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A N3NINTRUSIVE ISUWDIATED FUEL INVENTORY
CONFIAKATICFr TSCRNIQUE

E. J. Dowdy, N, Nicholson, and J. T. Caldwell
Lca ~lemoe Scientific Laboratory, Los Alamos, New Mexico, 87545, USA

Abstract

Successfultests showing correlation

between the intensity of che Ct?renkov glow
surrounding irradiated fuel assemblies in

water-filled spent fuel storage ponds and the

exposure and cceling times of assemblies have
been Concluc-d. Fieldable instruments used in

subsequent testa confirmed that such meaaure-
men+.s an be made easily and rapidly, without
fuel aasembly movement or the introduction of

apparatus ~nto the storage prods.

1. Introduction

A aignficant f~acticm of the special

nuclear material in the fuel cycle is repre-
sented by the plutonium end unburned 235U in
irradiated fuel assemblies. Almost all of

these assemblies are in water-filled storage
pcnds at reactor sites. Consequently, confir-
mation of declared inventories of fissile
mdterial in irradiated fuel in these storage

ponds is one of the respasibilities of safe-
guards inspectors. Such confirmations can be
attempted by a ataged approirzh~ beginning

with item counting and proceeding through

obtaining ●violence of irradiation ●xposure,

identifying fission product signatures,

correlating meaaured neutron and garmna ray
signals and aignaturea with fissile loadings,
and perhaps concluding with a ‘direct” deter-
minaticm of fiasile content by neutron int&r-
rogaticr$. Progressing beyond item counting

and ●violence of irradiakicm ●xposure rezuires
a commitment of ●ignficiant reaourcea and is
uonaequently limited to qu:te ●hmll sample
sizes in casea of larg,~ inventories. Thus,
the IAEA (International Atomic Energy Agency)

k~lies on mntainment and surveillance for
irradiated fuel safeguard, resorting to NDA

measurement.6 only for ●stablishing inventories

or fo{ raverificaton following the failure of
the containment and surveillance ~yatem,
3@cau6e most NDA measurement ●re limited to
small aamplrm of the lnvant.c+y, It S,,QMS
rleairable that re!ative attributa measure-

ments, normalized to the NDA results, be made

oI, the majority of the fuel ●aaembliea or
bundlen, or ●v~n on the ●ntire inventory,
Such mee~urellenta wuld ●now ●lso for

connintcncy checkm among repeated inspec-
tior9,

Wr9er the US proqram of technical ●aBio-
trnce to internat.icm~l ●afequardrn, we began
inveatiqatinq possible approach~m to irrarli-

●tdl fuel sttribut? measurement and monitoring
technique,] U@ ●o~ht to Satinfy ●Weral
criteria w deemed Important for routin~
irmpecticm ~rpoaen, viz,, eaaQ of impl_-
mmitatirm, ail,lpl~ int.~pratation of any
meaauroment dats, ●nd min~mal impact on thp

facility operator ’a schedule. The technique

most suitably sat:.sfying these criteria is
that of imaging and possibly meaauring the
intensity of the C,?renkov glcw that results
from the interacticms of the radiation from

fission products in the assemblies or bundles
with the water in the storage ponds. Curr-
ently, IAEA inapectma visually confirm the
mcvement and storage of freshly discharged

fuel assemblies duri?!g refueling operations,
when the Cerenko!v glow from such intensely’
radioactive aasemblie,; is visible. Although
shortly thereafter tht glow is not visible
to the unaided eye, electronic ligh,t
amplification renders the low light levels
measurable. Because wrter has a very small

attenuation coefficient for visible and
near-ultraviolet (UV) light, the meat.ti:-mtnts

can be mado from above the storage pnd
surface, obviating the introduction of

c~ipnent into the pond. For the standard
vertical LNR assemkly storage, the
penetrations in the uppc~ mechanical structure

of the aasembly serve aa Cerenkov light

channels, allcwing sampling of the nuclear
radiation intensity to be deeper than the top
of the fuel aasembly. Tht Cerenko\ light
intensity measurement ia thus considererl less

auaceptible to crosstalk among adjacent

aaaemblies than are nucleal” radiation

intensity measurements made at the topc .If the

●sawnbliea.

The theoretical basis for the technique

is described in some detail in one of our

earlier pepers3 and will not be repeated
here. Suffice it to say thar the major
pertion of the Cerenkov ●missions is believed

to be cauaed by the .iasion product decay

qamrna raya. S@condary ●lectronn of ●nergy
greater than 0,6 MeV in the water directly

generate the Cerenkov photona, ●nd theac

●lectrons ●re produced both in the water and
in the cladding, The number of Cerenkov
photons per pr!.mary gannna ray photon is

strongly depadent on tha ~ansna ray ●nergy,
Because both the intensity ●nd tne spectrum of

the fisnion product gamma raya 1s dependent on
burnup and cooling time, it 1s ●xpected that
the Cerenkov gl(w intenait;y will carry the

burnup ●nd cooling time information. Our
results have glv~n urn confidence that thlr ‘n

the case,

The Cerenkov glow can tW imar@ and
intensiLles measured in @everal ways, W hove

concluded prQlirninary teata (,)f the t.vchnlque
using imaging inmtrhents that Included a
silicon-intensified target (SIT) vide~] camera,
●n intensified silicon-lntennifiod target (ISIT)
video camera, ● prototype hard-film camera
that lncorpxaten ● microchanne] plate imaq~
intensiflet, ●nd a mt,anr!ard hard-film cam?r’a



with uv-transmitting lenses. Images of both

HTR (Materials Testing Reactol’) plate-type
fuel ●lements from the Los Alamoa Scientific
Laboratory OWR (Omega West Reactor) and
commercial PWR (Pressurized Water Reactor)
pin-type assemblies from the Zion Nuclear

Staticm have bean made. The Cerenkov inten-
sity was quantified by photometric measure-
ments of selected bright spcia on the recorded

images wrrespmding to the water-filled
interatioas of the assemblies. Results of
these ●arlier measurement are wntained in

se~rate reports.3~4

In this repxt, we describe exercises at

the Morris, Illinois irradiated fuel storage
facility, owned and operated by the General
Electric Company, and at the NR% irradiate~
fuel storage bay at the Chalk River National

Laboratory, operated by Atomic Energy of

Canada, Limited. Seth PWR and 13WR (Boiling
Water Reactor) assemblies were imaged at the
Morris facility, and measuretienta were made of
the Cerenkov glw from a number of the PWR

assemblies. Thirteen CANDU bundles, of the
19-pin type, were imaged at CRNL, and marse
estimates wsre mLde of the Cerenkov glow
intensity of each,

2. Experimental Method—

Morris

Our earliest quantitative datj from Ph??

assemblies at the Zion Station had been

obtained by off-line analyais of video-taped

images of the glcw from the aasemblies,3

These data confirmed our predictions, but the
intensities we rueasured were pmplificd
intensities becauae the output of an 1S11
video camera was umed to record the imagvs,

In the Morris exercise, we desired to m~aaure
the emitted Cerenkov radiation directly and
chose to use a high-gain #pot photometer with
digial readout* and an ISIT TV camera attached
to the viewing lens to aasist with alignment
in th+ darkened storage bay. The majority of

ambient lighting had been ●xtinguished tc~
reduce the background, The requirement frn a
darkened ●torage bay ia currently

indiapenaible becauee the ●qui~ent we now uoe

is amnitive to a broad spestrum of light, We
foresee the poasiblity of relaxing th~~
requirement by a judicious choice of
phOtOSCWIIIitiVe response, tailored lightinq

spectrum, ●nr! lr.w band paaa filtering ot the.

incoming spectrum, Th? photometer/ISIT camra
combination (weiqhinq ●pproximately 20 kg) wig
●ttached to ●n ●rticulating fikt,ure, which wrrn
in turn clamped to the railing of tho brid~e
that trav~la ovur the storage pond, The
bridge and fixture Wer? used to ●lign the

inbtrumont over the selected fuel ●a~embly and
ttw phntom*te- raadinga were recorderl,

In adrtiticm tc the photometer, ●nether

system wa~ used to ●stimate the ~mpllfirv!

Cerenkcrv WIW intensity, Thin aymtdm wI)-
. . —

aistmt of a ●tandarrl 1.35-rrsn tolqhto lann, ●n

. . . .. —-_

electrostatically-fccused night vision device

(NvD)** with a gain estimated to be approxi-

mately Sx104 , and a SLR automatic camera

back COuF1.ed to the output phosphor of the
m. The total weight of this system iE

approximately 10 kg. Estimates of the glow
intensities were made using the automatic

exposure feature of the camera. Through-

the-lens met?ring provides for an ~ptimum
●~rrsure on the film plane. Thus, for a fixed

aperture, the length of time the shutter
remains open ia a measure of the intensity of
illumination of the film plane and hence of

the brightness of the output phosphor, and of
the Cerwrkov glow, under the aasumpt.ion of
linearity of the NVD gain. We had the NVD
rnodifl~d to eliminate the automatic brightness

control feature to provide for a linear
response, This instrument was aligned over

the assemblies and shutter speeds recorded for
each asaembly.

A third irrstrtar,ent waa used in yet

anothes way to estimate the g:ow intensity,
This instrument consisted of a 75-rmn telephoto

lens, a proximity-focuserJ NVD*** with a gain
of approximately 1.5x104, and a biacular

viewer . The total weight of this instrument

is approximately 2 kg. P.n “image-extinction”

type of determination was made using the dis-
tinctive circular poison pin hole images in

the PWR assemblies as targets. With these
holes sharply defined for large lens aperturt

and full gain on the NVD, the aperture was
stopped dowr, until the image of the holes

became “fuzzy”. The aperture settings for the
onset of “fuzziner;s” or the extinction of the
imag?s were recorded. It is aasumed these

settings ~re directly related to the C’erenkov
intensity,

Chalk Rive~

Only the electrostatically-focused ~’t),

135-nrm lens, and SLR camera back were used jn
the exarcise with CANDU oundles, Images were
made of th? bundles in storaqe basketc with

axes verticbl, and lying in trays with axes
horizontal, Shutter speed measurements wore
also made in th,? same way ac 10; the Morris

●xercise. The major objective in this exer-
cise warr to obtain the viau~l information for
CANDU bundles.

Rcrnults—.—

Morrla. Th~ lrrar!lated fuel aooembllex—.
are stored vertically in bank~tn, the Pwl{
basket hldjng four a~sembltes ●nd the BWR
baaket holding nin~ sa@emt:Jle6, Th! initial

maa~ur~mentn were daslgn~d to tent. repro-

ducibility of m?asurrmcnta with the photom~tef

unit bechu~? alignmet,t over tlw aROwmt]lian ig
d?emed important, Thin te~l wa- conducted
or! one row of PWW bash~ts containing 52 ●@rn@m-

bli~8, T!rc rasulta ●ro rnhown In column~ 4
●nd 5 of Tabl@ 1. Th@ burnup and cooling time
vnlues ●re thorn? ptovidwt hy the operator.

. . . .-..—.

* Pritchard lbd~l 419(3A
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TABLS I

RESUIITS OF THS MEX3UREMENTS ON PWR ASSEMBLIES AT TIiE MORRIS FACILITY.

THE DATES OF THE KEASUREMVUfS /lRX INDICA’ :D IN THE COLUMN HEAOINGS .
.. . .. . ...- . . . .. -----
(u~/lQ/ ‘Y ar2a Ub/AU/ /9)

J5S6U

I14YU
u

13 Iu
u

12 lU
u

11 M., m;
c:

u
7 tu

!5
61U

u
5 h

u
4 lu

u
3 Iu

u
I 15 ru

rl
14 ru

rl
LZ ru

rl
la ru

ri
II ,“

rl
10 ru

ri
1 ru

11
8 ru

rl
7 ru

:1
b ru

$ ::
{1

4 ru
rl

3 lU
d

%.17
Zs. a
21.90
11 47
11,79
52,72
ZI,57
3s.9s
10,79
2&91
31.64
33, 0s
ao ,93
20.31
10, M
10.90
19, a9
19, la
19,20
1901
1s. II
19.01
10,95
19.62
1$,11
II 7s
26 45
2608
’33.51
11.71
52 73
33 IS
II 09
30 9a
10 91
20 U
2239
11 99
ao 44
20 36
11 27
10 M
19 .1
19 Jo
II !4
19 40
19 59
)D bl
19 58
19 M
19 61
ID u

lJOO
lzoo
1000
1700
1000
10M
1000
lom
1700
1700
Iwo
1000
1700
1700
3400
IUm
3400
NOO
3400
1400
>4M
3400
34@
3U30
3400
3400
1100
1zoo
1900
1000
1000
1000
1000
low
1700
1700
1000
low
1700
I 700
3400
wzo
IWO
3400
34s4
1400
lU?O
1400
1400
.1400
1400
)400

A.ol x 10-~
2.11

::%
Z.74
am
2,03
2.60
0.64
1.23
2.73
?,65
1.13
1,02
0.s70
0,620
1.12
1.03
1.03
1.04
Loo
09s
1.20
0.99
1.13
0,7s
140
3,22
0,99
3.20
3ZC
4,0
14
3,9
L44
1.42
am
3,56
1,50
1 w
o 70
0 79
1,30
1 34
0 9)
1 19
I 14
I 14
I 41
I 41
146
1.47

1.24x m-l
2.2
257
0696
a.n
24s
1%
146
0.99s
109
2.63
253
109
0.93
0 S97
0.s47
1.16
1.04
1 09
120
0 94
0 97
la
Loa
Ill
O 640
2 71
3.20
Loo
3.3s
a 8s
3 74
3.20
1 14
I 41
I 24
3 bl
330
1 52
1 d
o 7U
o 70
I 21
I 29
Owz
I 19
I 2?
I 11
I JJ
In
I J5
I 19

The umzar half of tha tabl~ roprtsmts tha
left ;~d. of th~ bank~ta in row T of tht pond

●nd the lowar half ropr~sonta th~ .ight ●id.
of’ tha row. Tho photometer waa pcmitioned
ovor the loft, ●ida and the photomct-r r~adinga

r~cordcd for ●sch assembly on tho I@ft side.
Tha bridqo wan rcturnod to the top of the row

and tha @rotomotcr poaltlorml ovor tho right
● ids ●nd tho photomotor readings racordtd for

●ach ●aaambly on tha right sida. At tha

conclusion of this sorlan, tha antlra
photomatar/ISl’i’ camara ●nd mounting flxtuio

wra removad from tha bridqa railing, and four
day- later ttra proceaa ra~atod. Approxl-
mataly 2(J ●maambli~a pm hour war. moaaurad

in this way. chzlumn 4 rapramenta th~ flrat
n~rl.a of r~adinga and column 5 tha rnscond.
Column 6 I@ tha ratio oi thoma roadinqa,
skwing ●n •v~raq~ It blare ●nd a 7* standard

doviatirm ●bout tha bianad moan.

.89
,9s
.92

1.11
100
1.04
1.04
1.04
LOI
1.)3
104
1.05
104
1.30

95
109

.64
q

9s
69

1.01
98
92

.%
1 Oa
I 03

18
101

.91
94

1 13
I 07
1 06

I on
I 01
I 14
I 06
I 01
I 04
I 06
I 07
I 11

98
I 0$
1 02
I 00
I 06
I 10
I 0?
I 04
I 08
I 14

i

2.14 XIO-]
2,24
2.08
0,733
2.76
2,72
2.00
2.53
0.922
1.16
2.68
2,59
1.51
091
0. w
0.594
154
I 04
1 05
I la
104
094
1 2s
100
1.12
0.72
354
1 al
099
329
302
3 17
IM

3 37

1 43
I 11
174
3 43
1 55
I 4R
o 755
0 74s
, 21
I 11
0 91
I 10
I lb
I 28
1 11
I Jt
la
I )9

——
a 11 Y Io-s 76
a 48
7.20
3.97
ad
1.31
6.54
7.64
4 43
5.57
S.47
7 14
S,zo
4 11
s 39
545
s 91
544
54*
s 94
5,2”,
S.us
640
5.10
6.s4
: 64
966

12.21
4.20

10 34
9 21

11,67
lU Al

10 90
b44
654

II 70
l,) 72

7 19
7 1)
6 70
b 91
bw
6 94
4 16
6 09
6 b4
6 $3
7 04
? II
7 14
7 II

7s
U

174
6S
n

:
171
16s

79
69

I’m
177
166
16S
169
16;
165
165

.Ics
14s
165
16S

64
69

173
41
71
52
Ss

%
171
114

44
b9

114
115
lb!
lb!
lb9
1/3
lb 7
144
Ibo
161
Ibc
1$7
IJ7
I 70

BT. i T.

1.99 x 10J
1.9Q
L%
121
2.07
3.09
2.25
2.6S
3.56
3.43
aso
2 84
3.56
3.61
Im
1.60
334
31$
3,11
3.14
3 1s
3 14
3.11
2.24

I 72
1.71

297
3 61
174
I 4;

L6J x 10-1
I.(,m
1.41
1.29

H
1s0
302
1.59
1 91
2 12
2.32
1?9
I 73
0.97
099
1 93
1 ?2
I 73
1.s4
:.65
1 59
206
165

1 64
z JI
I 71
12s
2 14
z 01
1 82

J 24
J 47
I )9
! 6)
Z J?
1 ?7
1 70
1 28
I tJ
2 05
I b2
I SJ
1 ?3
20.
ao4
2 M
1 M
I 9A
2 ,$

Tha mv*raga meaourd intenaitlaa ara
qivan in column 7 of Tabl~ 1. Only the as&em-

blica vith 3400 rlaya ceollnq time have a
rcaaonably varied hurnup, Tha;a ia a qroup

of asaemblioa wi’.h ●n ●veraqt of 19.27 GWu/t?Ill

and ●nothor qroup with an •voraq~ of 10,q4
OhTrmr’u , The ratio of thone two burnup val~t!6
in 1.76, Tha ratio of tlm mrre#pndinq

avoraqe meaaured C@rankov qlow lnt~na~tlmn

in 1.73, in wmd aqraom~nt. Tatzlo IX la ●

compilation of thoaa ●varag~o for the varioua
burnup/cooli,lq tima qrouplnqn. The lant.

column ,’ Table 11 in th~ normalized calcu-

lated v~lua of th~ Carankov Intmaltlea. Tho

●veraqo ratio of moaaurwl to calculated V451imP
la unity with ● standard devIatir7n of lot.



TASLE II

7.SSULTS FROM GROUPING THE DATA FROM TASLE 1.

ThE CALCUT-A’TED INTENSITIES ARJ2 ALSO IIWLUDSD .

5’, GwDOd-rU Tc, days ~meas Ic..c

——

31.84 1000 2.96: 0.S8 3.56
26.28 1300 2,54:0.48 2.31
20.80 1700 1,22 :0.27 1.46
19.27 3400 1.16 f0,18 1.00
10.94 3400 0,67:0.09 . S6

Other correlations are suggested in the

last two columns of Table I. The entries in

the second to last column are the products of
ttx? burnuk. values and the recorded shutter
speeds for the ●lectrostat ically-focused NW,
5uch a ccrrelatior, is ●rqmcted because the
through-the-lens metering system provides an
optimum exposure, and the incoming light is

integrated until this ●xposure level is
reeched, The product of the incoming light,
prenumed to be propxtional to B, and the time

the shutter remains open, Tg, should there-

fore be a const.snt. Two possible sources of
error are known when us..ng this instrument:

the gain control potentiometer does not have
detents, so gain variations can occur by

inadvertent =ntact with the potentiometer,
and, in order to 1 m]t the field-of-view to
one assembly for the intensity estimates, a
framjng iris within the NW case was u-cd,
and may not have been ●lwaya returned to a

standard position. A third difficulty that

invalidates a large portion of the data was
dismvered at the conclusi~,) of the exercire.

The shutter on the automatic Celnela ir limited
to a maximum time in the neighbwhuod of 160
seconds, An improvement in the specular

reflection of the film plane in the ramera,

eta., with a mirror or flat white nurface,
=subsequently been shown to improv~ tt,is
condition markedly, Excluding those data for

Ta : lbO second~, the p:oduct BTa is found
to be constant within a standard deviation of

221, A ~imilar r@sult is obtained for the
product T Ta, which has a standard deviation

ci 21* about a constant value,

An ●utlrnate of crosstalk smcng ●sselbllet?
was mad~ for the PWR aasemblie~ in the utorage

bairket , TW aaeemblies with comparable burnup
and cooling time were isolated and the Cer~~n-
krw intensltie~ mmsured for ●ach using the
phr~tom@ter/XSIT camera instrument, The a#nem-
bli~~ were then placed as clone to ●ach other

a~ allrwd by the etorag~ pond basket indexing

fittture, . Ths rxntet-to-center ceperation wan
on the (I[det of 36 cm, Th@ inteneitiem wre

again mo,d~utcd. Ths.r@ was rrn ntatlstlcally
#iqnifi(ant rtlfforencea between the ●voragff

lnfensi~le~ for the iaolaterl ●nd ●djac?nt
●mummbl )ns .

observer, we refrain from comparing one
obselver with another. The aperture aettlngs

required for the range of assembly brightness
represented in this set was from f/22 to f/5,
a dynamic range of over 20, and yet the burnup
values and aperture sizes track within 208 on
average without taking cooling time into
ccwrsideratirm. Approximately 40 assemblies
par hour were examined using this method.

Chalk River. Thirteen NPD (Nuclear Power

Demonstration) reactor irradiated bundles and
one fresh fuel bundle of the 19-pin iype were
used to demonstrate the technique on CANDU
fuel. The burnup and @oltng time values frx
the irradiated bundles are given in Table 1~~,
along with the values of camera ahutter speeds

recorded using the electrostatically-fccused
WI/D on isolated bundles. The values in the
●acond to last column are the calculated

Cerenkov photon il!tensities, The calculations

for these CANDU bundlas and the PWR assemblies

of Tabie I aasume a uniform burnup rate, which

is legitimate for PWR assemblies unh=good

fuel management programs. Hcwever, CANDU

bundles experience different burnup rates
depending on the fuel channel they travtl
through, and the ,niform rate model is expected

to be faulty but not so much as to account for
the three obvious outliers, With the exception
of these three bundles (15445, @GC020h’, 15391),

the product (f T6 and Iculc is constant

within 209, We have no explanation fur the
discrepancies n red for the outliers,

The fresh fuel bunrlle was used to simulate
● dummy b~ndle among irradiated bundles. The

distincti~, between the images of the fresh

fuel bunde ●r?d ●ven the weakest of the
irradiate~ bundle~ was striking, confirming the

cxnvicticn that durmny bundles (unirradiated)
‘:~n bs fpotted if ●n optical path is open.

cf,,,clusions

We hsve continued to ahow the Cerenkcv

91w imaging ●nd measuring technique to be
promising for ●ttribute measurements of

irradiated fuel. SimPie instruments have be?n
used in ●xerciaes with troth LWR asnemblier and
CANDU bundles, Direct m~asurementc of the
●mitted radiation can be made uainq the
photometer/lSIT c~mera ccmbinaticn, with

reasonable preclaion (10$) for re~ated trials,
●nd fair ●ccuracy (180) with respect to

calculations has-d on o~rator-suppl ied burnup
●nd cooling time value~. The NW’ baned
ingtrurrrents ●re not lntendtd primarily for
quantitative purposes, but the emrciee
reportad here was to qlve ●seurancc that the
smp]ified Cerenkov glw tracked the ●mitted

Cerenkcw glow reasonably brell, The ability to
spot dummy ●msembllm or bundleo was also
domrw-iptrated. A now inat.runent based on a

direct quantif(cstlon of the amplified light
from the NW is under mnmtructirrn.

T’IIPr~su)tn of ttw imaqc “errtlnr?tionm

merllud uulnq the pt(jxlm~ty-focused NVK) ●re
giver, In Tahl@ 111, Becauaa thin method
involvern the rnul~jactlve judgment of the



TABLS III

Tc

1300
1300
1300
1300
1000
1900
1700
1000
1000
100C
1900
1000
JOOO
1000
1000
1000
1700
]700

]70C

1700

1000

1000

1000
100(
]70:’

1730
1700
170C

34:’[

340(’

340C

340C
34pc

340:

340C

3400

Oveltil

RESULTS OF THE IMAGE “EXTINCTION” METHOD USED BY
THREE DIFFEIW4T OBSERVERS.

Burnup/Apeflure S~-e

Obnerver #l

i.64X10-3
1.65
165
1.18
1.61
1.s7
1.66
1.98
1.99
2.18
2.s2
2.0;
2.18
2,59
149
1493
1,09
190
208
1.69
1s8
2 31
296
2.13
] (,:

2.lCI
1 95
2 04
1 55
1 13
195
2.1s
i 4P
149
1 91
1.7s

207 :0.3LJ
153 :0.23
1,!)2: 0,1.7
168 :0.3J

1,87:0,32

Observer 02

1.64x 10-3
!.56
1.23
1.18
1.31
1.47
1.1s
1.44
1,44
1,72
1,72
1.s1
1.s1
2,07
0.9s
;,63
2,08
1 90
189
1.8$
1.44
],70
LJO
1.4s
1 4~

131
1,27
1,27
1,55
1 25
121
1.34
],75
1,76
1,9)
1,75

TABL” IV

RMULTS C)F 111~ MEASUREMENTS MAJE
CAILllIATF.LIINT2?NSITI ES ?.RE

,s~~o,27 1,59 *G26
,4] , 0,32 119: (’01
S7 :03! 134:0 :8

,56~0 ,27 1,50:009

,55~0 ,28 1 4( : 0.24

Burn~p,t\,
GWt)/h?T[’

2wo?2(
BI’C71(’
$7!19
5445
9104)
Aroox
Ixool\$
CK020V!
!13V:
Bf”024!’
L..01)(’
AI’O(14,
nl’022(”

02
09
44
7,8
4P
100
10 4
(!H
G,!
85
11 3
100
10 0

Cdlno

?’11r,TC
monlh:
— —.

10
10
10
]0
34
22
20
lR
2(1
IR
2?
22
In

Obsenfer #3

1,19 x 10-3
1 20
1.2G
1.18
1 31
1.60
1.03
1,44
1,67
1.72
1.49
151
1.s3
1.55
1.04
1.93
1.16
1 16
149
1.49
1.98
2.02
1.s0
1.60
1 SC
1.31
1.46
;,45
1.5:
1,61
1.56
1,54
1 4P
1,4?
136
1.38

OF THE CAMDU BUNDLES .
ALSO INCLU231NJ .

Stlut\@t
Sr)m! T“
Secotltin

‘c\lr

6 49
6,88
3,97
6 2t
o 99
3 47
4 01
3 3’2
2 83
3 94
3 78
3 4)
46’
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