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Tubular Radiation Source Measurement for
Verification of the FP Plate-out Activities in

the 0GL-1 Primary Cooling System

*
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Osamu BABATT and Yukio ITABASHI

Department of JMIR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Qarai-machi, Higashiibaraki-gum, Ibaraki-ken

(Received January 25, 1994)

Activities and distribution of fission preducts (FPs), which
plated-out in the primary cooling system of the High Temperature
Engineering Test Reactor (HTIR), are important for the design,
maintenance and accident analysis of the reactor. In the department
of JMTR project, the distribution of FPs plated-out on inner surface
of the primary cooling system piping of the high temperature gas
cooling in-pile loop facility (0GL-1) has been measured during reactor
operation and after shutdown. The OGL-1 is utilized for irradiation

tests of the HTIR fuels.
137

It became clear in the measurement that a large amount of Cs
plated-out on the piping whose operation temperature was around 3>00°C,
1
and 37Cs plated-out on the 300°C piping was released with decrease

of FPs release from fuel to primary gas and redeposited on the piping
131,
I

in temperature range of 2000300°C. It was also found that
5

release rate from HITR fuels in irradiation was ZXIO_7m 4x10°

+ QOffice of Planning
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In this report, tubular radiation source measurement for
verification of the FP plated-out activities in the 0GL-1 primary

cooling system was shown. Measurement error of plated-out activities

in the OGL-1 primary cooling system was evaluated to be within 20%.
Keywords : Radiation Source, Fission Product, Plate-out, Primary

Cooling System, Comversion Coefficient, Detector

Sensitivity, HTGR, HTIR, JMTR
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WOCHEBELTS) LU A - FEDPLASIN0 mPRcECRERSAEPLOE-HIER
8 (SEHBELS D) OFAFAMBICOLTAIE L. BIEHERE, Fig.5.1 o7,
"D, BREFESESTRLAONCHE, SHEEMNSHETSH S,

W — K SR B RO SR (B BT R LE ) ONEERE, Table 5.1 WRT,
101l AEETHBEHEE(ps) SMEFEMEZHVTERLALER (uCi/n®) Z2HET
SHE 7o, BRI, BE-RILEMEMAEN B IRE NI TV, E7, HEESR
HEEA BT B 7%, SEEONER (uli/n?) REEHEOBRE® LHET Table 5.2
K%ﬁoﬁﬁﬁm,LELtﬁﬁﬁE%iﬁ&ﬁL,%mﬁﬁﬁﬁﬁﬂtﬁT&5oﬁ.&ﬁ
. BORNEEICH—ICBELTVELDE Lic, LEOFER, MEBRBEHELD/NEDT,
s — R LRI AN 2 1R E, FOTA FRAENARE LA BMHRERL TN D,

o R R AR RITE A 1T - 7B BIE — K1 SRRTEREE (1350 mTH BDT, BEIRMREERIE
U7 & 20343 mCHlEE & EEEE T 2 &, HEROEX Gy BLLF IR C
%‘20%’("5‘6 - an

6. £ & O

061 @ | RBEE ARG L TH - T & FPUEAHMER, B8 — RS 236
~ 500 mOWEATH B2 EMD, LERIETAFZH TS 54205 OREDHAATHE SN
bo CHUTED, FPHLEATRRIEIC B BHEED SHFRICREY SLERRTARML. ¥
U TH > o
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5. & IR E W E

AR R L EiE, A% 2, MR L0m BX100m OFATICKEELES b
DTH D, R OEIEBE L. Co-57;370kBq, Ba-133;290kBq, Cs-137;303kBq. Co-60;302kBq T
H5, BEOMNETE, R HOLER (uCi/en®) %R SBEREERL LIS
el e B — MR SRR EERE A S5 A — & (193, 243, 293, 343, 543 mm) ¥ L THT - 72,
BIBED 7 Y 25 LEHABA LSBT Y £~y O¥EE13 mFig 2 188 THH, BR
Eh 1) 4 — y EIEEM S 50, 100, 150, 200, 400 mo{r@Eict v b L7, BRERS
2100mm &E o, RIESICBVWTIEI) A -y ERLLERES FRpOE—RE g
B CHELETS) LU A - FEALHASI0 mTRECRERESARPOE—BIER
FE (SEEEd3) DERFN MBI LTHIE L, MIEHER%E, Fig. 5.1 R 7,
Mo, BHREELSEETRLAONCLE, SHRM1NSHETH S,

1R — R SRS LI O R (R IR LF ) OREMEREE, Table 5.1 WRT.
Eizid, AEETH BEHE(ps) LMBEFEFHEIHVTHELALER (£C0i/m®) ZHET
S 7o, SPEERIE, BE- RIEEMERSAENLBENI TN, F, AEEEE
RGBT e, SHEONER (uCi/on®) ZEMEELEOHEEY) LHET Table 5.2
iR, A, AR LEERELRUBREL, ERNEEETE - ETH S, W K
3, BEONBEE—IHBELTWB D E L, HEOFES, MEMIIEERLD/NEDT,
TE R RSN B 12 &, T O A S REAARE CHAAEER LTV 5,

1 ISR R RITE £ 1T - 7= B DB — R SRRREREE (2350 mTH AT, BRI ZAIE
L& 20343 mTHlEE & EEEE T 5 &, HEROBER v By —ICHRL
H-20%TH - 12

6. £ &

0GL-1 @ | IRBEERELHEIT L TIT» T AFPEEBENHAE L. EE — R SHEEREA 230
~ 500 MOTHTH B - EMD, HERIETAFRTIRS 24205 OBRZETANTAESN
Fo chUC kD, PPHESTRIEICE T BIREY St ERICRE T A IERREREL. X
WIRHETH -1,
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Table 2.1 High-purity germanium coaxial detector specification

(rystal diameter 13, 9 mm
Demensions Crystal length 50. 4 mm
fnd cap to crystal I mm
Aluninu 1. 27mm

Absorbing layers
Tnactive gernanium - 0, T mm
Recomnended operating bias, POSITIVE 3500V

60

Resolution(TVHH) at L.33KeV, (o I, §TkeV

60
Performance Peak-to-compton ratic , (o 7h. 1

specifications 60
Bfficiency at L3V , Co 180 %

besolutionT0) &t 0V G0 | 178 eV
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Table 4.1 Condition of sensitivity distribution measuremént(l/Z)
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Table 4.1 Condition of sensitivity distribution measurement (2/2)

P OO wd ] O\ <H <P =¢ D DI OO oD DO OO O — NN DU LW W~ 00 0y M
— A NN N NN NI NN NN [aN Bt T b A n B s R ap] e e R
ad — ot et ot et ot — — — e N N N A N N N N A e e
—+ v ] o o o o o v o ] ] — —f —_— o e | v oy ] e ] e e o o ] o o ] v — o vt — —d
o
— :
o0
[=a]
a3
—
[
wm ) OO OO OO OO D OO0 O OO O OO O DO OO OSSO OO Oo 0O O oo oo
% Lo S s B e Y cq I e Y con B s B - Y oms- o o I e I e Y s S s [ I - B e R e S s R - R A oo B o S i A i Y - Y o e Y e Y e Y s o T o T g Y o o L ]
=] C R OO O OO OO oo COCO OO OO RO OO OO OO OO oD o
H.Tlvl. N O =0 O DO = < 0D = OO = D = 0D OO 00D 0D O e OO =000 00O o
m LD v LY o LD v v U ~— — D — D — LD — o LY v e LD vt vl ) vt o D e o~ D — D) e e o o — —
<
o>
. OO O O oW Lane RN Hn T U o BN cme Y cun. T e J g 0 ] O O OO OO OO OO O OO OO COCOO OO OO
p=Y o)
Ao e S T
— D ~— = N O O] — O 0D == D CO NN S O O =0l <HID oI =W~ COLUW <M
as . — — — — —
—
=0 T T T S St S e S S S N I I S S I S N S S S S S S o o o S R
—
-]
—
— [3=] —
< —~— 3
=i — L
—— < - =
< 3 —~—
> - r—t —
— — a>
- e =
_ ==

Collinator

Vertical




JAERI-M 94-020

Table 4.2 Detection efficiency in horizontal direction with the
horizontal lead collimateor
[ cps/ (photon/s) ]
7-ray
Angle energy 122 245 344 444 779 964 (1112 |1408

(deg.) eV)

- 5.0 LE7X107% | L 24AX107" 9. 30X107° | 7.4TX107° {4, 72X107° [ 4.01x107° | 3,62>107" | 3.01%107°

- 4.0 L7410 [ L40X107" | 1. 03X107* [8.22%107° | 5. 15X107° [4.42x107° [ 3. 89%107° | 3. 32x107°

- 3.0 LAXI0™" | L5EX107* [ 1 13x107" }8 96x107° [5.48%1077 | 4. 68X107° | 4. 26X107° | 3. 49%107°

- 2. 0 LO8X107* | L5710 | L 15X107% | 8 16X107% [ 5.66x107° | 4.83X107° | 4 22X107° | 3. 56X107°

- 1.0 L9810 | L5107 | 1 14107 |9, 23X107° | 5. T3x107° [ 4 82x107° 14.27X107° | 3. 56X107°
0. 0 200107 | 1.56X107" | L 15X107" | 9. 17X107° | 5. T5X107° | 4.82X107" [ 4. 39X107° | 356107
1. 0 L9710 | L54X107" | L 15107 9. 13x107° | 5.64107° 4. 81x107° [ 4. 26X107° | 3. 56<107°
2. 0 L9BX107 | L53x107" | L 13X107* | 8 96107% | 5. 37x107° {4. 78X107° | 4.24X107° | 3.49x107°
3. 0 LOX10™ | L50X107" [ 1. 12X107" | 8. 93107 | 5.56X107° | 4.66X107° [4.23x107° | 3. 47x10™°
1. 0 1821071 | 1. 43107 | L. 07X107" {8 65X107% | 5. 31x107° | 4. 50X107° 3.%X].O_é 3 38x10°°
5. 0 1863107 [1.33x107™ [9.90%10°® {8 10X107° | 5.03x107° | 4. 24x167° | 3 81X107° | 3. 18107°
6. 0 1.49>107* | 1. 19107 [ 8.83X107% | 7. 18X107% [4.51x107° | L 84x107° | 3. 45X107° (2. 89107
7. 0 1. 26107 19.99>107° [ 7.50X107° | 6. 11x107° { 3. 84X107° |3 38107 | 3.01x107° | 2.4 %107
8. 0 LO7TX107" | 8.33X107° | 6.30x10°® [5. 051077 [ 3, 33X107° {2 88x107° | 2. 61x107° | 2 20X107°
9. 0 8.65X107° [6.78x107% | 5. 14X107° [ 4.20x107% | 2. TTX107° [ 2 43x107° [ 2. 23x107° | L. B9XI0™®
10. 0 6.53x107% |5 17x107° [ 3.86x107° |3 2X107° {2 18X107° | L 97X107° | 1. 84X107" | 1. 58 X107
11. 0 4,59107° | 3,30X107" {2 641077 (2 25X107° | 1.63X107° [ L. 48X107° | 1. 40X107" | L.23x]07°
12. 0 257107 [ 1.88%107° | L46X107" | 1. 30x107° | L.O7x107° | L.02X107° | 9. 94107 | 8. 14107
13. 0 931107 |6, 35107 |5.82x107" | 5.53x107% | 6.52x107" | 6. 74x107" | 6. 68107 | 6.60X107"
14. 0 2661077 §3.03x10°" | 8.46X1077 | L.77x107" | 3, 80107 | 4. [0x107* | 4. U x107" {4.63<107°
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Table 4,3 Detection efficiency in vertical direction with the

horizontal lead collimator

[ cps/{photon/s) ]

Angneﬂaznergy 122 | 245 | 344 | 444 | 779 | 964 [1112 |1408
(deg) N\ (keh) |
~ 90 lL39x10 | L10x107 |8 81x107 [6.76X10°5 |4 Bx107 [3. 771078 |3 431070 | 28910
10 |200x10 | Loexiot |1 161071 |9, 45%107% |5 1310 | 4.85%10°F | 4.34x10°° {36110
o5 |2 x| Lesxiot |1 2xiom |0, 78x100 |5 m8x10- [5.07x107F {43210 | 3. 2107
00 |2 10x107 | L0 | L2210t | Looxio |5.95x10- {50610 [ 4.56x10° |3, 72107
0.5 |210%10 | LE3x107 | 12107 |8 T4x1075 | 5 91x10~ |5.03x10°° | 4 51X10°° | 371107
Lo Lo oo | Larxio |1 16x10 | 9.04x107® | 5 70x107* | 4.81x107 | 4. 311075 | 3 571072
L5 | Leoxio | L@xio |8 910 |8 03x107 |5.08x107F |4 29x10°* | 3 87107 | 3 221070
50 |Lagxio | L oox10-* |8 31107 | 67810 |4 43x10- | T7X10°% | 3 4210 |2 891070
25 | 1Logxi0- |8 60107 |6 54107 |5 41107 |3 5010 |3 221077 | 2. 98107 | 2 501078
s 0 |7arxaos 6 o8x10- |4 78x107 |4 13107 |2 98x10 |2 6210 | 245107 |2 161072
L0 |LBxI07 |Laox107 | La5xI0® | LERx10S | LExI0-? | 1L56X1070 | 1621078 | 145107
5.0 |4mxio |257x107 |3 8x107 | 1 78x10°° | 5 263107° | 6 781077 | 7.4910" | & 3910
6.0 |278x107 | 7.24x10" {2, 50%10 2 20107 | 36107 [4.31x10° |5, 1510°®
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Table 4.4 Detection efficiency in horizontal direction with the

vertical lead ccllimator

[ cps/(photon/s) |

Angle?’_ra:rnergy 122 245 344 444 {779 964 1112 1408
{deg ) “LkeW

- 3.5 L05X107* |8 T1x107 | 6. T1X107% | 5.53%107° | . 9 x107° | 3. 45X107% {3,16X107° | 2 T7x107°

- 2.5 LA5X107" | L 16%10™ |8 T3X107 {7.06X107° | 4. 74X107° | 4. 15107 [ 3. T1x107° | 3 181072

- 1. 5 2.00%107" | L.63x107" | L 2X107" | 9. 911078 | 6. 15X107% | 5. 16X107° | 4. 64x107° §3.88%107°

0. 0 2.29%107 [ 1 82x107" 1 L 33%107 { 1. 08107 | 6.69x107° 5. 67x107° | 4. 9BX107° |4.16x107°

0. 5 2.98%107* | 1. 78X107* [ L. 38X107 | 1. OTX107* | 6.59X107° |5 61x107° |4.97X107° 4. 15X10°°

1.0 2 96107 | L77X107* { 1. 32107 | 1. 06X107° | 6.52x107% | 5.53%107° | 4. 82X107° 14, 11x107°

1. 5 9 24x107* | 174107 [ 1.30X107* | 1.04x107" [6.51X107° | 5. 52107 [4. 87107 } 4. 061677

2. 0 LOAXIO | 1.52x107 | 1 14X107" 9. 14X107° | 5. 75x107° | 4.93107" |4 38X107° | 3. T0X107°

3. 0 L27X107 | LOIx107" | 7.81%107® | 6. 46107 | 4.33x107° | 3 T8 X107 | 3. 41X107° | 2 %6X107°

4. 0 5, 00%1075 |5, 081075 [4 12X107% {3 7T0X107* | 2.83X107° [ 2.61%107° | 2 44 X107° memﬁ

5. 0 6.30x1077 | 1 84X107° | 4. 80107 [ 7. 94x107% | 1. 25x10°% | 1. 34x107° | 1. 36X 107" | 1. 36X107°
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Table 4.5 Detection efficiency in vertical direction with the

vertical lead collimator

[ cps/(photon/s) ]

MQevﬁﬁmmy 122 245 Jd4 444 7789 964 1112 1408
(deg.) V)

— 4. 9 11x107" [ L63x107" | 1. 19X107* | 8. 30X10°" | 5. 92x107° | 4.96107° | 4. 44X107° | 3.68X107°
- 3. 2%MV‘LWM¢“L%M¢‘L%MW“&MHWSS%MW54BHW53%M05
- 2. 2 30x107 | 1L 78x107* [ L 32X107" | LO5X107* | 6. 44X107° | 5.48x107° 14, 83107 [4.07X107°
-1 229107 { L.8IX107* | L 33% 107" | L06X 107 | 6.51%107° | 5.55X107% | 4.92%10°* | 4. 12X107°
0. 9 30x107 {1 19%107* | 1.33x107" | 107107 | 6.60x107° [ 5. 66x107° | 4.91X107° [ 4. 15X107°

1. 2.20%10™" | L 78x107% | L 33x107* | L 06107 | 6.58x107° | 5.56x107° | 4.91X107° | 4. 14X107°

2. 2.29%10™* | 176107 | 1. 32x107* | L. 05%10™" | 6.56X107° | 5.54 107" | 4. 91X107° |4, 08107

3. 9 971x10™ | L75%107 | L3Ix107" | LO4X10™ | 6.45X107° {5.47x1077 | 4.85X107° | 4. 07x107°

4. 2 14107 | L88x107" | L 24107 | L0210 | 609107 5. 20X107° | 4.53X107 | 3.88x107°

5. LBx107 [ LEIXI07* | L 13x107* |9, 10X107° | 5.84%10™° | 4. 77X107° | 4.27X107° | 3, 59107

6. LBx107" | L %Bx107" | 1.01x107* |8 19X107° | 5. 07X107° {4.33x107° | 3. 85X107° | 3 U X107

7. L5ax107 | 1 18X107" |8 85x107° | 7.05%107° |4.51x107° | 3. 87X107° | 3.43%107° | 2. 92X107°

8. 13110 | 9,94 X107 | 7.49107° | 6. 25X107" | 3.93x107° | 340107 |3 04107 | 2. 88%107°

9. LHﬁW‘KEMW5&meﬁ&%HWS&%MWSZ%HV52%MW52%MW5
19, 8 95x10°° |6 5810~ |4 97x107° {4 05X1075 | 2 70x107" |2 40x107% | 2 19X107° 1. 89x107°
11. 7.00%10°5 1503107 |3 77x107® | 3 12x107° | 2 18x107% | L. 96 x107F | 1. 78X107° 1. 5107
12, 5 09107 {3, 40%107° [2 55 %107 | 2 15X107° | 1. 58107 | 146107 | 1. 38%10°° L 23x107°
13 316X107° | 1. 94x107" | 1.45X107° | 1. 26X107° | L06X107% | 102107 } 9. 78%107° 9.35x107
14, La3x10® | 7.44%107° |5.85X107° [5.66¢107" | 6.42x10°* [ 6.68X10°" | 6. 64107 6. 61 %107
15 3,99%1077 | 6. 771077 | L 18%107° { L65X107" | 362107 | 4, 13%X107" | 4. 26 107" 492107
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Table 4.6 Counting efficiency against y-ray energy

[ cps/{uCi/en?) ]

Distance *'!
7 -ray (mm) 193 243 293 343 54 3
energy (keV)
122 323.3 265. 4 224.2 192. 9 123.0
160 *% 319.0 263. 0 222.2 191.0 122,72
200 *% 306. 7 252. 6 213.1 182. 7 L6, G
245 284.4 234.9 199.3 170. 9 108. 8
344 219.7 180.1 152. 7 131.2 83.80
444 176. 8 144. 8 122.6 106. 1 68. 43
TT9 117.7 95. 69 80. 73 69. 30 44.13
86T 110. 3 80. 09 75. 63 65.01 41. 37
9614 101. 8 83. 82 70. 69 60. 50 38. 60
1086 93. 67 76. 64 64. 34 h4, 97 34. 97
1112 92.39 75.28 63.43 54. 39 34.78
1408 75.03 64. 57 54. 45 46. 53 29.75

£1) Interval between the radiation source and the detector.

£2) Counting efficiency at these 7 -ray energies was ohtained

by

interpcelation.
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Table 5.1 Measurement results of tubular radiation source

Source-to Measurement results *'
No. -detector Nuclide ¥ -ray
distance energy
{(mm) (keV) (cps) (g Ci/cm?)
57Co 122.1 1. 30 3.03x 107!
1338, 356. 0 4. 9 2.52x 1071
1 1 93
137Cs 661.7 7. 5 2.66x 107!
80C0 1332.50 2 5 2.79x 107!
S7Co 122.1 i 1 4 3.26x 107!
13394 ©356.0 9. 3 2.38x 107!t
2 2 43
L37Cs 661. 7 0. 6 2.44x 107!
5%Co 1332.50 9 34 2.55x 10!
*TCgp 122.1 0 823 2.78x 1071t
133Ba 356.0 4. 8 2.15x 10!
3 293 ;
137C0g 661.7 5 5 2.17x 107!
80Cq 1332. 50 B 9 2 2.25x 1071
5TCo 122.1 0 8§70 2.63x 107"
1338, 356. 0 2. 2 2.07Tx 107!
il 343
137Cs 661.7 2. T 2.07Tx 107!
59¢0 1332.50 5. 81 2.21x 107"
7Co 122.1 0 4 6 9 2.90x 1071
L33p3 356. 0 6 85 1.81%x 107!
5 4 3
137Cs 661.7 7 31 1.88x1071!
19C0 1332. 50 3 41 2.03%x 107!

%) Corrected to 1988/0ct. |

20 —
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Table 5.2 Comparison between measured value and reference value

Y -ray Source-to Plate-out activity (uCi/cm®) Error

Nuclide energy | -detector ((a-b)/b)*100

(keV) distance(mm) | Measurement :a | Reference :b (%

193 3.028x 107" - 4. 871

243 3.262x 107" + 2. 48
37Co 122, 06 293 2.782x 107! 3.183x 107! —12. 6
343 2.632x107! -17. 3

543 2.897x 107! - 8. 99

193 2.518x107" + 0. 922

243 2.379x 10! - 4, 65
1¥3Ba 306. 00 293 2,154 x 107! 2.495x% 107! —-13. 7
343 2.067x107" —-17. 2
543 1.810x 107! —27. 5

193 2.663x107" + 2. 15

243 2.435X10"_ -~ 6., 60
- 137Cs 661. 65 293 2.166x 107! 2.607x 107! -16. 9
343 2.074x 107! —-20. 4
543 1.881x 107! —-27. 8

193 2.785x 107" + 7. 20

243 2.553x 107! - 1. 73
"“Co 1332. 50 293 2.248x 107! 2.598x 107" -13.5
| 343 2.205x 10! —156. 1
543 2.029x 107! -21. 9
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Fig.
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Fig. 2.2 In-situ Measurement of the Fission Product Plate-out in 0GL-1
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Fig. 3.1 Sensitivity calculation model of Ge-Detector with collimator
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Fig. 3.3 Approximation model of outer pipe and thermal insulator
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