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SOLID STATE TRACK RECORDER
MEASUREMENTS IN THE POOLSIDE
CRITICAL ASSEMBLY
- :F: H.-Ruddy, R. Gold, J. H. Roberts*
Hanford Engineering Development Laboratory

. Westinghouse Hanford Company
= -+ Richland, WA 99352

The Poolside Critical Assemb]y (PCA) Pressure Vessel Benchmark
Facility has been fabricated in support of the improvement and
validation of the following practices:1:2

1. Analysis and Interpretation of Nuclear Reactor Surveillance
Results, '

2. Surveillance Tests for Nuclear Reactor Vessels,

3. Surveillance Dosimetry Extrapolation,

4. Application of Neutron Transport Methods,

5. Application of Neutron Spectﬁum Unfolding Methods, and
6. Benchmark Testing of Reactor Vessel Dosimetry.

Figure 1 shows the overall configuration of the facility. The

"' pressure vessel mockup consists of the thermal shield, the pres-

:sure vessel simulator, and the void box. Access tubes are pro-
vided for easy access of dosimetry instrumentation to critical
‘parts of the configuration. Distances can be easily changed to
investigate a variety of different configurations. In an x/y

"jconfiguration, the number x refers to the distance from the core

window to the thermal shield and y to the distance between thermal
shield and pressure vessel simulator.

1
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Fission rate measurements using solid state track recordcrs
(SSTR) have been performed at the PCA. A schematic representation
of a cross-section of the PCA is shown in Figure 2. Fission rates
weére imeasured in the pressure vessel simulator at the T/4, T/2

" and 3T/4 positions and in the void box (VB).3 SSTR measurements

wére carried 'out with 232Th, 235U (bare and cadmium covered), “3%U
and 237Np fissionable deposits. Midplane only measurements were
carried out for 235U and 237Np, while 5 axial locations at 1/4T and
1/2T and 3 axial -locations at 3/4T and in the VB were sampled for
232Th and 23%.

The HEDL SSTR fission rate measurements reported herein for
both conf1gurat1ons together with NBS and CEN/SCK fission chamber
measurements® will be used to establish absolute and relative
fission reaction rates and ratios for the PCA pressure vessel
Benchmark Facility.

These and other:fission rate results, then, will be combined
with non-fission monitor results? to define consistent and reliable
sets of accepted integral reaction rate data for benchmark field
referencing of (1) reactor physics computations, (2) unfolding codec
adjustments of input data, (3) individual monitor response charac-
teristics and calibrations, and (4) surveillance capsule calculated
perturbation and photo fission correction factors. When combined
with the Pool Side Facility (PSF) Metallurgical Pressure Vessel
Benchmark Facility high power radiometric and SSTR fission monitor
results, the PCA and PSF data will provide confirmation of the
applicability of (1) presently recommended fission yield values for
key fission products (137Cs, 140Ba, 95Zr, etc.) and (2) Advanced
SSTR Dosimetry Capsules, both of which are needed to properiv intor-
pret LWR in-and ex-vessel fission.monitor results,

-

EXPERIMENTAL PROCEDURES

Mica SSTR were placed in contact with deposits of the appropriate
fissionable materials. For the 232Th and 238U measurements, thick
( or asymptotic) sources were used. For 235U, vacuum deposited UF,
deposits on Al backings were used, and for 237Np, oxide deposits on B
Ni backings were used. The deposit thickness were 30-55ug/cm” =35y ©
on 5 mil Al and 36ug/cm? 237Np on 0.5 mil Ni, respectively. The
deposit, surrounded by two 3/4" diameter mica SSTR wafers, was
placed between two 10 mil cadmium wafers except in the case of
the bare 235U measurements, where iron wafers were used in the

pressure vessel simulator locations and aluminum wafers were used in’

the void box. This sandwich was in turn centered in an iron capsule
using iron spacers in the pressure vessel simulator positions and in
an aluminum capsule using aluminum spacers in the void box position.
A cadmium liner was used for the cadmium covered measurements whereas
iron or aluminum was used for the 235U bare measurements. Care was




taken to avoid cross contamination between deposits when loading or
unloading the dosimeters. The exposed mica SSTR were etched for

90 min. in 49.2% HF at 22.7°C and manually scanned using optical
microscopy to a statistical accuracy of about 3% (10) by at least
two independent scanners. For five SSTR, where extremely high track
densities-were encountered, a scanning electron microscope was used
to determine the track densities.

RESULTS AND DISCUSSION

The measured fission rates for 232Th, 233y, 238y, and 237Np
are listed in tables 1-4, respectively. The axial distributions
of the fission rates for 238U and 232Th are shown in Figures 3-6.

In general, some axial dropoff and asymmetry exists in the 1/47
position, whereas the 1/2T, 3/4T, and VB positions are constant

to within 25%, 20%, and 7%, respectively. The 235U fission rates
of:Table II.'show the extent to which thermal neutrons are absorbed
in the PV simulator block. The least thermalized positions are at
'1/2T and 3/47T:for the 8/7 and 12/13 configurations, respectively.
This difference is presumably due to the - larger proportion of
thermal neutrons incident on the block from the core in the 12/13
configuration coupled with the diminished backshine from the void
box in this configuration.

The radial distributions of the isotopic fission rates at mid-
plane are shown “in ‘Figures 7 and 8. The curves are pseudo-exponen-
tial with perturbations caused by the pressure vessel simulator
" block being most apparent in the case of the 235U fission rates.

" Overall uncertainties in the reported ‘fission rates are due to
individual uncertainties in the exposure time and power level, target
mass and uniformity, isotopic abundances, SSTR optical efficiency,
statistical errors, and errors associated with microscopic scanning.
A1l of these sources of errors combine in quadrature to yield overall
errors in the range from 2.5 - 3% for 235U, 238y and 232Th. The
237Np targets were uniform to only 3% leading to an overall devia-
tion of 4.2% for the 237Np fission rates. The 238U fission rates = {
for the T/4 location in the 8/7 configuration have an overall standard '
deviation of about 12% due to some special problems encountered w1th
high track densities in these exposures

ACKNOWLEDGEMENTS

lle gratefully acknowledge the assistance of F. B. K. Kam,
S. Hurt and the operat1ng crews of the PCA. Ve thank C. Wilson,
J. Drury, C. C. Preston, and P. Wheelwright for assistance with
optical scanning. Special thanks are due to A. Fabry for experi-
mental assistance and for carrying out several ot the exposures.

o Cime e G T ———s s W+ ¢ A -



: - REFERENCES

..

W. N. McElroy, D. G. Doran, R. Gold, E. P. Lippincott,

J. 0. Schiffgens, R. L. Simons, W. C. Morgan, J. A. Grundl,

E. D. McGarry, F. B. K. Kam, J. H. Swanks, and G. R. QOdette,
“Standardization of Dosimetry and Damage Analysis Work for U.S.
LWR, FBR, and MFR Development Program," Proceedings of the Second
International ASTM-EURATOM Symposium on Reactor Dosimetry, Palo

2 Alto, .CA, October 3-7, 1977, NUREG/CP-0004, Vol. 1, p. 17.

. «Wo N McElroy, R. Gold, G. L. Guthrie, L. S. Kellogg,

E. P. Lippincott, J. A. Grundl, C. M. Eisenhauer, E. D. McGarry,
F. B. K. Kam, L. F. Miller, F. W. Stallmann, C. Z. Serpan,

A. Fabry, J.:Debrue, G. DelLeeuw, G. Minsart, H. Tourwe, D. Pachur,
W. Schneider, L. Weise, M. Austin, P. Burch, G. R. Odette,

R. A. Wullaert, 'and.S. L. Anderson, "Development and Testing of
Standardized Procedures and Reference Data for LWR Surveillance",
IAEA Specialists'~Meeting on "Irradiation Embrittlement, Thermal
Annealing, and Surveillance of Reactor Pressure Vessels", Feb. 26-
March 1, 1979, Vienna, Austria.

The T/4, T/2, and 3T/4 designations represent distances from the
front face of the PV simulator whose total thickness is 1.

E. D. NcGarry, A. Fabry, "Measurements of Spectral Indices
and Fission and Activation Rates in a Light iater Reactor."

Proceedings of the Third ASTM-EURATOM Symposium, Ispra, 1979.



CONFIGURATION

e/7

12/13

POSITION

+150

+ 75

0
- 75
-136

. +150 . .

+ 75

0
- 75
-130

" TABLE I

37/4

PCA 222Th FISSION RATES
/4 172

Fissions/Atom/ (kw-hr)
44.22 + 1.28 19.53 + 0.57
52.23 + 1.44 23.64 + 0.68  9.184
56.97 + 1.65 20.59 + 0.7 9.963
55.59 + 1.53 23.81 + 0.69 9.150
57.03 + 1.21 22.46 + 0.65
G.252 + 0.246  3.829 + 0.121
10.63 + 0.29 4.222 + 0.122
11.63 = 0.32 4.209 + 0.153  1.970
11.55 « 0.32 4.552 + 0.144  1.923
9.802 « 0.27 4.342 + 0.125

X

+

1+

+

L

F

1016

0.266

0.28
0.265

0.054
0.053

2.369
2.717
2.650

0.4599
0.5048

0.4934

+

+

"+

s

0.075
0.079
0.077

0.0126
0.0139

0.0137



COMFIGURATION

2/7 Bare
Cd-Covered
Ratio

12713 . Bare
Cd-Covered
Ratio

3, Mid-plane only.

TABLE 1T PCA 235U FISSION RATES

Location @,

14 12

3/47

Fissions/Atom/ (kw-hr) x 1014

€33.1 + 19.1 178.8 + 5.4
337.0 + 10.2 164.2 + 4.9
1.879 + 0.079 1.089 + 0.046

23.96 + 0.72

37.19 + 1.12 19.08 + 0.57

- 1.256 + 0.053

90.98 + 2.73
75.08 + 2.25
1.212 + 0.051

11.86 + 0.35
10.95 + 0.33
1.083 + 0.045

V.B

26.65

4.826 + 0.145
3.605 + 0.108
1.339 + 0.056



3T1/4

+

1+

+

I+ i+

i

1.19
1.28
1.09

0.168
0.235
0.222

TABLE 111 PCA 272 FISSIOM RATES
14 12
CONFIGURATION POSITION Fissions/Atom/kw-hr x 1016
277 +150 135 = 32 74.57 + 2.24 .
+ 75 327 + 39 87.42 + 2.62 39.75
a 231 + 40 25.14 + 2.55 42.75
- 75 60 + 44 102.6 ~ 3.2 36.21
2130 . 227 - 27 69.79 + 2.1
12/13 +150 32.62 + 0.923 15.20 + 0.46
+ 75 32.33 +0.97 13.70 «+ 0.41 5.529
0 37.85 £ 1.14 17.41 = 0.52 7.824
- 75 39.0%9 « 1.12 17.72 + 0.53 7.622
-130 31.25 = 0.324 17.19 = 0.51

V.

9.080
8.962
8.917

1.928
1.777
1.557

B.

+

1+

+

I+

+

+

0.272
0.269
0.267

0.058
0.053

J.0456




TABLE IV PCA 2?7Np FISSIOM RATES

Location .3
1/4_ 1/2 31/4
CONFIGURATION ’ Fissions/Atom{kw-hr) x 1014
+

877 18.23 + 0.77 10.21 + 0.43 5.090 + 0.214

—
~N
~
—
[@%)
o
<
[e))
—
| +

2

0.14] 1.212 + 0.076 1.040 + 0.044

3,Hidp1ane only.
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o
FIGURE 38. Experimental Configuration for Dosimetry Measurements at PCA.

4]




-130

| [ Lf 1 T N ERE SR §
11 1 11 “‘ + 4t ..« 8
i PR $ TELET 1
- by + I —+ t 444444 8RS
! = T TR 8 SEREEEEROS EHERE B! 1
IRRS pas . IGSEY RS & R BES S BN RS Ra R
IR 8G B s 1618 R AR BRRES REGEH
R ] BERE PES N PR & B 4
3 %
1958 2 e
+
b3 a3 ERT PEET PIIRE FOgs frpas Eipege e i
; e R RREU SHBAY ShB bk BT D BIDES ERAME MRaD BB D 4
s it i G ERER S Y EEE S Sibet plpsing b [ <
: BOS RMEER L0 PP d Tt 2REng BBLRy BIRAT LR PRELE 22 &
1 :
P B B IS B A B EEEFE g s D %1 2T " mas =23 2o =2 =g .
£ ok} BRCLGIE MRS G BOR IR NCBAL AL LRE PR Be s v LT Ay B 5l S i bl BRIl Et i oy B 3Lk LR ~
e BB B (g S KRV IS BUE X B mfSk M B =i MBS LEMed G LY LB R PHALR PASIS 2 E - e 5
3 ! s K s . .
i 14 3 3 g | LY -3
S RS MESE D b Y Y & AEE: s T 5 P Ban PR
4 BE RS SR (6 BEL I8 Ra 908 v 5 S 2 ee RS
89 B @ 5 Sl n i LSRR AR A 2 i
- fdoeedbBivecdoras P . e rle
R tEBEhed pReni padal o Gl 4 oo B
) PO R LT B 5T 2 >y e 3 PR SR R S s L BT B B -
18 $2081 M LS8! BREHE BRE S s 06 #4412 & FRADS bk B Kbl Sovad+
-
>4 3 %=1 ¢
3 3 R = \
3 3 REs S 4 fipis b b Be
. * . - S R 4 o
N : 3
M Rea: . i
44 343+ - -
S 3 :
:
335444 + pié 'S POREE PERRS
a1 : A3 gl h gl s 5 Eduad b ins. "
i 33 3 B8 = 13585 RETED (5
T+ 1 B& 25! ERBR PE B b L
5 3 3 X 7 % B & 5
1144 3 545
34 } inds (04
B9 88 : 34 !
. . .. -
it e . B EREES FERE LEEN B EEE IEE
v v+ ﬂ i3 ey . . DR S8 B85 .. . IEREE R
...w by + (R ERREE EEEEE R ' IEEEE EXRE
141 bty 3 W OSSR REMYS SRR sreefdreee
5 248
1113
Yy
148 ! 4
WU G ! 3
58 By N
B8 s IO B ‘ }
341 . :
H | 3 e IS BE POORE S SO
+ IR . Pa danefrivagoasos
e 1 . T eTs
52, 1 1 : {
1 . 3
et e
& 4o Ty ¥341 St Rkl e B D
R 143 5 18 B85 BESBN DB b1
19 AR SBRRY &1 T4 RIS BOTEE PRy
i 6 SN0 SRS fenf - =7 S

J~O\VA 0\)-\. Q.Vl\e‘rq wullﬂn..u.v dﬂd\ (:b»n M.-\u O
" W 0CET 9% Vel ove 03 43SS3 § TN oW !

o SIHONI 01 X £ HONI % OL 0} X 0}



v 189 FENEE ©3 1] » W 543 3 H $4 .4; THET S { IREE RRERE ER R EGEgY P IR R B P e —
[ PRESE F S Dare i IROTE SNRE DRI PEW R oJadid IS Y b i IEERERTERE ERRRE PRSS PR INRSE SHBSE SOGNE PRISE SHSRE
of e I .y - “ + ‘. ‘e e IRESRERY B [ ..: ..ﬁ. .:H H.m. B R R I B I e I —
R B o e T R — I Y FEERE B . ‘e w.; . I (R 5 ..H. PR +4+4ttt it
SN DO i
IS e i b 1S DRS®: . i . 3 S » : i R R IR R R F AR R R nrn R pnt
P 1 e . 3 b 4m H ' it RS VRRS S SRR RE Reb s bhasd SR UGS nasaE RBBNT
PR Be . . . ‘ N B g . s IREEE FREE Y PARRY POUNS FERRY FRUTE RES ST ROPe
i
. . . ' ey ISRl EE R E R PR B
N I b ; . GRET REQES DETES RETSE ERETY PU A
leviifs 5 ‘ , . [BORS PESEH SEURS FOC O FEPEY BEA A
$hisei F el 9 ; { EREs ERRa sRgRe Rodad ERTNY PURE
. EB e | ' IR eN! e ISR IR ER N p e
¢ ek BRUHE b 8 it { sradgs iinfastefiide
. . Hit ' R R R R R
g . . ‘ vl \ [SRRS TSRS PRNSS PEAR
Y Fe pos . vas TR [ EESEE FRERI REE TN RERT i
I8 S 5 SN SRS 3 B4 TR IS RERRE SRUEE PREES PR R ‘
P i o B IS IS PR RN RPN i
£l i t 8 80! 1§ ERe8d ugun beaal gas i {
i i
'S REURY i . y e H Pl eas R RELs |
R ERRE ' ib pat e i ‘
1% EE R . v ' 4 bt N EREN] |
iy B s M ~ 4 [ ARG A .
‘. . s o N R +
218 . i HiH i
- . ) . i N R .
' eI EREN!
4 P=lian s } S U gl
.y e i seibiis
‘e ofid IRERE RERE
-
i e i i
ISSE I PEREE FOWRS b & Y
RS R RS ERE
‘e B “l
- o MY <t
ey ’ v o f
PP e 44 ‘ ot
b
pgae . '
“ue : '
€ S : i
INOS SRS . i
oy
& |
- t
ofs N i
3 - ‘
13
- PSS SRt
+ . i .
) 9
. . % .
—a -4 e xd : 5
S g - 553 i :
——
TR ¢ b +
712 € (R Sen .
2 1T . .
 jpo=r2 . B
j S . i
} Pev.
\ i )

N Q

—_—

0% LY P sy oy sy

¥'SN NI 3OYW "OD M3ISS3
: 0CET 9¥ SIHONI 0L X & HONI 5% OL 01 X 0 XM _ - )




<120

Ty
IS8 84 vs.

R

.

e

c
b :
|y
B
' M -y

.-t,_.?“wz Lowihlehs

A

.
(L X

,. '»-—---—1‘*'

Ry ol

|

B o B e

B R S

4y

!
§s

'
'
i
'

]

B e

r
N80

o V) o v
o e Q

O\X N o [y \(ﬁrd 30) 551 V Py, ~0)55 ]
Sa kel S B e e D S e~
o £, ﬂ 0CET 9 ) YS 0 N IOYW "0D MISSI B 1344N3N WOY_ ) \J

S3IHONI 01 X £ HONI % OL 01 X 0}



——t o g P

PUIEE

i

e

R

e

-

rrrrerer -

e

.

AY=PREl | TR0 §51
J~O \Vh a \ \ -4 Vv.u e ¥50 K 0vH 0D ¥ISST B TISINTH
S3IHONI 01 X £ HONI % OL 01 X 0}

8

2-H

-\30

e

R

s

s

SRS S BPOLL basis LhM:

4150



Cimhmo

—

P

— et -

ﬁr\‘

1

7 N T
| || |
s T ] (BN
T ] SEIEENE!
L W JIERE DU
N JIIEE IR E
A | OO
= B
o
—
oo™~ W N - o
b ‘OO HASSA W 3d4dnax
f \ a»\_J i %\(\_JYQ\../‘SC SRR SNOISIAIQ OL X S37DAD §
e .

olz29 ov

DIWHLI¥YO0T



V14

VN

3/\{'1'

b

&

'z.T
Radial

\/l{‘!‘

i Il I ] I I
It ! I
H e b 44 H ]
I I ,
[\ il
| N L0 Tt UL 1 i 4
! il I : | I | Il
HEHE | | il 1 I
;) A
= BIdl _ i ; ‘
il i i i I
it A f I Il
: _ : + & 1 "
i'E ! il 14 L i |
if] i i . |
i 1l 1 i 008 i 2 "W
: " I I il !
{1 1l i i i Il
] tH "
HE T BT | il 11 i Hi
il 1 .;. i 1 " xu
. i — - ™
i { i "
10 400 1 56 3400 B | I I .z_. !
It 1) | — 4 n 1 2
' } T i 1 i I
- h . - . 1818 &
' - ; L : -
i il i H _ M N _
- p i 44 H
| i i il Il
i\l " 4 4 +
# ! 1 I
_ ’
il 4 f N i | »
i I i i
, H
" | it | I 4
il f i 11 i1 il 0 i o ]
i ! | il ] il 1l
i P ] b 10 Wi 3 T | i i
1 I il 111 G (i
il 1 i [ 7 i ik i
il 3 4 I
JL \ i il | I f i
{ {1 f
L |
., _A i | 7 il 1l 1 g» A ”“ 7 I 00 T ) %
i f -
) g s - 4 — A "
i "
1" ?
'
" 1
I il i Jl
' - 3 4 »
i1 AL i | { if
i I S bRt i Al JIE Tl I it i I l i
1 1P kil 1] i i i f I I
i § 1 g i
- : wii! il ,
i i i I
; |
_ il i * y I
3 t f 2 5 i i - I
i 1 I N H
] 141l i i
i T e . o8 1ITY! _.. Al i i Il I
2 : i 4 i il LRI
w i i i | I i i | !

Lol [ BT 1 i m { i 1 1
= i 0 f V .af‘... { i 1 kil
‘,n.‘ . i MR TR i L FEE | N i i H Y
3 } K T i | i 1 i
W i
¢ i R ER A PR 0 A O i 0 00 ~ I i ] : ‘
e o (1 { ! TR i Il | 1 1 i

17 A0 il i i 1§
i 1) , B8 AT : i j
11 ERER) 000 A i Wil L | i | '
i | I U I
! o pu | ~ -« L o =y:
< ~ « o o “ =
i & /\U T |loe N - o -
Qow~ ©
~ L N -~

‘0D HASSA ¥ 1AdANAN

@ Ot I @ g i @ o






