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This paper describes how commercial satellite imagery was used along with news
reports and published scientific articles to investigate the December 1995 allegations
of Indian nuclear test preparations in the Rajasthan Desert. Taking the allegations
against India as an example of a future CTB compliance dispute, the investigation was
conducted to test the utility of commercial satellite imagery for CTB verification. The
technical inquiry produced a series of findings on India’s nuclear testing history and on
the recent nuclear test allegations. These findings included the exact location of the
subsidence crater created by the May 18, 1974 nuclear test, the discovery of an adja-
cent military range near Khetolai village, and the observation of recent large-scale,
unusual activity at this military range in the immediate vicinity of the 1974 test site.
The image-derived information was used to sift fact from fiction in the conflicting
media reports. It was then integrated into the collection of credible evidence and ana-
lyzed to determine whether the observed activity at the Khetolai military range was
conventional, missile testing, nuclear, or innocuous. '
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Our analysis led to three main conclusions. First, the Khetolai military range has
a history of nuclear test activity. It was used for the May 18, 1974 nuclear test, and
there is credible evidence from four different sources that indicates shafts were con-
structed in the early 1980s for two additional nuclear tests there. Second, there is
believable evidence that supports the claim of planned Prithvi field testing at the Khe-
tolai military range. An Indian news report with four verified factual claims described
the planned missile activity, and 1:500,000 scale US DMA maps show five nearby mili-
tary operation areas that could be well-suited as missile impact points. Third, a signif-
jeant fraction of the image-derived evidence was consistent with nuclear test
preparations, planned Prithvi missile testing, or a combination of both. Thus, nuclear
test preparations and planned Prithvi field testing are each plausible, non-exclusive
explanations for the observed new activity at the Khetolai military range.

The paper ends with an assessment of the implications of the case study to the
broader issue of CTB verification and compliance. The conclusions include a discussion
on the lessons that were learned from the verification exercise, and commentary on the
value of existing commercial satellite imagery for addressing future CTB compliance
issues.

INTRODUCTION

On December 15, 1995, the New York Times reported that India was preparing
to conduct a nuclear test in the Rajasthan Desert.! The following day, the
Washington Post ran an article that also reported Indian preparations for a
nuclear explosive test in northwest India.? These two articles generated a
cacophony of expert and official responses, ranging from strongly worded dec-
larations that the allegations of test preparations were definitely false to
opposing statements that the reports were definitely true. Table 1 shows the
spectrum of the responses. _
The recent allegations of Indian nuclear test preparations represent a
type of compliance issue that the international community could face in the
"future under a comprehensive test ban (CTB) regime. A state could suddenly
be accused of preparing to violate or break out of the CTB treaty with little or
no evidence presented to support the allegation. Immediately after such a
development occurred, experts and officials from accusing and accused states
could end up exchanging conflicting statements on the veracity of the allega-
tions—as exemplified by table 1. The “post-test” verification technologies for
the CTB—hydroacoustic, infrasound, radionuclide, and seismic—would do lit-
tle to resolve the matter in advance of an actual test. And an on-site inspection
may not be invoked due to the lack of geographic and historical information on
the suspected site or due to the absence of a CTB provision that would allow a
“pre-test” inspection.
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Whether allegations of nuclear test preparations are true or not, state-
parties to a CTB regime would most likely have a keen interest in determining
the facts as quickly and as accurately as possible. It may be desirable to derive
these facts from open source data so that the information could be collected by
multiple states independently and distributed to allies and adversaries freely.
Such decentralized information would be more difficult to alter and conse-
quently could be more credible in an untrustworthy regional or international
environment,

One open source of decentralized information that could be used to investi-
gate reports of nuclear test preparations is commercial satellite imagery. Such
imagery has already been used by several researchers to detect preparations
and analyze surface scarring at known nuclear test sites.® The utility of com-
mercial satellite imagery for verifying a comprehensive nuclear test ban has
also been critically evaluated.? The results of these studies to date have dem-
onstrated the value of existing commercial imaging satellites for monitoring
ongoing nuclear testing programs at declared nuclear test sites. However,
these studies have not established the utility of such imagery for detecting
clandestine testing activity anywhere inside a country’s borders.

This investigation of the reported Indian nuclear test preparations was
done to test the utility of commercial satellite imagery for resolving CTB com-
pliance issues that could arise before a nuclear test has taken place. Taking
the allegations against India as an example of a future CTB compliance dis-
pute, commercial satellite images from a variety of sensors were used along
with news reports to determine what activity (if any) was happening in the
Rajasthan Desert. This case study attempted to answer a few key technical
questions: Can the best available commercial satellite imagery confirm
reports of nuclear test preparations and dispel those that are inaccurate? If so,
can this information be published in a timely manner to expose a state’s
nuclear testing intentions before such a state invokes its treaty withdrawal
option or before it attempts to conduct a nuclear explosive test covertly? Con-
versely, can this information be used to vindicate a state that has been falsely
accused due to malintent or misinterpretation of the available evidence?

_ The next section of this paper contains a comprehensive literature review
of historical and recent media reports on Indian nuclear testing activities from
1974 to the present. This information was essential for determining the spe-
cific geographic portion of India that required overhead observation, The arti-
cles provided a wealth of unique information. Some of the details within these
reports were consistent; others were contradictory. The section ends with an
analysis of the media reports as a hypothetical CTB compliance controversy.

103



104 Gupta and Pabian

7l 'dd "Gesl ‘6l Jequiadeg
‘aby UDISY B[ ,’15a] SIS 10) Apayodsy)
8l UDIDYROG O mcozoﬁamhn_... AaUUMDS UADIH

‘G661 ‘9L 19QWS9Q 'IdM . AN
7 188] HOBIDINN (padXT UDIPU, “CANYS DUBH

Qo6 67 ADIN " DQ UOIBUIYSOM 18y
-r_mU oSS 1 AlUSH sy Jo pasuasaid | raining
puo hca WDIB0IY Lcwﬁ.:z 8,01Pul; ;omcmi_ N n_

‘G661 "6 | Jequiaoeg ‘weinay 158l Lodoem

JloapnN Buuuoid JoN sABS ojpu],, ‘woyBnoa osn

6 A G661
‘1 Jequienad ‘pipuUj JO Ssw 8y |, DULDWIDY
a0 Big © §521-N JO Hoday LAN,, ‘UDWIXD SDAULG

‘v ‘4’8661 5L Jequedeg
LUOYIPT 2307 'SaUL} HIOA MBN 71581 IDBIONN 4oNP
-uo?) 04} saindald pipy| $08dsNg SN. “JSVIBM W

o -d
‘Gobl ‘G| JOTLIBDB(] SOLUY HOA MBN , IS8 GuIOg
-y 10} Buinderd Jo paioadsng Dipu|, JBUIBA Wi

20Uy

‘1594 ID8[oNU JBLoUD _9 uoyoiodaid &, nipy| SO pajoadsns siPRIYe sousbiamn yoiym .
puo dn payaid aj)940s Ads g sus toYL E_Eon SILL SOM J| "UCIDUNOG 4D LY 051 JO aBun as04
WUNUIXOW 54 O} pREWICHM [DUCKUBAUCD D UHM SIS IAULLG BU} 1584 O} Buppndaud si oipuy| Aleiping

pios 8y ,'zz Buppoul puo teyabiol omi pup om) Buind s sy, Janpinoads, Ayt

-SUOILSSSD UDDUSWY 8Ul PSOD HoUD I OP JOU PINCM ABUL JOUY [DIAU) O3S 8Q pInom

SIBUSQ 94 PUD SNOULIOUS OF 8 PNOM SIS0D ayl, "PI0S "Y210asay| AdljCd 10} 1ajual asi04
5, DIPU] IO 1SAIDUD SSUSIER B UDYD "o'd 458} J0aonu 0 SUonpuoD DIpUs 838 L Ued |, Algapaoid

Jany) jou s oyl uodoam

10YjouUD 158} of Bull 81D (Juausuanot co__ucm ayp >m£ 144 BuAcs punoip sech

10U} SIOUIN 85103 AT &M YUIUL |, “POPDD B4 "UDISIES IBMSUD PUC uoysant ayy Buung
_aoInep D 1584 0} woiBoid © a8y § 10U a0imep D JO Bulsa) AUD aU0p | USADY &M "uBy}
20UIG, "UOISSIUILIOD) ABISU] DIUIOLY UDIpU] 8U) JO UDLLIDYD JeUL0) eyt 1IoBuaAl ‘)'d PIos
L uBIDUod Jo Juswuedxe uoroidxa UC op 03 8|q 8q 0f ANQodnD ING pamoys 8(p.,

pIos @aliayyniy ‘85919500 PUD SAlDINSads a1n spodal 8soy),
-84 J0aISNU D 980JS O SPUBLI DIDU| I8YLEYM UC ucisenb o o} asuodsal Ul soualaucD
SMBU D JO PIDS 93BN (QRUDIY JSISIUIA SHONY [QUIBIXI UDIPU)) 'OU 8 ISMSUD 8L,

AULOMISILL LOU 91D §301N0S

sn toamh ._.>z Byl BABIIRQ JOU DINOM | >__ocom._m.nr PIDS “IDPUSDQA ¥ ‘158 UDIOUYO SUk
30 1ONPUOY FSSSIINS BLL UM RRYIPaID §t UM UbW aly] "plos ay 'l Biq B, so podal aU;
BuIQuOse "DUUDWOY D0} QUIOG JIUOLD UDIBL 18I SUL JO J8UI0) 8L PIDS ,"8SUISUON,

L 'pajaidisjuisie
AIPNSOR USSQ SADY SJUSIBACUS, SS0UM SSSIDIDXS AULID aiam aps ,,mﬁ IB8[oNU 8y} JB
SEIIAIDD JDYL ADPOL DIOS *(§fY) S18U ASSOGQUUT UDIDU| UL JO JRISILIN $58.1d "aaliainiy SAllS

“PIOS UDLY ,'UDISHRG £_3 19pI0q By} O} 85010 §| § 9SNDO8Y DEID
S14y Ul SaS0RXa AIDJIIW Suinol 810 alsy], ‘woiBold IDs|ony §,01pu] Of Paj0Ia1 JOU d18m

DY) $SIIANDD Anpiu payods Ajusioddo seiousbo ecushieul euy pios aH "AysiuN 25|04
SIDYY [PUIBIXT (UDIPU)) SULIG) UBLUSSYOCS JSIUD "UDUY JUY PIDS L 'SIUb Ut L1} OU § a5ay], Meuuyeg
sasuodsay uomndo

'pasa(] UBYSoioy ey Ul suoyindald jse) 108|9nU UDIPU| UO SHOCSI JO AUDDISA 8} UO sUoiuIdo [0IoUC pup padx3 ! agnl



105

Allegations of Indian Nucleor Test Preparations

.,

A 9s6) 7| INCY TOGUURN SaWY ZHLIOU0DT
ayy 1813 8Pl PUOR D 10} SIHOA, “IDMPIE INJDId

D61

‘zz ADnigad "D UoLBUIUSOM “S8ILIWoD aoual
8K SIDUSS 5N BUK-2I0J8q JuswsiDys paindald
IUBUSSESSY JOBIU] SPIMPIOM., 'Unag uyor

‘G661 8l 19qwaseq neusby
-a888l4 8YISINS ' OIpU} AQ 58] I08|0NN MBN
D 0} asucdsey ejoudaiddy saInssy UDJHIO.

‘21 "d"Ge41 0 Jeqwsnaq Npud 8yl |, uondo
I0B(2NN §,01PuUE BUIIJUIDIAL, "Dy JOYURUS Widld

"6 °dGE61
'/ leQuuasaq ‘DipUl JO SeLLlL 9yl | DUUDWIDY
:ar] Big © JS8)-N J0 HOTSY LAN., "UDWXDT SDAIUNG

v d '5661 *9L Jquladeq
"SaWI} HIOA MBN ,'SNONBIGUEY SUINL Uay)]
NG UDJd 1581-WOLY SIS DIPU], “SUINg uyor

6 d"G661
' £ 18QuWanag "DIPUT JO §SLW 8} ' DUUOWIDY
2N Big D J$8)-N J& HOABY] LAN, "UDWIXOTY SDAJUNS

9oUdIBSY

,1aoj 4 esplexe

ADUWI M, iBAemOH |, pauaddoy Buyiewos, g . {Ge61) I0aA 10| co_Bo (1584} 8y
SDISXS O} 510M M. PIDS 8H "1$81 108[2NY © Jo) suckpIndsd papodal puo AjjgodoD
HOB[3NU §,0IPU} UG IS¢ MBN Ul SILSDO0D PUD SISAIOUD o dnaifl josjes © of ainsols
-SIp JBUONDSUSS © SP0U 8alleupiniy gouDld (IB1SIUIA SIDLY [DUIS{X3 UDIPU|) ‘g YD UC

L AOIIO] [ JBYO BU°J5a4

D SOAPUGS UOLTU SUG Ji 10U} SUINSSD 8M PUD *|$81 Joaanu b ;o) uoloindaid Bupmow

s DIPU], "8oUSBHe| DU JO 10§08 ‘UDINSd WIOT PRS . UBIY S| JORU0D Joy) [oyusjed
8L PUD AIOJODJSHOSUN 8¢ O} SENUJUOD UDISHOH BUD DIPU| U8amiaq diysuoyoiss sul,

‘DUPPNg BUIILLS PaLLIDU-300D SDM LOIUM
158} p£61 BUL 01 @2uaIael © Ul EoYBET] UBUY PRWLY BooIDY JUSpISSid (JOISHDG) PIos
'z uppeng BULLS © 8G 1M 11 )l MOUY j0U Op 8 sucpiodaid awos i aidut aasieq|,

ING PaN) 84 JOUUDI 58] JDSONU D 10} SUON0I
-ndaid aq piNos 31 JouUL AgNgissod sy $Na “UOHDUDICXS SUC UDU} 310U 8ADY PINOD s} Iy

‘POPPL @4 SAIALDD JO $adA] SNOUDA Bupiooel deex sajisIns. , Hoda aaonoads,
0 Y PEYDD pPoSCId ‘N'Y (QR1WE) 18{U8D Yd10858y DIWOKY BUapUg (UDIpUY 8ty jo B,Gm.__o

uoypnoads & uoyoinoeds _._o;o_:uoam anyy s Buyl Yons ou § a1ey] Uw__aoh
BY "esID) IO S1UY SOM LIOYDINDSGS 84} i POXSD Japodal b uBUM 'PIOS (AUSIUIN SIDNY
[CUIe X3 8, DIRU| S04 UDLSSYCAS JaIyd "unuy i) " Hodal Jo pupy sAlRIndeds 0oL 0 51 4.

JUBLILIOD Q, JOU B504D DUYLSS IO coc.:_cco
3 JBULD ' DIPSW UD3USUY Bu} Ul Hodal ajqisucdsan Aleas of puodsal 0} 3AnY Jou
0P 1. :PIOS WOIBQLIDPIUD 3 (DY) uossILuWo) AGBUT JIWI0LY (UDIDU) 8U} JO UDWIIBYD

umm...._on_mmm

any) Alpyuyed

aru] Agqeaold

ani] Aqissod

snonBigquy

JUBWILIOD) ON

uoido

‘pasa(] uoysoloy
eyl ul mco:choo_@o_ 1504 ID8|2NU UDIPY| U0 SHOdB! JO AJIDDISA 94 U0 SUOIUIdO [[DI0 PUD tmaxm (panuiuoD) ;| 9qpl




106 Gupta and Pabian

The following sections explain how commercial satellite imagery was
obtained, processed, and analyzed to locate the geographic area where the
Indian nuclear testing activities were said to have taken place. It provides the
interpretation of the images and describes the discoveries that were made.
This new information was used to assess the credibility of each media report
and identify the activity that was found in the satellite imagery. The paper
concludes with a summary of the body of evidence obtained from this investi-
gation and commentary on the value of existing commercial satellite imagery
for addressing CTB compliance issues that could arise before the occurrence of
a nuclear test.

PUBLISHED REPORTS ON INDIAN NUCLEAR TESTING ACTIVITY

The May 18, 1974 Nuclear Test

The available literature on Indian nuclear testing activity goes back to 1974
when India conducted its first nuclear explosive test on May 18 of that year.
The test was conducted underground in the Rajasthan Desert. According to a
Bhabha Atomic Research Center (BARC) report, the plutonium device was -
placed at the bottom of a 107 meter shaft and detonated at 08:05 hrs IST gen-
erating a nuclear yield of approximately 12 kilotons TNT® Shortly after the
explosion, a subsidence crater formed. The average radius of the apparent cra-
ter was 47 meters and the crater depth with respect to the “pre-shot” ground
surface was 10 meters.%

Plate 1 shows a picture of the crater and cable poles leading to the ground
zero. The picture was taken from a helicopter approximately one hour after
the detonation of the nuclear device.” Several publications printed pictures of
the crater, 1nclud1ng BARC, the Illustrated Weekly of India, India Abroad, and
India Today® However, the scale of the photo and the exact geographic Ioca-
tion of the crater were not provided.?

Media reports on the May 18, 1974 test provide contradictory clues on the
geographic location of the subsidence crater. A Science Today article described
how scientists and officials watched the explosion from “a tower 4.5 km away
at Pokhran.”'® A Patriot article stated the detonation point was further
away-—“about 20 km from Pokharan town.”!! A Times of India article asserted
that the closest inhabited area to the detonation point was not Pokharan, but
rather the village of Loharki.'? An Indian Express article was consistent with
this report, claiming that the distance from Loharki to the 1974 detonation
point was three kilometers.!® A Business Standard article claimed a shghtly
longer distance of around four kilometers.!4 An article in Sunday Magazine
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Plate 1: Photo of the crater taken from a helicopter on May 18, 1974 approximately one
hour after the nuclear explosion, The inset is an enlargement of section I. showing the
cable and poles leading to the center of the crater. (Source: Chidambarom and
Ramanna, "Some Studies on India’s Peaceful Nuclear Explosion Experiment,” p. 432).

provided more details stating that the 1974 test was conducted in a dry well
near the abandoned village of Malka.l® Figure 1 shows the various areas
where the May 18, 1974 test reportedly occurred.

Figure 1 also contains the seismic estimate of the test location as reported
by the International Seismological Center (ISC). The ISC reported that the
test registered 4.9 on the Richter scale and took place at 26.99 +.028° N, 71.80

+ .033° E in the general vicinity of Pokharan.'® This location estimate could

have systematic errors of around 15 km and random errors up to 10 km17Asa

result, the seismic location estimate alone proved inadequate for filtering the

conflicting media reports on the location of the May 18, 1974 test (see solid cir-
cle in figure 1).
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Figure 1: The different places where the May 18, 1974 Indion nuclear test may have
occurred. The area inside each dotted circle represents the relative test location provided
by different news reports. The area inside the solid circle represents the seismic location
estimate—the region where the nuclear test most likely took place. The radius of the solid
circle is the sum of the estimated systematic error (15 km) and random error (10 kmy).

The road network shown on the map was obtained from the November 1987
1:1,000,000 scale Operational Navigation Chart (ONC) H-8 produced by the US Defense
Mapping Agency Aerospace Center. The villages and towns were located on two 1955
1:250]%)00 scale map sheets (NG-42-04 and NG-42-08) produced by the US Army Map Ser-
vice,

In 1992, one researcher claimed to have located the crater formed by the
Indian nuclear test on a commercial satellite image of the Pokharan area.!®
The October 26, 1988 image was acquired by the Indian remote sensing satel-
lite, IRS-1A. The satellite acquired the image at a 36.25 meter ground sample
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Plate 2: Black and white reproduction of the October 26, 1988 IRS-1A subscene showing a
nine pixel feature that was identified as the May 18, 1974 subsidence crater. The reproduc-
tion preserved the spatial and textural detail from the original subscene. (Source: Jasani,
“Civil Observation Satellites and Arms Control Verification,” p. 96).

distance.?? A nine pixel feature was identified as the subsidence crater and
located at 26.982° N, 71.965° E—approximately seven km northeast of Pokha-
ran (see figure 1 and plate 2).

However, the spatial resolution of the IRS-1A image was too coarse to
match the feature with the crater shown in the helicopter photo (see plate 1);
it was not readily apparent that the identified nine pixel feature was indeed
the May 18, 1974 crater (see plate 2). Consequently, the exact location of the
crater was still not known with certainty. While there were multiple claims on
the geographic location of the test, only one—at most—could be correct.
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Alleged Indian Nuclear Test Activity in 1981

On April 27, 1981, US Senator Alan Cranston publicly accused India of pre-
paring to conduct a nuclear explosives test. Citing US officials in the executive
branch, he stated that India began nuclear test preparations in February 1981
at a site in the Thar Desert at Pokharan about 100 miles southeast of the
Pakistani border, “alongside the site of India’s 1974 bomb test.”! He described
the activity as “surface excavations for burial of a nuclear warhead—for an
underground test.”*2 '

About a week later, the Indian Express ran an article that described their
correspondent’s recent visit to the Pokharan area. The article reported that
nine villages near Pokharan “may soon be evacuated to make room for another
nuclear explosion.” The article included the names of the nine villages: Ashan-
dra, Ajasar, Bardana, Chandsar, Chayan, Dholia, Didhu, Loharki, and
Satyaya (see figure 1).28 The correspondent cited Mr. Gokul Das, the deputy

-leader of Loharki, as one of the sources that believed a second Indian nuclear
test was imminent. The Loharki village official was quoted as saying that,
“Barbed wire fencing suddenly went up three months ago [January or Febru-
ary 1981] around three kilometers south of the old blast site...” The area
enclosed by the fencing was “roughly eight kilometers long and three kilome-
ters wide.” He added that the area was part of a firing range for tanks and
artillery. Gulab Singh, the village leader of Loharki, stated that the district
authority issued orders in December 1980 and February 1981 that prohibited
the local villagers from entering the newly secured area for a one year period.

About one or two months after the fences were constructed, Mr. Gokul Das
received “official word” on a meeting with eight neighboring villages to discuss
the evacuation of all nine villages for a four-day period. Rattan Singh, the
head of Ajasar village, also heard that the villages were to be evacuated for
four days. In the end, the meeting reportedly never took place.

The Indian Express article concluded with information from Mr. F. R. 5.
Menon, the sub-divisional officer at Pokharan, that raised doubt on any
Indian plans for a nuclear test. He claimed that he had “no official information
regarding the takeover of any villages in his division.” He also noted that vehi-
cles with Atomic Energy Commission markings freely roamed the area before
the May 1974 test, but “no such vehicle was in evidence now.” There were no
follow-up reports on the plans for evacuating all nine villages, and there is no
evidence of an Indian nuclear test in 1981.

Alleged Indian Nuclear Test Activity in 1982

In early May 1982, an article in a weekly Calcutta publication, Sunday Maga-
zine, reported that “[flor the past one year, army units posted in the vicinity of
Pokhran have been engaged in activities similar to the ones carried out before
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the 1974 blast.” According to the villagers at Loharki, the Indian army “had
cordoned off an area between the earlier test site of Malka and Khetolai {(a vil-
lage on the Pokhran-Jaisalmer road) and it seemed as if another blast was
going to take place.”?* The villagers at Khetolai confirmed this account and
added that, .. at night lights could be seen from the site. There was also the
droning sound of [a] machine, perhaps a drill, heard in the night.”

Loharki villagers claimed that military authorities held discussions with
Gulab Singh, their village leader, on the possibility of evacuating for a few
days. However, Mr. Singh contradicted this claim: “the army periodically visits
the village, but no indication has been given by the army about any pessibility
of the village being evacuated for a nuclear blast.” :

These eyewitness accounis were never confirmed by subsequent press
reports. There is also no evidence that a second Indian nuclear test was ever
conducted. However, an article in Jane’s Intelligence Review (JIR) recently
claimed that Indian nuclear test preparations were underway during this time
period. In 1995, senior Indian nuclear-scientists told the JIR author in taped
interviews that “open-source reports about India’s preparations for nuclear
tests in the early 1980s were accurate.”®® According to the scientists, a deci-
sion was made between 1978 and 1980 “to prepare the ground for two addi-
tional tests...” In the early 1980z, the Indian army participated in the drilling
of the two holes, “which were completed under difficult circumstances...”

Alleged Indian Nuclear Test Activity i in Late 1995
On December 15, 1995, the New York Times reported that US spy satellites
had “recorded scientific and technical activity at the Pokharan test site in the
Rajasthan Desert.”?® The article did not describe exactly what the alleged
activity was and it expressed uncertainty on its purpose. The day after the
NYT article was published, the Washington Post ran a similar article that
described recent Indian efforts “to clean out a deep underground shaft for low-
ering a nuclear weapon into the earth.”?? It also detailed “possible prepara-
tions for instrumentation” that. could be used to collect data from a nuclear
explosion. The article claimed that the activity took place at a Pokharan site
that has been maintained by India “for the past two decades.” '
Shortly after the US media reported recent Indian nuclear testing activity
in the Rajasthan Desert, the Indian media collected and published informa-
tion on the subject that they had obtained from their own independent
sources. A December 18, 1995 Times of India article reported that the nuclear
testing allegations were wrong, citing information from “senior defense offi-
cials.” These officials told the Times of India that Pokharan consisted of four
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Yanges labeled from ‘A’ through ‘D.® The officials stated that only range A
‘was set aside for nuclear experiments and “here there has been no activity.”
They acknowledged that activity was taking place in .the general area, but

2 ‘only in ranges B and C “which are used by the army.” They added that ranges

B-D “have been the site of exercises for many years, and there is nothing
unusual in this.” A December 19, 1995 Jansatia article supported the Times of
India repert. It also noted that Pokharan was “the arena where Indian forces
go to conduct practice exercises.”? The article claimed the existence of a site
“reserved for the nuclear explosions,” but asserted that it “is devoid of any
activity.”

On the same day the Jansatia article was published, the Asian Age ran a
different story on Indian activities near Pokharan.3® Like the T¥mes of India
article, it noted that the Pockharan area was divided into four ranges: “range A
for artillery firing which needs a maximum open area of 40 km, range B is tra-
ditionally for armour exercises, range C is for the Indian air force and range
D, where the 1974 peaceful nuclear implosion was conducted, is cordoned off
as restricted area.” The Asian Age article described range D as normally dor-
mant. However, activity in range D “picked up” because India planned to “test
the Prithvi missile with a conventional warhead to its maximum range of 150
km...”

Senior Indian artillery officers informed Asian Age in June 1994 that the
Indian government had approved the “firing of a salvo of four Prithvi at
Pokharan” because “an acquired massive range is available for the purpose.”
In May 1994, this plan was set aside “in view of the proximity of the Pokharan
ranges to the border with Pakistan.” Instead, the Prithvi was tested by the
missile crews on June 4, 1994 and June 6, 1994 at the Orissa test range in
eastern India.3! In July 1995, senior artillery officers told the Asian Age that
they were dissatisfied with these Prithvi user tests under “such controlled con-
ditions,” implying that more field tests were required “under real battlefield
conditions.”

According to the Asian Age, the observed activity in the viecinity of the
1974 nuclear explosion site related to testing “the mobility and preparation of
the missile under field conditions.” The need for field training was emphasized
in the article “as Prithvi uses a liquid propellant which is highly toxic and cor-
rosive.”? There have been no further news reports on the outcome of these
alleged field tests.

Subsequent Indian articles provided villagers’ accounts on activities in the
Poltharan area. A December 30, 1995 Hindu article described a recent visit by
an Indian correspondent to villages around Pokharan.3? According to the vil-
lagers, a new barbed wire fence was erected around the “vast site of the 1974
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test.” The article noted that “there is also evidence that earth moving equip-
ment has been used.” The villagers “claim that an entire new hill has been cre-
ated from the excavated sand and mud.” In addition, the correspondent
described the possible presence of “a water pipe laid out to one of the villages.”
A January 3, 1996 Hindustan Times article made similar claims and described
the presence of cabling: “These activities comprised fencing off the old test
site,3 4piling up earth to construct a huge sand dune, laying down eables, and so
on.” :

A January 1, 1996 article in the Business Standard provided more
detailed information from the locals.®® Like the Hindu and Hindustan Times
articles, it reported that a “new, sturdy” fence was recently constructed around
the 1974 explosion site. Pancha Ram, a Loharki farmer, was surprised the new
fence was built because villagers were “using the area in and around the site
for grazing their cattle.” The farmer recalled that “soon after the first [1974]
explosion grass and shrubs in the area were burnt, but, with good rains the
greenery sprouted again.” According to Bhairon Singh, a village worker, the
cattle would even venture around the crater formed by the 1974 nuclear explo-
sion.?® But when the Business Standard correspondent tried to visit this area,
“a guard came running to announce that the area was out of bounds.” The
guard added that “his superiors had issued instructions not to allow any civil-
ians in the'area.” :

Loharki villagers and Pokharan residents also noticed a significant
increase in the number of army troops in the district. A school teacher in
Pokharan observed a 17 kilometer long convoy on the highway from Jodhpur
to Pokharan (see figure 1) that “was packed with defence hardware and heavy
equipment, besides trucks carrying troops.” The locals noted that annual mili-
tary exercises occur in the area at this time of year, but “this is the biggest
ever witnessed by them.” They added that “no one seems to be aware of the
reason for what looks like a change in the routine.”

The Business Standard correspondent noted that Loharki villagers were
not convinced that the recent activity related to preparations for a nuclear
test. In contrast with the Hindu and Hindustan Times reports, the Business
Stendard article stated that the villapers have not “seen any large-scale
earthmoving or civil construction activity.” Man Singh, the head of Loharki
village, stated: “We are not aware of any plans for another explosion.” Army
officials in Jodhpur speculated that the testing areas associated with the win-
ter military maneuvers may have been mistaken for nuclear test preparations
because conventional test ranges “come alive during this exercise.”

Analysis of Media Reporls as a Hypothetical CTB Compliance Issue

If the recent allegations against India happened under a CTB regime where
India was a signatory to the treaty, many national governments, some non-
governmental organizations, and a few regional and international institutions
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would have a vested interest in answering one main question: were the
charges of Indian nuclear test preparations true or false? To answer this ques-
tion, analysts worldwide would investigate the matter, At the early stages of
the inquiries, the available evidence would primarily be India’s official
responses to the allegations, India’s nuclear testing history, and the media
reports described in the previous sections.

Based on the available evidence, there would be cause for suspicion as well
as reason for skepticism. India has already demonstrated the capability to
develop and test a nuclear explosive device. Consequently, the media reports
of Indian nuclear test preparations in 1981, 1982, and 1995 would have to be
taken as a technical possibility. The establishment of a secured area in 1981
and the reports from village leaders of evacuation plans could have related to
preparations for follow-on nuclear tests. The surface excavations and the
nighttime operation of a machine that sounded like a drill, as reported in 1981
and 1982 respectively, could have been evidence of the shaft construction that
was reportedly authorized to prepare the ground for two future nuclear tests.
The local villagers’ description of new security perimeters erected in 1995 and
new restrictions on civilian access around the 1974 test site could have been
precursors to increasingly clandestine activity. Their observation of a new hill
of excavated sand and mud could have been evidence of drilling debris, bore-
hole stemming material, or both.37 Alternatively, the new hill could have been
the by-product of the shaft cleaning that was reported in the Washington Post.
And the laying out of cables could have been associated with the preparation
of diagnostic equipment for nuclear test experiments. The affirmative
remarks, ambiguous responses, and lack of comment from some Indian offi-
cials to the allegations could have been further indications of recent Indian
nuclear test preparations (see table 1).

This information alone would have made India a potential suspect of
imminent CTB violation or breakout. However, it would not have been ade-
quate for answering several questions that raise doubts about the allegetions.
If the reports of evacuation planning and drilling in the early 1980s were true,
why didn’t an Indian nuclear test occur shortly thereafter? If the villagers’

“recent claims of new security perimeters and aceess restrictions around the
1974 test site were accurate, why did the Times of India and Jansatta articles
claim that there was no activity at the site reserved for nuclear experiments?
Perhaps the new security provisions were incorporated after the initial
nuclear testing allegations were made in order to prevent the paparazzi from
probing around conventional military areas? If the local villagers' recent
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observation of a new hill of excavated sand and mud were correct, why did the
Business Standard report that local villagers have not witnessed “any large-
scale earthmoving or civil construction?” Were some villagers merely crying
wolf?

If the New York Times and Washington Post articles were accurate, why
didn’t the articles provide more specific information other than supposed shaft
cleaning to prove that the observed activity was nuclear test preparations? If
the Asian Age report of preparations for Prithvi missile testing near the 1974
test site was true, could that activity been incorrectly associated with nuclear
test preparations? If winter military maneuvers were underway in the area,
could the conventional military activity at the test ranges been mistakenly
construed as nuclear test preparations? If so, the official Indian denials could
have accurately stated that only conventional military exercises were happen-
ing in the area (see table 1). '

ACQUISITION, PROCESSING, AND ANALYSIS OF COMMERCIAL
SATELLITE IMAGERY

If the allegations against India were a CTB compliance dispute, analysts
would seek to resolve the issue by completing three principal objectives:

(i} Collect new information from reliable, independent sources.

{(ii) Separate fact from fiction in India’s official responses, India’s nuclear testing his-
tory, and the media reports.

(iii) Determine whether the body of evidence implicated or exonerated India.

This verification exercise tested the utility of commercial satellite imagery
for completing these three objectives. Imaged portions of the Rajasthan Desert
were obtained from the archives and recently acquired by commercial imaging
satellites. Table 2 lists all of the satellite images that were used and explaing
why each specific image was selected for detailed analysis. The images were
processed, enhanced, and interpreted in an attempt to fulfill three successive
tasks.

The first task was to find the subsidence crater formed by the May 18,
1974 test. This task was undertaken not only to resolve the conflicting reports
on the test location, but also to pinpoint the locale where subsequent nuclear
testing activity allegedly took place. All of the Indian media reports on nuclear
testing preparations in 1981, 1982, and 1995 described the location of the
activity relative to the May 18, 1974 ground zero.38 The crater formed by this
test was found in the satellite imagery, which made it possible to attempt the
second task—search for the existence of a nearby site reserved for future
Indian nuclear tests.
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Table 2: List of satellite images that were obtained, processed, and interpreted for

the CTB verification exercise.

Satellite

Ground Scena Center

Relevance

Acquisition
and Sample (Path-Row) Date and - to Study
Sensor Distance® Time (GMT)
CORONA,KH-3 - ~10m 27.17°N, Dec 12, 1961 Oldest available
: © 7298°E irnage of Pokharan
' ared acquired 13
- years before India
demonstrated a
nuclear testing
capability
Cosmos, 3-4m 0 May 24,1992  High spatial resolu-
KVR-1000 %;gc {Ej 03:26 ~ tion image of 1974
: nuclear fest site and
surrounding areq
SPOT-3. HRV-1 10m 26989 N Mar 25,1995 Most current, cloud-
Panchromatic 71.69° E' 05:57:34 free image of
mode 196.996 Pokharan area
acquired before the
allegations of Indian
nuclear test prepa-
rations were made
SPOT-3, HRV-1 10m 97.06° N, Mar 2, 1996 Oidest, cloud-free
Panchromatic 71.76% E 06:02:29 image of Pokharan
mede 197295 areq acquired after
' the allegations of
Indian nuclear test
preparations were
rnade :
Radarsat, 6.25m 27.03° N, Mar 6, 1996 Oldest, radar image
Synthetic 71.80°E 13:22:35 of Pokharan area
Aperture Radar : acquired after the
SAR) altegations of India
nuclear test i
preparations were
made
SPOT-3. HRV-1 10m 27.11° N, Mar 18, 1996 Stereo mate of
Panchromatic 71.76° E 05:54:34 March 2, 1996 SPOT
mode 196-296 image
a. — Ground sample distonce (GSD) is the length and width of each pixel in o digital image projected onto she ground.

Images coptured on film are described at an equivalent GSD. The size of the GSD is a key factor in the amount of spa-
flal detail in an image.

W

All of the media reports that described Indian nuclear test preparations
claimed that the activity had taken place at a site reserved for nuclear testing.
Even the two articles in the T¥mes of India and Jansatta that strongly denied
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Indian nuclear testing activity stated that such a site existed. The satellite
images were analyzed in an attempt to either confirm or refute these claims of
an Indian nuclear test site. This was done by interpreting the imaged features
within the vicinity of the May 18, 1974 crater and comparing the image-
derived information with the media reports. Digital change detection was also
performed, which revealed new activity in the area. The third task was to
determine whether the new activity could be attributed to recent conventional
military exercises, nuclear test preparations, Prithvi field testing, or some-
thing completely different.

Locating the May 18, 1974 Subsidence Crater

Two archived satellite images were selected for use in the search for the May
18, 1974 subsidence crater. One image was acquired on March 25, 1995 by the
HRV-1 panchromatic sensor on board the French SPOT-3 satellite. The other
image was acquired on May 24, 1992 by the KVR-1000 camera flown on one of
the Russian Cosmos satellites. The SPOT-3 image covered a 60 x 60 km area
at a ten-meter ground sample distance. The KVR-1000 image covered a 40 x
40 km area at approximately four-meter ground sample distance.??

SPOT panchromatic imagery was chosen for the crater search because of
its relatively large areal coverage at moderately fine spatial resolution. The
March 25, 1995 image (Path 196, Row 296) was selected because it was the
most current, cloud-free image in the SPOT archives that captured virtually
all of the error circle associated with the ISC seismic location estimate of
India’s 1974 nuclear test (see figure 2).%% The image also covered Pokharan
town as well as the villages of Loharki, Khetolai, and Malka—all of the places
that were reportedly near the May 18, 1974 explosion site.*! In addition, the
image contained the feature found in the October 26, 1988 IRS-1A image that
was previously identified by one researcher as the crater formed by the
nuclear test (see figure 1), '

KVR-1000 imagery was chosen for the crater search because it was the
highest resolution satellite imagery that could be bought on the open market,.
The May 24, 1992 image was selected because it was the only cloud-free image
made available for purchase that captured a large portion of the error circle
associated with the ISC seismic location estimate (see figure 2).42 Like the
SPOT image, the KVR-1000 scene covered the villages of Loharki, Khetolai,
and Malka. It also contained five of the eight villages around Loharki that
were reportedly planned for evacuation in 1981 (see figure 2).
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Figure 2: Geographic coverage of the archived March 25, 1995 SPOT image and May 24,
1992 KVR-1000 image. Both images cover large partions of the error circle associated with
the ISC seismic location estimate of the May 18, 1974 fest.

The full SPOT image showed flat terrain with agricultural fields bordering
desert areas. Twenty-one towns and villages wéfe located and identified in the
image. The main rail line and the primary roads were also visible. However,
no circular features were found that could be identified as the 18 May 1974
crater. The feature in the IRS-1A subscene was found in the SPOT image, but
it still appeared too coarse to establish a conclusive match with the helicopter
photo of the crater (see plates 1 and 2).

The KVR-1000 image consisted primarily of flat, desert terrain intermixed
with sand dunes. Synoptic examination of this image revealed a large, circular
depression located in a remote area about six kilometers south of Loharki
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Plate 3: May 24, 1992 KVR-1000 image of a large circular depression located in relatively
uniferm desert terrqin. The inset is an enlargement of the circular depression. The two, light-
toned lines slanting across the image are scratch marks on the film positive.

Plate 3 shows the salient circular feature surrounded by the sandy desert ter-
rain. The overhead view of the depression appeared similar to the May 18,
1974 crater shown in the helicopter photo. To determine whether the depres-
sion was indeed the subsidence crater, the KVR-1000 image was rendered as a
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Plale 4: Annotated helicopter photo of the crater. The four physical features labeled on the
photo were found in the KVR-1000 image of the crater (see plate 5). Note how the bushes
in the foreground cast shadows toward the camera.

perspective view in order to replicate the oblique viewing angle of the aerial
photo. By simulating the camera geometry that was used to acquire the aerial
photo, the KVR-1000 perspective view of the depression could be compared
directly with the helicopter photo of the crater. However, before the perspec-
tive view could be rendered, the bearing of the helicopter-borne camera had to
be determined.

The helicopter photo was reportedly taken one hour after the explosion.
According to the International Seismological Center (ISC), the explosion
oceurred at 02:34:55.40 + .17 GMT so the photo must have been taken at
approximately 03:35 hrs GMT on May 18, 1974.%4 At this instant in time, the
sun was located east of the estimated test location and shadows pointed
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Plate 5: KVR-1000 perspective view of the karge circular depression, The simulated aerial
camera is located west of the crater and points to the east. The four physical features
labeled in the image proved that the depression was the May 18, 1974 subsidence crater.
The distance from the prominent scarp through the crater center to the concentric crack-
ing boundary Is 165 1 2 meters.

towards the west (see Appendix A). In the foreground of the helicopter photo,
the bush shadows point toward the camera providing a west compass bearing
(see plate 4). Given this directional indicator, the helicopter-borne camera
must have been positioned west of the crater and pointing east when the pic-
ture was taken.

Duplicating this camera orientation, the KVR-1000 image of the depres-
sion was rendered as a perspective view. The camera’s elevation angle was
approximated visually by distorting the circular depression into the oval cra-
ter shape shown in the helicopter photo. Fortuitously, the sun angle was also
duplicated because the KVR-1000 image was acquired on almost the same
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Plate é6: December 12, 1961 KH-3 image covering the 1974 nuclear test site and surrounding
region. The small, light gray patches scattered throughout the image are farming plots.
The black splotches on the image are cloud shadows. The inset is an enlargement of sec-
tion I. showing Malka village and the exact area that was later used for the May 18, 1974
nuclear test.

date as the helicopter photo (May 24 = May 18) at almost the exact same local
time (03:26 hrs GMT = 03:35 hrs GMT). As a result, the shading in the two
images was virtually identical.

Comparison of the KVR-1000 perspective view with the helicopter photo
revealed similar topographical features. These features proved to be the key
for matching the two images. Four geomorphological structures from the cir-
cular depression were found in the helicopter photo, establishing conclusively
that it was the subsidence crater formed 18 years earlier.#® Plates 4 and 5
show the sloping lobe, scarp, fissure, and concentric cracking boundary that
proved both images depicted the same crater.

After the circular depression was positively identified, its coarse outline
was located in the March 25, 1995 SPOT image. The SPOT image was digi-
tally merged with the two 1:250,000 scale maps of the area, and the geo-
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Plate 7: March 25, 1995 SPOT image covering approximately the same area shown in plate
6. Note the absence of polygonal farm plots over most of the land between the Khetolai-
Dholia road and Loharki-Bardana road. Areas 1-56 contain features that appeared to
relate to military activity. Area 5 contains all of the landmarks connected to alleged
nuclear test activity in 1981, 1982, and 1995. Rectangle QRST represents the 8 km x 3 km
fenced perimeter located three kilometers south of the 18 May 1974 crater, as described in
the May 5, 1981 Indian Express issue. The perimeter was reportedly constructed in early
1981 shortly before Ajasar and Loharki village leaders were informed of a meeting on a
four-day evacuation plan. Since the azimuthal orientation of the perimeter was not speci-
fied, the arc represents all of the possible perimeter orientations with the fence line at Q
fixed three kilometers south of the 1974 crater.

The line connecting the May 18, 1974 crater and Khetolai represents the location of
the area that was reportedly cordoned off by the Indian army and prepared for a nuclear
test, as described in the May 9-15, 1982 issue of Sunday Magazine. The point on the May
18, 1974 crater represents the area where barbed wire fencing was reportedly erected in
1995, as described in the December 30, 1995 Hindu article, the January 1, 1996 Business
Standard article, and the January 3, 1996 Hindustan Times article.

graphic location of the crater was measured: 27.095 + .001° N, 71.752 + .001°
E.*6 That location placed the crater 1.5 km southwest of Malka village, 5.8 km
south-southwest of Loharki village, 9.0 km north-northeast of Khetolai vil-
lage, 24.8 km northwest of Pokharan town, 23.4 km west-northwest of the
IRS-1A feature, and 12.5 km north-northwest (azimuth angle: 339°) of the ISC
Thus, of the seven arti-
cles that reported the May 18, 1974 test location, only one—the May 9-15,

seismic location estimate for the May 18, 1974 test.4”

1982 Sunday Magazine article—accurately located it.
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Searchlng for an Indian Nuclear Test Site

With the May 18, 1974 crater found, it became possible to determine whether
the claims of an existing Indian nuclear test site were true. Since all of the
media reports of nuclear test preparations in 1981, 1982, and 1995 locate the
alleged activity within the vicinity of India’s first nuclear test, the region sur-
rounding the May 18, 1974 ground zero was analyzed to determine what kind
of ordinary activity took place in the area and whether there were any abnor-
mal features that could indicate the existence of a nuclear test site. To facili-
tate the analysis, a declassified KH-3 image was obtained (see plate 6).48
Acquired on December 12, 1961, the image was the oldest one available of the
area around the 1974 nuclear test site. Since it was acquired 13 years before
India demonstrated its nuclear testing capability, it proved to be the ideal ref-
erence image. Comparison of recent satellite imagery with the historical KH-3
image revealed numerous changes throughout the landscape.

Plate 6 shows a small section of the KH-3 image strip that covered the

1974 nuclear test site and surrounding region. The image was acquired at
approximately the same spatial resolution (10 meters) as SPOT imagery. Plate
7 shows a section of the March 25, 1995 SPOT image covering the same area.
Both images show identical sand dune distributions, but appreciably different
land use patterns. During the intervening 34 years, the Loharki-Bardana road
and the Khetolai-Dholia road were paved and an east-west rail line through
Lathi was constructed (see plate 7). In addition, Malka village ceased to exist
and virtually all of the land between the two paved roads was taken out of
farm production (see plates 8, 6, and 7).4° Analysis of the March 25, 1995
SPOT image and May 24, 1992 KVR-1000 image revealed that much of this
region had been taken over by the military. Features that appeared to relate to
military activity were found in five distinct areas and subjected to closer
examination (see plate 7).

At area 1, a feature shaped as a right triangle was located near Lathi (see
plate 8). In contrast with the nearby agrarian lands, the triangular feature
appeared dark in tone due the growth of natural, healthy vegetation in its
interior. The presence of such vegetation was noteworthy because media
reports described extensive livestock grazing in the area.’® This feature, how-
ever, showed no signs of such agrarian activity which indicated that it was
secured by perimeter fencing that kept wandering animals (and farmers) out.
The sharp tonal contrast along the triangle’s boundaries can be attributed to
livestock grazing outside and up to the perimeter fence.

Inside the fenced area, the coarse outline of a facility can be seen. It is
located next to the main road and rail line that lie along the hypotenuse of the
right triangular perimeter (see plate 7). It is also located near a rail station
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Plate 8: March 25, 1995 SPOT panchromatic image showing area 1 (see plate 7). Alithough
the spatial resolution of the image is relatively low, it was possible to determine the func-
tionality of several structures in the image by identifying distinct features and linking them
together through deductive reasoning.

The image shows the coarse outline of a secured, military road-rail transfer station
near a civilian rail station. Just north of the Khetolai-Dholia road and rail line, two rows of

black dots off a single side road can be seen. These structures were inferred to be part of a
military base.

south of Lathi village, which is indicated by the coarse outline of side tracks
and buildings along the rail line connected to Lathi by a light-toned, well-trod-
den dirt road (see plate 8). Given its link to two primary transportation routes,
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Plate 9: March 25, 1995 SPOT panchromatic image of area 2 (see plate 7). The image
shows an unidentified, enclosed facility near Sri Bhadria. The inset of Section 1. is the May 24,
1992 KVR-1000 image of the multistory facility showing several animal pens near the north-
waest perimeter,

the secured facility was inferred to be a military road-rail transfer point. The
military role of the facility was deduced not only by the presence of the perim-
eter fencing, but alsc by the presence of the rail station south of Lathi. The
existence of an unsecured and secured rail facility next to each other strongly
suggested that the former was used primarily for civilian traffic and the latter
was used principally for military transport purposes. '

Just north of the military transport point, there is a site consisting of two
rows of black dots with barren ground in between (see plate 8). These dots can
be inferred to be large buildings similar in coarse appearance to the structures
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Plate 10: March 25, 1995 SPOT panchiomatic image of area 3 (see plate 7). The image
shows vehicle track patterns that are characteristic of tank firlng ranges. The inset is the
May 24, 1992 KVR-1000 image of the nearby complex linked by several roads 1o the firing
ranges. This complex was inferred fo be a military base consisting of Indian mechanized
units,

shown in Lathi. However, in contrast with the structures in the village, the
buildings in the remote site are widely spaced and distributed in an orderly
fashion. In addition, the site can only be reached by taking a single, paved side
road that ends at two large structures. Based on these site characteristics and
its close proximity to the military transport point, the feature was inferred to
be a military base.
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Plate 11: May 24, 1992 KVR-1000 panchromatic image of area 4 (see plate 7). The image
shows two distinct zones littered with small craters. Both are located near the end of a
paved road from the tank firing ranges and military base in area 3. These zanes were iden-
tified as conventional target areas for artillery firing, aerial bombing. or both,

At area 2, a multistory, enclosed facility covering approximately 195,000
square meters was found near Sri Bhadria (see plate 9). It is located 0.5 kin
southeast of the village and 1.5 km west of the largest farming area between;
the Khetolai-Dholia road and Loharki-Bardana road (see plates 7 and 9). A
single access road links the Sri Bhadria installation to the main road. To reach
the facility, one has to travel on the Khetolai-Dholia road, turn onto the access
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Plate 12: Panchromatic and radar images of Nautala and Loharki. The top two panels are
sections from the May 24, 1992 KVR-1000 image. The bottorn two panels are sections from
the March 6, 1996 Radarsat image. The two KVR-1000 panels of each village were contrast
enhanced using the same linear stretch algerithm, A different linear stretch algorithm was
used for the two Radarsat panels.

road, and drive 8.3 km north through a fenced reservation.®! Sri Bhadria can
be reached by taking the single access road and driving through the facility
(see plate 9).

The layout and architecture of the buildings provided little information on
the functional purpose of the facility. Twelve animal pens located in the north-
west corner of the perimeter were the only identifiable features (see plate 9-
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inset). These pens—along with the facility’s close proximity to a large, isolated
farming area—suggested that the facility may possibly be involved in agricul-
tural activity. However, this did not explain definitively what kind of activities
took place at the facility. As a result, the complex was left unidentified.

At area 3, two large, fanned sets of tracks were found just north of the
Khetolai-Dholia road (see plate 10). The scale, tone, and texture of these con-
verging tracks is identical in overhead appearance to published SPOT images
of known tank firing ranges in former East Germany.’? The appearance also
matches a veteran photointerpreter’s description of tank firing ranges world-
wide.53 Based on these references, the converging tracks shown in plate 10
were identified as tank firing ranges.?* The firing ranges are connected by sev-
eral roads to a large complex located just off the Khetolai-Dholia road (see
plate 10 inset). In contrast with the village layouts, the complex consists of
numerous columns of buildings and a parade ground. Given its configuration
and proximity to the firing ranges, it was inferred to be a military base con-
sisting of Indian mechanized units.

At area 4, two sandy zones littered with numerous, small pockmarks were
located in the May 24, 1992 KVR-1000 image (see plate 11). Both zones are
located at the end of a paved road from the tank firing ranges and military
base in area 3. One crater zone is located 0.8 km east of Nautala and the other
is located 2.25 km northeast of the village. Virtually all of the craters are
approximately 15 meters in diameter.”® The village itself appeared to be in a
dilapidated state. In contrast with nearby Loharki village, the rooftops at
Nautala did not form enclosed polygons, suggesting that the roof structures
were incomplete (see plate 12). Also, no animal pens were present at Nautala.
The March 6, 1996 Radarsat image also showed differences between the two
villages. When Radarsat imaged Loharki village, it produced a strong radar
return. In contrast, Nautala produced a weak radar return, suggesting the
absence of standing structures capable of acting as corner reflectors (see plate
12). All of this evidence led to the conclusion that Nautala village had been
abandoned.?® Thus, the two cratering zones near the uninhabited village must
be conventional target areas for artillery shelling, air bombardment, or both.57

At area 5, the terrain was searched for features and activity that could
relate to nuclear testing. The boundaries of area 5 surround the geographic
region where nuclear test preparations reportedly took place in 1981, 1982,
and 1995 (see plate 7). Visual analysis of this area in the March 25, 1995

SPOT image and May 24, 1992 KVR-1000 image revealed a large, triangular-

shaped perimeter with unpaved roads, buildings, and berms located inside
(see plate 13). The base and height of the isosceles triangle are 5.7 km and 6.1
km respectively. Two sides of the triangular perimeter are clearly delineated
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hy the dark-toned vegetation on the inside and barren, sandy terrain on the
vutside. Like the perimeter around the military road-rail transport station in
area 1, the sharp tonal contrast can be attributed to the livestock that report-
odly graze in and around the May 18, 1974 crater.?® The western side of the
triangular perimeter was not easily visible from the differential vegetation,
hut it was discernible in the high-resolution KVR-1000 image. As shown in
plate 13, the center of the triangular perimeter is located 3.3 km southwest of
the May 18, 1974 crater. The location of the secured area matched the May 9—
15, 1982 Sunday Magazine report, which described a cordoned area between
the May 18, 1974 crater and Khetolai that was allegedly prepared for a
nuclear test (see plates 7 and 13). The secured area also overlapped the 8 km x
3 km perimeter described in the May 5, 1981 Indian Express article that was
constructed shortly before two village leaders were reportedly informed of an
official meeting on a four-day evacuation plan (see plates 7 and 13).5?

Roads intersect the perimeter at four different points indicating several
portals for entry and exit. The portals are located along the north, northeast,
oast, and south perimeter. The south portal appears to be the principal trans-
portation point to and from the secured area as it is closest to the main road.
To reach it from the Khetolai-Dholia road, one has to turn off the main road,
drive north through the military base at area 3, and then proceed 4.0 km
northeast to the south entrance.? Once there, one can drive around the entire
site along the inner perimeter road passing by a south perimeter base and an
oast perimeter base (see plate 13 insets).

Deeper inside the perimeter, there are two discernible areas with unpaved
roads leading to sites cleared of vegetation. The May 24, 1992 KVR-1000
image shows the easternmost site located next to a berm (see plate 13 inset).
No distinct features can be resolved here. Near the center of the triangular
area, there are four large sites enclosed by berms or fencing as well as several
small site encircled by berms. Several buildings are located within each site
and there is an enclosing berm opposite a single access road (see plate 14).

Area 5 has all of the appearances of a military test range. It is located in a
remote area with open space inside and outside the fenced perimeter. It con-
tains infrastructure, a road network, several berms, and a limited number of
portals into the secured area. In addition, it is linked by road to a military
armor base with two conventional testing areas. All of these features make
area 5 suitable for a variety of military exercises and weapons tests. And since
this area was used for the May 18, 1974 nuclear test and has been the geo-
graphic focal point of subsequent allegations of nuclear test preparations,

future nuclear testing could be one of the purposes for area 5. With that possi-

bility in mind, area 5 was designated the Khetolai military range and tenta-
tively considered a potential Indian nuclear test site until more recent
imagery could be analyzed to establish its purpose in a more definitive way.
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Plate 13: March 25, 1995 SPOT image of area 5 (see plate 7). The image shows a large, tri-
angular perimeter with a network of roads inside. The insets are May 24, 1992 KVR-1000 sec-
tions showing large buildings and structures inside the perimeter located at areas that
have been cleared of vegetation.

Detecting Changes at the Military Areas near Khetolai Village

On March 2, 1996, the French SPOT-3 satellite acquired a cloud-free panchro-
matic image of the Pokharan area. The image was acquired almost three
months after the initial allegations of Indian nuclear test preparations were
made. Four days later during its engineering test phase, the Canadian Radar-
sat acquired a fine beam radar image of the same area, which was obtained as
a single look image at a 6.25 meter ground sample distance. On March 18,
1996, the French SPOT-3 satellite acquired a cloud-free stereo mate of the 2
March 1996 panchromatic image. All three images were analyzed for recent
activity at the military areas near Khetolai.
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Plate 14: May 24, 1992 KVR-1000 image of section V. from plate 13 merged with the 25
March 1995 SPOT image. The merge was dene by laying the two images over each other
(geometric registration) and adding the two together (digital summation). The cleared
areas shown in the March 25, 1995 SPOT image overlap four large sites with buildings that
can be reached from a single access road. There is an enclosing berm opposite the single
access road, and there are berms or fences surrounding all of the sites. The light-toned,
horzontal lines that cross the entire image are scratch marks on the KVR-1000 film positive.
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The 1996 SPOT images were interpreted first in stereo following contrast
and edge enhancement.®! Besides the stabilized sand dunes scattered
throughout the image, no other mounds of sand and earth were found. This
suggested that either the Hindu and Hindustan Times reports of a new hill in
the area were incorrect, or the hill was removed before the 1996 SPOT images
were acquired. It is also possible that the pile of earth was imaged by SPOT-3,
but the height differential was too small to be detected in the stereo pair.52

Following the stereo analysis, the 1996 SPOT images were registered to
the 1995 SPOT image using a second-order polynomial and nearest neighbor
resampling. The old and new images were then rendered as a time-lapse,
repeating sequence showing landscape changes as small as one 10 m x 10 m
pixel. In all three military areas near Khetolai, the time-lapse segquence
revealed substantial change between March 25, 1995 and March 2, 1996 and
little change between March 2, 1996 and March 18, 1996.63

Plate 15 is a section of the March 18, 1996 SPOT image showing the large-
scale changes that occurred over the one year period. The most conspicuous
change is a large area denuded of vegetation inside the security perimeter at
the Khetolai military range (see plate 15 inset). The light-toned area covers
approximately 1.6 sq km and is visible in both 1996 SPOT images. Shaped as
a plume with two point sources, it extends past a berm ending at an unpaved
road. The denuded area exhibits the characteristic effects of a brush fire.5* At
an unknown date and time after the SPOT image acquisition on 25 March
1995, two fires must have started at the point sources, spread downwind over
the berm, and stopped at the unpaved road which acted as a fire break. The
light-toned appearance of the burnt area can be attributed to the sunlight
reflectance off the sandy soil that was previously covered with vegetation.

Besides the fire damage, new vehicle tracks were detected in the tank fir-
ing ranges and the Nautala target area. Several new vehicle tracks were
observed connecting the Nautala target area to the Khetolai military range
(see plate 15). No road traverses the sandy terrain between these two areas so
the tread marks must have been produced by four-wheel drive or tracked vehi-
cles. At the northern perimeter of the Khetolai military range, the fracks
divide into three sets. One set connects to the north portal, indicating vehicle
traffic between the Nautala target area and the secured areas inside the Khe-
tolai military range (see plate 15 inset). Another set indicates direct vehicle
traffic between the Nautala target area and the area around the May 18, 1974
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Plate 15: March 18, 1996 SPOT image showing the tank firing ranges. the Nautala target
areas, and the Khetolai military range. The vehicle fracks identified in this image were not
present in the March 25, 1995 SPOT image, which means the surface markings were less
than one year old. Section |. shows the left and right turn fracks at the north portal of the
Khetolai mititary range. These turns indicate vehicle traffic between the Nautala target
area and sites inside the secured perimeter as well as fraffic between the May 18, 1974
crater and the inner areq. Section il. shows the damage caused by two brush fires that
occurred inside the fenced perimeter. The cause and exact date of each fire could not be
determined from the imagery.

crater. The third set of tracks indicate vehicle traffic between the secured
areas inside the Khetolai military range and the area around the 1974 subsid-
ence crater.

Plate 16 shows the series of new vehicle tracks converging at an area next
to the 1974 crater and proceeding towards the southeast. It also shows a ring
around the subsidence crater that was not present in the March 25, 1995
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" Plate 16: March 2, 1996 SPOT image of the Khetolai military range. The image shows new
vehicle fracks around the 1674 subsidence crater proceeding fowards the southeast, The
1974 conitrol point location was mapped onto the image (see Appendix B).

Section |. shows how the area around the May 18, 1974 crater looked on March 2,
1994 and Sectlon Il. shows the same area dimost one year earlier on March 25, 1995, Com-
parison of the two insets revealed a new, iight-tened ring around the crater and a nearby
concentration of vehicle fracks.

SPOT image (see plate 16 insets). These changes around the old nuclear test
site prompted a reexamination of the published ground and aerial photos that
were acquired at the time the first Indian nuclear test was conducted.®? The
historical pictures were analyzed for topographic clues that could help explain
why there was renewed activity around the old nuclear test site. The analysis
of the archived information did not provide a conclusive answer. However, it
did reveal the location of the control point for the May 18, 1974 test (see
Appendix B and plate 16). '
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Inside the fenced perimeter of the Khetolai military range, other new
netivity was observed. Plates 17 and 18 show how the secured area changed
between the March 25, 1995 and March 2, 1996 SPOT-3 image acquisitions.
Comparison of the two images revealed two, new concentric sets of curved
{races that enclose all sites located in the center of the military range. A new
linear trace was also seen intersecting both sets of curved features. The trace
lies perpendicular to the prevailing southwest-northeast wind direction, which
{s indicated by the orientation of the nearby sand dunes (see plate 17).86

From point E to point G, it is 2.1 km in length (see plate 18). At one end, it
goes through an existing road connecting to point G. At the other end, it
branches out in four separate directions passing through at least one estab-
lished berm or fence and ending at sites A-D in the center of the military
range (see plates 18 and 19). Relative to the adjacent land, sites A-D appear
glightly larger and brighter in the time-lapse sequence. This ground scarring
¢an be attributed to increased activity at the sites over a one year period 57

All of the new features that were found in the 1996 SPOT images were
then checked in the March 6, 1996 Radarsat image. The radar image was ana-
lyzed to gather information on the surface structure and metallic composition
of the new man-made features. In arid regions, these two traits are typically
the dominant factors that determine the magnitude of the radar return.%® If
the illuminated objects act as corner reflectors or electrical conductors, the
microwave reflectance will be higher than the surrounding background. Con-
versely, features with flat surface profiles or low conductivity either appear
darker than the background or are indistinguishable from the surrounding
environment.

Radarsat imaged the three military ranges around Khetolai at a 43°-46°
incidence angle relative to nadir (i.e., straight down) pointing towards the
east-northeast. The synthetic aperture radar (SAR) operated in the C-Band
(5.6 cm). In contrast with the panchromatic visible images, the SAR image
appears speckly due to the random interference of the coherent waveforms
(see plate 20).%9 Despite its grainy appearance, the SAR image shows a rela-
tively strong radar return from buildings, berms, and fence lines identified in
the KVR-1000 image as well as a barely discernible radar return from fence
lines delineated in the SPOT images by the differential vegetation. Segments
of these identified features positioned perpendicular to the incident microwave
beam produced the strongest relative radar return. Similarly oriented seg-
ments of the curved traces in the 1996 SPOT images were also seen in the
SAR image, including a faint circular arc inside the new light-toned ring
around the 1974 subsidence crater (see plate 20).7 None of the new linear
traces or vehicle tracks were detected in the Radarsat image, suggesting the
absence of structures or conductive materials.
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Plate 17; March 25, 1995 SPOT image of the secured area inside the Khetolal military range.
The sand dunes lie along the southwest-northeast axis of the prevailing wind flow. The inset
is a contrast enhanced enlargement of sites A-D covering the same area depicted in the
plate 18 inset.

The segments of the curved traces that were observed in the SAR image
had radar signatures that were similar to the known berms and fence lines in
the area. And since these features completely surround specific sites, it was
reasonable to deduce that the curved traces were new perimeter barriers.
Between March 25, 1995 and March 2, 1996, these barriers were constructed
around the centrally located sites within the Khetolai military range. An addi-
tional barrier was built around the 1974 subsidence crater, which must be the
new fence described in the Business Standard, Hindu, and Hindustan Times
articles.
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Plate 18: March 2, 1996 SPOT image of the secured area inside the Khetolal military range.
The image covers the same area shown in plate 17. i shows new linear and curved traces
Ihat were constructed over a one year pericd. Line EG lies perpendicular to the sand
dunes, which point In the direction of the prevaiing southwest-northeast winds. Points A-G
are the endpoints of the new linear features. The inset is a contrast enhanced enlargement
of sites A-D pointing out four linear fraces that branch off line EG. These fraces were not
present in the SPOT image acquired one year earlier (see plate 17 inset),

interpreting the Activity at the Khetolai Military Range

The image-derived information conclusively established three facts. First,
hotween March 1995 and March 1996, substantial activity did take place at
the Khetolai military range in the immediate vicinity of the 1974 nuclear
oxplosion site. Compared with the changes at the nearby tank firing ranges
and the conventional target areas at Nautala, the activity at the Khetolai mil-
ltary range left the most and the largest “footprints” on the ground. Second,
this activity involved the military. This was evident because the detected
changes happened within established military ranges and consisted of perime-
tor reinforcement, all terrain vehicle traffic, and extensive ground clearing.
Third, the observed activity was different in scale and appearance from activi-
ties that had taken place in the recent past. The May 24, 1992 KVR-1000
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Plate 19: March 18, 1996 SPOT image of sites A-E merged with the May 24, 1992 KVR-1000
image. The merge was done by laying the two Images over each other (geometric regis-
tration) and adding the two together (digital summation). The linear fraces shown in the
Marech 2, 1996 SPOT inset were mapped onto the image. At sites A-C, the traces end af the
center of the secured perimeters. At sites A and C, the linear traces Intersect the same
edge of identical rectangular structures that are visitle in the KVR-1000 image. The coarse
outline of these two structures are visible in the March 2, 1996 SPOT inset and plate 20.

image and the March 25, 1995 SPOT image indicated that no large-scale
changes took place at the Khetolai military range over the three year period.
Furthermore, neither image shows vehicle track patterns from the 1991 and
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Plate 20: March 6. 1996 Radarsat image of the secured area inside the Khetolai military
range. The image covers the same area shown in plates 17 and 18, Although the SAR
Image appears speckly, it shows the coarse outline of known buildings, tberms, and fence
Ines. It also shows segments of the curved traces around sites A-D and the 1974 subsid-
ence crater that were oriented perpendicular to the incident radar beam. These curved
fraces were identified as new perimeter barriers. The inset i an enlargement of the central
sites showing strong radar returns from the buildings and structures in sites A-C and weak
microwave reflections from the fence lines around sites A and C.

1994 winter military exercises that resemble the track patterns in the 1996
SPOT images, which were acquired three months after the 1995 winter exer-
cises.

With these three facts in mind, the image-derived information was inte-
grated into the body of evidence. The collection of claims and facts were sifted
and organized into groups in order to determine whether the observed large-
scale, unusual activity could be attributed to conventional exercises, nuclear
test preparations, Prithvi field testing, or something completely different. This
was done in three steps.

The first step was a credibility assessment of each media report through
comparison with the image-derived information. If a specific factual claim in a
news article was corroborated or consistent with the image-derived informa-
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tion, it was assigned a ‘+’ indicator. If the claim was inconsistent with the
imagery, it was assigned a indicator. If a factual statement was checked
with overhead imagery and the result was inconclusive, it was given a ‘*’ indi-
‘cator. Other articles that could be linked to these factual claims were also
assigned the corresponding indicators. The total number of the three indica-
tors for each article provided a semi-quantitative way of assessing the believ-
ability of other factual claims in the article that could not—for purely
technical reasons—be checked with the available commercial satellite imag-
ery. If an article contained several verified facts, the other reported facts were
deemed as believable. If an article contained numerous false or inconsistent
statements, the remaining claims were not considered credible.

Appendix C illustrates how this credibility assessment was done and tabu-
lates the results for each news report that described activity (or inactivity) in
the Pokharan area. Media reports with at least one factual claim that was con-
sistent with the image-derived information were classified as minimally credi-
ble and were used as evidence for identifying the activity at the Khetolai
military range. Articles that could not be linked to any substantiated facts
were excluded from the analysis. Articles with factual claims that could not be
geographically linked to the Khetolai military range were also set aside.

The second step was an examination of each remaining item of evidence to
determine whether it could be attributed to conventional, missile, nuclear, or
innocuous activity at the Khetolai military range. This was done by research-
ing the hailmark and peripheral signatures of these four activities and com-
paring the evidence with these signatures. A table of suppositions was
compiled to determine whether each set of evidence could be logically attrib-
ated to at least one of the four activities (see Appendix D).”! This table out-
lines the various plausible explanations for the evidence.

The third step involved the placement of the evidence onto a Venn dia-
gram. A Venn diagram is a logic tool consisting of overlapping circles that rep-
resent different sets and the relationships between them.”? In this case, each
circle represented a different explanation for the activity at the Khetolai mili-
tary range (see figure 3}. If an item of evidence could be best explained by just
one of the four activities, it was placed inside the corresponding circle and out-
side the other circles. If it could plausibly be attributed to more than one activ-
ity, it was placed into the appropriate overlapping area demarcated by the
representative circles.

Analyzing the Venn Diagram of the Khetolai Military Range

Figure 3 shows the Venn diagram that was produced from the evidence and
suppositions listed in Appendices Cand D. Spatially linked items of evidence
were connected together with a solid line, and evidence that could be spatially
related were connected with dashed lines. In addition, since the diagram was
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Figure 3: Venn diagram of the Khetolai military range. The circles represent the four sepa-
rate explanations for the observed activity. Each item of credible evidence was placed
onto the diagram in accordance with the table of suppositions (see Appendices C and D}.
Spatially linked items of evidence were connected together with a solid line, and evi-
dence that could be spatidlly related were connected with dashed lines. Evidence that
predated the 1995 allegations was shaded in order to make it distinct from the new evi-
dence, ) .
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drawn to address specifically the 1995 allegations against India, evidence that
predated the allegations was shaded in order to make it distinct from the new
evidence.

The analysis of the Venn diagram led to three main conclusions. First, the
diagram shows that the Khetolai military range has a history of nuclear test
activity. It was used for the May 18, 1974 nuclear test, and there is credible
evidence from four different sources that indicates shafts were constructed in
the early 1980s for two underground nuclear tests there. As shown in the dia-

. gram, this evidence predates the 1995 allegations. Second, the diagram shows
that there is believable evidence that supports the claim of planned Prithvi
field testing at the Khetolai military range. The December 19, 1995 Asian Age
article that claimed such activity is believable because it made four other fac-
tual claims that were verified with the satellite imagery; it was the only news
report that accurately described the conventional test ranges in the area as
well as the sudden increase in activity at the Khetolai military range (see fig-
ure 3 and Appendix C). Moreover, there are five military operation areas
nearby that could be well-suited as impact points for Prithvi field tests (see
figure 5 inset). Third, the diagram shows that none of the image-derived evi-
dence could be attributed to just one of the four possible activities; one cluster
of the image information fit within all four circles, and another cluster fit in
both the Prithvi and nuclear test circles. The latter cluster proved to be the
most intriguing because it could be spatially linked to other items of evidence
that fit in the nuclear test and Prithvi circles. This indicated that the recent
activity was consistent with nuclear test preparations, planned Prithvi field
testing, or a combination of both. Figures 4 and 5 show how the activity could
be interpreted in this way.

In figure 4, the linear traces can he interpreted as the cable lines men-
tioned in the January 3, 1996 Hindustan Times article, oriented perpendicular
to the prevailing winds. Such a cable layout would resemble the 1974 cable
configuration, which was oriented similarly to keep any accidental release of
radicactive debris away from the control point. If India followed the precedent
it established in 1874, point G would be the control point situated southeast of
the explosion sites (see figure 4). It would then logically follow that the shafts
were located at the other end of the linear traces. At the end of the four
branching traces, sites A and C—located one kilometer apart from each other
—fit the profile of two shaft locations (see figure 4); both are surrounded by
multiple layers of perimeter barriers, and both have identical rectangular
structures where the same side intersects the inferred cable lines at the exact
center of the fenced perimeter (see figure 4). This configuration closely resem-
bles j{:ge layout that was used for vertical shaft tests at the US Nevada Test
Site.




Site B is equidistant from both of the inferred shaft locations. It is located
_500 meters from both sites, which makes it suitable for serving as a diagnos-.
tics station for two nuclear tests. Such a station would receive and record the
nuclear test data from the ground zero via cable just before the explosion
destroyed the hardwired connection. From such a close vantage point, the
time response degradation in the cable would be mitigated by the shortened
cable length, thereby accommodating the fast rise time requirements for mea-
;puring nuclear phenomena from near instantaneous, explosive events. Diag-
nostic and recording instruments are typically placed close to the explosion
point for this reason.” The control point could monitor the equipment at site
;B‘ via a separate cable link along line BG (see figure 4). Site D is located near
the entrance to the central area. It can be interpreted as a support base for
. nuclear test preparations with an unpaved road link to the inferred control
. point, '

- In figure 5, point G can be inferred as a missile launch site. Although it
. lacks wide radius turn loops and it has not been cleared of vegetation, the site
~ Islocated at the end of a linear trace in a remote area.’> The linear traces can
be interpreted as unpaved road links that connect the launch point with
Prithvi and fuel storage sites. The identical rectangular structures at sites A
and C can be interpreted as the facilities for temporarily storing the Prithvi
missiles, the transporter-erector-launchers (TELs), and volatile fuel {see fig-
ure 5). These buildings could be used for such a function given that both are
heavily secured, isolated, and connected to the inferred launch point. The road
link is approximately three kilometers long so test launches could be done at a
safe distance from the basing areas, while still within reach of fire fighting
units which could be situated at the support base (site D). It is oriented per-
pendicular to the prevailing winds, which would keep the toxic exhaust
plumes away from the basing area. Site B is equidistant from the two inferred
Prithvi facilities, and it is connected to the inferred launch point (see figure 5).
It can be interpreted as the missile control point which could be used to coordi-
nate the deployment of Prithvi TELs to the launch point, track the missile
after launch, and communicate with the impact site. The cabling described in
the January 8, 1996 Hindustan Times article could be ignition cables for firing
the Prithvi at targets located within five different military operation areas
(see figure 5 insei:).?6 With respect to the inferred launch point, these opera-
tion areas could accommodate the Prithvi-1 minimum range trajectory of 40
km as well as its maximum range trajectory of 150 km.”” . o
Furthermore, the field tests could be performed within the Prithvi theater
of operations under realistic battlefield conditions while mitigating the
chances of unduly alarming Pakistan. As shown in the figure 5 inset, the tra-
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Figure 4: Line map of the Knhetolai military range, The figure shows how the various features
can be interpreted as nuclear test preparations. The letters corespond with the features
labeled In plate 18. The numbers dencte the sequence of the deductions that were made
to identify the spatidlly connected features. '

jectories from the inferred launch point to the military operation areas would
not put the missile on a flight path towards the border with Pakistan. The tra-
jectories would either run parallel with the border or away from the border
deeper into Indian territory. Although the Prithvi-1 could reach a small por-
tion of Pakistani territory from the inferred launch point, it would be out of
reach of all major civilian or military targets.78

Since there are items of evidence that point to nuclear test preparations as
well as planned Prithvi field testing, it is within the realm of possibility that
the Khetolai military range serves a dual purpose. That is, in the absence of
an active nuclear testing program, the facilities and infrastructure at the




Allegations of Indian Nuclear Test Preparations 147

PAKISTAN

Vehicle
Tracks
N
Missile
18 May 1974 ‘
Control Croror
Point {5}
e Caneenieation of

housing
units (3}

Vehicle Tracks

Prithwvi
housing
units{3)

—*% Fence line Perimater
Roads Base
Berm 0 1
. - [ =]
—¥—3% Berm andlor fence lins Scale in kilomaters

Figure 5: Line map of the Khetolai military range. The figure shows how the various featuras
can be interpreted as planned Prithvi missile testing. The letters comrespond with the fea-
tures labeled in plate 18. The numbers denote the sequence of the deductions that wera
made to identify the spatially connected features.

The inset is a map of the Indo-Pakistan border in the Rajasthan Desert. The Khetolai mil-
itary range is located at the X and the polygons are nearby military operation areas. The
perimeter of the military operation areas were derived from the March 1991 1:500,000
scale Tactical Pilotage Chart (TPC) H-8C produced by the US Defense Mapping Agency
Aerospace Center. ' '

range could be used to conduct a variety of Prithvi exercises for training mis-
sile crews. Such activity in the missile’s planned theater of operation would be
a logical follow-on to the completed series of Prithvi-1 missile development
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tests along the eastern Indian coastline.”® If the need for nuclear testing arose

later in the future, the facilities and infrastructure at the range could revert

back to its original function as a nuclear test site. By assigning a dual role for

the Khetolai military range in this way, the personnel, equipment, and infra-

structure could be utilized in a routine manner while maintaining India’s
. reserved nuclear testing capability.

CONCLUSIONS AND IMPLICATIONS

Our investigation of the nuclear test allegations against India produced a
series of small findings that cumulated inte a significant overall result. The
first discovery was the exact location of the May 18, 1974 nuclear test. This
finding made it possible to search for evidence of the reported 1981, 1982, and
1995 nuclear test activity that allegedly took place in the immediate vicinity of
the 1974 test location. The search revealed a handful of military sites, includ-
ing a military range with a secured area surrounded by open desert near Khe-
tolai village. This range—the Khetolai military range—was used for the May
18, 1974 nuclear test and has been the geographic focal point of the subse-
quent allegations of nuclear test preparations (see plates 7 and 13). Change
detection analysis revealed evidence of large-scale, unusual activity at the
Khetolai military range. From being relatively unchanged between May 1992
and March 1995, the Khetolai military range transformed into an active site
over a one year period; between March 1995 and March 1996, new security
perimeters were built, all terrain vehicle traffic noticeably increased, and sev-
eral, long linear traces were created.

After these new features were found, the conflicting news reports on the
activity (or inactivity) in the Pokharan area were checked to determine which
factual claims were consistent with the image-derived information. Articles
with verified factual claims were deemed as credible, and articles that were
inconsistent with the image information were excluded from the analysis (see
Appendix C). The credible articles were used along with the image-derived
information to determine whether the recent activity at the Khetolai military
range was conventional, missile, nuclear, or innocuous. The characteristic sig-
natures of these different activities were identified and compared with each
item of evidence in a table of suppositions and a Venn diagram (see Appendix
D and figure 3).

The analysis of the Venn diagram led to three main conclusions. First, the
Khetolai military range has a history of nuclear test activity. It was used for
the May 18, 1974 nuclear test, and there is credible evidence from four differ-
ent sources that indicates shafts were constructed in the early 1980s for two |




Allegations of Inciian Nuclear Test Preparations 149

additional nuclear tests there. Second, there is believable evidence that sup-
ports the claim of planned Prithvi field testing at the Khetolai military range.
An Indian news report with four verified factual claims described the planned
migsile activity, and 1:500,000 scale US DMA maps of the area show five
nearby military operation areas that could be well-suited as missile impact
points (see figure 5 inset).%? Third, a significant fraction of the image-derived
evidence was consistent with nuclear test preparations, planned Prithvi mis-
sile testing, or a combination of both. This evidence could be spatially linked to
other items of evidence that were attributable to either nuclear test prepara-
tions or planned Prithvi field testing (see figure 3).

Viewing the collected body of evidence as a whole, it is clear that the Khe-
tolai military range is configured for unconventional purposes. It containg all
of the large-scale components for nuclear testing (see figure 4), and several of
the large-scale components for field missile testing (see figure 5). Thus,
nuclear test preparations and planned Prithvi field testing are each plausible,
non-exclusive explanations for the recent activity at the Khetolai military
range (see figure 3). ' '

Implications for CTB Verification and Compliance _
Besides providing new information on India, our investigation of the nuclear
test allegations reveals several lessons that are relevant to. future CTB verifi-
cation and compliance. These lessons apply to two types of organizations:
those that are observing others with commercial imaging satellites and those
that are observed by others with this technology.

The case study illustrates the need to effectively discriminate nuclear test
preparations from other military activities. Just as seismologists need to be
adept at discriminating between nuclear explosions and routine mining
blasts, image analysts need to be able to discriminate ordinary military exer-
cises from maneuvers used as a cover for nuclear test activity. The ability to
tell the difference is particularly important for countries where the militar
may have an integral role in the state’s nuclear test programs. :

In our analysis of India, the discrimination problem was an acute one. It
was complicated not only by the possibility of more than one type of unconven-
tional test activity in the same area, but also by the technical limitations of
the available commercial satellite imagery. There were two principal limiting
factors: timing and spatial resolution. Because no commercial images were
acquired just before or shortly after the nuclear test allegations were made, it
was not possible to determine exactly when certain changes occurred. As a
result, no insight could be gained by sequentially observing the numerous
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changes that did take place. In addition, because all of the old and new images
were acquired at moderate spatial resolutions, it was not possible to search for
small-scale features. If higher resolution imagery were available, the search
for specific objects such as drilling equipment, debris piles, instrumentation
trailers, TELs, and missile tracking stations could have yielded more informa-
tion for the Venn diagram analysis. Moreover, the number, size, and move-
ment of vehicles might have provided useful clues about the level and type of
activity that was taking place.

The temporal and spatial limitations of the current commercial imaging
satellites illustrate the need for more responsive, higher resolution imaging
systems. Fortunately, better satellites are presently under construction and
are scheduled for deployment over the next 6 to 18 months. These satellites
will acquire panchromatic images at a 1-3 meter ground sample distance and
multispectral images at a 4 meter ground sample distance.®! The companies
that will sell these images plan to deliver the digital products within 72 hours
of acquisition. If these satellites perform as specified, the CTB verification
regime will be enhanced significantly.

Even if the planned technical improvements take place, the high demand
for collateral information will remain. As demonstrated in this study, media
reports and scientific papers were valuable, sometimes critical, sources of
information for the imagery analysis. The villagers’ eyewitness accounts and
the Indian government’s official and unofficial statements were particularly
important for determining where to search for the alleged activities.

In countries with a controlled press and restricted academia, it may be
more difficult to collect collateral information that is high quality and in suffi-
cient quantity to be useful. Under such adverse circumstances, alternative
information sources would have to be utilized, including reports from dissi-
dents, emigrants, the foreign media, human rights organizations, and human-
itarian agencies.5?

~As commercial high-resolution satellite imaging becomes more common-
place, nuclear-capable states—particularly the nuclear weapons states—will
likely be subjected to an unprecedented amount of overhead observation by
numerous governments, non-governmental organizations, and international
agencies. With this increased transparency, imaged states will be compelled to
~ avoid non-nuclear activities that could easily be misconstrued as nuclear test
preparations—especially activities in sensitive areas such as former nuclear
test sites. Failure to do so could inadvertently trigger unwarranted on-site
inspection requests that could gradually erode confidence in the treaty. Thus,
besides complying with the CTB provisions, state-parties will have the de
facto obligation to conduct their sensitive, non-nuclear activities in observably,
unambiguous ways.
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Utility of Commercial Satellite Imagery for CTB Verification

The investigation of the recent Indian nuclear test allegations was done spe-
cifically to test the utility of current commercial imaging satellites for CTB
verification. In contrast with the previous remote sensing studies of known
nuclear test sites, this investigation demonstrated in a realistic CTB scenario
how the latest commercial imaging satellites could provide invaluable infor-
mation for test ban verification before the occurrence of a nuclear test.

The CTB verification exercise empirically showed how commercial satel-
lite imagery filled a critical technical niche in the overall verification regime.
With journalists acting as de facto on-site and off-site inspectors for the hypo-
thetical CTB, the satellite imagery was effectively used to check the conflict-
ing factual claims that were made by the media as well as reveal new facts
that were not in the news reports. When combined with the credible articles,
the image-derived information presented a clearer picture on the nature and
extent of the observed activity. Although it did not provide conclusive proof
that led to a single unequivocal explanation, the image information did make
it possible to conduct a technical analysis and make an informed assessment
based on the collected body of evidence.

The investigation provided a glimpse of commercial satellite imagery’s
future role as an instrument for CTB verification. As the only “pre-test” moni-
toring technology that will be openly available on the commercial market, it is
likely to be used extensively by numerous states to verify compliance with the
treaty. States could use the imagery to make a case to the CTBT Organization
for an on-site inspection. In addition, the imagery could be used to trigger
intensified monitoring of a suspect site with “post-test” technologies—particu-
larly seismic and radionuclide sensors.83

The decentralized application of this open source technology will add a
new layer of capability to the CTB verification regime. And with the continued
improvements in spatial and temporal resolution, commercial imaging satel-
lites will most likely be used to accomplish verification tasks that will be far
more sophisticated than the ones that were done for this study. The question
for the future is no longer whether commercial satellite imagery will be
applied to verify a CTB, but rather what lastmg impact will it have on the
implementation of the treaty.
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APPENDIX A: CALCULATING THE DIRECTION OF THE SHADOWS IN
THE HELICOPTER PHOTO OF THE MAY 18,1974
SUBSIDENCE CRATER

The January 1975 IAEA proceedings on peaceful nuclear explosions contain a
technical paper by R. Chidambaram and R. Ramanna that describes India’s
1974 nuclear test. The paper includes a photograph of the subsidence crater
that formed shortly after the nuclear explosion (see plates 1 and 4). The cap-
tion under the picture states that the photo was “taken from a helicopter on 18
May 1974, soon after the experiment.”®® Near the end of the paper, the
authors state that the helicopter observation of the crater was made “an hour
after the experiment had taken place.”®? Thus, the aerial photo must have
been taken at this time.

Using the pubhshed information on the helicopter photo as well as the
seismic data from the Indian nuclear test, the direction of the photographed
shadows was calculated. The shadow oriéntation was needed in order to estab-
lish the bearing of the helicopter-borne camera at the time the picture was
taken. This information was then used to render the May 24, 1992 KVR-1000
satellite image as a perspective view that replicated the aerial camera geome-
try (see plates 4 and 5).

At 0 hrs ephemeris time on the day of the Indian nuclear test, the sun was

located at the following equatorlal coordinates:56
& = 19.42° (A-1)
o = 5438° . ' o (A-2)

where . . _ o
& — apparent declination (i.e., the sun’s latitude)
o— apparent right ascension (i.e., the sun’s longitude)

The apparent declination is measured with respect to the Earth’s equato-
rial plane. The apparent right ascension is measured with respect to the first
point of Aries—a vector oriented along the intersection of the Earth’s equato-
rial plane and the Earth’s orbital plane pointing at the sun on the vernal equi-
nox.

_According to the seismic data reported by the International Seismological
Center, the nuclear explosion took place at 26.99 + .028° N, 71.80 + .033° E,
The time of detonation was 02:34:55.40 + .17 GMT on May 18, 1974. The heli-
copter observation was made one hour after the nuclear test so the aerial

1583
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Table A.1: Value of input parameters for equations A-3 and A-4 that pertain to the
acquisition time of the helicopter photo and the location of the subsidence crafer.
The values were detived from the Chidambaram and Ramanna paper, the May
1974 I5C Seisrnological Bulletin, and the 1974 Ephemeris Almanac.

‘GMT D . to ' A

3.58 hrs ]38'COIenddr days  6.62hrs 1 71.80°

photo must have been taken at approximately 03:35 hrs GMT. To relate this
time with the sun’s position in the sky, the photo acquisition time was con-
verted to local sidereal time (LST), which is the time at a specific point on the
Earth measured with respect to the periodic motion of the distant stars in the
sky. Time in GMT can be converted to LST in two steps:87

tosy = (1.002743) topy + (.065709) D + 1,24 (A-3)

togr + % +24  iflge <0 . .
tgr = N (A-4)
tost+ 3 g5y >0
where
trgy— local sidereal time (in decimal hours)
tasr— Greenwich sidereal time (in decimal hours)
tgur — Greenwich mean time (in decimal hours)

D — number of days since midnight on 31 December of
the preceding year (in calendar days)

t,— apparent sidereal time at 0 hrs GMT on 31 December of the
preceding year (in decimal hours)

A—  longitude of the point of interest (in degrees)

Table A.1 lists the value of each input parameter for equations A-3 and A-4
that was needed to convert the acquisition time of the helicopter photo to deci-
mal hours LST.

lgp = 24.07 hrs (A-5)

To relate this LST value at the estimated 1974 test location with the sun’s -
position, the hour-angle, H, was calculated. H is the angular distance at a spe-
cific point on the Earth from the local meridian to an object’s apparent right
ascension.®® It can be calculated by using the following equation:
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H = (15) t - (A-6)
where
H—hour-angle (in degrees)
tgr—Ilocal sidereal time (in decimal hours)
o.— apparent right ascension (in degrees)

Using the numbers from equations A-2 and A-589

H = 306.63° (A-T)

Equation A-7 represents the hour-angle between the seismically estimated
meridian of the photographed crater and the sun's longitude at the time the
picture was taken. Using this hour-angle value, the sun’s elevation and azi-
muth were calculated:®°

E = sin " [sind sing + cosd cosd cosH | {A-8)
cos'l(smi;s;;l:gggn E ) il sinH < 0
A= 05— sind sin E (A-9)
360 —cos™( SE=SNE ) ipgiopr >
cos¢ cos E

where
A—azimuth measured clockwise from north (in degrees)
E—elevation (in degrees)
3 — apparent declination {in degrees)
¢ — latitude of the point of interest (in degrees)
H-—hour-angle (in degrees)

Table A.2 lists the value of each input parameter for equations A-8 and A-9
that was needed to calculate the sun’s elevation and azimuth at the instant
the helicopter photo of the subsidence crater was acquired.

E
A

40.56° (A-10)
86.83° (A-11)

Il

Measured clockwise from north, the azimuth angle of 86.83" indicates that
the sun was positioned approximately due east of the subsidence crater when
the aerial picture was taken, and the bush shadows shown in the foreground
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Table A.2: Value of inpuf parameters for equations A-8 and A-9 that pertain to the
acquisition time of the helicopter photo and the location of the subsidence crater,
The values were derived from the Chidambaram and Ramanna paper, the May

- 1974 1SC Seismological Bulletin, and the 1974 Ephemeris Almanac.

m
8 ¢ . . H

19.42° 26.99° 306.46°
m
of the photo cast westward towards the camera (see plates 1 and 4). Thus, the
helicopter-borne camera must have been positioned west of the 1974 test loca-

tion and pointed east to acquire the picture of the crater shortly after the
nuclear explosion.
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APPENDIX B: LOCATING THE CONTROL POINT FOR THE MAY 18, 1974
NUCLEAR TEST

"The control point for the May 18, 1974 nuclear test was located after a reex-
amination of the 1975 technical paper by Chidambaram and Ramanna.®® This
paper was revisited because of the new vehicle tracks around the 1974 test
location that were observed in the 1996 SPOT satellite images. The two histor-
ical pictures in the paper were analyzed for topographic clues that could help
oxplain why there was renewed activity around the old nuclear test site. The
vamera position and orientation for the ground photo and helicopter photo
were determined and then compared with the ground shown in the 1996
SPOT images. The comparison did not yield a conclusive explanation for the
new activity, However, the combination of the oriented ground photo with the
ancillary descriptions in the text did reveal the location of the 1974 control
point.

Plate B.1 shows the ground photo which was acquired as the underground
explosion displaced the surface upward. The caption describes the picture as a
“Iplhotograph of the mound near its peak position as taken from the control
point.”g?‘ In the picture, the cable line and adjacent road can be seen leading to
the explosion site in the distance. The picture also shows a desert tree in the
foreground as well as tire tracks that veer off the main dirt road leading to the
eamera’s location at the control point.

The presence of the cable line and camera suggests that the control point
was used for firing the nuclear device and observing the explosion. The control
point was also used for monitoring radioactive fallout; one of two health phys-
ics laboratories was stationed there.?® In addition, deposition trays and health
physics survey teams were dispersed throughout the area. Figure B.1 shows a
diagram from the Chidambaram and Ramanna paper that maps the location
of the deposition trays and health physics survey teams relative to the 1974
oxplosion site.

The paper does not provide the exact location of the control point. How-
over, if one presumes that the health physics laboratory at the control point
contained deposition trays or was occupied by a health physics survey team,
the control point can reasonably be inferred to be one of the nine radioactive
monitoring stations mapped in figure B.1. The nine candidate control points
can be whittled down to one through a photogrammetric process of elimina-
tion. Each prospective control point can be compared with the camera and
ghadow orientation shown in the ground photo that was taken at the actual
control point (see plate B.1). If one of the radioactive monitoring stations is
indee% Ehe control point, it would have to fit the optical geometry of the ground
photo.
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Plate B.1: Photo of the 1974 underground nuclear explosion displacing the surface upward.,
The picture was taken at the controf point. it shows the mound in the distance as well as
the cable line and road leading to the explosion site. It also shows a desert tree in the fore-
ground and fire tracks that lead fo the control point. (Scurce: Chidambaram and
Ramanna, “Some Studies on India’s Peaceful Nuclear Explosion Experiment,” p. 430)

The ground photo has two photogrammetric characteristics that define its
orientation: the line-of-sight to the explosion and the direction of the shadows.
The former is given in figure B.1 for each of the nine prospective control
points. The latter can be seen at a desert tree in the foreground of the picture
(see plate B.1), and calculated from the photo acquisition time and geographic
coordinates of the 1974 explosion site. The photo acquisition time corresponds
with the approximate time of detonation, since the picture shows the near
instantaneous surface rise from the explosion: 02:34:55.40 + .17 GMT on May
18, 1974.%5 The geographic coordinates of the 1974 ground zero were obtained
from the May 24, 1992 KVR-1000 image and the March 25, 1995 SPOT image:
27.005 + .001° N, 71.752 + .001" E (see plate 5). With these input parameters,
the direction of the tree shadow was calculated by sequentially applying equa-
tions A-3, A—4, A6, A-8, and A-9 (see Appendix A). Table B.1 lists the value
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Figure B.1: Location of the depaosition trays and health physics survey teams relative fo the
1974 explosion site. The wind rose in the lower left cormer shows the wind conditions shortly
before the nuclear test was conducted. (Source: Chidambaram and Ramanna, “Some
Studies on India’s Peaceful Nuclear Explosion Experiment.” p. 426)

of each input parameter for these equations in the appropriate units. The cal-
culation yielded the following values for the sun’s elevation and azimuth at
the instant the ground photo of the explosion was acquired:

E
A

27.33% B
81.03° (B-2)

where : : .
A — azimuth (in degrees)
E — elevation (in degrees)

Measured clockwise from ‘north, the azimuth angle of 81.03° indicated that
the sun was located east-northeast of the control point when the ground photo
was taken, and the tree trunk shadow pointing to the left side of the photo
cast towards the west-southwest. Given this directional indicator, the camera
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Plate B.2: Ground photo of mound with free shadow vector and line-of-sight vectors for sta-
fions 2, 4, and 5. The inset shows the B values—the clockwise angular distance from the
shadow vecior to the line-of-sight vector—for stations 2, 4, and 5. Projected onto the
ground with respect fo the shadow line from the vertical tree trunk, the line-of-sight vector
from station 4 was the only one that pointed along the fine-of-sight of the camera towards
the explosion site. This conclusively established station 4 as the 1974 control point.

at the control point must have been located south of the 1974 test location.
This finding eliminated six of the nine candidate control points shown in fig-
ure B.1; only stations 2, 4, and 5 were located south of the explosion site. The
pool of possible control points was reduced further by calculating B—the clock-
wise angular distance from the shadow vector to the line-of-sight vector—for
the ground photo (see plate B.2 inset). Plate B.2 shows that the calculated B
value at station 4 was the only one that matched the actual § value of the
ground photo. Thus, station 4 was the control point for the 1974 nuclear test,
and it was located approximately 4.8 km southeast of the detonation point at
an azimuth angle of 156° (see figure B.1 and plate 16).
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Table B.1: Value of input parameters for equations A-3, A4, A-6, A-8, and A-9 that
pertain 1o the acquisition time of the ground photo (plate B.1) and
photogrammetic location of the May 18, 1974 test. The values were derived from
the Chidambaram and Ramanna paper, the May 1974 ISC Seismological Bulletin,
he 1974 Ephemeris Aimanac, and the satellife image analysis.

Lo

Input Parameter Value
apparent declination (.e., the sun’s latitude), & 19.42°
(appdrenf right ascension (i.e., the sun’slongitude). o = - 54.38°
p’g.h.ofc.a, dcq_uish‘ion time in GMT, tgyr | ' 2.58 hrs
pumber of days since midnight on Dec 31,1973.D - o 138 calendar days
apparent sidereal time afo_hrs_ GMT on Dec 31, 1973, to . 6,62 hrs .
latitude atf subsidence crater, ¢ ' - o $27.095°
lﬁnéitﬁde at subsid.ence.croter, oo _ | : : _ 7;.7529
hour-angle, H _ 291.50°

w_
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APPENDIX C: ASSESSING THE CREDIBILITY OF THE NEWS REPORTS ON
ALLEGED INDIAN NUCLEAR TESTACTIVITY

‘Following the image analysis, the c_red1b111ty of each news report on alleged
Indian nuclear test activity was checked by comparing the factual claims with
the image-derived information. If a specific factual claim in a news report was 2
corroborated or consistent with the image-derived information, it was
assigned a “+’ indicator. If the claim was inconsistent with the imagery, it was
assigned a “— indicator. If a factual statement was checked with overhead
imagery and the result was inconclusive, it was given a ‘¢’ indicator. Other
articles that could be linked to these factual claims were also assigned the cor-
responding indicators. The total number of the three indicators for each article
provided a semi-quantitative way of assessing the believability of other factual
claims in the article that could not—for purely technical reasons—be checked
with the available commercial satellite imagery.

For example, consider the January 1, 1996 Business Standard artlcle by
Damandeep Singh. This article made six factual claims:

(i} Anew fence was built around the 1974 nuclear test site.

(ii) -Cattle routinely grazed around the 1974 test site. :

(it1) The 1974 test site was located around four kilemeters down a sandy trail off
the main road just before one nears Loharki village.

(iv) In 1995, locals “had not seen any earthmoving or civil construction activity.”

(v) Locals remember that the “grass and shrubs in the area were burnt” shortly
after the 1974 nuclear test. ‘

(vi) Inthe fall of 1995, locals had seen army exercises that were the “biggest ever
witnessed by them.”

The first claim was verified in the March 1996 SPOT images, which show
a new, light-toned ring around the 1974 subsidence crater, and in the March 6,
1996 Radarsat image which shows a circular arc along the perlphery of the
crater. The second claim was supported by all of the SPOT images which show
differential vegetation growth near the 1974 test site, indicating livestock-
grazing outside the fenced area. The third claim was confirmed by the March
25, 1995 SPOT image, which shows the 1974 test site located approximately
four kilometers off the main road to Loharki. The fourth claim was refuted by
the March 1996 SPOT images which show perimeter reinforcement and exten-
sive ground clearing in the immediate vicinity of the 1974 test site. The fifth
and sixth claim could not be verified because the satellite imagery did not date
back to 1974, and because the new imagery was too coarse in spatial resolu-
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tlon to show personnel and vehicles. However, both facts were deemed as
bolievable because the article made three obscure factual claims that were
independently verified and only one claim that proved to be incorrect.

Table C.1 lists the results from the credibility assessment. For each news
irticle, the table lists the factual claims that could be checked with the satel-
lite imagery and compares each claim with the image-derived information.
'The verified facts and believable claims were then incorporated into the table
of suppositions (see Appendix D) and the Venn diagram (see figure 3).
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APPENDIX D: COMPILING A TABLE OF SUPPOSITIONS FROM THE
COLLECTED EVIDENCE ON THE KHETOLAI MILITARY
RANGE

T'he collected evidence conclusively proved that large-scale, unusual activity
did take place at the Khetolai military range. With that fact established, each
ltom of evidence was examined to determine whether the observed activity
was conventional exercises, nuclear test preparations, Prithvi field testing, or
something completely different. The analysis was done by tabulating a list of
suppositions—a series of propositions that explained how each item of evi-
donce could be attributed to at least one of the four activities. Table D.1 lists
the collected evidence and the various explanations for it. To determine what
lkind of activity actually took place at the Khetolai military range, each item of
svidence was placed onto a Venn diagram based on the enumerated supposi-
tlons (see figure 3), and then analyzed for spatial and logical relationships
that were characteristic of at least one of the four possible activities.
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