IAEA has that kind of possibility.
Specialists that worked in the sphere of control for non-proliferation of
nuclear weapons know that many countries-IAEA members have
traditional
national monitoring and control systems for all types of nuclear weapon
test.
The life demonstrates (events in North Korea, in Iraq, in South Africa, in
Israel etc.) the necessity of realisation by IAEA of that experience.
Minatom of Russia offers IAEA to utilise known for us methods of
identification of objects with nuclear activities in interests of IAEA
Guarantees. Drawing No 1.
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This offer is in conformity with decision of IAEA Council of Managers "
On the utilisation of Environmental Sampling in IAEA interests".
The Laboratory (RF) of Microparticles Analysis was created in Minatom of
Russia for the decision of similar tasks and it is capable to determine the
nuclear-physical and physical-chemical characteristics of microparticles
which are in samples that was collected at the objects IAEA interested in.
It is clearly defined for every microparticle:
- Essential element's ingredients.
- Isotope composition.
- Form (shape).
- Size (dimensions).
- Structure of surface.
- Element composition.
The scheme of analysis of samples in Russian Laboratory is presented on
the drawing No 2.
Figures that are characteristic for analytical methods and analytical
instruments used by Russian laboratory, you can see at the drawing No 3.
By July, 1997 analysis of about 120 samples received from IAEA was
completed at Russian Laboratory.
Not less than 20 microparticles was measured in each of sample.
The results of analysis were discussed repeatedly in IAEA and were
approved
on the whole.
As a result of analysis carried out- it is possible to affirm that method of
selection and analyse of samples is valuable source of information on the
character of measures conducted at declared and undeclared objects
checked by the Agency.
The identification can be produced with the aid of samples collected at
natural environment objects.
Russian Laboratory improves methods and technique of realisation of
sample' analysis. Russian experts submits suggestions for the
consideration of IAEA with the purpose of adoption in practice of control.
In such a way we consider important to obtain information of shape,
structure
of surface and element" composition of microparticles because this
information describes physical and chemical processes of its formation.
There are microphotographies of analysed particles on the Drawing No 4.
Russian experts have presented new materials for IAEA with the purpose
of selection of swipe samples. These materials are more convenient during
laboratory analysis, because it is easy to dissolve materials in various
solvents (acetone, spirit, tetrachloride carbon etc.).
On the whole Russian Laboratory of Microparticles Analysis, in our
opinion, blends with the scheme in common for improving of IAEA
Guarantees and experience of IAEA work can be utilised by the others
specialists from the rest countries-members of Agency.
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Resources optimisation for IAEA safeguards control for spent
nuclear fuel repository
Mr. A. Fattah
Department of Safeguards
International Atomic Energy Agency
P.O.Box 200

A-MOO, Vienna, Austria
E-mail: afattah@sg.iaea.or.at
and
Mr. Alexander Belenki
Mrs. Irina Fedoceeva
Dr. Alexander Ryjov
Department of Mathematics and Mechanics
Moscow State University
Moscow 119899
RUSSIA
E-mail: ryjov@matis.math.msu.su

Introduction.
One of lateral products of nuclear industry is spent fuel. The most economically
favourable method of its salvaging is warehousing in specially equipped repositories. It is
improbable, that though one such repository will be completely filled in and sealed till 2050,
however, the decision of a problem on its optimum designing should be offered now. The
important safeguards problem is organisation and realisation of the reliable control for such
repository with the purpose of prevention of unauthorised withdrawal of used fuel. Thus it is
necessary as much as possible effectively use means selected for this purpose.
In the given paper a variant of the decision of a part of this problem is offered.
In the work on the repositories control safeguards use a set of special equipment.
This equipment, and also the general approaches to its use are described in work [1] rather in
detail, therefore we shall not consider them here.
In our opinion, the work on organisation of the control for spent fuel repository may be
a few artificial, broken on two stages:
- choice of location, design of repository and selection of safeguards equipment for
realisation control for repository during its filling and after its closure;
- direct control for the repository which is already constructed, filling in or sealed.
It is obvious, that the first stage is very important, because optimum choice of
repository location, its design and constaiction with allowance of safeguards requests and
also proper selection and the arrangement of special equipment will have the important
significance for organisation effective international control.
In the given paper the decision of the first stage of (he problem is offered.
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EVALUATION OF THE RESULTS OBTAINED IN ANALYSIS OF NUCLEAR MATERIALS SAMPLES TAKEN
IN SAFEGUARDS INSPETIONS AND IN INTERCOMPARISON SAMPLES

Radier Mario Silveira de Araujo, Silvio Goncalves de Almeida, Sonia Valeria Goncal
ves, Jose Henrique Barbosa Bezerra e Marcia Maria Duarte

Brazilian National Nuclear Energy Comission - Safeguards Service - Safequards
Analyticval Laboratory.

The analytical results of nuclear materials samples taken in safequards inspetions
were evaluated as well as the performances obtained in analysis-~of intercomparison
samples provided by IAEA and EURATOM and in intercalibration samples provided by
ABACC. The analytical method was the Davies and Gray - NBL Potentiometric Titration.
Various parameters were studied as well precisions of the results obtained in buret's
calibration in wich the coeficients of variation lied in the range of 0.022% or
better. The precisions of the analytical results obtained were about 0.055 o or
better. The accuracies, determined by titrations of aliquots of Primary Standards
stock solutions and analysis of intercomparison samples, were of the order of 0.100 o
or better. There were determined the systematic and randomic components of the
results. These values are in concordance of ESARDA ;s Target Values for samples of
nucleary pures materials. For heteroqeneous and impure materials, the values of
accuracy and precisions have not showed the same quality of results as for nuclearly
pure samples. However, their precisions results are accordance of the quality
requirements internationally accepted for safequards purposes. All the accuracies and
precisions were reprodutibles for a period of three years.

221

XA9949446
IAEA-SM-351/134

THE CURIUM BALANCE APPROACH FOR ENHANCED SAFEGUARDS
FOR SPENT FUEL HANDLING AND REPROCESSING
H. O. Mcnlove, D. H. Beddingfield, P. M. Rinard, and T. R. Wenz, Los Alamos National
Laboratory, Safeguards Science and Technology, Group NIS-5, MS E540, Los Alamos,
NM 87545 USA
Curium can be a useful signature for safeguarding spent fuel at the head-end of
reprocessing plants, high-level waste vitrification plants, and bulk-handling facilities such
as the direct use of PWR spent fuel in CANDU Reactors (DUPIC). The direct
measurement of the plutonium and the uranium in spent fuel is extremely difficult because
of the high-radiation levels associated with the fission product gamma rays and the curium
neutrons. After several years of post-irradiation cooling, the Cm becomes the dominant
source (>95%) of neutrons and it decays with an 18.1 year half life. For many spent fuel
storage, process, and handling activities, the ratio of the curium to plutonium is invariant
because there is no chemical process
that can change the relative amounts of these two
actinides. For these244
cases, the 244Cm can be used as tag for the plutonium. A quantitative
measurement of the Cm neutrons can give the plutonium mass if the Cm/Pu ratio is
known.
The Cm/Pu ratio can be directly measured at key measurement points (KMP) such
as the input accountability tank in standard aqueous reprocessing plants, in the high level
waste input tank for vitrification, and in the blended MOX powder for the DUPIC process.
Under current safeguards procedures, the plutonium concentration is routinely measured at
these three KMP.
When using the curium balance approach, the 244Cm would be measured from the
same sample that was used for the plutonium determination using DA or NDA. If the
accuracy or cost of the curium DA is prohibitive, the * Q n mass of a small sample
(1-5 ml) or a liquid flow by-pass sample can be 244
easily measured from the spontaneous
fission
neutron
emission
rate
from
the
sample's
Cm. The neutron emission rate from
244
Cm is 1.08 x 107 n/s.g so a few micrograms of 244Cm are adequate for the quantitative
mass determination. An accuracy of ~ 1 % can be obtained in a 5-min counting244
time using a
neutron coincidence detector to measure the spontaneous fission rate from the Cm.
The primary use of the curium balance or tagging approach is to determine the
plutonium mass in the waste and product flow streams that are otherwise immeasurable.
These streams include the leached hulls, compacted cladding, vitrified high level waste
containers, input spent fuel assemblies, and product DUPIC CANDU fuel bundles. The
excellent penetrability of the fast-neutrons from the spontaneous fission allows the
complete assay of bulk samples that might weigh several hundred kilograms (e.g., vitrified
waste canister) but with a sensitivity to measure samples as small as one gram (e.g.,
accountability tank samples).
The neutron detectors that are used for measuring the curium must be designed to
withstand the high gamma-ray levels from the fission products that usually accompany the
curium. We have used lead shielding for this purpose because 3the neutrons can penetrate
the lead with negligible attenuation. Also, we have developed He neutron detectors that
can operate in gamma fields that are an order of magnitude higher than was previously
possible. The neutron signals can be measured in gamma fields of several hundred R/h.
This paper will describe the curium balance approach for improving the safeguards
for spent fuel handling and processing. Recent applications of the method at processing
and vitrification plants will be described.
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Testing New Surveillance Equipment for Safeguards Applications
V. Fortakov, K. Gaertner, J. Whichello, O. AH
IAEA

Optical surveillance is one of the important safeguards measures applied by
the IAEA. Surveillance equipment currently in use (twin cine-camera units and oneor multi-channel closed circuit TV systems) was designed more than a decade ago and
some of the systems authorized for inspection use - particularly single-channel TV
systems - have a failure rate that contributes significantly to the overall number of
surveillance failures. In October 1995 the Department of Safeguards finalized a policy
for transition from the current surveillance equipment to digital image surveillance
(DIS) and agreed on the essential requirements for DIS systems.
To be sure about the reliability of the new equipment, it was decided that all
DIS systems must be adequately tested in the field before their acceptance by the
Agency. Three DIS systems are under evaluation: Gemini, developed under a task of
the US Support Programme to Agency safeguards; EMOSS-1, a product of the French
Hymatom company; and VDIS, being completed under a task of the German Support
Programme. Department-wide field test activities have been formulated with
surveillance units installed in nuclear facilities under safeguards in different countries.
Support Programmes of Hungary and Finland provide additional test locations.
The field test objective has been set "to determine the suitability of each
surveillance system as routine use inspection equipment answering the User
Requirements" with a goal of at least 150 operating unit-months for each system to
accumulate, with all systems installed at locations broadly representing the spectrum
of facilities where such equipment will be used. The goal of 150 unit-months was
selected to determine with an acceptable confidence a lower limit value for the
equipment-related Mean Time Between Failures (MTBF) from the test data collected.
Before DIS units are released for installation at a field location, each unit is
subjected to a burn-in test at the Agency HQ to confirm the unit operability and
ensure its configuration for the field testing. In addition, all DIS systems are
subjected to a set of standard tests:
• environmental - to check how the system meets the environmental,
mechanical and electromagnetic compatibility specifications,
• usability - to assess if inspectors can efficiently interface with the system,
and
• vulnerability - to assess the robustness and tamper-resistance of the system's
data authentication features.
As of the end of April 1997, a major part of standard system tests have been
completed. In the field testing, the following installed unit-months have been
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accumulated: 78 unit-months for EMOSS, 32 for Gemini, and 27 for VDIS (for
Gemini and VDIS those numbers include a number of units that are tested in their
system's remote monitoring configurations). According to the field test schedule the
number of surveillance unit-months accumulated by the end of 1997 will allow the
Agency to complete the field testing of the first two systems mentioned above. The
field testing of VDIS is expected to be completed in 1998.
To facilitate the tests, a close contact with the manufactures of the three DIS
systems has been maintained. Procedures for burn-in tests and to collect and evaluate
data collected by inspectors servicing the test units in the field have been detailed and
implemented. A test database has been established to store and process the data
accumulated, a uniform definition of what constitutes a DIS unit failure has been
formulated and various categories of failures help organize the field test data in a way
allowing to separate equipment-caused failures from those caused by other reasons.
The paper describes the test procedures and data evaluation process. It
presents the main conclusions of the standard tests emphasizing aspects that are of
general importance to equipment used for safeguards purposes. Field test results
available by October 1997 are also presented in a generalized way.
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IAEA-SM-351/136
Performance and Qualification Tests for Safeguards Equipment
C. Korn* - K. Gartner **
IAEA

Performance and environmental tests may be defined as those which are conducted to
determine if the tested item (electronic device or other piece of equipment) can be stored,
transported and operated under various conditions without experiencing physical damage or
deterioration in performance.
An analysis of transport, storage and operating conditions must take into account the influence
of environmental factors such as temperature, humidity, vibrations, shocks and
electromagnetic perturbations.
In the Safeguards and Verification Unit (Sa-Ve-Tech) of the Joint Research Centre of the
European Commission, testing facilities have been set up and have been called the TEMPEST
laboratory (Thermal, ElectroMagnetic & Physical Stress Testing) in order to define the
performance characteristics and to establish performance profiles and the fitness for the
purpose of C/S devices.
A specific test procedure has been developped in collaboration with IAEA in order to qualify
IAEA safeguards equipment. Various equipment have been tested in the last years as
described in this paper.

European Commission
Joint Research Centre Ispra (Va), Italy
Institute for Systems, Informatics and Safety
Unit Safeguards and Verification Techniques
1-21020 Ispra

**
International Atomic Energy Agency
Department of Safeguards
Wagramer Strasse 5
A-1400 Vienna
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UNATTENDED VERIFICATION OF SPENT FUEL TRANSFERS
B. Wishard, J. Ann, P. Ikonomou, J. Aragon
Department of Safeguards
International Atomic Energy Agency

A Spent Fuel Transfer Monitor (SFTM) has been developed that will verify and count
closely spaced (~l-cm) CANDU spent fuel bundles at a rate of 2-bundles/second
during transfer to secondary storage. Profiles of bundles are constructed from the
fission product y -rays. The SFTM operates fully unattended, has a count rate
performance of >150-Kcps, and can store a 256-channel spectrum in < 4-millisec
intervals. Test have produced reliable results for bundles with burn-ups of 10 to 400MWhr/Ukg and cooling times of 3-months to 9-years using a fixed detector
geometry.
The installation of the system at the multiunit CANDU stations Bruce A and Bruce B
in Canada is going to save the Agency an inspection effort of about 150 PDI annually
or 3 HQ inspection years.As a next step, the SFTM system is meant to be operated
remotely through the Agency's Toronto Regional Office.
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Regional SafeGuards
The Geopolitical Issue and Yemen
M. Bahran
YEMEN

In tliis paper we study the geopolitical factor in our region as they relate to nuclear safe
guards and radiation protection. We concentrate on two issues:
1 - Regional cooperation and safe guards
2- Illegal trafficking of nuclear materials
We conclude that regional measures need to be established in this domain. Yet regional
treaties will not be useful unless they include all member states in the region. Hence we
propose a bilateral or multi lateral schem to deal with this issue.
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IAEA-SM-351/139
TRACING THE DEVELOPMENT OF COMPLEX PROBLEMS AND THE
METHODS OF ITS INFORMATION SUPPORT
Mr. Alexander Belenki
Dr. Alexander Ryjov
Department of Mathematics and Mechanics
Lomonosov' Moscow State University
Moscow 119899
RUSSIA
E-mail: belenki@matis.math.msu.su
Abstract: This article is dedicated to the development of a technology
of information monitoring complex problems such as IAEA
safeguards tasks. The main purpose of this technology is the creation
of human-machine systems for monitoring problems with complex
subject areas such as social science, business, ecology and etc..

I.Introduction
The content of work of many experts in modern information community is possible to present
as evaluation of a current state of the problem on the basis the accessible information,
construction of the forecasts of its development and working out of the recommendations on
management of ways of its development taking into account a set of goals.
Examples of such problems can be:
• In area of social science - "Maintenance of a victory of the candidate X on election",
"Relations of countries Y and Z", "Maintenance of observance of country U interests in
region V". The information in the given cases represents results of public opinion
interrogations, politicians' statements, evaluation of particular actions of countries and/or
political parties etc.
• In area of business - "Opportunity of production by company X an item which is similar
Y", "Expediency of production of goods Z", "Ecological safety of production". The
information represents the results of market researches, evaluations of the experts, analysis
of fluctuations of the prices in the world markets, legislation of countries, the model of
technological processes etc.
• In area of science - "Fuzzy and intelligent technologies", "Alternative sources of energy".
The information is fixed in the scientific articles, statements on conferences, evaluations
of the experts, reviews, reports etc.
• In IAEA safeguards tasks - "Nuclear activities of the countries", "Non-proliferation of
nuclear materials", etc. The information is fixed in the reports of IAEA inspectors, data of
safeguards equipment, statements on meetings, reviews etc.
The given list can be continued.
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IAEA-SM-351/140
A STUDY OF THE FEASIBILITY OF MONITORING SEALED GEOLOGICAL
REPOSITORIES USING SEISMIC SENSORS
H. D. GARBIN
P. B. HERRINGTON
R. P. KROMER
Sandia National Laboratories, Albuquerque, New Mexico, USA
After closure, the entrance of a geological repository will be filled in and sealed creating the containment.
However, there is no currently known technique that could prevent a State willing to recover the stored
material from doing so. Thus, repositories containing irradiated fuels, because of their plutonium content,
will have to be safeguarded by the IAEA for as long as deemed appropriate by the international
community. This paper will evaluate the feasibility of using seismic sensors to help safeguard a sealed,
geological repository.
The Yucca Mountain repository offered an opportunity to perform field evaluations of the capabilities of
seismic sensors because during much of 1996, mining there was progressing with the use of a Tunnel
Boring Machine (TBM). During the mining of Yucca Mountain's southern branch, an effort was designed
to evaluate whether the TBM could be detected, identified and located using seismic sensors. Three data
acquisition stations were established in the Yucca Mountain area to monitor the TBM activity. Two of
these stations were 3 element arrays of vertical sensors and the other was a 3-component system. All the
sensors installed were Model GS-13 short-period, spring-mass seismometers. Station UZ14 was a 3
element array at a range of 5 km and with the sensors separated by about 100 m. Station SD7 was also a 3
element array with about a 50 m sensor separation at a range of 1 km. WT17 was a 3 component system
(with the two horizontal components aligned east-west and north-south) at a range of 3 km. The analog
data were converted to 24-bit digital data at a rate of 125 samples/sec and recorded on a 1 GB hard drive.
This allowed continuous operation for up to 4 days before data were downloaded to a laptop and recording
was restarted. Data collection began on day 310 (5 November 1996) and was terminated on day 352. The
activity of the TBM was determined solely from the mining logs kept by the operators. The TBM survey
locations are known at the start of the day shift (08:00 PST).
Unlike cut and blast techniques of mining which produce impulsive seismic signals, the TBM produces
seismic signals which are of long duration. (There are well established techniques available for detecting
and locating the sources of the impulsive signals.) These lower amplitude signals are emitted over a longer
time and any seismic energy may be only slightly above the ambient seismic noise. An example of TBM
signals is shown in the Figure 5. This signal was detected at all the stations and the amplitude diminishes
with range. The standard mode of operation of the TBM shows an increase of amplitude for 7 to 10
minutes followed by a period of relative quiet. This corresponds to mining with the TBM followed by a
setup for moving and re-gripping the TBM. These time intervals can vary, but the process is repeated over
several hours as long as the TBM is in a suitable medium. This time series property is currently the only
method for identification since spectra of the signals are broad band and show no identifiable frequency
bands in 0 - 60 Hz interval.
A ratio of short term average to long term average algorithm was developed for use in signal detection
based on the characteristics shown in the time series. The basic properties are the steady amplitude
envelope of the signal and it's duration. Very few local signals would last several minutes and the
detection scheme uses this fact. The long term is averaged over 75 seconds and the short term is averaged
over 15 seconds. In addition, the threshold ratio must be maintained for at least 100 seconds. This
effectively eliminates any local explosions which may have a 10 second duration. A subset of the data
(days 319, 320, 321, and 325) was chosen to apply the detection algorithm. The false alarms which
occurred were caused by maintenance of the TBM, ground support, shift changes, and rock bolt drilling.
Of the total of 71 TBM mining operations listed in the logs, the closest station (SD7) at < 1 km detected 61
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(85.9%), WT17 was the next closest (-3 km) and detected 63 (88.7%). UZ14 was at a range of 5 km and
detected the least number: 37 (52.1%).

TBM Vertical Signal at Three Stations
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Figure 5. Tunnel Boring Machine signals as detected at the 3 monitoring sites.

For location of the source of detected signals, the emergent nature of the signals preclude determining a
first arrival to a reasonable degree of accuracy. FK analysis was used on the array data to estimate back
azimuths: The back azimuth from the 3 component system was estimated from the horizontal components.
To eliminate bias, day 319 is used to calibrate the arrivals and a correction is applied to the back azimuths
in calculating locations. UZ14, the station at 5 km, had the greatest scatter in the locations. The analyses
produced errors between 800 m and 2.3 km in location. The back azimuths of stations SD7 and WT17 (1
and 3 km ranges) gave very small variations in back azimuth angles. The errors produced here were much
less, between 150 and 300 m.
This work is ongoing and should be completed by June 1997. Final results along with estimates of initial
capital costs and maintenance costs of an effective system of seismic sensors will be presented.
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FIRST SYNTHESIS OF THE URANIUM ENRICHMENT MEASUREMENT EXERCISE RESULTS
J. Morel*, C. Hill**, M. Bickel**, S. Napier***, B. Thaurel****
and Members of the ESARDA Working Group on Techniques and Standards for Non-Destructive Analysis
*CEA-DAMRI-BNM-LPR1, Saclay, France, ** CEC^JRC-IRMM, Geel, Belgium,
*** BRITISH NUCLEAR FUELS PLC, Springfields, U.K., ****CEA-IPSN-DSMR-SATE, Fontenay-aux-Roses, France

The ESARDA Working Group on Techniques and Standards for Non-Destructive Analysis has decided to
organise an international evaluation exercise for uranium enrichment measurements. The aim of this exercise was to test
the different X and y-ray spectrometry methods used in the determination of uranium enrichment, in order to evaluate
their performances and to analyze the parameters influencing the results. New methods, using new spectrum evaluation
programs or/and room temperature detectors were also be tested.
This exercise was proposed to all production, research and safeguards laboratories using non-destructive
methods for determining uranium enrichment. In view of the difficulties in transporting nuclear materials, it was decided
that the measurements were to be made in the laboratories of IRMM (Institute for Reference Materials and
Measurements) at Geel (Belgium) from the end of January to early March 1997 by the participants with their own
equipment. For the majority, the necessary equipment was small and easily transported. The participants were asked to
measure seven different samples prepared by IRMM or BNFL (British Nuclear Fuels PLC): 2 LE UO2 pellet samples, 2
LE UO2 powder samples, 2 LE UO2 freshly converted powder samples and 1 HEU metal sample. Except for methods
using room temperature detectors, the participants were invited to make 3 measurements having the same counting time
for each tested method and each sample; the period allotted to each participant for measuring the samples was 5 days.
Calibration with several ^ O g standards were available for LEU sample measurements and it would be possible to use an
empty container for decreasing the influence of absorption effects.
Several types of spectrometric methods were tested; these have been classified as follows according to the
principle on which they are based :
- Type A methods : all methods based on the counting of the 185.7-keV or other y-ray recorded with a sodium iodide
scintillation or germanium detector. These methods require a previous calibration with known enrichment standards.
- Type B methods : all methods using several y-ray peaks for determining uranium enrichment; these methods require a
self-calibration based on a limited number of peaks.
- Type C methods : all methods based on the analysis of X- and y-ray peaks in a so-called X-Ka region; because this
region is limited, the variation of the detector efficiency response is small and calibration with standards is not required.
- Type D methods : all methods using a room temperature detector.
15 different laboratories have participated in the uranium exercise. 35 series of results have been received, 16 for
the type A methods, 4 for type B, 12 for C and 3 for D. Except for type D methods, the participants were requested to
give their results for each of the 3 measurements as well as the final combined result from these measurements. These
results are compared here to the certified values; in particularly, Fig. 1 shows the reference values and the mean values
obtained from all the results for type A, B and C methods. A first synthesis of the results is proposed in order to
investigate sources of error.
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Fig. 1 : Comparison of mean values from the results of type A, B & C methods with the reference values
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The Conclusion of Programme 93+2
A Status Report on Strengthened
and More Efficient Safeguards
R Hooper
IAEA
Department of Safeguards
Since the end of the cold war a series of events have changed the circumstances and requirements
of the safeguards system. The discovery of a clandestine nuclear weapons programme in Iraq, the
continuing difficulty in verifying the initial report of the DPRK upon entry into force of their safeguards
agreement and the decision of the South African Government to give up its nuclear weapons programme
and join the NPT have all played a role in an ambitious effort by IAEA Member States and the
Secretariat to strengthen the safeguards system. A major milestone in this effort was reached in May of
this year when the Agency's Board of Governors approved a model Protocol additional to safeguards
agreements. The model Protocol was negotiated by an open-ended committee of the Board involving
some 70 Member States.

The IAEA is beginning the process of negotiating this protocol additional to safeguards agreement,
State-by-State. It will provide the IAEA with much broader rights of access to information about all
State activities related to the use of nuclear material and greatly expanded physical access for IAEA
inspectors to verify this information. This action allows recent Board decisions that have strengthened
the safeguards regime within the legal authority provided by existing agreements. The purpose of this
paper is to review the technical objective and rationale for strengthened, more efficient safeguards and
to describe progress toward that objective.
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THE SAFEGUARDS IMPROVEMENT PLAN FOR THE
TOKAI REPROCESSING PLANT
SHIRLEY JOHNSON
OPERATIONS SECTION OA2
IAEA DEPARTMENT OF SAFEGUARDS

The IAEA must design and implement safeguards for reprocessing plants not only to detect abrupt
and protracted diversions of nuclear materials, but also to provide assurance that the plant is not used
to reprocess undeclared plutonium. This is a complex task, and the safeguards approach applied at
specific reprocessing plants must be reviewed from time to time to ensure that it provides the required
assurance. Given that continuous inspection is required when a reprocessing plant is in operation,
it is also important to review the existing arrangements in light of new technologies which may
reduce verification costs, or reduce the intrusiveness of verification activities and increase the
effectiveness of the inspection effort.
The Tokai Reprocessing Plant (TRP), began hot commissioning activities in 1978 and has over the
years reprocessed over 1000 tonnes of spent fuel. As the safeguards philosophy and the verification
equipment and methodology has evolved over that period, many innovative safeguards measures
have been introduced. In the latest effort, a TRP Safeguards Improvement Plan has been established
as a three-way project between the IAEA, the Japanese Nuclear Safeguards Bureau of the Science
and Technology Agency, and the facility operator, the Power Reactor and Nuclear Fuel Development
Corporation, PNC.
The TRP Safeguards Improvement Plan comprises eleven tasks. This Paper will review the Plan, the
work carried out thus far and the work planned between now and the year 2000.
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VERIFICATION OF CORE FUEL IRRADIATION HISTORIES
IN A LIGHT WATER REACTOR
E.Gryntakis, W.Alston, B.Torres Barrios, Y.Kulikov, G.Tributsch
International Atomic Energy Agency - IAEA
H. Menlove, T.D. Reilly , R. Siebelist
Los Alamos National Laboratory- LA
G. Almeida, L. Rovere, O. Calzetta Larrieu
Brazilian-Argentine Agency for Accounting
and Control of Nuclear Material- ABACC

To date no technique has been available to the Agency to perform
measurements to confirm the irradiation history of individual core fuel elements in
order to resolve anomalies resulting from, for example, surveillance failure. At a
series of measurements using the fork detector in an LWR in one member state, it
was possible for the Agency, with the cooperation of the member state and the US
Support Programme, to satisfactorily confirm the irradiation histories of the reactor
core fuel from different core loadings. The paper describes the techniques used and
the results obtained in the measurements of fuel with different irradiation histories.
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VERIFICATION OF THE INITIAL REPORT
UNDER THE
QUADRIPARTITE AGREEMENT
BETWEEN
ARGENTINA, BRAZIL, ABACC AND THE AGENCY

W. Alston, A. Barocas, V. Dornow
International Atomic Energy Agency - IAEA

The paper outlines the development of the Quadripartite Safeguards Agreement
(INFCIRC/435) and describes the basic approach of the Agency to fulfill its obligations for
the verification of the initial report under this agreement. An overall description is given of
the activities carried out with regard to the verification of the inventory and design
information. Subsequent activities and follow-up actions and arrangements for the phasing
out of the existing INFCIRC/66-type agreements are described.

236

XA9949458
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Status and Perspectives for Safeguarding the Rokkasho Reprocessing Plant

R. Abedin-Zadeh, P. Amman, S. Deron, F. Franssen, D. Neal P. Nocture, T. Shea, T. Renis
International Atomic Energy Agency

The construction is underway on the Japan Nuclear Fuel Limited (JNFL) commercial large
scale light water reactor spent fuel reprocessing plant at Rokkasho Mura, Japan. It represents the
largest and most complex nuclear installation submitted to IAEA safeguards thus far. In order to
prepare for this task, the IAEA has established the JNFL Project in 1992 with the objective to
plan, coordinate and integrate all activities necessary to design and implement an effective and
efficient Agency safeguards system at the Rokkasho Reprocessing Plant (RRP). The activities of
the IAEA-JNFL Project include:
•
•
•
•
•
•

to establish a safeguards approach for the complex facility,
to carry out the design information verification,
to design, procure and qualify all safeguards equipment including an on-site laboratory,
to develop the necessary methods and software for data collection and evaluation,
to draft the facility attachment, and
to train inspectors and laboratory analysts for on-site verification.

Extensive discussions were held during the last years with the Japanese national authorities
(JNSB) and JNFL operator to design the required safeguards system. The safeguards approach
for the spent fuel receipt and storage area has been concluded and the required equipment
operating in unattended mode has been designed, fabricated, procured and installed by the
Nuclear Material Control Center (NMCC) and cooperation with JNSB and JNFL. The necessary
acceptance tests for routine safeguards use will be carried out by the Agency and NMCC upon
receipt of spent fuel at this facility.
The safeguards approach for the RRP will be based on the Agency's experience in smaller
plants and will take into consideration the recommendations provided by LASCAR, a
multinational forum (1988-1992) with the overall objective to assist the IAEA through provision
of information and expert advice in the development of effective and efficient safeguards for large
scale reprocessing plants. An iterative process, including discussions with JNSB and JNFL has
been held and will continue to result in preparing the final safeguards approach. The approach will
be based on the material accountancy complemented with continuous monitoring of process
parameters to obtain the necessary assurances. It is understood that the safeguards approach must
meet the safeguards criteria requirements, minimize interference into normal plant operations and
limit costs to the extent possible. To accomplish these goals, the safeguards approach has to be
closely integrated into the plant system.
Up to now, a comprehensive list of equipment for safeguards use has been proposed by
JNFL and is being examined for their capability, costs and authentication measures. It consists of
sensors for measurement of tanks levels, densities, temperature, flow meters, neutron detectors
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and containment and surveillance systems. It is foreseen to collect data from dedicated joint
IAEA/JNSB instruments and shared signals from the operator installed instruments such that the
measurements are made under controlled and authenticated arrangements. The collected data will
be transferred via a dedicated and authenticated data network to the inspection center for data
evaluation. The network will enable Agency to reduce the inspection efforts, minimize the
inspection teams, reduce radiation exposure and the level of intrusiveness of inspections in the
daily routine of the operator while the verification coverage will be expanded and additional
assurance will be obtained with the monitoring of the relevant process parameters.
In addition the planned joint JNSB/IAEA On-Site I .aboratory (OSL) located at the
Rokkasho site will improve the efficiency, sample integrity, measurement timeliness, reduce the
overall cost and the number of shipment of radioactive samples from Japan to Vienna. The design
of the laboratory is being finalized and discussions being held to define the specifications of the
equipment, procedures, cost issues and legal arrangements.
While the construction is underway, the Design Information Examination and Design
Information Verification are being conducted to establish the foundation for the safeguards
approaches and verification measures. It is planned to continue a comprehensive and timely
verification of design information and to maintain continuity of knowledge of the verified design
information. This will continue through commissioning, routine operation, maintenance and
upgrades, through decommissioning.
The paper will describe the IAEA JNFL Project, the status of the activities and the
provisions foreseen for the implementation of IAEA safeguards at this plant. It will present the
safeguards approach for this large scale reprocessing plant with incorporation of selected elements
from the 93+2 programme.
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Use of Improved Spent Fuel Attribute Tester (SFAT)
for Verification of Spent Fuel
by J. Arenas Carrasco, V. Bytchkov, A. Dubreuil, S. Yim (SGOC)
R. Arlt, K. Esmailpour (SGTS)
IAEA

The paper presents the results of the implementation of SFAT for verification of spent
fuel at various types of nuclear reactors. The device has been used in those cases where
improved Cherenkov Viewing Device (ICVD) could not provide conclusive results. In the
course of SFAT implementation the following specific cases were identified:
1.
2.
3.
4.
5.

Assemblies with long cooling time and low burn-up stored next to freshly discharged fuel
assemblies
WWER-1000 type assemblies which have a complex top structure
WWER-440 fuel followers with difficult access to the top of the upper tie plate
PWR assemblies stored with control rod spiders
Assemblies of special design at reactors other than LWRs

The experience gained proves that SFAT can be successfully used for verification of spent
fuel in those cases where ICVD could not provide conclusive results. In order to achieve best
verification results, the SFAT must be carefully set up taking into account the fuel assemblies'
design features, storing arrangements and irradiation history.
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OLR Safeguards Criteria for National Inspection in Korea
Jae-Sung Lee, Wan-Sou Park, B-K Kim, and Karp-Soon Rheem
Technology Center for Nuclear Control (TCNC)
Korea Atomic Energy Research Institute (KAERI)
Republic of Korea
Legal and institutional frameworks have been established for national
inspection in Korea. The legal basis of national inspection in Korea is provided in the
Atomic Energy Act together with subsidiary legislation. The latest amendment to the
Atomic Energy Act was made in December 1994 and entered into force on 5 January
1995. Considering the effectiveness of the national safeguards in Korea, the Nuclear
Control Division at the Ministry of Science and Technology in 1993 and the Technology
Center for Nuclear Control at the Korea Atomic Energy Research Institute in 1994 were
established as national safeguards institutional foundation.
The main feature of the OLR criteria is employing only fundamental measures
for the verification of fresh fuel, core fuel and spent fuel stored at spent fuel pool, i.e.,
without applying complementary measures such as the MUX-CCTV, Core Discharge
Monitor, Spent Fuel Bundle Counter, Y/N monitors, and other safeguards equipment
normally used by the IAEA. In case of the core fuel verification, the Short Notice
Random Inspection (SNRI) concept has been adopted. In particular, in order to perform
the verification activities on spent fuel bundles which are not under containment and
surveillance measures at spent fuel pool, a couple of instruments have been developed
to facilitate the implementation of national inspection for OLRs. Figure 1 shows the
detector part of spent fuel verifier developed in Korea. In order to obtain fingerprints at
dry storage, an instrument controlled by a notebook PC has been developed as shown in
Figure 2. Utilization of these instruments is expected to both shorten the inspection
period and improve the effectiveness of verification activities.

Horizontal ColUmator

FIG. 1. The detector part of spent fuel verifier
240

FIG. 2. Fingerprint verifier and its controller

The national safeguards criteria are designed to satisfy the requirements of the
IAEA safeguards criteria. The OLR safeguards scheme for national inspection in Korea
may be summarized as shown in Table 1. A couple of instruments developed in Korea
could be used for Agency inspections by taking appropriate procedures such as
authentication.
Furthermore, it is expected that the national safeguards criteria for OLRs could
contribute to the achievement of cost effectiveness and the more accurate inspection
verification through increased cooperation between the IAEA and the SSAC.

Table 1. Summary of OLR safeguards scheme in Korea

FRESH FUEL
COREFUEL
SPENT FUEL
ATSFP
SPENT FUEL
ATDS
TRANSFER
CAMPAIGN

Method
DP
Method
DP
Method
DP
Method
DP

PIV
IIV
SI
LA,H I,A,H LA,H
RL
RL
RL
LH
RL

LH
RM

V

V

RL

RM

SNRI
I,A,H
Whole items(*)
LA,H
Whole items(**)

Verification according to steps of basket loading, drying
and welding, the end of transfer campaign

Remarks

I,A,H

(*): Whole items refueled from loading area on inspection day are verified.
(**) : Whole items discharged from reactor core on inspection day and previous day are verified.
IIV : Interim Inventory Verification, PIV : Physical Inventory Verification
SI: Simultaneous Inspection, SNRI: Short-Notice Random Inspection
Method I : Item Counting, Method A : Identification of serial number enchased at fuel bundle
Method H : Attribute test by NDA (gross defects)
Method V : Seal verification, RL : Random Low, RM : Random Medium
DP : Detection Probability, DS : Dry Storage, SFP : Spent Fuel Pool

241

XA9949461
IAEA-SM-351/151P

VXI-based Digital Image Surveillance System VDIS
- Integration of Optical Surveillance and Radiation Monitoring K.J. Gartner, R. Arlt, W. Lewis, International Atomic Energy Agency, A-1400 Vienna
G. Neumann, Dr. Neumann Consultants, D- 50259 Pulheim
D. Bot, Bot Engineering, LOP 1B0 Campbellville
R. Keeffe, Atomic Energy Control Board, KIP 5S9 Ottawa
B. Richter, Forschungszentrum Julich, D- 52428 Jtilich

In 1992 the Agency established the IAEA Integrated Safeguards Instrumentation Programme
(I2SIP) as a principle guideline for new equipment development activities. The digital image
surveillance system VDIS, developed under the German Support Programme is to be extended to
the worldwide hardware instrumentation standard "VMEbus Extensions for Instrumentation VXIbus". The system will meet two important I2SIP requirements: (1) the possibility of
integrating containment, surveillance and measurement modules for applications in complex
facilities, e.g. on-load reactors, fuel fabrication, reprocessing plants, and (2) the potential to
reduce the inventory of safeguards equipment. To achieve these I2SIP goals the primary characteristic of the VDIS as an I2SIP system is its
modular structure, whereby all modules are compatible with the VXI standard, i.e. they can
provide their full functionality in a VXI environment together with other modules that may be
commercially available or have been developed particularly for safeguards applications. It is
noted that the flexibility of the modular design facilitates other configurations of the VDIS
outside the VXI environment if required, e.g. for single channel surveillance applications.
The Canadian Support Programme is about to complete the development of the VIFM CANDU
Bundle Counter (CBC) and Core-Discharge-Monitor (CDM), both using the same VXI-based
ADAM module hardware for radiation monitoring with different software as required for the
different applications. Under the I2SIP regime it became evident to combine VDIS and ADAM
applications, i.e. to achieve an integration of surveillance and radiation monitoring on both,
front-end (data recording) and back-end (data review).
This effort is all the more significant because it addresses a major I2SIP objective, i.e. the
cooperation between two different MSSPs and the reuse of independent developments. Such a
pilot project must result in a wealth of information that will be useful also to other MSSPs
involved in integrated systems for the IAEA.
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An Operators Evaluation of 93+2
C.P. Behrens, VDEW- R. Weh, WKK ,

GERMANY

The 'Protocol Additional to the Agreements ..." resulting from the Programme 93+2
includes a number of Safeguards measures which deviate considerably from the
current practise. This does not only pose new demands to IAEA inspectors. Operators
of the concerned nuclear facilities have to deal with that new situation carefully to
enable the expected improvements in close co-operation with the inspectorates.
Our contribution investigates the proposed measures concerning their interactions with
routine plant operation taking into account operational, legal and economical boundary
conditions.
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BROADER USE OF INFORMATION UNDER IAEA SAFEGUARDS
Kaluba Chitumbo, Livio Costantini, Peter Smith and Marc-Gerard Albert
International Atomic Energy Agency, Vienna, Austria

Abstract: Current International Safeguards, as applied for more than 25 years, consists of a
complex control system based on nuclear material accountancy, focused on declared facilities
and activities. It involves the independent verification of the States' declarations.
The IAEA's effort to Strengthen International Safeguards include measures to broaden the
scope of information used in the verification process. It includes provisions for an expansion
of information provided by the State on its nuclear programme, measures related to increased
physical access to sites, and a broader access to and use of other available information sources
by the Agency. The general approach is to compare the State's declared nuclear activities with
the supplementary information available to the IAEA and to verify the absence of
inconsistencies.
This paper presents the various sources of information used in the verification process, with a
special emphasis on newly available sources. It provides an overview of the specialised
software tools applied to handle the vast amounts of information involved. It also gives an
introduction to the use. of information for verification and country evaluation purposes, with
the overall goal of being able to detect at a very early stage any undeclared nuclear activities.
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"R&D Activities of the ESARDA NDA WG"
1. Abstract
The main tasks of the ESARDA Working Group on TECHNIQUES AND STANDARDS FOR
NON-DESTRUCTIVE ANALYSIS are the following:
•

Define needs for procedural standards and reference materials.

•

Design and sometimes produce reference materials

•

Assess and contribute to improving the performances of NDA techniques

•

Assist operators and Safeguards Authorities in their duty of Safeguards implementation

•

Set up and maintain a list of NDA instruments and methods currently used for Safeguards
purposes

Members and observers represent plant operators, the nuclear industry, R&D laboratories,
NDA instrument developers and both safeguards control authorities.
The participation of major European plant operators and of the EURATOM Safeguards
Directorate and IAEA has always been assured and contributes to the good outcome of the
WG activities.
The on going activities of the NDA Working Group

•

Monte Carlo performance intercomparisons
242-r-h

•

Pu uncertainty

•

NDA Sampling errors

•

General NDA performance evaluations

Some milestones have recently been reached recently
• The 242Pu uncertainty improvement project is coming to an end with the issuing of a new
isotopic correlation.
• The NCC "reals" evaluation and the Monte Carlo round robin
• The Uranium Enrichment Round Robin Exercise has been completed
• The waste drum standards are being characterised and constructed: they will be available by
spring 1998. The round robin amongst laboratories will then start: summer 1998.
The paper will present goals and outcome of the main projects managed by the group in the recent
years and will illustrate the future plans.
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Standard Waste Drums

A new project has been specified in the last 12-18 months and has just been launched, having
finally received funding by the European Commission, concerns the realisation of standard
drums for calibrating waste assay.
Nuclear waste assay is becoming one of the most important issues in the fields of safeguards
and waste management and disposal. Nuclear waste management is constantly in the public eye.
From a technical point of view it is one of the most challenging issues for R&D laboratories.
Waste drums can only be assayed by NDA techniques prior to being disposed of, or accounted
for by Safeguards Authorities. Measurement problems are linked with the low Special Nuclear
Materials (SNMs) content to be assayed and to the absence of well characterised, highly
certified reference materials, representative of the waste population currently produced in the
EU. Some working standards are presently used in different facilities, but they do not have the
level of primary certification, and therefore of international acceptance, that national and
European authorities require for waste management and safeguards purposes.
Therefore the ESARDA NDA working group decided to design a project for constructing Pubearing reference waste drums, which will be used for calibrating, assessing and improving
NDA techniques currently used to assay the Pu content of waste drums.
The objective of the project is to design, produce and certify waste drum standards, with
variable Pu mass contents, constructed in such a way that different mass and geometric
configurations of the Pu sources can be prepared. The problem has been solved by deciding to
procure and certify about 100 sealed Pu sources, with Pu content from 5mg to I0g, welded in
35 pins that can be rearranged in different positions inside the drum.
Pu sources will be characterised by JRC-IRMM and welded into pins by CEA-Cadarache. The
drums and drum matrices will be provided and characterized by BNFL-Sellafield.
The drums will then be used for a blind round robin to assess performances of waste assay, but
the drums will then be kept as international reference materials for any further purpose.
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In Table 1 the main drum and source parameters.
Pu sources

accuracy

pins

drums

#105

.5% on Pu cont

#35

8x1001

.15g/cm3

8x2001

.15g/cm3+pvc

l%onPu239
2%onAm241

/fZ^\

matrix

Ae/cm3

;

\

Table 1. Details of the ESARDA Standard Drums

Fig 1 ESARDA Standard drum,
with the source channels
The paper will present preparation and characterisation criteria of the standard drums. The planned
use of the drums in an international round robin exercise for NDA methods on waste is also
presented.
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Passive Gamma Measurements For The Determination Of Plutonium In The Liquid Stream
And Solid Waste Packets.

P.P. Burte, S.P. Dange, S.B. Manohar and D.D. Sood
Radiochemistry & Isotope Group, BARC
Trombay, Mumbai 400 085, India.
For continuous monitoring of plutonium in the liquid streams from the plutonium
purification plants and the heterogeneous solid waste packets from the radiochemical
laboratories, Nal(Tl) based gamma ray spectrometric systems have been developed, tested and
are in use. Characteristic 384 keV gamma ray complex of plutonium is used in these
measurements. A calibration curve between the photopeak area under 384 keV complex and
the plutonium content from the simulated samples under the required geometry has been
obtained to estimate plutonium content in the samples. The ratio of the photopeak areas under
210 keV and 384 keV was used to confirm the range of isotopic composition of plutonium.
The passive gamma ray scanner for solid waste packets consists of a 3 n X3" Nal(Tl) detector
and stepper-motor driven sample rotator system. The rotation collimation technique is adopted
to overcome the heterogeneous distribution of plutonium in the sample and to obtain a flat
response with respect to plutonium distribution inside the waste can (20cm dia X 25cm height).
The sensitivity of the scanner is 20 mg per can with 20% accuracy for a total scan time of 300
sec. The results of the measurements are compared by chemical assay method and found to be
in agreement within J^ 10%.
Using the same principle, another unit for monitoring plutonium in the effluent from
the ion-exchange column operations during the final stages of purifications has been set up. It
consisted of a well shielded and collimated NaI(Tl) detector. Simulated samples of 1 litre
volume corresponding to 20 mg to 150 mg/l of plutonium were used to obtain the calibration
curve. The estimated errors on the measurements are due to the ambient background and
counting statistics and of the order of 5%. A provision is being incorporated for audible alarm
if the concentration of plutonium exceeds a pre decided level in order to help in timely
corrective measures on column operations.
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Experience With Neutron Well Coincidence Counting System For Measuring Plutonium
S.P.Dange, A.V.R. Reddy, S.B.Manohar and D.D. Sood
Radiochemistry & Isotope Group, BARC
Trombay, Mumbai 400 085, India.
Non destructive assay techniques using neutrons or gamma rays for nuclear materials
play an important role at various stages of the nuclear fuel cycle in the context of quality
control of finished products and nuclear material inventory. The neutrons emmitted due to
spontaneous fission of the even-even isotopes •'"Pu, ^ * u and
Pu can be measured to
estimate plutonium content. In the neutron well coincidence counter, time correlated
spontaneous fission neutrons are measured after sorting them from the random (<<,n) and
background neutrons using shift register coincidence logic.
A High Level Neutron Coincidence Counter (HLNCC), has been set up and consists of
24 He counters (50 cm X 2.54 cm <b and fill pressure : 4 atm) arranged in a circular array
with in a HDPE moderator housing. There is a provision of an empty central cylindrical well
having dimensions of 36 cm 4> X 50 cm for samples. The combined output from all deteaor is
used in the measurements. The absolute efficiency (gross) of the system was measured with a
calibrated neutron source and the value thus obtained is 16%. The coincidence efficiency was
determined to be 1.5 %.
J

The HLNCC unit has been used to assay plutonium having various isotopic
compositions in oxide and carbide matrices as well as in the finished products, (pellets and fuel
pins), sealed containers (oxide) and waste packets. The plutonium content varied in the range
of 50mg to 1000 g. However, when the amount was higher than lOOg, appropriate corrections
for self multiplication has been incorporated to arrive at the exact amounts.
The details of the fabrication of the unit, coincidence circuit, determination of die-away
time, efficiency, dead time of the system and the self multiplication corrections will be
discussed.
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STATUS AND FUTURE DEVELOPMENTS OF SSAC IN KOREA
Wan-Sou Park, Jae-Sung Lee, B-K Kim
Korea Atomic Energy Research Institute (TCNC)

The Republic of Korea concluded an INFCIRC/153 type Safeguards Agreement
with the IAEA in 1975 and Article 7 of the Agreement states that 'the
Government of the Republic of Korea shall establish and maintain a system
of accounting for and control of nuclear material subject to safeguards
under this Agreement', and also, 'the Agency, in its verification, shall
take into account of the technical effectiveness of the Republic of Korea's
system'. In order to meet these requirements, the Government of the
Republic of Korea has been taking necessary measures. Since then, the
Government had established and maintained an SSAC at the Ministry of
Science and Technology(MOST). At the beginning, routine safeguards work
such as reports submission and the IAEA inspection arrangement had been
conducted at the SSAC. However, beginning of 1990s, more than 20 peaceful
use nuclear facilities were under the IAEA safeguards and the IAEA spent
around 200 PDIs (person-days-of-inspection) for those facilities. The
Nuclear Control Division was established at the MOST in 1993 to support the
SSAC, and the Technology Center for Nuclear Control at the Korea Atomic
Energy Research Institute was established in 1994 to develop safeguards
technology and to assist the Government technically. Now the Nuclear
Control Division is in charge of the implementation of safeguards and the
Technology Center for Nuclear Control is responsible for technical support.
The legal authority for all nuclear activities in Korea is primarily based
on Atomic Energy Act, revised in 1994 to strengthen trie safeguards and
physical protection system and measures. The Act authorizes the Government
performing national inspection for the nuclear facilities. Concerning the
national inspection, the Republic of Korea's system has unique features.
According to the Atomic Energy Act, each nuclear facility should prepare
the 'Accounting and Control & Physical Protection Regulation1 by itself and
submit it to the Government for approval. The national inspection is to
inspect whether the nuclear facility is being operated according to
approved regulations. In 1996, relevant laws and regulations had been
revised and all nuclear enterpriser in Korea had submitted their own
'Accounting and Control and Physical Protection Regulation1 for government
approval. 17 Regulations were approved and national inspection will be
started in 1997. TCNC is supporting the Government in preparing necessary
documents such as safeguards criteria, inspection procedure and reporting
system for national inspection as well as technical assistance for NDA and
DA measurement during national inspection.
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"THE SAFEGUARDS ACTIVITIES RELATED TO HOLD UP AT
AN AUTOMATED MOX FUEL FABRICATION FACILITY"
G. Moussalli - M. Piana - D. Sellinschegg
IAEA

The Automated MOX Fuel Fabrication Facility (AMFFF) is a large scale facility that
produces Fast Breeder Reactor (FBR) fuel assemblies. With an annual capacity of up to
five tons of mixed oxide (MOX) and a remotely controlled, fully automated process,
AMFFF represents a new generation of advanced fuel fabrication technology. Because of
its design, AMFFF's process area is not usually accessible due to high radiation fields.
This makes frequent the clean out of glove boxes a difficult task. Hence, the normal
handling and processing of plutonium oxide powder and pellets within the glove boxes
tend to generate an excess of residual nuclear material known as hold-up.
AMFFF's hold-up inventory rose gradually from the start of operations in 1988 until
1992, due to difficulties in cleaning out the glove boxes. Additional production activities
to meet renewed demand on FBR assemblies in the Spring of 1992, caused the hold-up to
more than double in the next eighteen months. The International Atomic Energy Agency
(IAEA) or the Agency had meanwhile begun verifying the glove boxes' contents with
specifically designed equipment since the Fall of 1990. However, the steep increase in
hold-up coupled with large statistical uncertainties from both the verification technique
and the operator's measurement system, challenged seriously the Agency verification
approach. The Agency informed the State System for Accountancy and control (SSAC) of
the situation at the end of 1993.
Because of the sizable hold-up, the Agency launched a two-phase program in cooperation
with the SSAC and the Operator by mid 1994. The aim of the first phase was to halt the
growth of hold-up and reduce its inventory to target values within the shortest achievable
timetable. The objectives of the second phase were to define overall limits in hold-up and
implement continuous Agency monitoring of hold-up balances after reaching the targets of
the first phase. The limits were determined by statistical calculations based on both the
operator's and inspector's measurement performances. The plan also envisaged revising
the limits once a year, based on the measurement performances of the past year.
Concurrently, the Operator developed and introduced new equipment and technology for
hold-up reduction in the process. During the second phase and thereafter, the Operator
would use this equipment and techniques to operate below the established limits and clean
out the glove boxes whenever the limits were exceeded.
This paper describes the procedures used and measures applied by the Agency and the
SSAC in cooperation with the Operator to arrest the upward trend of hold-up
accumulation and to establish adequate reduction targets in a realistic timetable. This
paper also outlines the Agency's development and setting of criteria to define the hold-up
limits and the ongoing efforts to monitor and verify the process hold-up within the
framework of effectively safeguarding AMFFF.
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Field Experience with the Mini Multi Channel Analyzer (MMCA)
R. Arlt, J. Beguier, K.-H. Czock, M. Frankl, K. Murakami, S. Starovich, A. Tolba,
IAEA

The Mini MCA (MMCA, MCA-166) is a unique, small size, portable 4k channel Multi
Channel Analyzer, Multi Sealer and Timer/Counter. It has a low power microprocessor
which controls a sophisticated amplifier and fast ADC (constant dead time of 7
microsec). The internal power supply is suitable for a great variety of radiation detectors
and includes preamplifier power and high voltage supply. The MMCA has been specially
developed in the Forschungszentrum Rossendorf under the German Support Programme
for the Department of Safeguards of the IAEA and for the EURATOM Inspectorate. It is
produced by GBS Elektronik in Rossendorf near Dresden. Since it is fully computer
controlled, it forms a small size, light weight and versatile measurement platform.
Different radiation detectors can be connected, easily be configured and used. With its
powerful internal Li Ion battery it can even supply a high purity germanium detector
(HPGe) for more then 7 hours. Equipped with a highly sensitive hemispheric CdZnTe
detector and operated with a HP 200LX palmtop computer the MMCA provides a very
small, light but powerful measurement package. This reduces the weight of such a
measurement system by about an order of magnitude compared to similar equipment of
the previous generation. Both the IAEA and EURATOM have introduced this device into
their safeguards instrumentation equipment.

First results of the field use of the device are reported, covering the following
applications:
U-235 enrichment measurements with Nal and CdZnTe detectors
U-235 measurements using MGAU and HPGe
U/Pu qualitative attribute tests using Nal and CdZnTe detectors
Spent fuel verification using SFAT
MTR verification using Nal detectors
Criticality test using a He-3 counter or fission chamber, Nal detector
Gross gamma counting using silicon detector probe.
Active length measurements
Automated spectral gamma survey (Iraq Action Team)
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The device so far has been used in more then 20 inspections. It major advantage appeared
to be the small size, long battery lifetime and versatility supported by software
configuration. The field tests and first applications in inspections did not reveal any
significant hardware or firmware problems. The instrument software running on the
palmtop computer or any other industry computer is still further developing. For some
applications the data files taken with the palmtop computer where transferred to a
notebook computer using a flash card for data processing using high performance data
analysis software.
The MMCA is not only of interest for safeguards applications. It will find its use also in
areas like health physics, check of radioactive waste, environmental monitoring, illicit
trafficking and other applications.

MMCA used in a criticality test. The data are transferred via flashcard to the notebook
computer for processing.
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IAEA SAFEGUARDS
WITH UNATTENDED AND REMOTE
VERIFICATION AND MONITORING TECHNIQUES
By
R. Abedin-Zadeh. G. Martelle,
International Atomic Energy Agency

During the last decade there has been a tremendous increase in the number of unattended
verification and monitoring systems. These systems used for verification and monitoring of
nuclear materials have enabled the reduced presence of safeguards inspectors with marked
increase in verification coverage. The systems operate in unattended mode and are based on
combined surveillance and non-destructive assay techniques. They can verify and monitor nuclear
material inventory in unattended mode. In addition they can verify flow of nuclear materials within
a facility and transfer of materials between facilities. The advantages include:
•
•
•

Reduced inspection efforts;
Reduced radiation exposure of inspectors and
Reduced level of intrusiveness to the operation of the nuclear facility.

Today, the unattended assay and monitoring technique is considered the most
advantageous way to implement safeguards at complex nuclear facilities, especially in automated
(remotely operated) plants. The design of these unattended systems are mainly based on modular
hardware and software. With this concept, the flexibility for accommodating a variety of
applications was designed into the basic system architecture.
The technology for transmitting a wide variety of information to off-site locations,
generally known as remote monitoring, is in widespread industrial use throughout the world. The
Agency initiated research and development in the field of remote transfer of safeguards data with
the initiation of the RECOVER project in the last decade. At present, the technology to transfer
the collected data from the unattended systems to IAEA offices does not present a challenge but
arrangements and infrastructure for data collection, transmission and evaluation can be very time
consuming.
The use of Non-Destructive Assay (NDA) and Containment-Surveillance (C/S) equipment
operating in an unattended mode, particularly coupled with an additional capability for remote
interrogation and/or transmission, offers the possibility of reductions in the number and duration
of inspections. In this context, remote monitoring does not offer any new information on which
safeguards conclusions may be drawn , but rather impacts upon the timeliness goal attainment
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through more frequent data review and evaluation, and the comprehensiveness with which
existing data can be evaluated to draw conclusions. Remote transmission of data reduces the need
for inspectors to service and collect data (such as video tapes) from NDA and C/S systems.The
use of Remote Monitoring System is anticipated to be in connection with a reduced number of
inspections, either announced or unannounced. An unannounced inspection would mean that the
State and the operator would be informed of the Agency's intention to perform such an inspection
only when the IAEA inspector arrives at the entrance to the facility or shortly before.
Unannounced inspections have the potential to reduce inspection frequencies significantly when
applied randomly in respect of large group of similar facilities.
As a step towards the objective of further reducing inspection costs while improving
safeguards efficiency, the implementation of the existing technology for remote monitoring of
safeguards information in a facility located any where in the world through telephone line or
satellite communications has been initiated by the Safeguards Department. A special Remote
Monitoring Project was established in October 1996 in the Department of Safeguards to prepare,
through testing and planning, for implementation of remote monitoring from 1998. As part of this
activity and in particular as part of the measures to improve the cost-efficiency of safeguards, the
possibility of remote transfer of authenticated and encrypted video surveillance, seals and
radiation sensor data is under extensive field trials. In particular, the transfer of the surveillance,
seals, radiation and other sensor with operator data via telephone or special satellite links is being
demonstrated and the necessary arrangements and infrastructure are being prepared. The objective
has been to test the concept of remote monitoring via satellite and telephone links in real
safeguards situations. These experiments and field trials provide a solid basis to establish
safeguards approaches and criteria for various types of facilities where remote monitoring is to be
implemented. The evaluation of field trials of the remote monitoring system installed in a mixed
oxide fuel storage vault in Switzerland has shown the system to be effective in monitoring events
of safeguards relevance. The system is competitive from a cost standpoint when compared to
current methods and has application for use at other facilities under safeguards. Remote
monitoring system components were also installed at a high enriched uranium storage vault in the
USA. Field test of equipment is underway for a remote monitoring system at a storage vault in
South Africa and installations are scheduled with the Japanese and Canadian authorities for field
trials of the remote monitoring techniques at Light Water Reactors and Candu reactors in 1997. It
is expected that upon completion of the necessary arrangements with the Member States
authorities, procedures and infrastructure, the Department will implement the technique widely
before the year 2000.
The paper presents the status of the application of unattended monitoring systems and
describes the IAEA Remote Monitoring project, the activities and the provisions foreseen for the
wide implementation of remote monitoring techniques for routine safeguards use.
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IMPLEMENTATION TRIALS OF HIGH PERFORMANCE TRACE
ANALYSIS (HPTA) IN URANIUM ENRICHMENT PLANTS.
M. BETTI, V. FORCINA, T. HIERNAUT, G. TAMBORINL. L. KOCH and R.
SCHENKEL
European Commission, Joint Research Centre, Institute for Transuranium Elements,
P.O. Box 2340, 76125 Karlsruhe, Germany
R NACKAERTS. G. LANDRESSE, W. KLOECKNER
European Commission, Euratom Safeguards, Batiment Cube - Plateau du Kirchberg,
L-2920 Luxembourg
Field trials carried out at different nuclear sites around the world have
demonstrated that the analysis of particles collected inside nuclear installations
provides clear signatures of the past and present operations carried out. Moreover, the
characterisation of particles can offer a valuable tool for gaining assurance regarding
undeclared activities (enrichment, reprocessing, reactor operation). This methodology
of particle collection by swipe samples, commonly called High Performance Trace
Analysis (HPTA) or Environmental Monitoring (ES) it is at the present evaluated by
the Euratom Safeguards Directorate (EDS) in order to estimate its possible use within
the European Union. It is expected that appropriate integration of the sample
collection and analysis will allow Euratom to improve the effectiveness of safeguards
in certain types of installations and to save inspection resources as well.
Implementation trials of HPTA have been performed by EDS in uranium
centrifuge plants in the European Union. Analysis of the swipe samples have been
carried out at the Institute for Transuranium Elements (JRC, ITU) in Karlsruhe.
The sampling points were chose on the basis of the activities performed in
different parts of the plants and by considering the probability of particle release or
aerosol dispersion, diffusion and transport.
The aim of the exercise was to test the efficiency of the method in terms of:
a) collection of enough representative material;
b) identification of a significant number of uranium particles;
c) accuracy of the measurement of the enrichment of the uranium particles found on
the swipe;
d) representativity of the results according to the past and present activities in the
plant;
e) capability to detect whether high enriched uranium has been used and/or enriched
uranium produced.
The analytical results obtained by ITU are presented and discussed as well as
the conclusions for safeguards applications. The paper will also address some of the
open questions which still need to be resolved.
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STATUS AND TRENDS IN SAFEGUARDS IMPLEMENTATION IN SWITZERLAND
M. PERRINJAQUET
Swiss Federal Office of Energy, Bern, Switzerland
1.

Basic policy.
Switzerland has demonstrated a firm commitment to peaceful use of nuclear
energy. The Swiss Parliament ratified the Statute of the International Atomic Energy
Agency in March 1957. The 6 of September 1978 the Swiss Parliament ratified the
Agreement between Switzerland and the Agency for Application of Safeguards in
connection with the Treaty on the Non-Proliferation of Nuclear Weapons
(INFCIRC/264).
Switzerland adheres to the Convention on the Physical Protection of Nuclear
Material, the Convention on Nuclear Safety, the Early Notification and Assistance
Conventions. Switzerland also participates to the preparation of the Convention on
the Safety of Spent fuel Management and Radioactive Waste Management. It
actively contributed to the development of the Programme on Strengthening and
Improving the Efficiency of the Safeguards System, so called Programme 93+2.
Switzerland signed bilateral agreements for co-operation with Australia,
Canada, China, France, Russia, Sweden and the USA.
Together with other States engaged in the supply of nuclear material and
equipment Switzerland participates in the Zangger Committee and the Nuclear
Supplier's Group.
2.

Nuclear facilities.
In Switzerland, five nuclear power plants and eleven research facilities are
under Agency's Safeguards.
The nuclear power plants are Miihleberg (355 Mw(e)), Beznau I (356 Mw(e)),
Beznau II (357 Mw(e)), Goegen (970 Mw(e)) and Leibstadt (1030 Mw(e)).
The research facilities are the Paul Scherrer Institute (Saphir, Proteus, Hot
Labors, and PSI West), the CERN, the Universities of Basel, Fribourg, Lausanne and
Zurich and the Federal Institutes of Technology at Lausanne and Zurich.
This represents some 13'500 Significant Quantities (SQ) in the nuclear power
plants and 165 SQ in the research facilities.
3.

Safeguards approach in nuclear power plants.
The Safeguards approach in nuclear power plants reflects mainly the
requirements of the Safeguards Criteria 1991-1995 from the Department of
Safeguards of the Agency.
The Agency performs Quarterly inspections and annual inventory verification
(usually at the end of core loading). Due to the different conceptions of the nuclear
power plants, the number of seals and cameras (MIVS) differ from plant to plant. The
configuration of the Safeguards instrumentation varies also between power
operation and refuelling period (additional Minolta cameras and VACOSS-s
electronic seals), different possible diversion paths being than opened.
Nuclear power plant Beznau I began to operate with MOX fuel in 1978,
Beznau II in 1984. The Safeguards approaches have been completed for these
plants. Fresh MOX fuel elements are here located in single channels within the dry
storage (in the fuel building), each being sealed by the Agency.
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Nuclear power plant Gosgen began to operate with MOX fuel in summer
1997. The Safeguards approach has been here also modified. As fresh MOX fuel
bundles cannot be kept within the dry storage, the approach is here different to the
one in Beznau. The fresh MOX bundles after reception and verification by the
Agency, are stored in the wet storage (within the containment). Two supplementary
cameras have been installed, one viewing direct on the region devoted to the fresh
MOX, with the nose of the housing under water, the other on an adjacent concrete
column to monitor movements of the refuelling machine serving as a backup.
At reception of fresh MOX fuel, an IAEA inspector detaches the seals and
verifies the material. In case where the fresh MOX are not under IAEA seals, the
Agency conducts a quantitative verification within one month after receipt. During
reload operations, the Agency implements a permanent human surveillance up to
the closure of the reactor vessel.
4.

Safeguards approach in research facilities.
Out of three, the research facilities do not contain a significant amount of
nuclear material, so that only one annual inspection is required. No camera nor seal
is installed.
At the Paul Scherrer Institute, two facilities are of special interest, the Saphir
storage and the Hot Labors.
The Saphir storage contains up to 14 SQ of direct use material and is subject
to monthly routine inspections. This area is subject to a remote monitoring
safeguards system with multiple cameras, electronic seals and sensors. On-line
transmission to the Head Quarter of the Agency occurs through a satellite link. This
system is now under review.
The Hot labors are inspected twice a year. A series of swipe samples has
been undertaken to verify the declaration of the operator concerning the history of
activities. The probes are still in analysis and the results are not yet available.
5.

SSAC.
The State's System of Accounting for and control of nuclear material in
conducted by the Swiss Federal Office of Energy, Section Nuclear Technology and
Security, in Bern. It accomplishes the co-ordination between the Agency and the
operators.
The facility operators report on material accountancy to the SSAC that treats
the reports (ICR, PIL, MBR) in a national data base and transmit them to the IAEA.
The SSAC also handles the control of obligations according to bilateral
agreements and the Guidelines of the Nuclear Supplier's Group.
6.

Trends.
Two intermediate storages are under construction, Zwibez at Beznau and
Zwilag at Wurenlingen. The Design Information Questionnaires for both facilities are
under review.
Switzerland intends to generalise the use of remote monitoring system to all
nuclear power plants. This to increase the reliability of the safeguards' measures,
allow a better timeliness criterion, reduce the operator disturbances and the number
of inspections.
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FIELD TEST OF A CdTe-BASED PORTABLE ATTRIBUTE TESTER FOR W E R
SPENT FUEL
J. SAFAR, I- ALMASI, L. LAKOSI
Institute of Isotopes of the Hungarian Academy of Sciences,
Budapest, Hungary
As a further application of the spent fuel attribute
tester (SFAT) concept fl], a CdTe-based portable device
(PFSAT) has been developed and tested, in order to provide an
alternative for cases whenever Cherenkov viewing devices (ICVD)
cannot be used for verification of W E R spent fuel assemblies
due to the low light intensity from long-cooled assemblies
and/or insufficient transparency of the pond water.
A 500 mm hemispheric CdZnTe detector (RITEC, Riga) is
used as sensing element. The detector is mounted inside a 200
mm long, i.d. 70 mm air-filled aluminium tube, connected to the
other parts of an air collimator of modular design, consisting
of 1 m height, i.d. 50 mm aluminium tubes, total length of up
to 8 m. This is necessary because of the wide range of burnup
and cooling time of the spent fuel cassettes. The longest part
is to be used for freshly discharged fuel (2 weeks' cooling
time). The detector is shielded with a lead cylinder (o.d. 70
mm, i.d. 25 mm) inside the collimator tube.
In the presence of a second (upper) layer of spent fuel
assemblies in the pond with short-cooled assemblies adjacent, a
400 mm long, i.d. 110 mm aluminium tube is used with a lead
cylinder of 110 mm o.d., for better shielding.
The whole device hanging on a steel wire can be lowered
down by hand in the spent fuel pond, above the vertically
stored assemblies, where it remains hanging during the
measurement. It is connected to a portable multichannel
analyzer, containing also a spectroscopy amplifier and a power
"supply for the detector bias. The arrangement ensures a minimum
near neighbour effect.
Following the earlier measurements performed with 10 mm
and 60 mm volume CdTe detectors in the NPP Paks [2], the
present system also underwent an on-site test under the same
plant conditions. Thanks to the much larger detector volume, a
5 rain measurement time proved to be sufficient to achieve a 10%
relative standard deviation (STD) for the 661.7 keV Cs-137
gamma-line, even in the case of long-cooled (6-7 y) fuel.
The measurements led to the conclusion that the system
can be used for routine verification for burnup of several 10
GWd/tU and cooling time of 6-7 years, even in the presence of a
second (upper) layer with short cooled assemblies adjacent as
well. In this case, due to the elevated water level, longcooled assemblies can hardly be verified by the ICVD, even when
transparency seems sufficient in the pond water. In addition,
NPP Paks received also extremely low (of the order of GWd/tU)
burnup fuel with long cooling time, which is, as long as being
stored in the pond before its use in the core, to be verified
regularly. Verification of this extremely low burnup fuel is
also possible by using the 500 mm detector, providing an
acceptable statistics within reasonable measurement time.
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On September 27,1993, President Clinton announced that the United States would submit excess
fissile material to inspection by the International Atomic Energy Agency (IAEA). The President
declared in March 1995 that some 200 metric tons of fissile material would be declared excess to
U. S. defense requirements. Information on quantities and locations of excess material was
released to the public in February 1996. The inventory of excess material includes approximately
174 metric tons of high enriched uranium (HEU) and 38 metric tons of weapons-grade plutonium.
An additional 14 metric tons of reactor- and fuel-grade plutonium is also being treated as excess
to U.S. defense requirements. ' .
•
'
At present, the IAEA is applying safeguards to approximately 12 metric tons of excess HEU and
plutonium at three Department of Energy storage locations in the United States. The Agency is
safeguarding these materials pursuant to the 'Voluntary offer" safeguards agreement between the
United States and the Agency, which entered into force in December 1980.
The initial offering of U.S. excess fissile material to IAEA inspection consisted of HEU metal in
storage at the Y-12 Plant in Oak Ridge, Tennessee. The Y-12 Plant HEU storage facility was
added to the list of U.S. facilities eligible for the application of IAEA safeguards on
September 5, i994. Subsequently, the IAEA selected the facihHy for the application of safeguards
and immediately began design information verification and initial physical inventory verification
activities. In late 1994, the United States offered additional excess fissile material to IAEA
inspection in the form of plutonium oxide in storage at the Hanford Site in Richland,
Washington. In this case, the United States made a storage facility at Hanford eligible for IAEA
safeguards in November 1994. The IAEA selected the Hanford facility in November and carried
out its initial physical inventory verification inspection in December 1994. The United States
placed additional excess plutonium in the Hanford storage location in July 1995, with the IAEA
verifying the inventory change in August 1995. In April 1995, the U.S. made eligible for Agency
safeguards a storage location containing excess plutonium oxide at the Rocky Flats Environmental
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Technology Site (RFETS). The IAEA selected the facility in July 1995 and began inspections at
RFETS in December 1995.
In addition to the 12 metric tons now under IAEA safeguards, the United States has committed to
make other excess fissile material available for IAEA inspection. At the 1996 IAEA General
Conference,, the United States announced that an additional 26 metric tons of excess fissile
material will be made available for IAEA inspection within the next three years. The 26 metric
tons consist of 13 metric tons of HEU hexafluoride that is being downblending to low enriched
uranium at the Portsmouth Gaseous Diffusion Plant in Ohio, 7 metric tons of HEU oxides in
another storage location at Portsmouth, and 6 metric tons of HEU metal currently, stored at the
Y-12 Plant. These 26 metric tons of excess fissile materials are currently scheduled for
downblending to low enriched uranium. In addition to the material discussed above,
approximately 15 metric tons of excess fissile material are located in other Department of Energy .
facilities that are eligible for the application of IAEA safeguards.
The United States is continuing its efforts to identify further quantities of excess materials that
may be made available for IAEA inspection. In so doing, U.S. experts must carefully evaluate the
inventory of- excess materials to-ensure sensitive information of proliferation significance would
not be disclosed as a result of any IAEA verification activity. The need to protect such
information is particularly acute in the case of weapons-origin excess materials.
The United States, the Russian Federation, and the IAEA commenced a Trilateral Initiative in
September 1996 to address the unique verification challenges posed by weapons-origin fissile
materials. In their meeting on September 17, 1996, then U.S. Secretary of Energy
Hazel O'Leary, Minister of Atomic Energy Viktor Mikhailov of the Russian Federation, and
IAEA Director General Hans Blix initiated a process to consider possible means for IAEA
verification of weapons-origin fissile material. A trilateral working group was formed.to make
recommendations on technical, legal, and financial issues. The September 1996 trilateral meeting
was followed by visits to Hanford and Rocky Flats where the United States shared its experience
in applying international safeguards to excess plutonium under the safeguards agreement with the
IAEA^ Subsequent trilateral activities have addressed the scope and objective of IAEA
verification, issues related to legal instruments and financing, and the development of technical
measures.
•
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New International Verification Regimes, Including Nuclear Weapon Free Zones,
Fissile Material Cut-Off Treaty, Comprehensive Test Ban Treaty *
Hasibullah, Pakistan Atomic Energy Commission,
Islamabad

The international treaties, regimes and measures to combat nuclear proliferation
have been evolving since the first nuclear test was carried out in the USA. The merits,
objectivities, levels of success, benefits and achievements of the regimes have seldom
attained world consensus. New verification regimes which are continuations of the old ones
are more elaborate, specific and intrusive in nature although their technical and cost
effectiveness has not been fully established yet. Nuclear weapons states and other
advanced states need to reinforce the transparency and confidence building measures with
demonstrable sincerity of purpose to enhance the chances of universal acceptance of these
regimes. Nuclear Weapons Free Zones have strengthened the cause of nuclear non
proliferation and disarmament in the world and have demonstrated the viability of the non
proliferation regimes under their specific geo-political conditions.
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This paper documents the results of a demonstration exercise to enable the IAEA to assess the
use of Ground Penetrating Radar (GPR) for Safeguards requirements, such as design
verification. This has been provided in the form of a demonstration of the equipment and the
technique in operation at two sites in Argentina, the Cemetary at Ezeiza Centro Atomioo and
the spent-fuel (SF) dry-storage canisters at Embaise NPS. The work subsequently lead to the
technology being employed in a formal design verification exercise of 42 canisters at the
Embaise facility.
The work has shown that Ground Penetrating Radar can provide a means of qualifying the
design of the SF dry-storage canisters at Embaise. Results from the demonstrations have
shown the ability of the technique to document details of the reinforcing, specifically average
and actual separation in the vertical and horizontal directions. The use of different probe
frequencies appears to offer confirmation of the second mesh as weE as the first. The
reliability and repeatability of the technique have also been confirmed. The Argentinian
Support Programme manufactured a support device for the GPR equipment, for the
performance of the formal verification inspection. The data from the demonstration exercises
have been used to determine the optimum speed that this unit should provide.
In addition to the requirements of the verification of the SF dry-storage canisters, the
opportunity has also been taken to show some of the other attributes of the technique. For
example, the detection of pipes in the deck supporting the SF dry-storage canisters. Also the
location of pipework in the Cemetary has shown just how accurately location with ground
radar technology can be. Details on external pipes and changes in construction, including
reinforcing, have been provided. This part of the work has been used to emphasize how radar
technology could assist the agency in the qualification of reinforcing, qualification of as-built
structure, location of voids, detection of the existance and location of tunnels, provision of
accurate measurement of thickness from a single side, provision of accurate measurement of
depth from a single side, location of buried services, clarification of the routing of pipes and
the location of buried objects, such as drums.
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The work has shown that the inspection is rapid enough to fit in with the limited time available
for inspection, minimising disruption to the plant operators. It has also been shown that the
inspection is practical, with devices for probe support significantly improving the inspection in
terms of both speed and simplicity. The work has provided detailed data on 42 specific
canisters directly to the Agency. All areas of inconsistency have been reported. These data
have largely focussed on the determination of reinforcing bar separations and reports of
abnormalities in the image, based on the signature from the test-bed. Typical details have been
reported in the format shown in figure 1.

Circumferential
Position on
Canister (m)
0.25
1.00
2.00
3.00
4.00
5.00

Details on reinforcing bar spacing
(cm)
Minimum value
Maximum value
Average value
8.0
14.0
10.3
8.0
12.0
10.1
10.7
8.0
13.0
9.0
12.0
10.5
9.0
13.0
10.9
8.0
15.0
10.7

Figure 1 : Summary data on horizontal spacing of reinforcing bars in a typical SF dry-storage
canister at Embalse NPS.
In all of the work, the need to optimise the system has been emphasized. The Agency now
appreciate from the on-site work that, while this is necessary and can be determined from such
an exercise as this, the equipment is such that these settings can be stored and used for routine
inspection with the minimum of fuss. It is therefore very practical for the technique to be
employed by the Agency's own staff, should it so desire. Training of its inspectors would be
required. However, in the shorter term, it may be most efficient for the Agency to employ
experts, under strict guidance, for formal work at other facilities.
The demonstration and subsequent design verification work have shown that complete surveys
around a building, a deck or over the entire area of a canister are practical and not excessively
time-consuming. The requirement for lower frequency probes for maximum penetration when
interrogating soils has also been explained.
It is concluded that ground radar has provided very useful evidence on the Canisters at
Embalse. It is also concluded that, given these demonstrations, their results, and those of the
subsequent formal inspection, there are probably a number of situations where Ground
Penetrating Radar could be employed effectively by the Agency in its Safeguards role.
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DEVELOPMENT OF CONTROLLED POTENTIAL COULOMETRY FOR THE
MEASUREMENT OF lmg PLUTONIUM SAMPLES FOR SAFEGUARDS PURPOSES
J W A TUSHINGHAM
AEA Technology pic, Harwell, Didcot, Oxfordshire, United Kingdom

The IAEA Safeguards Analytical Laboratory (SAL), Seibersdorf, carries out highaccuracy determinations of plutonium for safeguards purposes. The MacDonald and Savage
titration is currently applied at SAL in a scaled-down procedure for the routine analysis of 4mgsized Pu samples. The method has proved to be reliable for the determination of Pu in the
majority of samples received for analysis, achieving an accuracy of better than 0.1%. However,
the method is subject to interference from neptunium, limiting the application of the method,
and requires calibration against plutonium reference materials. The IAEA have expressed a
requirement for the development of a method for plutonium assay which would be free from
interference and give traceability of results to international standards without the need for
chemical calibration. To encompass samples from states with more stringent regulations for the
transport of plutonium, the method would have to be applicable to lmg-sized Pu samples whilst
still achieving a precision and accuracy of 0.1%.
In principle, controlled potential coulometry (cpc) offers the potential for the
measurement of Pu to a precision and accuracy of 0.1% with traceability to international
standards through direct electrical calibration of the coulometer. As a consequence, the use of
cpc for the measurement of lmg Pu samples has been evaluated at Harwell for application at
SAL. Extensive trials of a mechanically stirred cell, made available from Savannah River
Laboratory (SRL) under the US Support Programme to the IAEA, have been conducted using
the Harwell 6000 series coulometers. Further trials have been undertaken at Seibersdorf using
the same coulometry cell with a state-of-the-art coulometer from Savannah River.
The SRL mechanically stirred cell had been designed for the measurement of plutonium
at the lOmg level to a high precision and accuracy. However, the cell was not immediately
applicable to the measurement of lmg-sized samples due to the high blank results. At the lmg
level, these would prevent an overall precision of 0.1% from being achieved.
The performance of the cell for the measurement of lmg samples has been improved by
reducing its volume, and also by reducing the size of the working electrode. This has enabled
the measurement of 6ml samples, using the Harwell coulometer, with a variability in blank
results of less than 0.02% of the integral charge for a lmg Pu sample. The introduction of an
overpotential to the reduction stage of the electrolysis cycle has enabled lmg Pu samples to be
measured on the same coulometer with a precision and accuracy of 0.1%. The overpotential
applied to the reduction also has the beneficial effect of partially reconditioning the working
electrode before each measurement.
This reproducible reconditioning minimises the
maintenance required to the cell and also assists in maintaining a highly reproducible low blank.
In parallel with trials involving the measurement of Pu by cpc, work has been
undertaken to develop a procedure for the quantitative purification of Pu at the lmg level.
Purification is desireable both to eliminate the interference from Np in the MacDonald and
Savage titration, and also the interference from Fe in cpc. Whilst the intention was to establish
a procedure equally applicable to subsequent Pu measurement by either MacDonald and Savage
titration or cpc, the ultimate aim of the programme was to develop an automated procedure
which would allow the separation of Pu and measurement by cpc, with traceability to direct
electrical calibration of the coulometer.
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An anion exchange separation procedure for the purification of plutonium prior to cpc
has been the subject of extensive trials. Prior to separation, the valency states of Pu and Np are
adjusted using nitric acid and hydroxylamine hydrochloride: this improves the separation of Np
from Pu and ensures complete recovery of Pu. Using commercially available extraction
columns, designed for automated application, quantitative separation of Fe and U has been
achieved, with removal of ca. 95% of Np from the Pu sample. The purified plutonium samples
are eluted from the columns directly into coulometry cells, prior to fuming with sulphuric acid
and measurement by cpc. The combined valency adjustment, separation, fuming and
measurement by cpc has achieved an overall precision of 0.1%, with 100% recovery of Pu, using
the modified SRL cell and Harwell coulometer.
To allow the attainment of the ultimate objective, the measurement of lmg quantities
of Pu automatically by cpc with electrical calibration, a number of further developments are in
progress.
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REVIEW OF THE CURRENT STATUS OF CEMO INSTALLED AT GAS
CENTRIFUGE ENRICHMENT PLANTS
T.W.Packer and M.Wormald - AEA Technology
C.Charlier, W.Bush and LCherradi - International Atomic Energy Agency

CEMO is an instrument designed to continuously monitor the enrichment of
uranium in an enrichment plant and transmit an alarm message to the safeguards
inspectorates in the event LEU is not confirmed or a system fault occurs. The
instrument measuring heads are clamped onto the outside of pipework without
intrusion. The U-235 content of the pipe is measured by gamma-ray spectrometry
and the gas pressure by gamma-ray transmission.
Development of the instrument began in 1990 under a joint programme with the
IAEA and EURATOM and a prototype system was installed at Capenhurst in
1991. This has been operating continuously since July 1992 and was handed over
to the inspectorates in April 1994 after completing acceptance tests, including
software authentication by both inspectorates. In July 1994 the system was
approved for routine use by both inspectorates.
In June 1995 an enrichment alarm was reported and the inspectorates called.
Subsequent investigation by the instrument developer showed the problem was a
result of the instrument's sensitivity to abnormally high operating temperatures.
The system was modified to rectify this in October 1995, since when it has been
running continuously without any indications of residual temperature sensitivity.
A detailed review of operating performance since November 1995 is given.
Also in June 1995 a second instrument was installed, for test purposes only, at the
Urenco enrichment plant at Almelo. This has been operating since then, with the
temperature modification installed in November 1995. Data collected during this
period have shown no evidence of any temperature sensitivity. A review of these
results will be presented.
The method by which the CEMO instrument is calibrated will also be described.
Instrument response to changes in gas pressure and U-235 count rate is not plant
specific and can be determined on a test rig. The CEMO system for Capenhurst
was calibrated at the Agency's laboratory at Siebersdorf (SAL). However, the
zero points for these calibrations are pipe specific must therefore be determined in
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situ. The U-235 zero point is obtained from the measured enrichment, which is
determined by sampling the gas and analysing by mass spectrometry. The
pressure zero point can be obtained by X-ray fluorescence, e.g. using the cascade
header enrichment monitor (CHEM) instrument.
Alternatively, in the absence of an XRF instrument, operator supplied data on
pressure may be used at calibration time and its accuracy subsequently verified
when a gas outage occurs.
Finally, infoimation on the costs of installing and operating CEMO will be given.
FA110697.doo
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CHARACTERIZATION OF SINGLE MICROPARTICLES
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In the last few years, the demand for the determination of traces and for the
identification and characterization of microparticles to reveal the existence of
unidentified bulk nuclear materials or of undeclared nuclear activities, is becoming very
urgent.
Since 1993, the Institute for Transuranium Elements (ITU) has been actively
collaborating for the implementation of the IAEA's 93+2 program and in support
Euratom for the "High Performance Trace Analysis" (HPTA) project. In view of these
tasks, among the several analytical instrumental techniques routinely used at ITU for
the detection of traces and microparticles [1], Secondary Ion Mass Spectrometry
(SIMS) has been exploited for the identification and characterization of microparticles
stemming from nuclear activities.
In this paper the experience made in the last three years at ITU on the use of
SIMS for the characterization of microparticles as for isotopic composition as well as
trace element content is described.
Before its application to the characterization of swipe samples, SIMS was used
in combination with Electron Probe Microanalysis (EMPA) and Glow Discharge Mass
Spectrometry (GDMS) for the characterization of environmental samples contaminated
with traces of radioisotopes [2, 3].
In January 1995, for the first time, SIMS was exploited at ITU for the
detection and isotopic characterization of microparticles of Uranium collected on
swipe samples. The results obtained were very promising and from that time analytical
methods based on the use of SIMS have been developing for the detection of Uranium
and Plutonium particles on smear samples and for the determination of their isotopic
composition as well as for the determinations of traces in particles [4].
Different analytical procedures for the take-up of Uranium and Plutonium
particles from the cotton swipes as well as the different methods exploited to give
conductivity properties have been investigated.
The use of SIMS in combination with other techniques, for instance,
transmission electronmicroscopy (TEM) it has been exploited to highlight the
morphology of particles and to individuate the sources of HEU particles avoiding
misinterpretation of results and possible false alarms [5].
Like for HEU particles, also in the case of Plutonium particles SIMS and TEM
have been used in combination. The morphology (as for the dimensions) of the Pu
particles, as deduced from their SIMS image, was found to be consistent with that
observed by TEM. Moreover, for the same Pu particles isotopic ratios obtained by
SIMS were found to be in good agreement with those obtained by Thermal Ionization
Mass Spectrometry.
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Furthermore, SIMS has been used the to obtain a complete spectrum of trace
elements contained in a microparticle. From the detection of trace elements in
microparticle of Plutonium and Uranium the history of the sample can be revealed,
namely the physical/chemical and/or industrial processes the sample has undergone.
At the present time investigations on the capability of SIMS for the age
determination, e. g. of HEU particles based on the detection of Pa-231, are on going
in our laboratory.
.
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IAEA safeguards and space-based radar
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The use of space-based optical sensors to enhance the IAEA safeguards procedures has
been demonstrated. Further investigations are under way in which various sophisticated
image processing methods are being explored to extract more information from the
images acquired over various parts of the nuclear fuel cycle. In this paper some of the
results are discussed. However, very often it is argued that at critical times the earth's
surface may be obscured by clouds so that the space-based optical sensors become
unusable. The availability of space-based radar sensors may overcome such objections.
Not only can microwave radiation penetrate clouds but it can detect objects on the earth
at night and even under all weather conditions. Moreover, synthetic aperture radar can
generate images similar in quality to those obtained from optical sensors. The scattered
microwave radiation reflects the geometrical characteristics of an object being monitored
as well as its dielectric properties. If this is true then the possible changes in the dielectric
properties of water in a lake or a river due to the discharge of warms water in them would
be reflected in the scattered microwave radar beam. A number of images, acquired over a
period of time over a nuclear reactor in the UK by the European radar satellites, the ERS1 and -2, have been analysed. The results are discussed in this paper.
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MOBILE RADIATION DETECTION USING GAMMASPECTROMETERS
M. Niklrinen
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Garnmaspectrometer combined with accurate positioning hardware bas been used to
survey radioactive fall-out or finding hidden radioactive sources. Large areas can be
surveyed quickly using helicopters or aeroplane or local measurement can be done
using a measurement car or a person carrying detectors and positioning hardware. Using
a standard civilian jet-plane flying 500 km/b at the 100 m altitude, some 50-300 km
can be scanned in an hour depending on flight lines. For safeguards applications, this1
means totally new approaches in searching hidden radioactive sources or radiation

A sew real-time radiation mapping application was developed for the Finnish
emergency preparedness organisation. The data analysis is based on The SAMPO
gamma spectrum analysis software, which is running in real-time mode. In addition to
the spectrum acquisition and accurate differential GPS positioning, the software
package does all the analysis tasks needed in ihe mobile acquisition. These casks
include real-time gamma peak analysis and radionucJide identification. A special
verification display shows also visually hot-spots during the acquisition. In addition to
the display, a separate mapping computer may be used to display the colour coded
radiation information calculated by the analysis computer on the real-time map. A
number of alarm criteria, can be set.
A Standard portable PC can be used in the monitoring task. Downto Q.S seconds
acquisition and analysis cycle allws also very fast vessels in radiation monitoring. Large
Nal detectors and accurate HPCe detectors can be used simultaneously to maximise tht
detection efficiency and identification sensibility. The hardware package may be also
very light: the smallest devices including 2x2" Nal detector and electronics* a portable
computer and GPS navigator are weighting less than 10 kg.
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1.

ABSTRACT

Amongst the many lessons to be learnt from the Iraqi experience is the intrinsic value of
utilising individuals who are well informed in fuel cycle technologies and who possess
keen powers of observation. The safeguards strengthening measures of increased access
and increased information now set the scene for IAEA inspectors to wear two hats; the
traditional role of inspecting declared nuclear materials and the more inquisitive role of
probing for and recognising indicators of undeclared activities. The key to unlocking
any enquiring potential is the provision of training to increase the awareness of fuel
cycle indicators especially those which lie on the more sensitive pathways that a
proliferator may follow.
In 1994, the IAEA formulated a task for such training, which was subsequently
sponsored by the Department of Trade and Industry (DTI) under the United Kingdom
Safeguards R&D Support Programme to the IAEA. Experts from the UK have worked
closely with the IAEA to develop an intensive one week course entitled "The Nuclear
Fuel Cycle and Proliferation Pathways". Following trial running, the course went into
"active operation" in 1996 and has been universally well received by the course
participants.
This paper describes the course development, the objectives, the syllabus, the use
of audio-visual material and the evaluation of the effectiveness of the course. The
training is very intensive and challenging; as a new course its content is still evolving
and being adjusted in the light of feedback from participants. From the outset it was
necessary to recognise the balance between increasing observation and being
educational on critical technologies. The course therefore, is strongly focused on the
indicators of "what" activities rather than the "how" of a particular proliferation
pathway. The course is in line with and in support of what was the IAEA Programme
"93+2" Task 5 for increased information analysis.
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As to the impact the course has on its participants, this can be summed up by a
follow up comment from one participant who said:"// is the first time I have participated in a course and not felt that, although the
material was interesting, it would be relegated to the closet and I would continue about
my business as usual. It is exciting and a cause for hope that what we are doing is
building towards the future".
With the adoption of the Part Two protocol, that future has now arrived.

275

XA9949484
IAEA-SM-351/176P
PORTABLE HELD RADIATION MONITORING AND MAPPING
CONDUCTED IN IRAQ BY THE IAEA ACTION TEAM
David Hayes
USA

A small portable field monitoring system consisting of a data recorder and
radiation meter was built to record radiation levels/ date, time and location. The
fi^d recording system consists of a GPS card to determine location, date, and
time; an A/D converter to digitize the 0-5 volt instrument voltages; a small
computer to operate the system; and a flash memory card for the operational
instructions and to record the data (Figure 1). Custom software was written for
setup* recording and data conversion for use with, tihc unit The field system is
referred to as the Geographic Data Acquisition System or GDAS
For radiation monitoring and mapping surveys conducted by the IAEA Action
Team in Iraq, a small rugged gamma radiation instrument for measuring the
total gamma energy above 50 kev was attached to the GDAS A/D input
(Attached Figure). The unit contains a small Nal crystal (15cm) and has
sufficient sensitivity to measure the natural radiation background. Both units
operate for about SO hours using D cell batteries. The total weight of the field
system is less than 2 kg. Once a field survey is completed/ the data are
transferred from the GDAS flash memory card to a. laptop or office computer for
data conversion, graphing and displaying the monitoring track and data on
maps.
Twenty radiation surveys were made in Iraq during Action Team inspections m
late 1995 and early 1996. These Inspections included visits to several types of
facilities: nuclear, machining, R&D, rocket assembly, pharmacetical, an
aluminum smelter, and water treatment During these surveys, radiation
measurements were made every 5 seconds and a total of about 62,000
measurements of radiation were collected along the vehicle route to and from the
inspection and at the facilities. Natural background man made isotopes, and
uranium were measured during these survey. Time plots and maps were made
of the data for each inspection and the higher than background areas were
identified.
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XA9949485
IAEA-SM-351/177
NONINTRUSIVe VERIFICATION ATTRIBUTES FOR EXCESS
FISSILE MATERIALS
N. J. Nicholas. M. W. Johnson, B. L. Fearey, G. W. Eccleston and J. W.
Tape
Los Alamos National Laboratory, Los Alamos, NM 8754S USA
Under U.S. initiatives, over two hundred metric tonnes of fissile materials
have been declared to be excess to national defense needs. The U.S. has
also expressed the intent to place these materials under international
safeguards as soon as practical. In response to these declarations, the
U.S. is examining a variety of noointrusive verification approaches to
address these classified and unclassified materials. A critical component
to addressing nonintrusive verification is the examination of potential
verification attributes of materials (e.g., material type, isotopics, etc.),
especially related to classified materials and items. Los Alamos National
Laboratory is examining many potential attributes that may be applicable.
A variety of technologies that can provide the measurement signatures for
the attribute verification are under development, assessment and
benchmarking. The current status of these approaches and verification
attributes will be discussed, and experimental data, as applicable, will be
presented.
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XA9949486
IAEA-SM-351/178P
A Gamma-Ray Spectrum Template Approach, for Nuclear Materials Confimuttum
Keith W.Mariow Dean J. Milchcl! and Hugh L. S^ott, Saadia National Laboratories. Dept. S914.
AIbuqacflpc,NM 87185-0571. USA, 5OS-S44-8130,

Tbc gjatmaartay tpoctnim of ouclcar weapons, weapet. parts «id other auclcar materials have unique characteristics
Anr- m tffy^"nt^ ^tvf *^irV"T*tfi*t of ^t1^ T?"f*(f*^r nT*^1*"" ^" and intervening materials. The gammc-ny spectra of two
objocts wlrich arc of tbe «nae design •will be very much alike, while the spoctn of two objocts of different design
will be different An approach will be discussed in wrfaich a gamma-ray spectrum (template)representativeof a
given type of object can be compared with aapcctnua of another object which is claimed to be of die same type.
The identity of the ioapocted item is confirmed if tfac spectra are mriisfinguidmhlc within statistical and
icmctrt unccrtajntks. Whilcthedatu being usrxl in tfie coa^«mon is asually considered to be ccmhivc, it ia
relatively easy ta protect die data so lha£ neither the inspecting nor inspected p«ty haa exdaaivc «ctxss to fl»c data.
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IAEA-SM-351/179P
A Possible Means to Verify the Presence of Weapons-Quality Plutoniunn
in Storage Containers

S. J. Luke. J. B. Carlson, D. L. Clark, T. B. Gosnell, and Z. M. Koenig

Lawrence Livermore National Laboratory, L-186, P.O. Box 808, Livermore,
CA 94550, USA

The ability to determine the presence of weapons-quality plutonium in
sealed storage containers is of potential utility in the arms control
arena. We are developing a low-intrusiveness technique to determine the
ratio of 240Pu/239Pu based on analysis of the 630-670 keV region in a
high-resolution gamma-ray spectrum. In order to prevent the possible
loss of sensitive information, we are developing an information barrier
that will prevent the revelation of the gamma-ray count rate, the
spectral data, and the exact value of the 240Pu/239Pu ratio.
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IAEA-SM-351/180P

Room temperature, low power radiation monitoring using
Cadmium-Zinc-Telluride (CZT) detectors.
Authors:

Brad Mickelsen, Sandia National Laboratories, DepL 2221, Livermore,
CA 94551-0969, USA, (510) 294-0394, bmmicke@sandia.gov
Ralph James, Jim Lund and Richard Olsen, Sandia National Laboratories,
DepL .8230, Livcrmorc, California, 94551-0969, USA

Remote monitoring of stored nuclear material, specifically Special Nuclear Material
(SNM) from nuclear weapons, is greatly facilitated by the use of low power radiation
sensors which operate at room temperature. C^drnium-zmc-telluride (CZT) detectors
are well suited for detecting the photon emissions associated with 235U and 239Pu,
which are found in SNM. When combined with a charge sensitive preamplifier and
signal conditioning electronics, these CZT detectors provide the ability to measure
gamma and neutron radiation levels at room temperatures while operating at very low
power levels. Initial prototypes of a CZT sensor subsystem demonstrated the ability to
measure gross gamma and neutron counts. Subsequent development of the signal
conditioning electronics is expected to lead to the capability of differentiating the
energy levels of the SNM, thus providing a room temperature, low power spectral
radiation monitoring capability. Unioi of CZT sensors into a monitoring platform and
subsequent dissemination of the data is expected to provide significant benefits to both
the host nation and the international community. This paper will discuss the CZT
sensor technology and its use in remotely monitoring stored SNM.
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XA9949489
IAEA-SM-351/181
VERIFICATION APPROACHES FOR SENSITIVE EXCESS FISSILE MATERIALS
B. L. Fearey, N. J. Nicholas, J. F. Pilat, G. W. Eccleston and J. W. Tape
Los Alamos National Laboratory, Los Alamos, NM 87545 USA
The verification of fissile materials declared to be excess to national defense needs is widely
believed to be an important element of arms reduction and nonproliferation efforts. However,
technical verification measures which might be undertaken in bilateral, multilateral, or
international contexts, are challenged by the sensitive nature of these materials, up to and
including nuclear weapon design information. The United States is examining a variety of
nonintrusive approaches for the verification of excess materials declarations for both classified
and unclassified materials. We are working with USDOE national laboratories in considering a
range of potential verification approaches. A review of current thinking and approaches will be
discussed including the relationships between nuclear monitoring, attributes measurements and
measurement technologies in providing a potentially comprehensive and nonintrusive verification
approach for sensitive excess fissile materials.
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XA9949490
IAEA-SM-351/182
The IAEA Environmental Sampling Programme
J. Cooley, E. Kuhn, D. Donohue, International Atomic Energy Agency
Based on a successful series of field trials conducted during Programme 93+2, the
International Atomic Energy Agency's (IAEA) Board of Governors approved environmental
sampling as a new safeguards measure to be implemented beginning in 1996. The initial
implementation of environmental sampling is focused on swipe sampling in enrichment
plants and in installations with hot cells. Under the 1995 strengthening measures, swipe
samples are being collected in facilities and at locations where the Agency has access under
existing arrangements during inspections and design information verification visits. After
one and a half years of implementation, the Agency's environmental sampling programme is
well underway.
Environmental sampling at a facility occurs in two phases. In the first phase, samples are
collected and analyzed to provide a baseline nuclear signature for the facility. Once the
baseline is established, requirements for sampling as part of routine activities can be
determined. By June 1997 baseline swipe samples have been collected at some 700 sampling
points in more than 45 enrichment plants and hot cell complexes under comprehensive
safeguards agreements. Samples are taken by trained inspectors using standardized sampling
kits and approved sampling protocols according to facility-specific sampling plans. An inhouse training program exists to instruct inspectors in sample campaign planning and in
proper swipe sample collection and handling in order to avoid cross contamination. By June
1997, more than 90 inspectors have been trained in environmental sample collection
including 9 Euratom inspectors. Three additional Agency training sessions are scheduled in
1997.
All samples collected at the facilities are sent to the IAEA's Laboratories at Seibersdorf under
seal. Upon receipt, the samples are given a new IAEA sample number by the Department of
Safeguards to protect their identity. A protocol has been established to code the samples so
that the laboratories analyzing the samples do not know their country or facility of origin. To
allow the Agency to meet the special requirements for handling environmental samples, a
clean laboratory was built at Seibersdorf. Commissioned in December 1995, the IAEA Clean
Laboratory for Safeguards provides the Agency with the independent capability for handling,
screening, analyzing, and archiving environmental samples. During 1996 analytical
equipment for the laboratory was installed and the laboratory is now in full operation,
handling the baseline samples that are being collected. The Clean Laboratory currently
screens samples by gamma spectrometry and X-ray fluorescence and prepares sampling kits;
it is also in the process of setting up and operating the quality assurance programme for the
network laboratories. The Clean Laboratory has the capability for detailed low-background
gamma spectrometric and alpha and beta activity measurements as well as for thermal
ionization mass spectrometry and electron microscopy. Based on the screening results and
the specific safeguards objectives, further laboratory analyses to be requested are determined.
In addition to the measurements carried out at the IAEA's Clean Laboratory, this usually
requires the distribution of samples to the IAEA's expanded Network of Analytical
Laboratories (NWAL). By early 1997, specialized laboratories in four Member States with
capabilities to analyze environmental samples have been certified as network laboratories; a
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further expansion of this network is planned. A Consultants' Group meeting of
representatives from these specialized laboratories is conducted annually to review
performance and discuss procedures and arrangements for environmental sampling; this
year's meeting is scheduled for December 1997.
Measurement data from the laboratory analysis of the swipe samples at the Clean Laboratory
or in the NWAL are reported to the IAEA's Department of Safeguards. The results are
evaluated by the Department and compared to the expected nuclear signature for the sampled
facility. If the results show inconsistencies with respect to declared activities, follow-up
activities including remeasurement, resampling, and obtaining additional information from
the facility operator are pursued in conjunction with evaluating information obtained from
other safeguards measures applied at the facility. A data base of the analytical results is being
created for their long-term storage and for direct retrieval by evaluation software. The data
are evaluated using techniques such as cluster analysis and fuel cycle modeling. For the
ongoing baseline sampling activities, an evaluation report of the results for an individual
facility is prepared for discussion with the Member State. The report includes the
measurement results, a comparison of the observed results with the declared operations for
the facility, and any inconsistencies observed. The evaluation report may be revised
following review with the Member State if additional relevant information is obtained. The
baseline signature for a facility is derived from the cumulative results of the samples collected
and serves to characterize the activities performed. Results from samples taken during
subsequent inspections will be compared for consistency with the baseline signature and with
the declared operations. These results will then be added to the baseline for future
comparisons.
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XA9949491
IAEA-SM-351/183
nUCLI£AKMA'IEKlAL AUlVUNTirNU A1WUU1X1KUL, *OK
WITH THE SSAC' PERSONNEL AND OPERATORS

N. K. I.OGH1N
National Commission for Nuclear Activities Control, Bucharest, Romania
Having been endowed with deposits or uranium Romania has developed a small but a near
complete nuclear fuel cycle oriented to pressurised heavy water reactors. There are in operation
uranium mines, one conversion plant, one fuel fabrication plant, a research and a double core
material testing reactor, a post-irradiation examination laboratory, a CAMDU type NPP, two
heavy water facilities. Other four CANDU type nuclear power units are in construction.
The paper presents the Romanian experience with NMC&A since 1957 when the first fuel
loading for the nuclear research reactor of the Institute of Atomic Physics-Bucharest was brought
to the site.
There are described the legal basis, the administrative structure and its power that allow this
country to fulfill the requirements of the international bindings assumed with the view to
guarantee to the international community the exclusive peaceful uses of nuclear energy by
Romania.
This overview of the Romanian SS AC includes also details on:
- the interfaces with the IAEA, different supplier states, and facilities;
- information treatment & preparation of material accountancy reports in IAEA & bilateral
formats;
- planing, implementation of inspection and verification activities;
- training of the SSAC personnel and operators;
- independent NDA of nuclear materials;
- sample analysis;
- calibration & adjustment of inspection instruments;
- the quality measures applied.
It is also emphasised the importance of SSAC as a barrier against the illicit movement of nuclear
material from a controlled environment to an uncontrolled one.
The special attention given by the Romanian Government to the policy of non-proliferation of
mass destruction weapons has resulted, as also comes out of the answers to the IAEA
Questionnaire, in the strengthening the effectiveness and improving the efficiency of the State
System of Accounting for and Control of Nuclear Materials.
That allowed this country to;
-joint to the reporting scheme of expanded declaration for exports and imports or nuclear
material, non-nuclear material and specified equipment;
-accept ilie requirement regarding the early provision uf design information;
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-support the IAEA's "Programme 93+2" and to express this country readiness in participation
in implementing SAGSl's recommendations on improving the application of safeguards as
accepted by the IAEA Board of Governors;
-issue diplomatic one year valid multiple entry visas to the IAEA safeguards inspectors;
-participate in reporting events to the Agency data base on illicit trafficking of nuclear material;
-set up with the support of the Department of Safeguards of IAEA, a National Training
Programme for SSAC staff and operators.- Under this Programme there were organized a Basic
Course on Implementation of IAEA Safeguards for Romanian Personnel of the SSAC and
Operators (28 August-1 September 1995, Cernavoda), a Workshop on Implementing NMC&A
(8-11 October 1996,1'uiana JtJrasov) aud an Advance Workshop on NMC&A(23-26 September
1997, Pilesti); aud
-observe the procedures of the Nuclear Exporters Group (Zangger Committee), those of Nuclear
Suppliers Croup to which this country is Party and the commitments of the bilateral cooperation
agreements under which transfers of nuclear material are routinely taking place.
Further developments envisaged to strengthen the effectiveness and improving the efficiency of
the Romanian State System of Accounting for and Control of Nuclear Materials includes:
-increasing the cooperation between SSAC and IAEA Department of Safeguards in the scope of
implementation of the strengthened safeguards measures provided for in the model additional
Protocol;
-upgrading the national computerized inventory control system;
-setting up national safeguards criteria for all facilities of Romanian Nuclear Fuel Cycle;
-establishing procedures for nuclear material measurements.
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XA9949492
IAEA-SM-351/187P
RUSSIAN SUPPORT PROGRAMME IN 1995-97
A. Klyazhnikov
Ministry of the Russian Federation on Atomic Energy, Moscow, Russia
The Russian Support programme has been existing already for 16 years since 1981,
before 1992 it was known as the USSR Support Programme.
Traditionally the Programme includes two main groups of tasks. First group deals with
development or modernisation of different methods, used for destructive and non-destructive
assay of nuclear materials, designing of corresponding equipment and delivery of it to the
Agency.
The second direction of the RF SP deals with the organisation of training courses. In 1995
the Training Course for newly recruited IAEA inspectors was conducted in Novovoronezh NPP,
in 1996 - SSAC Course for personnel responsible for accounting for and control of nuclear
materials. 27 participants from 22 countries took part in the Course. This year the Training
Course for IAEA inspectors on spent fuel verification using gamma and neutron verification
techniques was successfully completed also in Novovoronezh NPP.
The policy of the Agency aimed at strengthening the efficiency and effectiveness of the
IAEA safeguards naturally found its reflection in the Russian SP. This direction in RF SP is
presented by two tasks.
Resources involved in RF SP: the Russian Government allocated 1.1 bin. roubles on the
SP in 1995, the estimate of the works which were performed in 1996 is close to the level of
1,5 bin. roubles (approx. 250 000 US$).
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TECHNICAL REPORT
Verification of MOX vs. LEU Spent Fuel Assemblies
Jose Arenas Carrasco, SG0C3/IAEA
Ibrahim Cherradi, SGOCP/IAEA
Valerij Bytchkov, SGOC3/IAEA

Nico Sauber, EURATOM
Paul de Baere, EURATOM
Klaus Grigoleit, EURATOM

A technique developed by LANL/USA was satisfactorily applied to verify irradiated MOX
assemblies by distinguishing them clearly from LEU spent fuel assemblies of different irradiation
cycles.
In LWR facilities, MOX fuel is being irradiated in PWR and BWR reactors, together with
normal LEU fuel assemblies. A MOX BWR fuel assembly contains almost one significant quantity
(8kg) of fresh plutonium. For safeguards purposes, it is important to verify that fresh plutonium is
converted into spent fuel as a result of the reactor operation. The Grand Fork detector was used to
measure neutron and gamma emissions from irradiated fuel assemblies. The measurements were
performed two weeks after the assemblies were discharged from the reactor. The neutron and
gamma rays ratios are used to check the consistency of declared irradiation history of MOX fuel
after two cycles of irradiation and to differentiate it from the LEU irradiated assemblies with similar
or different irradiation histories. The fork detector has been modified in order to operate in the
intense gamma ray field emitted from short cooling time assemblies. It is feasible to use this
procedure during the annual fuel reloading and maintenance period.
14 irradiated MOX assemblies with two cycles of irradiation, two LEU assemblies with two
cycles of irradiation and one with four cycles of irradiation were measured at a boiling water
reactor. The results obtained show that irradiated MOX assemblies can be successfully
differentiated from irradiated LEU with a similar irradiation history and short cooling time (two
weeks). LEU irradiated assemblies with a significant irradiation history (four cycles) and can be
easily distinguished from irradiated MOX with lower burnup (two cycles). The method could be
used to verify the Operator's declaration of irradiation history of both MOX and LEU fuel when it is
necessary to re-establish the continuity of knowledge of this material in the core or in the spent fuel
pond.
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IAEA-SM-351/190
IAEA Co-ordinated Technical Support Programme to the NIS

K. Murakami and R. Olsen
International Atomic Energy Agency

With most Newly Independent States (NIS) of the former Soviet Union becoming parties to
the Non-Proliferation treaty as non-nuclear weapon states, there has been an acute need in
these states for considerable assistance for the establishment of the necessary structure and
resources to ensure that their commitments to non-proliferation are implemented in a full and
timely manner. A number of IAEA member States have proposed that assistance be provided
to the NIS at a bilateral level to set up in each state an appropriate State System of Accounting
and Control (SSAC), Import/Export Control, and Physical Protection of Nuclear Material.
The Co-ordinated Technical Support Programme was established to ensure that the support
given by member States to the NIS was done in a co-ordinated and transparent manner. The
IAEA has played a co-ordinating role for the past 3-4 years by the preparation of the Coordinated Technical Support Plans (CTSPs), by helping in the identification of detailed needs
in individual states, and by the identification of appropriate donor support.

The IAEA

organises an annual review meeting in Vienna on the co-ordinated technical support activities
with the relevant donor and recipient states. The contents and principle of the CTSPs and the
role of the Agency in monitoring the progress of the individual tasks will be reviewed. A
summary comparing the implementation status of the Programme by each country will be
presented.
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IAEA-SM-351/191
Aquila technologies Group, Inc.
Atbuquefique, NM Q? 113
USA'

Authors;
(
Steve Kadner, Aqulla Technologies Group, Inc.
S
Puppet, Bjtjoy^ycn ^aiUjnal jLabo^ttory
Spahq, A<pttla Tecbnologits Orovp, Inc
Extw»dift^ the Gemini Advanced Review Statiaa0Bvelopmew
The GEMINI Advanced Review Smim (GARS) was developed with initial support form
USPOTAS. tbia p*^tor Wrscnt«tlon ^re*?|[iii> thj: laiesl UdvelupinetiLv in OAR§, including its
eXter}Sion to other surveiflaiHic systems ynder tA^A <joij5ide!r4tion; NDA appIitatipnS* and
networked safeguards.
A iummary of the GAkS develppment. tect, and forward disirifyufioa ?s a network, humajn review
ifttofac* will be presented wit^ practical Application of the GARS software including training
software.
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IAEA-SM-351/192
Aqyila feehiK>logie$ Gtoyp, Ino,
8401 Washington Ptae* NE

i t H t f

USA

Ptactfcfcl Remote Monitoring ttafajg COTS Equip

ft has Bcdrt clear for sornc time that the gap bel*£crt the, iutcnutlKKittJ iionprolifettftloq
verification agenda a6d the available financial means can only be bridged by adoption of remote
ftOnitorjng technologies in specific safeguards
f
Past technology development efforts tiave focused largely on sctisor nctworkini and dedicated
communications services to lioHhe Inspector to the Sa,fe§uardte instrument^ uslrig the traditional
verification paradigrit Today we have several Cottjrhercial Off The Shelf (COTS) Sensor,
hotworking alternatives that ace viable for Safeguards and it has bten UwvX ^«»t doiicattJ
eornmunicaticm services: cannot be widely deployed in practical verification scenarios. While
sensor networking is an irnporuint element of remote monitoring technology, it 4ocs not by itself
provide a viable lettate monitofing^^pabiUty,
This paper discusses several lessons have been learned from the IAEA's remote monitoring
installation in Pelindaba,, Soutk Africa
i and bow those lessons have becryy extended
e d to nclarHerrn
inat^latiofls V» J^an (out Gv^m^h Key antong thosic
thosc l o s ^ s is n>at the traditional verification
erification
should rjot, be carried fctrviard iftto the remote rnonitpring regime arid thai
% primary technology cqn^pori^m of jhc successful remote mon'r|oring installatiprf i.s the iServer.
which p r o c ^ c s , filters, Categorizes, and otherwise atb ^n the sensor inputs to dran>atitaHy
reduce thevoj^rne # 4 Increase ^he infprroation-densfty of da^that is tr&sfefretf temotely i
incJigerK)0s c^r^unication infYa^tnietores
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IAEA-SM-351/193P
AUSTRALIAN SUPPORT PROGRAMS FOR IAEA SAFEGUARDS
J. HILL AND D.L. SOROKOWSKI
Australian Safeguards Office,
Canberra, ACT, Australia
1.

INTRODUCTION

Australia has operated Support Programs to assist the IAEA in the development of safeguards
concepts, methods and technology since about 1980. The budget of the Australian Support Program
ranks modestly among the sixteen programs currently in operation, and represents about 0.7% of the
aggregate budget. So Australia has to select projects for its program very carefully to ensure that its
funds are spent effectively. To the extent possible, the program capitalises upon particular skills and
experience available in Australia and focuses upon particular areas of safeguards development.
2.

AUSTRALIAN SUPPORT PROGRAMS 1980-1986

The Australian Government established its first three-year Support Program in 1980. That
program embraced tasks covering a wide area, including
• R&D activities to provide the IAEA with improved equipment;
• studies to identify incipient safeguards problems; and
• the provision of an Australian cost-free expert to the IAEA.
Main features were the development of an instrument (by the then Australian Atomic Energy
Commission) to measure the enrichment of uranium hexafluoride in the gaseous phase, and the
provision of a cost-free expert in instrument development.
The Australian Government embarked on a second three-year Support Program in 1984. A
feature of that program was an investigation of safeguards measures which would be appropriate for
R&D-scale centrifuge enrichment facilities. The measures were applied to a small test bank of
machines, and the project incorporated transmission of surveillance and measurement data off-site
to the Australian Safeguards Office.
The Government had provided a budget of the order of AUD 200,000 pa (in 1980 dollars) for
these two initial programs. However, funding for a third program could not be secured. The
Australian Support Program, now known as the Australian Safeguards Assistance Program (ASAP)
was reinstituted in 1989.
Under the two initial programs a number of projects were undertaken relating principally to
safeguards for enrichment plants. So some focusing of effort in particular areas was already evident.
This work also provided the foundation for a new focus on the development of remote monitoring
systems.
3.

AUSTRALIAN SAFEGUARDS ASSISTANCE PROGRAM

The ASAP, which is directed and administered by ASO, began in 1989-1990 using limited
funds available to ASO. In 1991-1992, the Australian Government agreed to a program of one
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million AUD over five years. That expenditure does not represent the full extent of Australian
assistance to the IAEA under ASAP. Time spent by ASO staff on specific projects is not costed
against these funds, and other Government agencies have provided their services free of charge.
And the Australian regional SSAC course has not hitherto been part of ASAP.
Some projects have capitalised on analytical skills at the Australian Nuclear Science and
Technology Organisation (ANSTO). One, titled "Probabilistic Assessment of Safeguards
Effectiveness (PASE) Reprocessing Analysis", was designed to assist the IAEA in developing
safeguards approaches for large scale reprocessing plants. And ANSTO and the Indonesian National
Atomic Energy Agency (BATAN) have collaborated in a project directed at the improvement of
procedures for the detection of possible unreported irradiation of nuclear material in research
reactors.
But ASO's main priority has been projects in the area of digital video surveillance of nuclear
facilities combined with transmission of the data off-site (remote surveillance). This work will give
IAEA staff in Vienna a capability to acquire safeguards information in real time without visiting the
facility. That will lead to substantial savings. ASO has demonstrated an Australian remote
surveillance system at ANSTO's Lucas Heights laboratories and is participating in the International
Remote Monitoring Project under an agreement with the US Department of Energy. The first phase
of that project field-tested a number of monitoring devices and the system for collecting, processing
and transmitting the data they generated. A collaborative project with BATAN in the area of remote
surveillance is currently in the planning stage, as are further demonstration tasks at Lucas Heights.
A related field is the vulnerability testing of video authentication systems intended for IAEA use.
Authentication is the checking of the integrity of a message (in this case a video image or data). The
vulnerability of a number of authentication systems to tampering has been tested under ASAP.
Under other related tasks an Australian consulting engineer has reviewed the IAEA's requirements
for surveillance systems and prepared working guidelines, standards and recommendations on
digital and analogue video technology.
Remote monitoring will form an important part of the strengthened safeguards system (SSS).
A more recent focus is support for the implementation of other SSS measures. Environmental
sampling and analysis are a potentially powerful tool for the detection of undeclared nuclear
activities and constitute another important part of SSS. Accelerator mass spectrometry (AMS) has
the capability to make measurements of the requisite sensitivity for certain fission products and
(potentially) actinides. The ASAP has provided some funding for ANSTO's Antares Mass
Spectrometry Unit to participate in "round-robin" exercises on analysis for fission products, and to
develop a capability to analyse for actinides.
Also in support of SSS, ASO officers have conducted cost-free consultancy work for the
IAEA under ASAP. Much of this work has been related to helping the Agency make use of all the
information available to it. One task involved contributing to a document to assist information
evaluators to assess the significance of items of information received, for example through the open
media.
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IAEA-SM-351/195
IAEA SAFEGUARDS: POSSIBLE FUTURE DEVELOPMENTS
MICHAEL D. ROSENTHAL
NUCLEAR SAFEGUARDS AND TECHNOLOGY DIVISION
U.S. ARMS CONTROL AND DISARMAMENT AGENCY

ABSTRACT
A fundamental element of safeguards under comprehensive safeguards agreements is the
requirement that States share with the International Atomic Energy Agency (IAEA) knowledge
of a set of core parameters related to the production and utilization of nuclear material and that
they provide access to the IAEA to locations that are essential for it to carry out its
responsibilities. Over time, the extent of the information shared and the access granted has
changed. Initially, the IAEA system focused primarily on nuclear material declared by the State.
However, this focus proved to be inadequate to meet in the fullest degree the requirements of the
NPT and its requirement that safeguards be applied to ALL nuclear material in all peaceful
nuclear activities. As a result, several adaptations were made to the safeguards system in order to
ensure that the IAEA could provide assurance of the absence of undeclared nuclear activities at a
facility or in a State and that all of a State's nuclear activities are subject to the appropriate
safeguards measures.
The IAEA could, in the future, meet its objectives better and/or more efficiently through the
provision of additional information about the operation of facilities and by taking advantage of
new technologies to both provide and to analyze this information. Two areas seem particularly
relevant to explore. One is providing the IAEA with operating information available from
automated and/or highly instrumented plant operations. This would be particularly relevant in
instances where one of the important goals of the IAEA was ensuring the absence of undeclared
operations at a declared facility — e.g., at enrichment and reprocessing facilities and at reactors
where undeclared production was considered an important consideration.
A second area might be the refinement and additional clarification of the reporting of exports that
States make to the Agency on either a voluntary basis or as part of the Strengthened Safeguards
System.
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IAEA-SM-351/197P

BELGIAN SUPPORT PROGRAMME TO THE IAEA
FOR SAFEGUARDS IMPLEMENTATION
R. CARCHON
Nuclear Research Centre SCK'CEN
Mol
C. N. BEETS
Ministry of Foreign Affairs,
Brussels
Belgium
1. INTRODUCTION
Support programmes constitute a sound basis for sharing R&D work between the IAEA and
the Member States. They have the advantage to link a problem definition to its solution and to
a field test under realistic circumstances and they increase considerably the potential of the
Agency in the field of R&D and in the implementation of these techniques and procedures.
In 1982, Belgium decided to make a contribution to the development of safeguards measures
applied to nuclear facilities under IAEA safeguards. The objective of the Belgian Support
Programme (BEL SP) is to contribute to the optimization of safeguards measures in
accordance with INFCIRC/153 type agreements. This optimization has to take into account
cost and effectiveness for the Agency, for the State System of Accounting and Control, for
the plant operator and for Euratom, which is considered an inherent partner.
The Belgian support programme has undertaken a series of tasks, a detailed overview of
which was given at the 1994 IAEA Symposium on International Safeguards [1].
These tasks covered the following domains: Non-destructive Measurement Technology (high
resolution gamma spectroscopy, neutron measurements on powders, pins, assemblies and
waste, test of Phonid, calorimetry on Pu samples, input tank calibration in a reprocessing
plant, combined neutron and gamma measurements on irradiated fuel assemblies, allowing
the estimation of burnup, plutonium content and cooling time, measurements of coincidence
neutrons from fresh MOX fuel assemblies stored under water), System Studies, Analytical
Measurements, Containment and Surveillance, Training.
The site of Mol is characterized by the presence of industrial nuclear facilities in the
immediate vicinity of the nuclear research centre SCK»CEN. Due to this fact the safeguards
studies were mainly plant oriented.
The partners in this Support Programme are, either in an active or passive role:
- SCK'CEN (in its role of coordinator),
- the Belgian nuclear industry (FBFC fuel manufacture plant, Belgonucleaire MOX plant,
Tihange nuclear power plant, Doel nuclear power plant),
- the organisations in charge of the fuel and waste management and handling in Belgium
(Synatom, NIRAS/ONDRAF, Belgoprocess),
- the European Union institutions (Euratom inspectorate, the CEC Joint Research Centra).
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U. S. Support Program
S. Pepper, J. Skalyo, and A. Reisman
International Safeguards Project Office, Brookhaven National Laboratory, Upton, NY 11973

The U.S. Program of Technical Assistance to IAEA Safeguards (POTAS) was initiated in 1977
to provide a mechanism for technology transfer from the U.S. national laboratories to the IAEA.
Since that time the U.S. Support Program has grown to include other support from several U.S.
government agencies including the U.S. Department of Energy, the U.S. Department of State, the
U.S. Nuclear Regulatory Commission, the Arms Control and Disarmament Agency, and the
Department of Defense. To date, the USSP has completed over 600 tasks. Among our most
visible contributions are Non-Destructive Analysis training for new Safeguards inspectors which
has been given 32 times and trained 384 inspectors; developments in containment and
surveillance equipment; a variety of support towards the implementation of the IAEA's
environmental sampling program; and human resources in the form of cost-free experts and
consultants. The USSP currently supports approximately 90 tasks.
In recent years, the U.S. Support Program has actively supported the Strengthened Safeguards
System by providing support in environmental sampling, remote monitoring and information
collection and analysis. The USSP has been proud to participate in the construction of the clean
laboratory at Seibersdorf and the Department of Safeguards' conversion to digital surveillance
systems. Each of these efforts provides the Agency with better tools for the verification of
Member State compliance with the Non-Proliferation Treaty.
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THE FRESPAS : 1983 -1997
JL.SZABO, G.DANIEL, P.PETIT
ATOMIC ENERGY COMMISSION (C.E.A.)
PRANCE

1 - INTRODUCTION

France ACCEPTED TO SUPPORT THE I.A.E.A. IN 1982 AND FRESPAS WAS DEDICATED TO ASSUME RESEARCH AND DEVELOPMENT
FOR AGENCY SAFEGUARDS.
IN 1989, DEVELOPMENT OF THE CONSULHA, CONTAINMENT AND SURVEILLANCE SYSTEM FOR SPENT FUEL ASSEMBLIES.
AND SO THE FRENCH NUCLEAR REPROCESSING PLANT LA HAGUE IS CHECKED WITH THIS SYSTEM.

„
>
DO
>

SINCE 1996, INTERNATIONAL PLANTS SUCH AS CHERNOBYL (UKRAINE) OR PAKS (HUNGARY) USE CONSULHA SYSTEM FOR GO
SAFEGUARDS.
g
i

IN 1997, THE FRENCH SUPPORT PROGRAMME HAS CURRENTLY ABOUT 20 ACTIVE TASKS.
MOREOVER , THE FRESPAS HAS A SET OF DIFFERENT TOOLS IN I.A.E.A 'S SERVICE.

~
5g

2 - METHOD
4 MAIN TASKS :
- EXPERTS A T I.A.E.A'S DISPOSAL.

COST FREE EXPERTS A N D SPECIALISTS GIVE TECHNICAL SKILL FOR A BETTER EFFICIENCY.
co!
- ANALYSIS TECHNICS.

CD!

DEVELOPMENT OF NEW METHODS OF MEASUREMENT IN NON DESTRUCTIVE ASSAY.
TESTS OF METHODS IN FRENCH PLANTS
PROVIDING REFERENCE SOURCES OR SOLUTIONS
- INSTRUMENTATION.
CONTAINMENT AND SURVEILLANCE OF NUCLEAR SITES UNDER CONTROL OF I.A.E.A.
- TRAINING.
ORGANISATION OF TRAINING FOR INSPECTORS AND I.A.E.A. STAFF

3 - RESULTS
So

IN AREAS OF
INSTRUMENTATION :
. INSTALLATION OF CONSULHA SYSTEM TO FOLLOW MOVEMENT OF SPENT FUEL ASSEMBLIES IN DIFFERENT NUCLEAR PLANTS,
. USE OF EMOSS SYSTEM (VIDEO MONITOR) FOR THE SURVEILLANCE OF NUCLEAR FACILITIES,
. NUCLEARIZATION OF MASS SPECTROMETER FOR SEIBERSDORF LABORATORY.
EXPERTS;
. 2 COST FREE EXPERTS AT THE I.A.E.A.'S DISPOSAL.
TRAINING :
. ON CONSULHA SYSTEM (LA HAGUE NPH2,...) FOR INSPECTORS.
WITHOUTH FORGETTING :

. COOPERATION WITH OTHER SUPPORT PROGRAMMES (RUSSIA, HUNGARY,...), OR INTERNATIONAL COMMISSIONS FOR
SAFEGUARDS (JOINT TEAM I.A.E.A. / EURATOM,...)
. INFORMATION COLLECTION

4 - CONCLUSIONS
°°

FRANCE IS PROUD TO CONTRIBUTE TO THE DEVELOPMENT OF IAEA SAFEGUARDS.
AND SO THE FRENCH SUPPORT PROGRAMME HAS ONLY ONE OBJECTIVE : SUPPORT MORE EFFECTIVE AND EFFICIENT IAEA
SAFEGUARDS THANKS TO THE CONTRIBUTION OF
. CEA DEPARTMENTS DRI.DAMRI, DER, DSMR, CETAMA, DAM, INSTN,...
. FRENCH COMPANIES COGEMA, SGN, EURISYS-MESURES, THERMATOME, EDF-CLI, HYMATOM, DIALECTICA, ...
. IAEA DEPARTMENTS SG-DIR, SGTS-DIR, SGO-A, B, C - DIR, SGIT-DIR, INSPECTORS,...
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HUNGARIAN ACTIVITIES
SAFEGUARDS

IN

SUPPORT

OF

INTERNATIONAL

I. CZOCH, E. SZOLL(5SI
Hungarian Atomic Energy Commission, Budapest, Hungary
J. SAFAR
Institute of Isotopes of the Hungarian Academy of Sciences, Budapest, Hungary
M. BEIER, Gy. K6SA
Paks Nuclear Power Plant, Paks, Hungary
F. L6VAI
Technical University, Budapest, Hungary

Hungary considers the Agency's safeguards system as an integral part of
the world's general safety and security. Therefore in 1991, besides the efforts
to fulfil its obligations under the NPT, Hungary has launched a programme to
.support the IAEA's safeguards-relevant R&D activities.
The Hungarian Support Programme is carried out under the auspices of
the Hungarian Atomic Energy Authority but other institutions and facilities are
also involved in the tasks.
Taking the advantage of Hungary's geographical vicinity to the IAEA's
Headquarters and being aware of the important role of the recruitment of
human resources of the IAEA safeguards system we provide the facilities and
organisational activities for the Agency's training courses.
Trainings carried out or planned in Hungary:
• Basic Training Exercise on the Cerenkov Viewing Device for New
Inspectors (1992)
• VVER Technical Visit for Ukrainian Safeguards Experts (1993)
• In-Field Training in the Framework of the Safeguards Traineeship
Programme (1993, 1996)
• Comprehensive Inspection Exercise for New IAEA Inspectors (1994, 1996,
1997)
• Comprehensive Inspection Exercise Training (planned)
• Cerenkov Viewing Device Training (planned)
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Other areas of our support programme are as follows:
Measurement methods and techniques:
• Modification of IAEA Computer Codes for MTR Measurements (19941996)
• CdTe Based Portable Spent Fuel Attribute Tester (PSFAT) for the Paks NPP
(1996- )
System studies:
• Environmental Monitoring for Safeguards - Field Test in Hungary (1993-95)
• Safeguards for Final Disposal of Spent Fuel, SAGOR (1993- )
- Joint Finnish-US-Hungarian task "Evaluate NDA Techniques for Spent
Fuel Verification and Radiation Monitoring in Open Repository and
Conditioning Facility."
Field test and evaluation of advanced video surveillance systems
•
•
•
•
•

Procedural Field Test of State Mail-in of CCTV Data (1992-1993)
Open-core surveillance (1993-1995)
Long term MIVS field test in unattended mode (1993-1995)
GEMINI for Testing in Hungary (1995- )
Field Test of a Digital Image Surveillance (DIS) System (1997- )

The Hungarian Support Programme is based mainly on in-kind service
by providing expertise and our facilities. It is difficult to express its value in
monetary terms. Still, we try to provide whatever can be expected from a
country of our size, taking into account our real possibilities and the interests of
both parties.
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ARGENTINEAN SUPPORT PROGRAMME
Nuclear Regulatory Authority of Argentina
L.J.

Sobehart

The aim of the Argentinean Support Programme (ARGSP) is to support the
agency's activities for the development of its effective and efficient safeguards.
The management of the ARGSP is under the Nuclear Regulatory Authority
(ARN) administration.
The ARGSP formally started on November 23,1995, after the confirmation
of the co-operation arrangements and guidelines understanding was sent to the
IAEA.
In spite of that, since 1993, the ARN has started his contribution to the
development of safeguards measures applied to nuclear facilities under IAEA
safeguards.
As a first experience, the ARN started working on the development and
installation of a permanent gamma-neutron measuring device in order to record
the dry storage canisters of the Embalse NPP (CANDU 600). Under this task, a
variety of electronics sensors has been developed into the ARN labs. As part of this
early development, and in order to simplify the installation procedure, a gamma
detector with a radio-frequency communication link has been successfully tested.
In a second stage, the ARGSP decided to increase the contribution to the
IAEA support programme by participating in co-operation activities with the
other Support Programmes Member States.
In doing so, four new tasks were agreed:
1.- The feasibility study on the application of bundle counters/core
discharge monitors at Atucha I and II NPP (KWU 300-600, PHWR) in cooperation with the Canadian Support Programme. Different geometrical
arrangements of detectors were studied in order to identify possible diversion of
nuclear materials. Furthermore, measurements of neutron/gamma radiation fields
by using TLD at potential places where a Core Discharge Monitor (CDM) could be
located at Atucha I NPP, were performed.
2.- The construction of mechanical holders for the United Kingdom
Support Programme radar system designed to verify the integrity of the dry
storage canisters of the Embalse NPP (CANDU 600).
The design information verification of the dry storage canisters was made.
Forty two canisters were included under the verification, scanning a total of two
thousand meters in a linear way.
3.- The implementation of verification methods for the uranium content in
diffusion enrichment plant. These activities were included under a joint task with
the United State Support Programme.
In the fall of 1992, the Nuclear Regulatory Authority of Argentina and the
US Department of Energy (DOE) began a program of co-operation to develop the
required measurement methods. This programme involved visits and
measurement experiments at each other enrichment plants (Oak-Ridge,
Portsmouth, Pilcaniyeu). In December 1993, the two parties began an extensive
measurement campaign at Pilcaniyeu (Rio Negro, Argentina) which involved
measurements inside a labs scale operating cascade. The results of this cooperation led to the development of the measurement method. An experimental
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version of this method was used by the IAEA during the Initial Physical Inventory
Verification at Pilcaniyeu in February 1994.
As a request of the IAEA, both parties decided to offer their experience
developing a completed measurement method for uranium content in diffusion
enrichment plants, including the IAEA inspectors training for using it.
4.- The report to the IAEA of the Argentine activities on developing of
remote monitoring systems and the description of the field trail of remote
monitoring at Embalse NPP (in co-operation with the United States Support
Programme).
The Nuclear Regulatory Authority of Argentine ( ARN ) has developed a
Remote Monitoring & Surveillance System ( RMSS ) that can provide a media to
verify the state of variables related to monitoring and surveillance activities of
nuclear installations, mainly safeguards applications.
RMSS includes a variety of sensors installed on site, an authenticated radiofrequency communication link, a receiver processing unit, an active vision set and
a user friendly personal computer interface for collecting, viewing and archiving
pertinent event histories. A real time data base allows consulting, maintenance,
updating and checking activities. RMSS may be integrated into a LAN or WAN
via modem for use in a remote operation.
Sensors includes motion, fiber-optic seal, tamper, temperature and 3
continuos and up to 8 digital generic utility inputs. Number of sensors is scaleable
up to 256 and may be programmed on site or remote. Sensors have energy
autonomy of about 2 years.
Nowadays, and taken into account the main goals of the 93+2 IAEA
Programme, the ARGSP decided to continue his co-operation in the development
and installations of remote monitoring systems and to facilitate the ARN
laboratories experience and capacity for environmental sampling to the IAEA..
Concerning the remote monitoring programmes, efforts will be made on the
implementation of a regional system in co-operation with the Argentine-Brasilean
Control and Accountability of Nuclear Material Agency (ABACC), the United
States Support Programme and the IAEA.
The ARN environmental radiochemical and measurement laboratories have
a very good capacity for the chemical processing of samples, gamma spectrometry,
alpha spectrometry and low background beta counting. These laboratories have
been working in this subject for a long time and therefore they have got a wide
experience in this theme.
Both, the environmental radiochemical laboratory and the measurement
laboratory have their own quality control program, based on the strict fulfilment
of the proceedings, the analysis of standard samples, the statistic analysis of the
results and the participation in inter-comparison exercises with other well-reputed
international laboratories.
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FINNISH SUPPORT PROGRAMME 1988-1997

Matti Tarvainen
Radiation and Nuclear Safety Authority (STUK), Finland

Finland has supported the IAEA to develop international safeguards since 1988 by
offering extra-budgetary support in the form of the Finnish Safeguards Support
Programme (FINSP). FINSP has been carried out under the coordination of the
Radiation and Nuclear Safety Authority STUK. Close co-operation with the Finnish
power companies and other partners has made it possible to respond in a timely
manner to the IAEA needs. FINSP is funded by the Ministry for Foreign Affairs.
Annual funding is around 2 MFIM (0.4 MUSD). Based on the request and needs of the
IAEA, 39 tasks have been initiated by October 1997. At the same time the number of
completed tasks is 25, 11 task are active, 2 have been terminated and 1 is in stand-by.
Annually, the number of active tasks has been around 10.
In the programme implementation, FINSP has been able to utilize the synergy with
similar R&D efforts of other regimes in Finland, mainly those developing verification
methods for CTBT and CWC. In aiming at an effective and efficient programme and
safeguards methods that minimize the burden to the operators, FINSP has kept also the
Euratom Safeguards Directorate informed of the development. In addition to this,
FINSP is in co-operation with the bilateral Finnish Support Programmes to Ukraine,
Baltic countries (Estonia, Latvia, Lithuania) and since 1997 also with Russia.
Review of task activities
The IAEA needs, together with the specific safeguards expertise available in Finland,
forms the framework of FINSP. The areas relevant to the domestic fuel cycle and
those with high priority to the IAEA have focused the programme to specialize in
particular main areas.
NDA. Since the beginning, development and testing of NDA instruments and methods
has formed the backbone of the programme. NDA tasks have had most applications in
the area of spent fuel verification including methods like Gamma Burnup Verification
(GBUV), Spent Fuel Attribute Tester (SFAT) and Gamma Emission Tomography.
Instrument fabrication, testing and calibration services have been offered both at
facility and laboratory conditions. During the last few years, application of
measurement techniques has expanded to environmental sampling. FINSP has
responded to the IAEA needs in studying the feasibility of different analytical methods
and by analyzing environmental samples. Even wider use of advanced measurement
and monitoring techniques is being studied under a joint effort related to long-range or
wide-area environmental monitoring.
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Inspector training. FINSP has trained IAEA inspectors in the use of CVD techniques
for several years in co-operation with other countries. After 6 courses and 64 trained
inspectors in 1989-1995, new courses have been designed. A prototype training course
in environmental monitoring has been developed and carried out. The latest course
including Comprehensive Inspector Training was arranged for the first time in June
1997. The course will be rearranged also during the coming years.
CFEs. Since 1988, FINSP funded cost-free experts have been working in the IAEA.
The support of four CFE tasks, so far, has covered NDA, administration, coordination
of safeguards support to NIS countries and training related needs. In addition to their
main responsibilities, CFEs have promoted the implementation of FINSP by increasing
communication between FINSP and the IAEA.
New approaches. New safeguards needs of the IAEA have launched studies in several
areas not covered by the conventional safeguards. FINSP took active part in the
Programme 93+2 activities by managing around 10 separate tasks. All the main areas
mentioned above, NDA, training and CFE support, were included in these tasks.
After the Programme 93+2, new safeguards needs of the IAEA have led to large
studies carried out as joint tasks of several MSSPs. Those participated by the FINSP
include developing safeguards for final disposal of spent fuel in geological repositories
(SAGOR). The feasibility of environmental monitoring outside nuclear facilities is
studied under a wide-area monitoring task (WAM). One of the development trends of
the modern safeguards is related to wider utilization of remote monitoring. FINSP is
combining two separate development areas by studying the feasibility of remote
environmental monitoring using air samplers.
Once environmental sampling has been accepted into routine use by the IAEA, there is
a need for increased capacity of analytical services. FINSP has accepted a task aiming
at an arrangement allowing Finnish laboratories to offer analytical services to the IAEA
as a member of the network of analytical laboratories (NWAL).
One of the trends of the last few years of MSSPs is the increase of joint tasks carried
out under cooperation of several MSSPs. This trend, supported by the IAEA, is
welcomed also by FINSP. Increased cooperation calls for increased communication
between parties. Since 1995 FINSP has responded to this need by delivering its Annual
Reports to the IAEA, other MSSPs and Euratom in addition to other partners.
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SWEDISH SUPPORT PROGRAMME TO IAEA SAFEGUARDS
G. DAHLIN
Swedish Nuclear Power Inspectorate (SKI), Stockholm, Sweden

The Swedish Support Programme to IAEA Safeguards (SSP) was established in late 1986. The
programme is handled by the Swedish Nuclear Power Inspectorate (SKI) and is aimed at improving
international safeguards. Over the years the SSP has concentrated it's activities within the following
areas:
- Strengthening Safeguards
- Training
-NDA
- Information Treatment
- Back End of Fuel Cycle
Below follows a short description of the main tasks performed within each area.

Strengthening Safeguards
The SSP has during its whole existence been involved in projects related to more effective and
efficient safeguards. For example, field trials are being performed to show how the IAEA can derive
advantage of the SSAC. Recently two projects have been carried out to test elements for
strengthened safeguards in the LEU fuel cycle. Within the projects near real time accountancy and
operational data reporting via electronic media has been tested together with a no-notice inspection
scheme.
Other areas in this field are the use of environmental sampling where the SSP has been and is
involved in projects related to short as well as long distance environmental sampling/monitoring.
This is part of the 93+2 programme.

Training
It is important that inspectors get appropriate in-field training at nuclear facilities. The SSP has
therefore assisted in organizing training courses at the ABB Atom LEU fuel fabrication plant,
where IAEA inspectors were trained in safeguards activities at such a plant in full operation. Eight
courses comprising in total 96 participants have been performed.
The SSP is also conducting in-field training courses in the use of the Cerenkov Viewing Device
(CVD) where IAEA inspectors learn how to verify spent nuclear fuel in storage ponds. Seven such
courses comprising totaly 84 participants have been held so far at the Ringhals and Oskarshamn
NPPs and the CLAB interim storage facility.
SKI personnel are also participating as lecturers and instructors at several courses arranged by the
IAEA.
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NDA
Within the framework of the SSP a number of different instruments and equipment have been tested
at Swedish facilities, for example gamma-scanning equipment for spent fuel, SFAT, CdTe-detectors
for U powder, MIVS and reactor power monitors. Some of these have been joint activities with the
Finnish Support Program (FSP).
In recent years, NDA activities have been focused on the improvement of the Cerenkov Viewing
Device (CVD). The SSP has together with the Canadian Safeguards Support Programme (CSSP)
developed a telephotolens for the CVD. The lens was delivered in 1996 and the IAEA has now
purchased several lenses and they are now in routine use. Together with the CSSP the SSP is in the
process of developing a more sensitive CVD which is planned to be ready as a prototype in 1998.

Information Treatment
When the SSP began its activities the IAEA was in the process of developing a system for use of
computers by the inspectors during inspections. This system, the EFSS, was built in several modules.
Two of the modules, examination of records and comparison of records and reports, were
developed by the SSP. In order to be able to use the BFSS in Sweden a national computer system,
the SKIFSS, was developed. The Swedish facilities also adjusted their safeguard computer systems
to fit into this concept. After successful field trials the system is now used in several countries.
A remote data handling SSP project started in 1992 to look into the possibility to use electronic
transmission of data between a member state, in this pilot case Sweden, and the IAEA. After a pilot
study of different possibilities it was decided to use the existing system used for communication
between the IAEA HQ and Toronto field office in Canada with an upgrade of computer hardware in
Vienna. The SSP delivered a computer to the IAEA and the link between Stockholm and the IAEA
HQ was established. Accountancy reports were submitted successfully for a long period. The link
has also been used to send operational data and images from facilities.
A remote monitoring system at the Barseback NPP in Sweden has been tested together with Sandia
National Lab., USA.

Back End of Fuel Cycle
The SSP is involved in a couple of projects specially related to safeguards at wet spent fuel interim
storages like CLAB and the SSP is also participating in the SAGOR programme.

Sweden considers the Support Programme to the IAEA Safeguards to be of significant importance
not only for the IAEA but also for the Swedish SSAC and facilities involved. It does not only
contribute to improve different techniques and procedures for international safeguards but also acts
as a way to promote cooperation between different states, organisations, companies and persons. In
addition, an active support programme helps to introduce new actors on the safeguards scene.
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CANADIAN SAFEGUARDS SUPPORT PROGRAM
R. Keeffe and Q.S. (Bob) Truong
Atomic Energy Control Board
Ottawa, Canada
1.

INTRODUCTION

The Canadian Safeguards Support Program (CSSP) is a co-ordinated program for the
development and the application of safeguards instruments and techniques for nuclear facilities
and materials on behalf of the IAEA and also in support of Canada's own national nuclear
material safeguards system, implemented by the AECB.
The overall objective of the CSSP is to assist, influence, and improve the effectiveness and
efficiency of international safeguards through the provision of technical assistance and other
resources..
2.

SCOPE

The tasks administered and funded by the CSSP are grouped into five categories: manpower
assistance, training, system studies, equipment and miscellaneous.
2.1.

MANPOWER ASSISTANCE

Cost-Free Experts (CFEs) provide the IAEA with a source of expertise for short-term projects
requiring particular knowledge or special skills for which it is impractical to use regular IAEA
staff employed on more general long-term projects. Technical assistance is made available when
required in areas for which there is Canadian expertise, such as training, application of
equipment developed by the CSSP, information treatment, fuel cycle safeguards, etc.
2.2.

TRAINING

Training may involve the provision of training materials to be used by the IAEA in giving
courses or in the development and presentation of complete training courses or modules within a
course. Training materials have included manuals, textbooks, transparencies, videotapes and
self-paced, interactive, computer-based modules. The latter approach will be used increasingly
in the future since it reduces the burden on the IAEA training staff and enhances information
assimilation. A presentation of one such module is being made in this symposium.
2.3.

SYSTEM STUDIES

A systematic approach allows achievement of a safeguards environment in which all components
fit together with the appropriate redundancies and overlaps to achieve an effective safeguards
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system with the appropriate reliability. The CSSP has been actively participating in the SAGOR
project, along with several countries, in the development of safeguards approaches for geological
repositories and conditioning plants. Work has also been undertaken in connection with measures
to strengthen and streamline safeguards.
2.4.

EQUIPMENT

2.4.1. Closed Circuit Television (CCTV)
The CSSP developed a multicamera surveillance system, the MUX CCTV, which has proven
highly reliable. The system incorporates authentication in the signal lines using the Tamper
Resistant Television Link (TRTL), developed by the German Support Program. In addition the
system has been upgraded recently to incorporate computer aided procedures to simplify the
inspector interaction with the MUX CCTV system.
Present and future work involves remote transmission of surveillance images by evaluating
commercial equipment and integrating optical surveillance equipment with other safeguards
equipment such as radiation monitors.
2.4.2. Sealing Systems
The CSSP developed a sealing system for spent fuel. The seals are verified ih-situ in the spent
fuel bay using an ultrasonic technique. The system for reading the ultrasonic seals and archiving
the data is called the In-situ Readable Ultrasonic Sealing System (IRUSS) and was authorised
for inspection use by the IAEA in February 1997.
2.4.3. Radiation Monitors
The CSSP has developed a general purpose radiation system for international safeguards called
the VIFM. The design of the instrument is based on the VXI bus standard which is a wellcharacterised standard supported by available industry hardware and software development tools.
This will permit the instrument to be built in a modular fashion that will increase the flexibility
considerably. The VXI bus has been accepted for use in the IAEA's Integrated Safeguards
Instrumentation Programme (I2SIP). Different detector modules can be added to the common
core electronics to use the system for alternative applications with little additional development
effort. In addition, using software tools like Labview will result in faster development and better
documentation than traditional methods. The modular approach will also reduce maintenance,
procurement and training costs.
The core to the VIFM system is the Autonomous Data Acquisition Module (ADAM). This
module is designed to accept a number of different detectors - fission chambers, solid state
detectors, gas proportional detectors, etc. Although the ADAM is designed to work in a VXI bus
it can also be used on its own when interfaced with a laptop computer. This is very convenient
for missions of short duration or to obtain data in feasibility trials for new detectors or old
detectors in new applications.
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The first applications of the VIFM technology are a spent fuel counter for CANDU bundles, a
core discharge monitor for monitoring spent fuel discharged from OLRs, and a yes/no monitor to
detect spent fuel diverted through penetrations that are not on the normal flow path.
2.4.4. Spent Fuel Verifiers
The Cerenkov Viewing Device (CVD) developed by the CSSP is one of the IAEA's most used
portable devices.
In cooperation with the Swedish Support Program a telephoto lens has been developed which
improved the capability to verify BWR and WWER spent fuel. Currently the CSSP, together
with the Swedish Support Program, is developing a portable Digital CVD (DCVD) that will
increase the operating envelope of the CVD to be able to verify spent fuel with a burnup of
40,000 MwD/te and a cooling time of 40 years in a spent fuel of average water quality.
Because the IAEA encounters some situations where it is difficult to verify spent fuel using
standard gamma or neutron detectors with their associated, bulky collimators, the CSSP has
completed preliminary investigations using beta detectors for verification. The beta radiation is
short ranged, only one or two centimetres, thus avoiding near-neighbour interactions. Initial
results are promising.
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THE PRESENT STATUS OF JAPAN SUPPORT PROGRAMME
FOR AGENCY SAFEGUARDS (JASPAS)
Kenji Seyama
International Affairs and Safeguards Division, Atomic Energy Bureau,
Science and Technology Agency, Japan
Takeshi Tsujino
Nuclear Material Control Center, Tokyo, Japan
1.

Introduction
The Japan Support Programme for Agency Safeguards(JASPAS) started on November
th
5 , 1991 after letters on exchange between the Government of Japan and the IAEA. The
aim of JASPAS is to support the agency's activities for the development of its effective and
efficient safeguards. The execution of the support programme is supervised by the
Government of Japan. The tasks in the JASPAS are classified 5 categories as follows;
JA: Safeguards System Design and safeguards Approach
JB: Safeguards Data Collection, Treatment and Evaluation
JC. Measurement and Surveillance Techniques
JD: Containment and Surveillance Techniques
JE: Training and Cost Free Experts
JASPAS started with 9 tasks at the beginning, and 64 tasks in total have been executed so
far. Items of the 64 tasks are as follows:6 tasks are as JA, 4 tasks are as JB, 15 tasks are as
JC, 19 tasks are as JD and 20 tasks are as JE. Current activities of JASPAS in 1996/1997
period were executed with 15 tasks with well cooperation between the executive organizations
of JASPAS and the IAEA. In the terminated tasks excepted JE, the tasks to be used
routinely are 22, the tasks not meet the objectives are 11 and the executing tasks are 11. The
reasons not to meet the objective are as follows: The tasks could not assign the end user and
the Safeguards Criteria has changed during executing of the tasks.
2. Current Status of JASPAS
The highlight of the current development is as follows:
- As Japan has the operating reprocessing plant, TRP and has a plan to construct the large
scaled commercial reprocessing plant, RRP, there are many development and demonstration
tasks related to the reprocessing plant.
(^Authentication of Operator Process Monitoring System Using Expert System
The main purpose of the task is to develop the computer programme to meet the
authentication of process monitoring installed at storage vessels of plutonium solution in the
Tokai Reprocessing Plant. The process monitoring system were also developed under
JASPAS. Up to now, improvements of the reliability and the precision for the system for the
storage vessels were carried out, and the development is expanding to the input accountancy
tank. Examination by the IAEA for the specifications for the system design is carrying out.
(2)Hybrid/K-edge Densitometer
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The main purpose of the development is to establish a rapid determination of uranium and
plutonium input solution sample from the input accountancy tank of TRP in timely manner.
The development has started in 1989. In October 1996, the performance test by the IAEA was
executed, and based upon the results of the test, the densitometer has put into practice in
1997.
(3)Development of Pu Analysis in High Active Liquid Waste
The main purpose of the development is to establish an accurate and rapid determination of
Pu in waste solution of TRP. The technique to be adopted is a Laser Induced Photo
Acoustic Spectroscopy(LIPAS). The measurement performance(detection limit is expected
to achieve 0.5mg/L to 0.2mg/L) can be obtained by the modification of the measurement cell.
Just now, the development of the High Performance Spectro-Photometry(HSPS) has started.
(4)Solution Mass Verification Technology Study on the Mock-up Input Accountancy Tank
for Rokkasho Reprocessing Plant
The main purpose of the development is to establish the solution mass verification
technologies which satisfy the safeguards requirements at the input accountancy tank in RRP.
The LArge Scale Tank Calibration(LASTAC) facility including a mock up tank which has
same volume and structure as RRP's was constructed in 1996, and just now, the calibration
test has executed under cooperation with the IAEA and the TAME in Ispra.
- As for the Containment and Surveillance, JASPAS has many experiences to develop the
equipment such as the COSMOS, the Cobra Seal Verifier and Simplified Detector with
Wavelength Shifting and Light Transmission Technique(LITTRA).
- Recently, as the facility operation may be more complex, it is expected to construct the
integrated system.
(5)The Gate Monitor for the Spent Fuel Pond at the Fast Breeder Reactor
Unfortunately, MONJ has stopped its operation by the incident of the sodium firing, but the
safeguards system of the gate monitor has already installed and is in operation to monitor the
out of the fresh fuel to the reactor and the storage vessel.
(6)Integrated Spent Fuel Assembly Verification and C/S System for RRP
For reduction of the inspection effort and interference in the operation, the integrated
system operated under unattended mode was established and has already installed at the Spent
Fuel Receipt and Storage Facility in RRP. One of features of the system is the combination
with the radiation monitors and surveillance system. The system is able to sense the input of
the spent fuel to the pond automatically.
(7)Unattended Spent Fuel Flow Monitoring System(UFFM) for the High Temperature
Engineering test Reactor
Japan has a plan to construct the HTTR. The fuels of the reactor are discharged on road
bases. Then, the UFFM has developed for the verification system applied to the Door Valve
of the reactor. Assembling of the UFFM has been finalized, and the performance test to
confirm the function has been executed.
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The accurate determination of the isotopic composition and the concentration of
uranium is essential to plant operators for closing their material balance, for meeting the
specifications of their customers and for economical reasons. It is furthermore essential to
Safeguards Authorities for their verification measurements. IRMM has been organising the
REIMEP (Regular European Inter-comparison Measurement Evaluation Programme) for this
purpose: probably the most prominent evaluation programme of this type. In the framework of
this programme, a uranium oxide powder was prepared, certified and distributed. The material
was prepared in 1988; the certification was performed in 1995. The distribution of the materials
extended over somewhat more than half a year. Returning the measurement results by the
participants to the IRMM spread over several months with the last result being received at the
end of February 1996.
Together with the samples, participants were provided with an information sheet, giving
some basic information on the samples and instructions on filling out the "Data Sheet". AH
measurement results had to be reported on this sheet. The laboratories were asked to report
their measurement results as mass fractions. The element content was expressed in mg U per g of
material, while the isotopic information had to be reported as molar ratios nCUyn^'U) and in
mass isotope abundance.
Some laboratories reported concentration values only whereas other laboratories did not
report isotope ratios and only gave only mass abundances. For the uranium oxide, a few
laboratories did not report weighing data of the sample and empty bottle, consequently no weight
change correction could be applied to the element assay data of those laboratories.
The following methods were applied for uranium element assay:
•

gravimetry

•

potentiometric titration (Davies & Gray)

• isotope dilution mass-spectrometry
• X-ray fluorescence
Isotopic measurements were performed by thermal ionisation mass-spectrometry
(TIMS); some participants applied a combination of TIMS and gas source mass-spectrometry.

Uranium Element Assay
As the samples were subject to a weight change during storage and transport, i.e. during
the time between preparation and analysis, the participants were also asked to report gross
masses (sample + container mass) and weighing conditions. Due to the rather long storage time of
the uranium oxide powder, increases in weight of up to 3% of the initial sample mass were
observed. Using this information a weight change correction was applied to the participants'
results.
Six laboratories reported concentration values that differ significantly from the certified
value, i.e. they are outside the target value given for the material/method combination of UO2
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powder and potentiometric titration whereas four laboratories report values that are in excellent
agreement with the reference value.
The data available through this REIMEP round do not allow any conclusion to be drawn
on the reliability or achievable accuracy of any method other than the potentiometric titration.
The titrimetric method of Davies and Gray still seems to be the most commonly applied
technique for this kind of analysis.

Isotope Abundance Ratios
The determination of the ratio n(^3SlJ)/n(^iS\J) is of key importance in the isotope analysis
of uranium. It is a primary measurement result obtained by mass spectrometry. The REIMEP
material consisted of low enriched uranium (LEU). All participating laboratories reported
measurement results that were within the Target Value for the material /method combination
UO2 powder/ Thermal Ionization Mass Spectrometry. Only two laboratories' results were
significantly different from the certified value. The interlaboratory spread was calculated to be
0.12%, hence considerably smaller than the Target Value. One can therefore conclude that the
ability to measure major isotope ratios in uranium is well developed.
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The accurate determination of the isotopic composition and the concentration
of uranium is essential to plant operators for closing their material balance, for
meeting the specifications of their customers and for economical reasons. It is
furthermore essential to Safeguards Authorities for their verification
measurements. In the framework of the external quality control programme
REIMEP, two uranyl nitrate solutions were prepared, certified and distributed
together with a uranium oxide sample (REIMEP 13).
Participants were provided together with the samples with an information sheet, giving some
basic information on the samples and instructions to fill out the "Data Sheet" where all
measurement results had to be reported. The laboratories were asked to report their
measurement results as mass fraction. The element content was expressed in mg U per g of
solution, while the isotopic information had to be reported in molar ratio n(iU)/n(238U) and in
isotope abundance mass %.
Some laboratories reported concentration values only; other laboratories reported mass %, not
isotope ratios.
• The following methods were applied for uranium element assay:
• potentiometric titration (Davies & Gray)
•

isotope dilution mass spectrometry

• X-ray techniques
Isotopic measurements were performed by thermal ionisation mass spectrometry (TIMS) with
some participants applying a combination of TIMS and gas-source mass spectrometry.

Uranium Element Assay
Two solutions of different concentrations and slightly different isotopic compositions were
distributed. Solution A was rather concentrated, containing 159.16 mg U /g. Solution B was more
diluted (12.529 mg U /g), not requiring further dilution prior to titration. For both materials 3 M
HNOj was used as solvent. The uranium concentration data for solution A are displayed in Fig. 1.
No laboratory reported a concentration value that differed significantly from the certified value,
i.e. which was outside the target value given for the material/method combination of uranyl
nitrate solution and potentiometric titration. Twelve laboratories reported values that were in
excellent agreement with the reference value, hence powerfully demonstrating the laboratories'
measurement capabilities. Three laboratories reported values that are significantly different
from the reference value but which, however, lie within the Target Values.
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Fig. 1: Participants' measurement results for the concentration of U in solution 'A'. The right
ordinate shows the relative (%) deviation from the certified value.
For solution B all laboratories' results were well within the uncertainty of the reference value
and also within the Target Values. Comparing the results obtained for the two solutions A and B
a considerably smaller scatter can be observed in the concentration values of solution B. The
inter-laboratory spread (2s) was calculated to be 0.56% for solution A and 0.38% for solution B.
These figures indicate that the dilution step leads to an increase in the standard deviation of the
results.
The data available through this REIMEP round do not allow any conclusion to be drawn on the
reliability or achievable accuracy of any method other than the potentiometric titration. The
titrimetric method after Davies and Gray still seems to be the most commonly applied technique
for this type of analysis. It seems that most laboratories do have this method well under control.

Isotope Abundance Ratios
The determination of n^tTf/n^U) is of key importance in the isotope analysis of uranium. It is
a primary measurement result obtained by mass spectrometry. The REIMEP material consisted
of low-enriched uranium (LEU). AH participating laboratories reported measurement results
that were within the Target Value for the material /method combination Uranyi Nitrate Solution/
Thermal Ionisation Mass Spectrometry.
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