
SE9900322

SKI Report 99:14

IAEA Safeguards: Cost/Benefit Analysis
of Commercial Satellite Imagery

Christer Andersson

March 1999

3 0 - 3 9

ISSN 1104-1374
ISRNSKI-R-99/14-SE SKi



SKI Report 99:14

IAEA Safeguards: Cost/Benefit Analysis
of Commercial Satellite Imagery

Christer Andersson

SSC Satellitbild Aktiebolag, P.O. Box 816, SE-981 28 Kiruna, Sweden

March 1999

This report concerns a study which has
been conducted for the Swedish Nuclear
Power Inspectorate (SKI). The conclusions
and viewpoints presented in the report
are those of the author and do not
necessarily coincide with those of the SKI.



Phi Final Report OSP076 ver 1.2

Table of Contents

EXECUTIVE SUMMARY 7

Safeguards by Open Sources 7

The Study and the Report 7

Major Findings .....8

SAMMANFATTNING 9

Sakerhet fran oppna kallor 9

Undersokningen och rapporten 9

Huvudsakliga upptackter 10

INTRODUCTION 11
Purpose of this Document 11
Task Description 11
Document Description 11

Swedish Support Programme 11

ISSUE DEFINITION 12
Opportunities of Commercial Satellite Imagery 12

Dynamic Market and Flexible Technology 12

STUDY APPROACH 14
Context of the Study 14

Objective of the study 15

Study Approach 15
Cost/benefit simulation model 16

COST ANALYSIS 18
Costs of Current Methods 18

Cost Overview 18
Cost Breakdown 19

Costs of Satellite-Based Methods 19
Potential Activity Scenario 19

Staff 20
Satellite Imagery 21
Equipment and Maintenance 22
Training 23
Cost overview 24

BENEFIT ANALYSIS 26
Types of Benefit 26
Potential savings in time and cost 26

Measuring Benefits 28

Page 5 of 41



Phi Final Report OSP076 ver 1.2

Safeguard Applications of Commercial Satellite Imagery 29

Introduction 29
Benefits to General Safeguards Applications 29
Benefits to Specific Safeguards Applications 30

Satellite Imagery and the Fuel Cycle 30

Satellite Imagery and INFCIRC/153 32

Satellite Imagery and INFCIRC/66 32

Satellite Imagery and Voluntary Offers of Nuclear Weapons States 33

Satellite Imagery and an Additional Protocol 34
Summary of Potential Inspection Reductions 35

CONCLUSIONS 37

Main Findings 37

Proposed Activity Scenario 37

Cost/Benefit Analysis 38

Other points 39

REFERENCES 41

Page 6 of 41



Phi Final Report OSP076 ver 1.2

Executive summary

Safeguards by Open Sources
The International Atomic Energy Agency's Safeguards System has evolved over the
past 30 years and has been strengthened through the continuing introduction of new
methods and techniques.

A major milestone in the efforts to strengthen the Safeguards System was reached in
May 1997 when the Board of Governors approved a 'Model Protocol Additional to
Safeguards Agreements'. The Protocol provides the legal basis necessary to enhance the
Agency's ability to detect undeclared nuclear material and activities by using
information available from open sources to complement the declarations made by
Member States.

Commercially available high-resolution satellite data has emerged as one potential
complementary open information source to support the traditional and extended
Safeguard activities of IAEA.

The Study and the Report
This document - IAEA Safeguards: Cost/benefit Analysis of Commercial Satellite
Imagery - constitutes a first report from SSC Satellitbild giving the Agency tentative
and initial estimates of the potential cost- and time-savings possible with the new
proposed technology. The initial cost/benefit simulation will be further finalised in the
following "Implementation Blueprint" study.

The general foundation and starting point for the cost/benefit calculation is to simulate a
new efficient and relatively small "imagery unit" within the IAEA, capable of
performing advanced image processing as a tool for various safeguards tasks. The
image processing capacity is suggested to be task- and interpretation-oriented.

The study was performed over a period of 1,5 weeks in late 1998, and is based upon
interviews of IAEA staff, reviews of existing IAEA documentation, as well as from
SSC Satellitbild's long-standing experience of satellite imagery and field missions. The
cost/benefit analysis is based on a spreadsheet simulation of five potential applications
of commercial satellite imagery:

• Reference Information

• Confirmation of Agency acquired and Member State supplied data

• Change detection and on-going monitoring

• Assessing open source information available to the Agency

• Detecting undeclared activities and undeclared sites
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Major Findings
The study confirms that the proposed concept of a relatively small "imagery unit" using
high-resolution data will be a sound and feasible undertaking. Such a unit capable of
performing advanced image processing as a tool for various safeguard tasks will give
the Agency an effective instrument for reference, monitoring, verification, and detection
of declared and undeclared activities.

It is also demonstrated in the study that more than 20% of the envisaged work tasks in
all of the major Safeguards applications will achieve a better decision support from the
use of commercial satellite imagery. At the same time the potential savings in costs is
calculated to approximately MUSD 0,5 per year by reductions in on-site inspections and
by more efficient planning and logistics.

The total cost for implementing commercial satellite imagery at the Department for
Safeguards, as simulated in this study, is approximately MUSD 1,5 per year. This cost
rises when utilising the full potential of high-resolution imagery in all five applications
including monitoring and detection of undeclared facilities.

The cost/benefit simulation is founded on an activity scenario with a staff of 4 experts
working in an IAEA imagery unit with a workload of three dossiers or "issues" per
week. The imagery unit is built around an advanced workstation/PC image processing
system capable of handling several hundreds of pre-processed imagery per year.
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S ammanfattning

Användning av öppna källor inom safeguard

Safeguardsystemet inom den Internationella Atomenergiorganisationen IAEA har utvecklats
och förstärkts kontinuerligt under de senaste 30 åren med införandet av nya metoder och ny
teknik.

En milstolpe i arbetet med att förstärka safeguarden nåddes i maj 1997 när IAEAs
generalförsamling antog "Modellprotokollet för utökad safeguard". Protokollet ger IAEA
möjlighet att utnyttja information från öppna källor som komplement till medlemsstaternas
officiella deklarationer. Detta i syfte att öka möjligheten för IAEA att upptäcka odeklarerat
kärnämne och odeklarerade kärntekniska aktiviteter.

En potentiell kompletterande öppen informationskälla kan vara högupplösande satellitdata
som finns tillgänglig kommersiellt. Sådana data kan vara ett stöd för IAEAs traditionella och
utökade safeguard.

Rapportens omfattning

Denna rapport - IAEA Safeguards: Cost/benifit Analysis of Commercial Satellite Imagery -
från SSC Satellitbild ger IAEA en första preliminär uppskattning av möjliga kostnads- och
tidsbesparingar vid utnyttjandet av den nya tekniken. Den första analysen kommer att
vidareutvecklas i den kommande undersökningen "Implementation Blueprint".

Analysen har som utgångspunkt antagit att det skapas en ny effektiv och relativt liten
bildbehandlingsenhet inom IAEA. Enheten ska vara kapabel att utföra avancerad
bildbehandling inom olika safegaurduppdrag. Bildbehandlingen föreslås vara uppgifts- och
tolkningsorienterad.

Undersökningen genomfördes under 1,5 veckor i slutet av 1998 och baseras på intervjuer av
IAEA personal, genomgång av befintliga IAEA dokument samt från SSC Satellitbilds
erfarenheter av satellitbilder och fältarbete. Kostnads- och lönsamhetsanalysen baseras på en
beräkning av fem möjliga applikationer för kommersiella satellitbilder.

- Referensinformation
Bekräftelse på information som IAEA fått från medlemsstaterna eller på annat vis
Kontinuerlig övervakning och detektion av förändringar
Kontroll av annan information från öppna källor

- Upptäckande av odeklarerade anläggningar och aktiviteter

Resultat

Undersökningen bekräftar att en relativt liten bildbehandlingsenhet som använder
högupplösande data kan bli ett fungerande och genomförbart koncept. En enhet som kan
utföra avancerad bildbehandling för olika safeguardändamål kommer att förse IAEA med ett



effektivt instrument för referenshantering, övervakning, verifiering och upptäckt av
deklarerade såväl som odeklarerade aktiviteter.

Undersökningen visar också att i mer än 20% av de förutsedda arbetsuppgifterna inom
safeguard fås ett bättre beslutsunderlag genom att använda satellitbilder. Den möjliga
kostnadsbesparingen uppskattas till ungefär 0,5 MUSD per år genom minskning av
inspektioner i fält samt med effektivare planering och logistik.

Totalkostnaden för att införa kommersiell satellitövervakning inom IAEA safeguard
uppskattas till 1,5 MUSD per år. Kostnaden ökar om högupplösande satellitdata används till
sin fulla potential inom alla fem applikationerna, inklusive övervakning och detektion av
odeklarerade anläggningar.

Denna kostnads- och lönsamhetsanalys baseras på ett scenario med en bildbehandlingsenhet
på IAEA bestående av 4 experter och en arbetsvolym om tre dossier per vecka. Enheten
arbetar med avancerade arbetsstation/PC bildbehandlingssystem vilka klarar av att behandla
hundratals förprocessade bilder per år.



Ph 1 Final Report OSP076 ver 1.2

Introduction

Purpose of this Document
This document presents the results of a cost/benefit analysis of commercial satellite
imagery conducted by SSC Satellitbild for the International Atomic Energy Agency
(IAEA).

Task Description
The aim of the SSC Satellitbild work is to provide supporting information as guidance
for implementation actions by IAEA regarding the introduction of satellite-based
methods within the Agency's Safeguards programme and specifically to assist the
Strengthened Safeguard System.

Document Description
This document is divided into the following chapters:

1. Executive summary.

2. Introduction - this chapter.

3. Issue definition - an outline of the current situation and opportunities offered by
commercial satellite imagery.

4. Study approach - describes the overall approach and methods used in the work.

5. Cost analysis - presents analyses of the cost structure of current methods, of a
possible scenario for satellite-based methods and a breakdown of the costs related to
the satellite-based approach.

6. Benefit analysis - presents the potential benefits of complementary satellite-based
methods in terms of cost savings and other direct benefits - effectiveness and
efficiency - as well as indirect benefits.

7. Conclusions - presents the conclusions from the work conducted.

8. References - the documentation consulted in conjunction with this study.

Swedish Support Programme
This study has been performed and financed as a part of the Swedish Support
Programme managed and co-ordinated by the Swedish Nuclear Power Inspectorate
(SKI).
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Issue definition

Opportunities of Commercial Satellite Imagery
Information available from open sources can complement the declarations made by
Member States. The Agency's system for the collection of such information was
improved during 1997. New open source databases and on-line services were accessed.

One element of the Agency's continuing efforts to strengthen and improve the
efficiency of the Safeguards System is the introduction of new procedures and
technologies in the area of remote monitoring for safeguards. The reduction of the
number of and/or the frequency of on-site inspections is among the goals of these
efforts.

The use of remote monitoring technologies is expected to provide a significant
opportunity for IAEA's Safeguards to provide the required level of assurance with less
intrusion on facility operators. The aim of the use of commercial satellite imagery is
very much the same.

Commercially available satellite data has emerged as a potential complementary open
information source to support IAEA's traditional and extended Safeguard activities.

Currently there is a rapid development of techniques and methodologies based on new
techniques that support assessment and monitoring of objects and activities on the earth
surface. These includes the use of data from remote sensing satellites, image processing,
Geographical Information Technology (GIT) and overall information technology.

Many of these methods are today being designed based on a multi-sensor concept
utilising data from different satellites with different physical capabilities. Monitoring
projects are performed in such a way that a range of low, medium and high resolution
satellite data are combined depending on the rate of change and sizes of objects studied.
These are then evaluated, i.e. statistically, to optimise quality of the end product and the
total economic efficiency.

Dynamic Market and Flexible Technology
The space community has taken several initiatives during recent years to finance and
design new advanced high-resolution satellite systems. Over the next five years a rapid
growth of the remote sensing market is foreseen with operators offering data from a
number of new passive and active sensors. The increased offering and supply of satellite
data on the market will make the use of satellite data more attractive in a number of
applications. The new situation will give the following advantages to IAEA:

• During the next two to three years, six commercial satellites with resolution better
than 5 meters are planned to be launched. Some of these commercial initiatives are
well under way, and will give the Agency the possibility of interpretation and
classification of constructions and facilities on the ground with a high level of detail.

• The prices of satellite data are expected to fall due to the increased competition
among the satellite data providers. Further pressure for decreasing data prices is the
new price strategy for Landsat 7, where prices for raw data will be reduced
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significantly. This strategy will also influence the prices of data with higher and
lower resolutions.

• The probability of getting useful acquisition of a specific object within a given time
will be greater since more sensors will be operative to continuously receive data
from the earth surface. At the same time it will be easier to acquire optimal satellite
data coverage of a certain facility, since some of the suppliers will offer full service
data agreements meeting the requirements defined by the clients.

Results from workshops and case studies performed by IAEA and supporting
organisations, show that a combination of satellite data with different resolutions in
combination with other data sources could serve as an important information source in
the activities to be performed by IAEA.

Currently IAEA is conducting studies with the aim to investigate the potential
advantages of using high-resolution satellite imagery together with other information
sources and interpretation tools in order to assist the Strengthened Safeguard Systems.

The experiences gained from using aircraft surveillance imagery for inspection
planning, site monitoring, site identification and in supplementing other information
sources may be transferable to IAEA's Safeguards programme in its use of high-
resolution satellite imagery.

A task-oriented requirement study and corresponding evaluation of current and future
data sets from different satellite sensors will be performed in the "Implementation
Blueprint" document defined in Phase 2 of this project.
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Study approach

Context of the Study
As a consequence of the new open source information policy the Agency has started a
series of case studies and workshops to analyse the potential capacity and efficiency for
safeguards offered by commercial satellite imagery systems. The overall aim of this
investigation is to give the IAEA a more comprehensive understanding of the topic to
enable a proper planning and decision process.

The investigation is being performed in accordance with an IAEA Departmental Work
Plan. Some intermediate study results have already been compiled and reviewed during
Technical Workshops. Moreover, advice from invited experts and experience from
international organisations similar to IAEA have also been included in the process. The
investigation addresses technical aspects, legal and policy issues, as well as a
cost/benefit analysis justifying resources to be allocated. A document Safeguards:
Sources and Applications of Commercial Satellite Imagery will be the final outcome of
the investigation and establish the framework for further actions.

Depending on these actions an Implementation Plan could then be compiled structuring
tasks and steps to be taken by IAEA for an efficient and successful implementation of
satellite imagery applications. The Implementation Plan is proposed to be operational
and task-oriented, and will include organisational aspects as well as technical questions.

Working
document

"Sources and
applications of

commercial
satellite imagery'

Other documents
available through

IAEA

Budget

Quality assurance

Management

Figure 1. The study logic.

The study logic for the Swedish support work for the Agency, as carried out by SSC
Satellitbild, is shown in Figure 1 above. This figure delineates a two-phase study and
the tasks included. Input information and deliverables are also shown.

This report - IAEA Safeguards: Cost/Benefit Analysis of Commercial Satellite Imagery
- constitutes the result from Phase 1 of the SSC Satellitbild support. Phase 2 will
generate a structured "blueprint" report as a discussion paper for the implementation of
satellite imagery safeguards at the IAEA. The "Implementation Blueprint" document
will be outlined in close co-operation and interaction with the staff of the Agency.
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Objective of the study
The objective for the SSC Satellitbild support work during Phase 1 is the following:

Conduct a first cost/benefit analysis to be used as support information for paragraph V
section 7 Cost/Benefit Analysis in the IAEA document Safeguards: Sources and
applications of commercial satellite imagery as guidance for implementation actions by
IAEA. The cost/benefit analysis will clearly indicate in which safeguard applications the
utilisation of satellite data as information source will provide the greatest benefit in
relation to the estimated cost.

Study Approach
This Phase 1 study was performed during 1,5 week (October 28 to November 9, 1998)
at the IAEA headquarters, Vienna International Centre, Austria and at the SSC
headquarters in Stockholm, Sweden by staff from the SSC Satellitbild.

The approach applied in the Phase 1 study consists of the following major methods and
work blocks:

• Review of existing IAEA documentation in written form and on the IAEA Web site.
The documentation used within the study is listed in the chapter 7 References of this
report.

• Fact finding visit at the IAEA headquarters over a period of three days by the SSC
Project Manager. During the visit several interviews and discussions with IAEA
staff and consultants were carried out to clarify the IAEA missions, internal
information flow and the SSC Satellitbild study approach. The following persons
were interviewed:

Dr. K. Chitumbo, Director, Division of Safeguards Information Technology

Mr. R. Hoskins, Department of Safeguards

Mr. J. Hilliard, Information Systems Specialist

Mr. C. Thorne, Consultant at the IAEA

• Extraction of quantitative and non-quantitative information from the review of
documents and from the fact-finding visit. The quantitative information, such as
costs for IAEA inspections, number of facilities under safeguards, and other relevant
information for the cost/benefit analysis was compiled and structured in an Excel
workbook.

• Information and data analysis by integrating the various quantitative information
and by creating a cost/benefit economic model for how the variables (number of
inspections, number of facilities, number of travels, information volumes, imagery
costs, etc.) influence each other. The simulation model also includes a comparison
of the current IAEA safeguard budget with a corresponding budget including
imagery as a safeguard tool.

Moreover an analysis and presentation of the potential non-quantitative benefits of
complementary satellite-based methods in terms of direct benefits - effectiveness
and efficiency - and indirect benefits have also been elaborated based on the
experience of SSC Satellitbild.
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• Documentation of conclusions summarising the costs, quantifying the efficiency,
and listing the effectiveness as offered by commercial satellite imagery. From these
conclusions a first scenario for the "Implementation Blueprint" can be developed.

A first draft (version 1.0) of the report was finished November 9,1998. This draft was
further updated and finalised (version 1.2) January 22,1999 by including views from
the SKI and from an IAEA review December 3,1998.

Cost/benefit simulation model
Figure 2 (next page) outlines the cost/benefit model used, and the interrelations between
the different variables (spreadsheets) included in the simulation.

The cost/benefit simulation model is based on six different spreadsheets, of which four
comprise the quantitative input variables in the model - Staff, Imagery, Equipment and
Training. The fifth spreadsheet - Application - calculates the costs, effect upon the
number of inspections, volume of imagery used, and estimated savings depending on
which of the safeguard applications is applied. The potential safeguard applications
simulated in the model are in accordance with the applications as listed in the document
Safeguards: Sources and applications of commercial satellite imagery paragraph IV
section 2:

• Reference Information

• Confirmation of Agency acquired and Member State supplied data

• Change detection and on-going monitoring

• Assessing open source information available to the Agency

• Detecting undeclared activities and undeclared sites

The last and "top" spreadsheet - Budget - summarises and compares the calculated costs
with the present budget situation in the Department of Safeguards.

The arrows are a simplified representation of how costs and savings are transferred
between the different variables. An example: the costs for imagery influence the costs
for a proposed safeguard application depending on the number of facilities inspected,
which also effects costs or savings in the total safeguard budget.

The main purpose and benefit with this type of simulation is the possibility to create a
stable and balanced economic model of the total budget. As an example, constraints, for
example in the number of staff will also limit the possible number of verifications/issues
that can be dealt with as well as the capacity to handle imagery, and consequently
influence the entire budget.
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Budget
Department of

Safeguards

I
Applications

Planning,
Confirmation,

Assessment and
Monitoring/

ChangeDetection

Equipment

Figure 2. The interrelation between the six spreadsheets in the cost/benefit model.

The input variables have been collected from internal Agency documents and other
sources, such as The Safeguards Implementation Reports for 1996 and price lists from
imagery distributors. In addition to these quantitative variables we have also included
the knowledge and experience of SSC Satellitbild in the cost/benefit model. As an
example we have reduced the official list prices from the imagery distributors for
potential discount for subscription and/or high-volume use. However, taking into
account the limited time for the study, the result from this initial simulation should only
be regarded as "seed" variables to a more comprehensive simulation that will be
performed under Phase 2.

All variables and figures were discussed during the review at IAEA 3 December on
1998. The input variables used, suggested calculations, and the end result from this first
simulation is further described in more detail within the following chapters 5 and 6.
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Cost analysis

Costs of Current Methods
In this study we have used the economic situation from the fiscal year of 1996 for the
Department of Safeguard as a foundation for the cost/benefit analysis. This year gives
us a comprehensive economic review through the document Safeguards - The
Safeguards Implementation Report for 1996. GOV/2917, 6 May 1997, and could
moreover be considered as a relatively typical Safeguards year. The diagram 1 below
shows a comparison of the number of inspections performed and person-days of
inspection per year during the six year period 1992 to 1997.

Inspections and effort 1992-1997

3000

2500
M
.O 2000
"5
a. 1500
in

o
1000 -•

5 0 0 - •

- t -

- 10000

12000

&
- 4000 .

••2000

o

1992 1993 1994 1995 1996 1997

Inspections performed
Person-days of inspection

Diagram 1. Fiscal year 1996 in comparison with other years during 92 - 97.

Cost Overview
The Department of Safeguards has developed a model for analysing the cost of
inspections at different types of facilities. Expenses are classified in three different
categories as Direct Inspection Costs, Inspection Preparation and Analysis Costs, and
Other Safeguards Costs. The value of the equipment is depreciated over its expected
useful lifetime.

Department of Safeguards Distribution of Costs (1996)

Type of cost

Dhecl inspection costs

Inspection pieparancm

Other safeguards costs

Total

Cost USD

41946 000

21 737 000

23 339 000

87 022 000

Distribution

48%

25%

27%

100%
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To simplify the comparison between the present (1996) economic situation and the new
situation were the Agency to introduce commercial imagery as a safeguard tool, we
have in this study used the same breakdown of costs, and equipment depreciation.

Cost Breakdown
The Direct Inspection Costs include travel, salaries, necessary equipment and analysis
of samples during inspections. The Direct Inspection Costs amounted to 48% (USD 41
946 000) of the total Safeguards costs in 1996. In our cost/benefit model we reduce
these costs mainly as a result of saved time and fever travels due to more efficient
preparation, planning and logistics.

The Inspection Preparation and Analysis Costs include, among others, management and
negotiations, processing of nuclear material accountancy and inspection data, and
statistical analysis. This expense class amounted to 25% (USD 21 737 000) of the
Safeguards costs. In our simulations we include the daily image processing and imagery
purchasing costs within this expense class, and thus increase the suggested yearly
budget.

Other Safeguards Costs represent the last expense class embracing development of
computer systems and safeguards equipment, training, systems studies and programme
co-ordination, as well as standardisation and QA. Altogether this class consumed 27%
(USD 23 339 000) of the Department's resources. In this study we add costs for training
and image processing system to this category.

Costs of Satellite-Based Methods

Potential Activity Scenario
The general foundation and starting point for the cost/benefit calculation is to simulate a
new efficient and relatively small "imagery unit" within the IAEA, capable of
performing advanced image processing as a tool for various safeguards tasks. The
image processing capacity is suggested to be task- and interpretation-oriented. That is,
the daily work should be guided by the Agency's need for imagery-based information
and interpretations as a support to the ongoing inspection activities. Moreover, the
activity scenario is based on the assumption that the "imagery unit" is working
extensively with satellite imagery as a complementary source of information as directed
by the Additional Protocol.

The main tasks and the activity volume for the "imagery unit" can be estimated
according to the following:

• Produce and update digital "dossiers" for specific safeguard issues. These issues
concern the Confirmation and/or Assessment of other type of information regarding
facilities under safeguards. The number of dossiers under investigation, as simulated
in this study, is 90 out of which about 50% will be updated each year.

• Logistic support by producing planning and Reference information for inspections
as a complement to available maps, and to support inspectors in the field. Data
should be distributed and used as digital GIS information layers for most efficient
use of both the imagery as well as the map information. In the simulation of this
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study we have calculated with a successive build-up of 60 facility maps each year
over a period of 3 years.

• Change detection by performing general Monitoring of ongoing Member State
activities and Detection of undeclared facilities as an additional and complementary
tool to other Agency safeguards operations. The number of investigations to be
accomplished has been estimated at 40 per year. Even though the number of
"targets" per year is smallest for this task it requires the largest number of images
and consequently generates most of the costs.

• Browse, purchase and organise a database of satellite data to build-up an efficient
IAEA imagery library. To be able to work with the relatively large amount of data
as proposed it is of outmost importance that the imagery is organised adequately
within a dedicated database. A well-established image database, including its
dossiers, will gradually become an important knowledge-base for the Department of
Safeguards. It is estimated that approximately 240 new images are needed per year.

We suggest a period of one year to implement the image processing systems and to
build-up a useful interpretation capacity. The production of an efficient and fully
operational imagery library can be carried out over a period of 3 years. The images will
be of various resolutions and sizes and will come from several different sensors.
Normally an active imagery library is expanding in volume five to ten times the size of
its input "start" size.

Potential Activity Scenario

120

Production of Production of General monitoring
dossiers planning information investigations

Tasks

Activities

Images

Diagram 2. Estimated number of activities measured as production of dossiers,
reference information, monitoring investigations and as number of images.

Staff
The volume of activities as outlined above would require 4 full-time professionals. This
is based on an estimated workload for each issue or activity of approximately a one
man-week. Three of these four new staff members should be of the Professional
category (P5/P4), and work with advanced image processing and interpretation together
with the inspectors. One staff member should manage the imagery database and is
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proposed to be of General Service category (G). We also suggest that IAEA apply in
addition for national support of 2 cost-free interpretation and processing experts during
the early build-up period.

This investment in new staff will expand the number of members at the Department of
Safeguards by 1.6% and increase the cost by approximately USD 430 000 per year.

Satellite Imagery
As a consequence of focusing the work of the IAEA "imagery unit" towards value-
added processing and interpretation activities, there is a requirement on the imagery
suppliers to offer more comprehensive pre-processing services. Therefore, we made the
following two assumptions when calculating the costs for imageries and the pre-
processing:

• Full service distribution: The imagery suppliers shall take the responsibility, and
risk, to give the Agency the best possible cloud-free coverage of the chosen
facilities. That is, browsing, sensor mixture, image selection, geometrical
corrections and, if needed, image correlation shall be taken care of by the suppliers.

This requirement will increase the cost for the imagery about 30%, but on the other
hand remove a large, costly and non-task oriented work from the Agency. Likewise,
this prerequisite has also reduced the capacity requirement and costs of the image
processing system as specified in this study.

• A concept of "Bundled Images": In this study we have calculated the price based on
a mixture of different satellites and sensors as this normally is the best way of
receiving full area coverage of larger regions. Furthermore, it is also a good
interpretation strategy to compare and see several differences in sensors and image
bands over the same site.

To fulfil the various needs in the safeguard applications we have introduced two
different "image bundles". A Standard Bundle with images available today and with
a resolution mainly adapted for reference information and inspection planning. The
other High Resolution Bundle is suited for confirmation and monitoring
applications.

The Standard Bundle consist of an equal mixture of Spot and IRS data (each about
35%) complemented with Landsat TM and Radarsat imagery. A Standard Bundle price
consisting of altogether 100 images will according to the official list price be
approximately USD 250 000 for geo-corrected data. Some programming fees are also
included.

The High Resolution Bundle also consists of 100 images and includes mainly IRS,
KVR-1000, and Ikonos data (5 - 30% each) with a resolution of 6 metres, 2 metres and
1 metre respectively. The total bundle price will be approximately USD 490 000 for
geo-corrected information. Some programming fees are also included. The different
prices for the two bundles of data depend entirely on the price premium for higher
resolution.

On top of these prices we have calculated an additional increase of the cost by 5% to
10% for the services as described above.

On the other hand, the IAEA as a large and reliable customer could count on a
substantial discount. Especially during the next two years when more commercial
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suppliers enter the market and more sensor data will be available. In the simulation we
have estimated the discount for the imagery purchase between 15% and 40% depending
on the type of data (traditional or high-resolution data) and the type of discount
(subscription or large volume).

Based on the above presented activity scenario these prices gives the Department of
Safeguard an additional cost of approximately USD 900 000 per year for imagery. The
distribution of this cost on the various safeguard applications as defined in the document
Safeguards: Sources and applications of commercial satellite imagery are shown in
diagram 3 below.

imagery cost for Safeguard Applications

r 600 000

500 000

• 400 000 Q
CO

300 000 ~
o

200 000 °

100 000

Reference Confirmation of Assess open Monitoring and
Information Agency source detection of

Information information changes

Applications

Images

- Cost USD

Diagram 3. Distribution of imagery costs for each safeguard application.

Equipment and Maintenance
A preliminary estimation of the cost for equipment has also been performed. This
calculation is based on the previously discussed concept of a small, efficient and
interpretation-oriented "imagery unit" within the Department of Safeguards. The
equipment is adjusted to manage the number of activities (3 dossiers, facilities and/or
issues per week) and volumes of imagery (about 240 per year). The equipment is
furthermore tailored for a team of 4 persons.

It is, however, too early to specify all the hard- and software before an explicit study of
the user requirements has been performed. That is, in this Phase 1 study we are not
exemplifying software and hardware with brand names.

It is furthermore assumed that the equipment will be installed in a "normal" office
environment, and that ordinary technical support, office software and PCs network
infrastructure, and other facilities will be supported by the Agency outside this cost
simulation.

The equipment is tentatively based on the use of 3 advanced remote sensing software
systems, and 2 standard Geographical Information Systems (GIS). As supporting
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software we suggest that 3 basic and general-purpose image processing systems should
be included. The central concept is to create a dynamic processing environment with a
large amount of functionality by including different software. The total cost for software
is estimated at USD 43 000.

The hardware should in its turn be adjusted to the software and especially to the volume
of data. The "imagery unit" could probably be based on 3 high capacity Unix
workstations or PCs connected to a fast Intranet. The choice of output units are
dependent on the required print quality, but 1 photo-quality A4 plotter and 1 ink-jet A0
plotter are suggested. An A0 digitising table and an A4 scanner are also included in the
cost calculation. As storage media we propose to use CD-writables for storing ongoing
work and dossiers, and a "to-be-specified" large capacity storage system. Altogether the
cost for hardware is estimated at USD 74 000. The diagram below shows the
distribution of various equipment costs.

Cost of equipment

Support
3%

Sof tw are
36%

Hardw are
61%

Diagram 4. Distribution of costs for equipment.

Including support (one year) and maintenance from software suppliers the total
acquisition for the equipment will be approximately USD 120 000. In the cost/benefit
simulation this investment is depreciated over three years.

Training
The training included in the analysis are courses that are expected not to be supported
cost-free by the Member States support programmes. An example is specialised training
in the use of software and hardware equipment.

The two types of training we propose include firstly a specialised education in how to
use the particular remote sensing software for interpretation. This training is divided
into two parts. One advanced course for the interpretation experts (3 students 5 days
each), and one general course for the field staff (30 students over 3 days). In these
courses we have also included the cost for several imagery (about 10) from facilities
that are ongoing safeguard issues.
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The other training included in the analysis is some standard software development
training based on the system purchased. This training is important so as to be able to
"customise" the image systems for the specific safeguard tasks and for the information
flow of the Agency.

The total number of student-days is estimated at 125, and the cost at USD 55 700.

Cost overview
When summarising the simulation of the total cost for implementing commercial
satellite imagery at the Department for Safeguards the result is approximately USD 1
430 000 per year which represents 1,6% of the present (1996) safeguards budget. These
figures are presented in more detail by the following table.
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Of course one could argue that the two safeguards applications Monitoring of ongoing
activities and Detection of undeclared facilities are entirely new potential safeguards
tools, and an extended activity compared to the traditional inspections as performed in
the safeguard budget of 1996. If we exclude these two extended applications - for the
sake of comparison - the total cost for the imagery implementation is reduced to USD
757 300 per year or 0,9% of the present (1996) safeguards budget.

Another way of illustrating the effect of the implementation of satellite imagery at the
Department of Safeguards is shown in diagram 5 below.
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Increased cost due to imagery
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Diagram 5. Added costs to the safeguards budget due to the implementation of
commercial satellite imagery.
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Benefit analysis

Types of Benefit
The IAEA has categorised benefits as:

• Those that contribute to more efficient safeguards, where the Agency is able to
achieve its safeguards objectives in less time or at less cost.

• Those contributing to more effective safeguards, where the Agency can attach
increased confidence to its evaluations or to the chances of detecting undeclared
activities.

As a complement to this classification of benefits, it should be considered whether
benefits are direct or indirect. This is important so that indirect benefits are not
overlooked. Direct benefits are positive changes that can directly be attributed as the
consequence of given action. However, indirect benefits are positive changes that may
only be suspected as the result of a complex chain of events. An example might be a
more open approach from previously uncooperative States some time after a change of
policy or method at IAEA.

Potential savings in time and cost
Within the simulation of the cost/benefit model, as described earlier, we have also made
some calculations to evaluate the potential cost- and time-savings. This simulation has
been applied on the same potential safeguards applications as studied in the cost
analysis: Reference information, Confirmation of Agency information, Assessment of
open source information, with the exception of Monitoring of on-going facilities and
Detection of undeclared activities.

Substantial savings are estimated within the first three of the five potential applications.
Calculation of cost savings from Monitoring and Detection applications are hardly
conceivable as they are extended safeguard activities and not included in the traditional
inspections as presented in the budget of 1996. On the other hand, both these extended
applications have of course a high potential of giving the Agency several benefits in the
form of increased confidence, better decision support and other indirect benefits.

Thus, three safeguards applications have been included in the simulation:

• The savings within the Reference information application is due to the possibility of
aid inspection planning and interpret other information available about a site with
the help of satellite imagery. The saving is measured in a reduced number of person-
days for inspections, and is estimated at about 60 person-days per year. Including
reductions in travel costs the total savings is calculated to USD 156 000. This figure
could be increased, but is restricted by the capacity of the "imagery units"
production of maps for the inspectors.

These savings are based on the assumption that that only 7,5% of the inspections are
relevant for satellite based "mapping". Moreover, it is estimated that the possible
reduction of number of person-days for each of these inspections is about 7,5%.
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• We have also calculated the reduced number of inspections under the application
Confirmation of Agency information. The reasoning for the reduction of inspections
is the possibility to verify information of larger facilities and sites as supplied by
Member States without or with reduced need for inspection visits. The reduction of
the number of inspections is estimated at about 20, which means a total cost saving
of USD 276 000.

The assumption made for this saving is that only 7,5% of the inspections, or the
facilities under safeguards, are applicable for satellite based confirmation.
Furthermore, it is estimated that these possible "targets" have a success rate of about
12,5%. That is, only a fraction of the investigated facilities will give a clear result
leading to reduced inspections and cost savings.

• Finally the possibility to Assess open source information to help establish
correctness of this information is also estimated. The saving is measured in a
reduced number of person-days for inspections, and is estimated at about 20 person-
days per year. Including reductions in travels the total savings is calculated to USD
60 000.

The rationale for this saving is based on an assumption number of 40 open source
issues per year to assess. Of these issues we estimate that 50% could be "targeted"
by imagery with a success rate of 25%. That is, of 40 issues per year the Agency
does not need to perform field inspection in 5 cases.

The logic and rational for the various savings is explained in more detail, and in a
context of Safeguards in the succeeding chapters. The figures as calculated above
should be compared with the result from the chapter 6.5 Summary of Potential
Inspection Reductions where clearly over 20% of the envisaged work tasks using
satellite imagery are expected to lead to some reduction in inspections. Nevertheless,
even by using the very cautious assumptions as above, the savings on the safeguard
costs are substantial and amount to 65% of the non-extended application cost due to
implementation of satellite imagery.

Altogether, the savings in cost due to reduced inspection and person-days is estimated to
approximately USD 492 000 per year. This saving is detailed in the following
cost/saving table in accordance with the Agency cost breakdown.
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Other safeguard1! costs
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A comparison between costs and savings can also be seen in the diagram 6 below,
where the non-extended application costs are compared to the potential savings.
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Diagram 6. Comparison between costs and savings due to implementation of non-
extended imagery safeguards.

The input for the calculations as presented above are partly based on interviews with
IAEA staff, but it has mainly been derived from the SSC Satellitbild's experience of
overseas field missions. Consequently, it is important to stress that this simulation is a
first attempt desktop study, and it should be further refined with information from
ongoing inspections in the field during Phase 2.

Measuring Benefits
The Agency has prioritised benefits from new or improved techniques that make a
positive impact on inspection activities. This requires a determination of how the use of
satellite imagery reduces the number and/or frequency of on-site inspections.

A division of potential applications of satellite imagery into a group that might and a
group that might not result in a reduction of inspections appears in Safeguards: Sources
and applications of commercial satellite imagery. Most importantly, the first group
consists of three applications:

• Confirmation of correctness and completeness of the site descriptions and other
information provided in an Additional Protocol

• Checking of locations and operational status of activities
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• Detection of changes and on-going monitoring at declared sites.
Based on these applications, an assessment has been made of the capability for each of
the application types identified in this chapter to reduce inspections. The assessment
results, either "Yes" or "No", appear in the tables in this chapter and are then
summarised for all applications at the end.

Safeguard Applications of Commercial Satellite
Imagery

Introduction
The potential safeguard applications that are expected to benefit from the use of
commercial satellite imagery have been listed in the document Safeguards: Sources and
applications of commercial satellite imagery. Both general and specific safeguard
applications are identified and assessments presented of their overall usefulness.

Benefits to General Safeguards Applications
There are five general safeguards applications listed by the IAEA:

• Reference Information

• Confirmation of Agency acquired or generated information

• Assessing open source information available to the Agency

• Change detection and on-going monitoring

• Detecting undeclared activities and sites.

Each application represents a part of the Agency's current or potential future work
practices should commercial satellite imagery be exploited. The use to which satellite
imagery is put in each case, and whether it can influence the number of inspections, is
indicated in Table 1.

Safeguards
application

Reference
information

Confirmation
ofAgency
information

Assessing
open source
information

Change
detection and
ongoing
monitoring

Detecting
undeclared

Use of satellite imagery

To orient inspectors visiting site for first time

To give common reference frame for discussing site with Member State

To aid inspection planning, esp. large sites with many inspection areas

To interpret other information available about a site, e.g. maps, diagrams,
photographs and observations

To help confirm/add credibility to correctness and completeness of
Agency acquired or generated information

To verify data supplied by Member States under an Additional Protocol

To provide independent source to help establish correctness of open
source reporting

To enable change detection and monitoring of declared sites

To confirm other information about undeclared activities/sites

Reduced
inspection

time

No

No

Yes

Yes

No

Yes

Yes

Yes

No

Page 29 of41



Phi Final Report OSP076ver 1.2

activities and
sites

To search for undeclared activities or facilities on declared sites No

Table 1 — General safeguards applications and the use of satellite imagery

Benefits to Specific Safeguards Applications
The specific safeguards applications considered by IAEA are:

• Assessment of the fuel cycle and related activities

• Use in conjunction with INFCIRC/153

• Use in conjunction with INFCIRC/66

• Use in the case of voluntary offers of nuclear weapons States

• Evaluation of information supplied by a State under an Additional Protocol.

Satellite Imagery and the Fuel Cycle
The nuclear fuel cycle and related activities, such as heavy water production and nuclear
research centres, present a diverse set of physical features in satellite imagery. There are
major differences in the characteristics of each type of activity, and the features are
highly dependent upon whether the activity is in the laboratory, pilot or operational
stage. In addition, there are a number of different technologies that can be associated
with a single type of activity in the fuel cycle.

The IAEA assessment examined satellite imagery as a tool for detecting the fuel cycle
and related activities. It assumed that the satellite imagery was being used in isolation,
and acknowledged that some of the ratings have a predictably lower level than if
collateral information is assumed to be available.

In the same assessment it was also indicated what the further expected benefit would be
in the presence of collateral information in the Source Material Acquisition stage of the
fuel cycle. The assessment indicates that the satellite data will provide additional
information on the status and level of activity if the site is one already known. The
collateral information considered is listed in Table 2 which presents an overview of the
ratings of the use of satellite data with and without collateral information. Table 3
presents a complete summary of the assessment of satellite imagery for detecting all
stages of the fuel cycle and related activities, with and without the use of collateral
information in connection with Source Material Acquisition. It also presents the result
of the assessment of the reduction of inspections.

Activity

Uranium from mining operations

Uranium from phosphate

Uranium from sea water

Uranium from monazite

Collateral information

State's Declaration

Location of mining and milling operations

Uranium extraction known to occur

Known desalination plant

Thorium extraction known to occur

Table 2 - Collateral information considered for specific methods of Source Material
Acquisition
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Activity

SOURCE MATERIAL ACQUISITION

Uranium from mining operations

Uranium from in-situ leaching

Uranium from phosphate

Uranium from sea water

Uranium from monazite

Thorium from uranium ore

CONVERSION

ENRICHMENT

Gas Centrifuge and MLIS enrichment

Gaseous Diffusion and Aerodynamic enrichment

Ion Exchange and Chemical Exchange enrichment

EMIS enrichment

AVLIS and Plasma Separation enrichment

FUEL FABRICATION

REACTORS

REPROCESSING

HEAVY WATER PRODUCTION

NUCLEAR RESEARCH CENTRES

Uses of satellite imagery

To identify uranium mining

To check and monitor operational
status

-

To help identify suspect locations

-

-

-

-

To help identify suspect locations

-

To help identify suspect locations

-

-

To help identify suspect locations

To help identify suspect locations

To help identify suspect locations

To help identify suspect locations

Rating satellite
imagery only

Low

High

Low

Medium

Low

None

Low

Low

High

None

Medium

Low

None

High

Medium

Medium

High

Uses of satellite imagery

To check and monitor
operational status
To help assess level of activity

To check and monitor
operational status

To check and monitor
pperational status

Rating with
collateral

information

Medium

Medium

Medium

Reduce
inspections

Yes

No

No

Yes

Yes

No

Yes

No

No

No

No
No
No
No
No
No

No
No

No

Table 3 - Assessment of satellite imagery for detecting fuel cycle and related activities (After Safeguards: Sources and applications of
commercial satellite imagery)
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• Inprcverrent with collateral
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Diagram 7. Overview of the ratings of the use of satellite imagery in relation to the
nuclear fuel cycle

Satellite Imagery and INFCIRC/153
Agreements of the type INFCIRC/153 charge the Agency with the responsibility of
verifying that source and special fissionable material is not diverted to nuclear weapons
or other nuclear explosive devices.

The greatest return from the use of satellite imagery occurs in the case of a State that
has submitted an Expanded Declaration under an Additional Protocol. Nonetheless, the
effectiveness is only marginally better than in the case of countries with only
INFCIRC/153 type agreements in force. Thus the same characteristics can be assumed
as in the case of the Additional Protocol.

Satellite Imagery and INFCIRC/66
The applications of safeguards in States with INFCIRC/66 agreements have a much
more limited objective. Here the Agency's task is to ensure that the materials, facilities,
services, equipment or information subject to the agreement are used only in accordance
with the agreement. The Agency has neither the authority nor the responsibility to seek
out information on parts of the States nuclear programme outside the scope of the
INFCIRC/66 agreement. There are several useful opportunities for satellite imagery to
contribute. Those listed in the IAEA assessment include:
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• Assistance in design review - a review of principal nuclear facilities to ensure they
permit effective application of safeguards

• Confirmation of special reports - these are provided in the event of an unusual
incident involving actual or potential loss or destruction of, or damage to, any
safeguarded nuclear material or principal nuclear facility (e.g. Chernobyl-type
accident or natural disasters)

• Determination of operational status - this is to ensure that inspections carried out
before the start of operations at new facilities, and to determine when a facility has
been shut down.

• Verification of sealed storage - when Member States stockpile source material in a
sealed storage facility, the Agency may be able to complement the routine annual
inspection with satellite monitoring.

The use of satellite imagery in these cases and their effect on inspections are listed in
Table 4.

Application

Assistance in design review

Confirmation of special reports

Determination of operational
status

Verification of sealed storage

Use of satellite imagery

To monitor progress of facility's
construction

To make initial assessment of unusual
incident

To correctly time pre-operation
inspection and shutdown

To complement routine inspection

Reduce
inspections

Yes

No

No

No

Table 4 - Uses of satellite imagery in connection with INFCIRC/66

Satellite Imagery and Voluntary Offers of Nuclear Weapons States
The limited nature of the voluntary offers by the nuclear weapons states restricts the
Agency's access to only a portion of the State's nuclear programme. As a consequence,
satellite imagery for safeguards implementation are less useful than for other States. In
this case, it might be assumed that satellite imagery will be useful to the same degree as
for other declared sites, such as under the general safeguards applications.
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Satellite Imagery and an Additional Protocol
The assessment of satellite imagery to the evaluation of information provided under an
Additional Protocol considered satellite imagery as a complementary source of
information. The result of the assessment is presented in Table 5.

Article

2a(i)

2a(ii)

2a(iii)

2a(iv)

2a(v)

2a(vi)

2a(vii)

2a(viii)

2a(ix)

2a(x)

2b(i)

2b(ii)

2c

Application area

Facilities for nuclear fuel cycle
related R&D activities not
involving nuclear material

Facilities and LOFs where nuclear
material normally present -
unlimited additional information
can be requested

Site descriptions

Scale of operations

Mines and concentration plants for
uranium and thorium production

Source material not subject to
safeguards

Nuclear material exempted from
safeguards

Location/further processing of
intermediate/high-level waste

Locations of imported items

10-year development plans for fuel
cycle

Non-government sponsored R&D
in enrichment and reprocessing

Further information requested by
IAEA on locations specified IAEA

Clarifications and amplifications
on request of IAEA about
information already provided

Uses of satellite imagery

Reference for planning site
visits
Verify reported locations

Case-specific relevance

Verify map and description of
facilities and buildings

Initial authentication of
reported locations

Verification of reported
location '
Check and monitor operational
status

Expand knowledge of site's
location and features

Reference for planning site
visits

Verify reported location

Monitor remote unmanned and
sealed sites

Reference for planning site
visits

Reference for change detection

Verify reported location

Reference for planning site
visits

Case-specific relevance
Help identify suspect locations
Help provide information to
minimise site visits

Help provide information to
minimise site visits

Monitor operational status of
facilities

Rating

Medium

Medium

High

Medium

High

Medium

Low

High

Low

Low

Low

High

High

Reduce
inspections

No

Yes

No/Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

No

No

Yes

No

No/Yes

No

Yes

Yes

Yes

Table 5 - Assessment of satellite imagery for an Additional Protocol (After Safeguards:
Sources and applications of commercial satellite imagery)
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To allow the ratings for the use of satellite imagery to be easily overviewed they are
presented graphically in diagram 8

Diagram 8. Overview of the ratings for the use of satellite imagery with an Additional
Protocol

None

0

2a(l)
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= 2a(vil)
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•C 2a{viii)

2a(ix)
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2bO)

2c
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2
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Diagram 8. Overview of the ratings for the use of satellite imagery with an Additional
Protocol

Summary of Potential Inspection Reductions
The simple assessment performed for each of the safeguard applications resulted in a
series of "Yes" or "No" answers for each potential use of satellite imagery. Diagram 9
presents a summary of these results for each of the main groups of safeguard
applications. The proportions of "Yes" and "No" results are shown for each group,
while the actual number of each type of result appears in the data table below the
diagram.
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—mm HH HH• • HH H
min i MfflfnHl I^^H

• * . . * ; * ;

J *

*

IHHI HBwi nHH rmnmranlffin HMHil H^^^H H M HBMW|H BEMHH H H M UjHH
— | | U BUB gg| BHI—^H HH HH HBJ—B—•—•—M~-J—B—•—•-

GENERAL SAFEGUARDS
APPLICATIONS or VOLUNTARY

OFFERS OF NUCLEAR

3

7

^ B W U l f H

FUEL CYCLE

4

15

! H H I
INFCIRC/66

1

3

. ssa__
ADDITIONAL PROTOCOL or

INFCIRC/153

13

8

I No

Diagram 9. Summary of Potential Inspection Reductions for each Major Safeguards
Application Group

The summary results indicate that the use of satellite imagery as described for an
Additional Protocol and for INFCIRC/153 provides the greatest benefits in terms of a
reduction of the number of inspections. Just over 60% of the use envisaged are expected
to contribute to a reduction in inspections. Meanwhile, for the Fuel Cycle, the major
group with the lowest proportion of "Yes" results, there are still over 20% of the
envisaged uses of satellite imagery that are expected to lead to a reduction in
inspections.
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Conclusions

Main Findings
The following points are the main items discovered during the cost/benefit analysis as
well as some important comments to bear in mind during the implementation of satellite
imagery at the Department of Safeguards, IAEA.

A realistic and effective concept
The study confirms that the proposed concept of a relatively small and efficient
"imagery unit" using high-resolution data within the Agency will be a sound and
feasible undertaking. Such a unit capable of performing advanced image processing as a
tool for various safeguard tasks will give the Agency a new and effective instrument for
reference, monitoring, verification, and detection of declared and undeclared activities.

To summarise benefits
It is demonstrated in the study that more than 20% of the envisaged work tasks in all of
the major Safeguards applications will achieve a better decision support from the use of
commercial satellite imagery. At the same time the potential savings in costs is
calculated to approximately USD 490 000 per year by reductions in on-site inspections
and by more efficient planning/logistics.

Priority application
The result of the study clearly shows that an Additional Protocol would benefit
markedly from the use of satellite imagery. The analysis suggests that there is a
significant potential reduction in inspections that would result from the use of satellite
imagery in combination with the information expected within an Additional Protocol.

Activity scenario and processing capacity must be consistent

One of the most important results from the cost/benefit simulation is the fact that the
Agency's wish for a reduced number of inspections, by imagery support, will mainly be
limited by the number of staff at the "imagery unit". It is important that the image
volume, number of tasks as well as the size of the interpretation staff is consistent when
implementing large imagery systems.

Proposed Activity Scenario
Activity scenario

A proposed "imagery unit" based on the simulation as performed in this study should
consists of a professional team of remote sensing / GIS experts and database experts
handling the large image library. The normal working procedure should be the creation
and updating of "dossiers" or other support materials together with inspectors and field
staff. The joint knowledge and experience from both the imagery unit and the field
personnel will create a dynamic and efficient working environment.

A "lean and mean " imagery unit

Bearing in mind the relatively low cost proposed for equipment and personnel the
calculated throughput of imagery is large compared to similar facilities. That is, the staff
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has to be task and production oriented. Furthermore the needs of the on-going
inspection activities should be the driving force for the "imagery unit", and
consequently the team should be managed accordingly. The imagery unit should be
supported and trained by national experts on a regular basis to be updated of the recent
trends and technology achievements.

To summarise activities and capacity during one year

• Activities: 45 on-going dossiers, 60 facility maps, 40 monitoring issues
• Staff: 3 professionals, 1 general service support, 2 national experts
• Imagery: Mixture of 240 geo-corrected scenes from various sensors
• Equipment: 3 advanced high capacity Unix workstations or PCs with various RS

and GIS software

Cost/Benefit Analysis
To summarise costs and savings

• Total cost: USD 1 430 000

• Relative cost: 1,6% of the Safeguard budget (1996)

• Savings: USD 490 000

Reference information relatively efficient
By complementing the relatively costly inspection missions with usage of low-cost
imagery (medium resolution) the Reference information application makes for an
efficient use of satellite imagery. Without restrictions in processing capacity or number
of person-days of interpretation this application could act as a catalyst for cost- and
time-savings.

Monitoring relatively costly
The Agency has dismissed the possibility of country-wide monitoring as a means of
detecting undeclared facilities or activities as too expensive and ineffective. Nothing in
the study contradicts this conclusion. Indeed, even monitoring of pre-defined sites is
expected to be relatively costly in comparison to other applications. Both the number
and type (i.e. high-resolution) of images are cost drivers, leading to high costs and
relatively high uncertainty of the outcome of the monitoring.

Effect on inspections
Applications where the use of satellite imagery is expected to reduce inspections have
been identified in the study based on material from IAEA. However, even in
applications where there is no expected reduction in inspections, satellite imagery still
may have a significant role to play in increasing the effectiveness and efficiency of the
Agency's work. This is indicated by, among others, the ratings assigned by the Agency
to the various tasks within each safeguards application.

Satellite imagery as a deterrent
The deterrence value of the Agency's use of satellite imagery may be just as important
as the concrete increases in effectiveness that are expected. Since the deterrent value
cannot be measured it is impossible to know how large this effect will be. Nonetheless it
must be possible to assume some deterrence role in combination with the controlled and
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planned release of information and examples of such changes in the Agency's working
methods.

Time-consuming browsing and data handling

It is our feeling when reading the Agency documentation regarding satellite imagery
that the efforts for handling the huge database of imagery are underestimated. The
technical and organisational aspects of the imagery database should be further studied
during Phase 2.

Other points
A number of other points should also be noted that have resulted from the study. These
concern assumptions that have a wider effect, or less indirect consequences than some
of the measures suggested.

Growth in number of inspections
It is not only possible that satellite imagery will lead to a reduction in inspections. It is
also possible that an enhanced access to information can lead to an increase in
inspections. New sites or new activities on existing sites may be identified that lead to a
need for more confirmation or follow-up.

Access to high-resolution satellite imagery
Access to high-resolution satellite imagery is a pre-condition if the full advantages of
the method are to be realised. While the currently available satellite imagery has the
potential to contribute to the goals of the Agency, it can only do so in a limited role,
mainly as a planning aid. No high-resolution satellite is yet operational, and it will not
be until the middle of 1999, at the earliest, that the first of these satellites begin
providing imagery operationally. It is important that the Agency remain informed of
developments in this area, and as far as is possible, does not include an early critical
dependence on any one satellite system. In the longer term there will be a number of
independent suppliers of such data.

Data suppliers customer focus
Customer focus among imaging satellite operators is still relatively low when compared
to other information supply services. The Standard and High Resolution bundles
suggested in the study do not exist today and need to be developed in co-operation with
data suppliers. For this new approach to succeed a dialogue needs to be started from the
Agency's side, based on a clear view of the Agency's needs and expectations.

Re-evaluation of other information
It is possible that the introduction of satellite imagery will lead to a change in
information awareness within the Agency. Satellite imagery are a new source of
information that may lead to new insights or a re-evaluation of existing information
within the Agency. Such knock-on effects need to be anticipated and captured in a
positive fashion.

Need for image database/library
Satellite images are large in terms of computer data files (typically from 100 to 600
Mbytes today), and it is envisaged that the Agency will be acquiring several such
images every week. In addition, as geographically bound information it is important that
they can easily be related to other geographical information including maps, site
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locations, ground measurements, etc. It is important therefore not to underestimate the
need for image data and metadata databases. These should be as automated as possible,
and will ensure that the Agency's own data is easily accessible and well ordered. If such
functions are not correctly dimensioned, the task of finding and managing satellite
imagery is likely to negatively impact the units ability to carry out its primary tasks.

Conservative use of satellite imagery
Throughout the study the potential use and capabilities of satellite imagery to contribute
have been estimated conservatively. This in order to reach a believable scenario for the
use of satellite imagery within IAEA, plus to avoid overselling satellite imagery as an
information source.
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