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Measurement of FP plate-out using a portable Ge(Li) detector

—— Preliminary measurementof FP plate-out with OGL-1 —

Masaki KATAGIRI, Hiromi TERADA and

Hidetake TAKAHASHIY

Division of Reactor Engineering, Tokai Research

Establishment, JAERI

(‘Received February 1, 1978 )

In safty analysis of a multi-purpose high-temperature gas cooled reactor,
it is important to evaluate the amount of fission product (FP) plate-out in
piping and machinery of the primary circuit. Germanium spectroscopy of gamma-
rays due to the plate-out appears to be useful. Preliminary measurment of FP
plate-out was made preceding the FP plate-out measurment project with high-
temperature gas loop OGL-1. The'purpose was to confirm effectiveness of the
method and reveal ‘technical problems.

Upon termlnatlon of 39th cycle and 40th cycle of JMIR operation, using
a portable Ge(Li) detector and lead collimator, an in-pile tube, three high-
temperature pipes, a regenerative heat exchanger and a filter in the OGL-1

were measured. Plate-out nuclide 1311, 1331, 35zr, 95Nb, 99%Mo, 6%Co, 58Co,

51Cr 5‘+Mn 65Zn 59Fe llomAg 1225b IZHSb 182Ta IHOLa I"GSC 181Hf,

21+Na and 13705 could be identified, with concentrations of 10~ uC1/cm2 4"

10~ 2uCi/cm?.
The method was found to be effective, and useful results could be

obtained for the FP plate-out measurment project.

Keywords: Plate-out, Fission Product, Corrision Product, Gamma-ray, Portable
Ge(Li) Detector, Pipes, Machinery, Primary Circuit, High-temperature Gas

Loop, OGL-1 In-pile Loop, JMIR, Preliminary Measurment

+ Division of JMTR, Oarai Research Establishment, JAERI
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Table 4.1

JTAERI-M 7579

Data of FP plate out measurment after JMTR 39th cycle

Energy | Nuclide | Point Point Point Point Point Point
(keV) 1 2 3 4 5 6
132 | Hf-181 / / / / / 0.0358
186 / 0.0149 / / / /
283 | I-131 / / / / / 0.0175
320 | Cr-51 / 0.0239 / / 0.0027 0.2334
346 | Hf-181 / / / / / 0.0400
365 | I-131 / / / / 0.0270 0.2849
447 | Ag-110m / 0.0076 / / / /
482 | Hf-181 / 0.0039 !/ 0.0035 0.0250 0.1107
496 | Ba-131 / 0.0047 / / / /
529 | I-133 / / / / / 0.0097
564 | Sb-122 / 0.0110 / / 0.0090 /
603 | Sb-124 / 0.0184 / / 0.0257 /
637 1 1-131 / / / / / 0.0192
658 | Ag-110m| 0.1403 0.1035 0.0487 0.0170 / /
677 | Ag-110m / 0.0116 0.0053 / / /
686 | Ag-110m / 0.0086 / / / /
707 | Ag-110m / 0.0204 / / / /
724 | Zr-95 / / / / / 0.0273
739 | Mo-99 0.3613  0.0060 / / / /
756 | Zr-95 / / / / / 0.0149
764 | Ag-110m / 0.0241 0.0088 / / /
766 | Nb-95 / / / / / 0.0161
778 | Mo-99 0.0273 / / / / /
810 | Co-58 / 0.0105 0.0041 / / 0.0879
834 |Mn-54 | 0.2924 0.4566 0.2394 0.5767 0.2289 0.0419
885 | Ag-110m | 0.1480 0.0830 0.0426 0.0127 / /
889 | Sc-46 / / / / / 0.0227
1099 | Fe-59 / / / / / 0.0106
1115 | Zn-65 / 0.0002 0.0034 0.0175 0.3316 0.0406
1120 | Ta-182 / / / / / 0.0253
1173 | Co-60 3.4365 0.0346 0.0019 0.0834 0.1642 0.3051
1189 | Ta-182 / / / / / 0.0243
1221 | Ta-182 / / / 0.0034 / 0.0334
1292 | Fe-59 / / / / / 0.0146
1332 | Co-60 4,1001 0.0343 0.0036 0,1251 0.1663 0.3144
1368 | Na-24 0.0582 / / / 0.0054 /
1383 | Ag-110m | 0.0963 0.0330 0.0173 0.0054 / /
1408 | Eu-152 / 0.0021 / / / /
1460 | K-40 / 0.0180 0.0194 0.0159 0.0181 0.0167
1476 | Ag-110m | 0.0276 0.0045 0.0027 / / /
1505 | Ag-110m | 0.0589 0.0160 0.0109 0.0032 / /
1562 | Ag-1iom | / 0.0003 / / / /
1597 | La-140##| 0.0147  0.0028 / 0.0038 0.0068 0.0211
1691 | Sb-124 / "~ 0.0098 0.0047 0.0064 0.0055 /
1728 | Na-24DE | 0.0305 / / / 0.0017 /
937 1Ag-110m | 0.1934 0.038  0.0210 0.0051 / /

##; La-140 and Bi-214(2612 keV DE) double peak
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Table 4.2 Data of FP plate out measurment at shut down of JMTR
39th cycle

: : Energy| Nuclide | Point Point Point Point Point Point
(keV) 1 2 3 4 5 6

132 | Hf-181 / / / / / 0.0376
’ 283 [1-131 / / / / / 0.0227
320 | Cr-51 / 0.0271 / / 0.0029 0.2503
346 |Hf-181 / / / / / 0.0420
365 | I-131 / / / / 0.0101 0.3222
447 |Ag-110m / 0.0076* / / / /
482 1Hf-181 / 0.0039% / 0.0036 0.0255 0.1652
496 |Ba-131 / 0.0047% / / / /
564 |Sb-122 / / / / 0.0116* /
603 |Sb-124 / 0.0191 / / 0.0166 /
637 |I-131 / / / / / 0.0163
658 [Ag-110m / 0.1025 0.0268 0.0143 / /
677 |Ag-110m / 0.0115 0.0027 / / /
707 |Ag-110m / 0.0189 / / / /
724 {2r-95 / / / / / 0.0268
739 |Mo-99 / 0.0054 / / / /
756 |Zr-95 / / / / / 0.0141
764 |Ag-110m / 0.022 / -/ / /
810 [Co-58 / 0.0107% . / / / 0.0841
834 |Mn-54 / 0.4200 0.1118 0.4159 0.1233 0.0087
885 |Ag-110m / 0.0759 0.0236  0.0093 / /
889 |Sc-46 / / / / / 0.0204
937 |Ag-110m / 0.0332 / 0.0037 / /
1099 |Fe-59 / / / / / - 0.0l1l16*
1115 [Zn-65 / / 0.0034* 0.0023 0.0378 0.0192
1173 [Co-60 / 0.0092 0.0005 0.0073 0.0000 0.1175
1189 |Ta-182 / / / / / 0.0152
1221 |Ta-182 / / / / / 0.0208
1292 |Fe-59 / / / / / 0.0120
1332 |Co-60 / 0.0087 0.0013 0.0078 0.0000 0.1063
1368 |Na-24 / / / / 0.0164* /
_ 1383 {Ag-110m / 0.0218 0.0058 0.0032 / /

' 1408 . |Eu-152 / 0.0015 / / / /
1476 1|Ag-110m / 0.0031  0.0012 / / /
1505 {Ag-110m / 0.0100 0.0040 0.0014 / /
1597 j{La-140 / / /. 0.0103* 0.0432
1691 [Sb-124° / 0.0053 0.0012 0.0023 0.0018 /

766 INb-95 / / / / / 0.0118

— 19'_
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ITable 4.3  Data of FP plate out measurment after JHNTR

| 40th cycle
Energy| Nuclide | Point Point Point Point Point
{keV) 2 3 4 5 6
132 | Hf-181 / / / / 0.0711
283 | I-131 / / / / 0.0106
320 | Cr-51 0.0071 / / / 0.4556
328 / / 0.0213 / /
346 | Hf-181 / / / / 0.0652
365 | 1-131 / / / 0.0243  0.4235
; 482 | Hf-181 / / / / 0.2467
; 603 | Sb-124 0.0711 0.0184 0.0342 0.0602 /
637 | I-131 / / / / 0.3550
658 | Ag-110m | 0.2261 0.1023 0.0226 / /
662 | Cs-137 / / / 0.0182 /
677 | Ag-110m { 0.0189 0.0110 / / /
707 | Ag-110m | 0.0339 0.0185 / / /
724 | Zr-95 0.0193 0.0197° / / 0.0459
744 | Ag-110m | 0.0085 0.0057 / / /
764 | Ag-110m# 0.0525 0.0300 0.0057 / /
796 / / /  0.00125 /
810 | Co-58 / / / / 0.0863
, 818 | Ag-110m | 0.0141 / / / /
T 834 | Mn-54 1.9183 1.0136 4.0746 2.9037 0.3562
| 885 { Ag-110m | 0.1746 0.0845 / / /
! 937 | Ag-110m | 0.1746 0.0845  / / /
1046 0.0040 0.0032 / 0.0081 /
1099 | Fe-59 0.0059 0.0037 / / /
1115 | Zn-65 / / 0.0113 0.1047 0.1546
1173 | Co-60 0.0497 0.0079 0.0193 0.1623 0.3536
1189 | Ta-182 / / / / 0.0220
1221 | Ta-182 / / / / 0.0447
1292 | Fe-59 0.0034 0,0025 / / 0.0083
1332 | Co-60 0.0498 0.0112 0.0285 0.1698 0.3620
1383 | Ag-110m | 0.0677 0.0348 0.0121 / /
1408 | Eu-152 0.0057 0.0039 0.0014 / /
1460 | K-40 0.0188 0.0204 0.0199 0.0182 0.0173
1476 | Ag-110m { 0.0102 0.0063 0.0010 / /
1505 | Ag-110m | 0.0386 0.0187 0.0063 / /
1562 | Ag-110m { 0.0032 0.0014 / / /
1597 | La-140## 0.0031 G.0047 0.0018 0.0078 0.0196
1691 | Sb-124 0.0397 0.0190 ©0.0238 0.0359 0.0100
766 | Nb-95 / / / / 0.0768
889 1 Sc-46 / / / / 0.0361
# ; Ag-110m and Nb-95(766 keV) double peak

##; La-140 and Bi-214(2612 keV DE} double peak
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Sc-46

# 5 Ag-110m and Nb-95(766 keV) double peak

Table 4.4 Background data of FP plate out measurment after
JMTR 40th cycle
Energy | Nuclide | Point Point Point Point Point
(keV) 2 3 4 5 6
320 | Cr-51 / / / / 0.0026
365 | 1-131 / / / 0.0146  0.0584
447 | Ag-110m / / / / /
482 | Hf-181 / / / / 0.0052
603 | Sb-124 / 0.0041 0.0078 0.0213 /
637 | I-131 / / / / 0.0134
658 | Ag-110m | 0.0051 0.0309 0.0038 / /
662 | Cs-137 / / / 0.0080 /
677 | Ag-110m / 0.0047 / / /
685 | Ag-110m | 0.0008 / / / /
707 | Ag-110m | 0.0029 0.0036 / / /
724 ) Zr-95 0.0008 / / / 0.0022
744 | Ag-110m / 0.0023 / / /
764 1 Ag-1lom# | 0.0037 / / / /
796 / / / 0.0051 /
810 | Co-58 / / / / 0.0057
834 | Mn-54 0.1741 0.4962 1.1681 1.3709 0.2827
885 | Ag-110m | 0.0172 0.0323 / / 0.0044
937 |Ag-110m | 0.0134 0.0175  0.0045 / /
1046 / 0.0010 / 0.0054 /
1115 | Zn-65 / 0.0072 0.0098 0.0928 0.0823
1173 | Co-60 0.0365 0.0057 0.0176 0.1665 0.2174
1189 |[Ta-182 / / / / 0.0085
1221 |[Ta-182 / / /. / 0.0171
1292 | Fe-59 0.0005 0.0013 / / 0.0021
1332 | Co-60 0.0372 0.0069 0.0267 0.1733 0.2396
1383 [Ag-110m | 0.0237 0.0191  0.0047 / /
1408 |Eu-152 / 0.0026  0.0009 / /
1460 |K-40 0.0191 0.0188 0.0190 0.0178 0.0166
1476 |Ag~110m | 0.0031 0.0034 0.0015 / /
1505 |Ag-110m | 0.0148 0.0118 0.0036 / /
1562 |Ag-110m / 0.0018 / / /
1597 |[La-140## | 0.0012 0.0027 0.0012 0.0058 0.0080
1691 |Sb-124 0.0053 0.0138 0.0158 0.0242 0.0079
766 |Nb-95 / / / / 0.0202
1099 |Fe-59 0.0005 / / / /
889 / / /- / 0.0044

##, La-140 and Bi-214(2612 keV DE) duble peak
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Table 4.5 Background correction factor of FP_plate out
measurment after JMTR 40th cycle

Energy | Nuclide | Point  Point Point Point Point
(keV) 2 3 4 5 6
320 | Cr-Sl / / / / - 0.994
365 | I-131 / / / 0.400 0.862
482 | Hf-181 / / / / 0.979
603 | Sb-124 / 0.777 0.772 0.646 /
637 | I-131 / / -/ / 0.623
658 | Ag-110m | 0.977 0.698 0.832 / /
662 | Cs-137 / / / 0.560 /
677 | Ag-110m / 0.573 / / /
707 | Ag-110m | 0.914 0.805 / / /
724 | Zr-95 0.959 / / / 0.952
744 | Ag-110m | 0.882 0.596 / / /
756 | Zr-95 / / / / 0.917
764 | Ag-110m#| 0.930 / / / /
796 / / / 0.592 /
810 | Co-58 / / / / 0.929
818 | Ag-110m | 0.993 / / / /
834 | Mn-54 0.909 0.510 0.713 0.539 0.206
885 | Ag-110m | 0,901 0.618 / / /
889 | Sc-46 / -/ / / 0.878
937 | Ag-110m | 0.847. 0.604 0.713 / /
1046 \ / 0.688 / 0.333 /
1099 | Fe-59 0.915 / / / /
1115 | Zn-65 / / 0.133 0.114 0.468
1173 | Co-60 0.265 0.278 0.088 0.000 0.385
1189 | Ta-182 / / / / 0.614
1221 | Ta-182 / o/ / / 0.617
1292 | Fe-59 0.853 0.480 / / 0.746
1332 | Co-60 0.253 0.384 0.063 0.000 0.338
1408 | Eu-152 0.719 0.333 0.357 / /
1476 | Ag-110m | 0.696  0.460 / / /
1505 | Ag-110m | 0.617 0.369 0.429 / /
1597 | La-140##| 0.613  0.426 / 0.256 0.592
1691 | Sb-124 0.544 0,274 0.336 0.326 0.210
766 | Nb-95 / / / / 0.737
1383 | Ag-110m | 0.650 0.451 0.611 / /

# ; Ag-110m and Nb-95(766 keV) double peak
##; La-140 and Bi-214(2612 keV DE) double

peak
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Table 4.6 Data of FP plate out measurment at shut down of
JMTR 40th cycle
Energy | Nuclide | Point  Point Point Point Point
(keV) 2 3 4 5 6
132 | Hf-181 / / / / 0.0783
283 | I-131 / / / / 0.0363
320 | Cr-51 0.0105 / / / 0.5261
346 | Hf-181 / / / / 0.0719
365 | I-131 / / / 0.0183 0.6201
482 | Hf-181 / / / / 0.2662
603 | Sb-124 0.0856 0.0164 0.0361 0.0399 /
637 | Ag-110m / / / / 0.0391
658 | Ag-110m | 0.2309 0.0738 0.0202 / /
662 | Cs-137 / / / 0.0102 /
677 | Ag-110m | 0.0197 0.0065 / / /
707 | Ag-110m | 0.0324 0.0154 / / /
724 1§ 1r-95 0.0217 0.0224* / / 0.0466
739 | Mo-99 0.0078 / / / /
756 | Zr-95 / / / / 0.0354
764 | Ag-11om#| 0.0548 0.0221 0.0043 / /
810 | Co-58 / / / / 0.0791
818 | Ag-110m | 0.0147 /. / / /
834 | Mn-54 1.8090° 0.5318  3.092 1.5630  0.0745
885 | Ag-110m | 0.1644 0.0539 0.0228 / /
937 | Ag-110m | 0.0774 0.0276 0.0121 / /
1099 | Fe-59 0.0068 / / / /
1115 | Zn-65 / / 0.0016 0.0144 0.0736
1173 | Co-60 0.0132 0.0022 0.0015 ©.0000 0.1362
1189 | Ta-182 / / / / 0.0140
1221 | Ta-182 / / / / 0.0286
1292 | Fe-59 0.0036 0.0014 / / 0.0068
1332 | Co-60 0.0126 0.0043 0.0017 0.0000 0.1224
1383 | Ag~-110m | 0.0460 0.0162 0.0080 / /
1408 | Eu-152 0.0057 0.0013 0.0014 / /
1476 | Ag-110m | 0.0074 0.0030 / / /
1505 { Ag-110m | 0,0249 0.0071 0.0027 / /
1597 | La-140 / / / / 0.1399%
1691 | Sb-124 0.0259 0.0060 0.0082 0.0128 0.0023
766 | Nb-95 / / i / 0.0637
889 | Sc-46 / / / / 0.0317



JABRI-M 7579

Table 4.7 Data of FP plate out measurment before JMTR
42th cycle
Energy | Nuclide | Point  Point Point Point Point
(keV) 2 3 4 5 6
320 | Cr-51 / / / / 0.0166
603 Sb-124 0.0241 / / 0.0152 /
658 | Ag-110m | 0.1081 0.0346 0.470 / /
677 Ag-110m 0.0135 / / / /
707 Ag-110m | 0.0187 / / / /
764 | Ag-110m | 0.0242 0.0079 . / / /
766 Nb-95 / / / / 0.0139
796 / / / 0.0119 /
810 Co-58 / / / / 0.0953
834 Mn-54 1.0702 0.4084 1.9086 1.6452 0.1356
885 Ag-110m / 0.0319 0.0139 / /
937 | Ag-110m 0.0404 0.0140 / / /
1115 Zn-65 / / ¢.0106 0.0405 0.0753
1332 Co-60 0.0304 0,0089 0.0311 0.1271 0.7176
1383 | Ag-110m | 0.0313 0.0119  0.0050 / /
1408 Eu-152 0.004% 0.0023 0.0018 / /
1460 K-40 0.0151 0.0137 0.0130 0.0116 0.0112
1476 Ag-110m 0.0052 0.0021 / / /
1505 | Ag-110m 0.0167 (.0073 0.0030 / /
1562 Ag-110m 0.0021 / / / /
1691 Sb-124 ¢.0061 0.0017 0.0027 0.0039 0.0017
1173 Co-60 0.0304 0.0089 0.0311 0.1271 0.7176
Table 4.8 Background data of FP plate out measurment before
JMTR 42th cycle
Energy| Nuclide | Point Point Point Point Point
(keV) 2 3 4 5 6
658 Ag-110m / 0.0085 / / /
834 Mn-54 0.0793 0.2750 0.5688 0.4717 0.1216
885 | Ag-110m / 0.0147 / / /
1115 Zn-65 / / 0.GJ63 0.0331 0.0453
1173 | Co-60 0.0207 0.0042 0.0194 0.1175 0.2337
1332 Co-60 3.0209 0.0066 0.0272 0.1238 0.2648
1383 [ Ag-110m ¢.0094 0.0104 / / /
1460 K-40 0.0119 0.0139 0.0126 0.0111 0.0112
1505 Ag-110m | 0.0052 0.0049 0.001% / /
1691 Sh-124 / -/ / 0.0021 /

- 24—
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" Table 4.9 Background correction factor of FP plate out

peasurment before JMTR 42th cycle

Energy| Nuclide| Point Point Point Point Point
(keV) 2 3 4 5 6
658 | Ag-110m / 0,754 /- / /
834 | Mn-54 0.926  0.327 0.702 0.713 0.103
885 | Ag-110m / 0.539 / / /
1115 | Zn-65 / / 0.406 0.183 0.398
1173 | Co-60 0.313 0.440 0.198 0.010 0.330
1332 | Co-60 0.309 0.281 0.125 0.017 0.257
1383 | Ag-110m| 0.671 0.126 / / /
1505 [ Ag-110m| 0.689  0.329 0.367 / /
1691 | Sb-124 / / / 0.462 /

Table 4.10 Data without background of FP plate out
measurment before JMTR 42th cycle

Energy | Nuclide | Point Point Point Point Point
(keV) 2 3 4 5 6
320 | Cr-51 / / / / 0.0166
603 | Sb-124 0.0241*  / / 0.0152% /
658 | Ag-110m| 0,1081 0.0261 0.0194 / /
677 | Ag-110m| 0.0135* [/ / / /
707 ! Ag-110m{ 0.0187* / / / /
764 | Ag-110m| 0.0242 0.0079 / / /
766 | Nb-95 / / / / 0.0139
796 / / / 0.0119 /
810 | Co-58 / / / / 0.0953
834 | Mn-54 0.9909 ©0.1334 1.3398 1.1735 0.0140
885 | Ag-110m / 0.0172  0.0139* / /
937 | Ag-110m| 0.0404 0.0140%* / / /
1115 | Zn-65 / / 0.0043 0.0074 0.0300
1173 | Co-60 0.0100 0.0033 0.0048 0.0012 0.4748
1332 | Co-60 0.0095 0.0025 0.0039 0.0023 0.4528
1383 | Ag-110m| 0.0219 0.0015 0.0050* / /
1408 | Eu-152 0.0049* 0.0023* (.0018*% / /
1476 | Ag=110m| 0.0052* 0.0021* / / /
1505 { Ag-110m| 0.0115 ©0.0024 0.0011 / /
1562 | Ag-110om| 0.0021 / / / /
1691 | Sh-124 0.0061* 0.0017* 0.0027 0.0018 0.0017*
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Table 4.11 Data of FP plate out measurment at outlet of lower

regenerative heat exchanger in B3F loop-cubicle

Energy| Nuclide |Counting | Background| True count-
(keV) rate{cps) {cps) ing rate(cps)
834 | Mn-54 0.3518 0.3528 -0.0010
1115 | Zn-65 0.0522 0.0362 0.0162
1173 | Co-60 0.1237 0.1229 0.0008
1332 | Co-60 0.1331 0.1323 0.0008
1460 | K-40 0.0182 0.0186 -0.0004
1594 | Bi-214DE | 0.0028 0.0026 0.0002

Table 4.12 Data of FP plate out measurment at middle and

Tower temperature piping in B3F Toop-cubicle

Energy { Nuclide {Counting | Background | True count-
(keV) rate(cps) {cps) ing rate{cps)
364 I-131 0.0142 0.0143 -0.0001
834 Mn-54 0.1381 0.1377 0.0004
1115 Zn-65 0.1541 0.1534 0.0007
1173 Co-60 0.2359 0.2356 0.0003
1332 Co-60 0.2366 0.2367 -0.0001

1460 K-40 0.0171 0.0173 -0.0002

1594 Bi-214DE| 0.0023 0.0024 ~-0.0001

1691 Sb-124 0.0030 0.0031 -0.0001

Table 4.13 Data measured at outlet of gas
circulator in JMTR 40th cycle

Energy | Nuclide | Counting
{(keV) rate(cps)
151 } Kr-85m 0.0071
156 Kr-88 0.0080
220 Kr-89 0.0108
250 Xe-135 0.0011
403 Kr-87 0.0101
1031 Rb- 89 0.0024
1118 Kr-90 .0021
1173 Co-60 0.0107
1332 Co-60 0.0098
1434 Cs-138 0.0019
1764 Cs-138 0.0016
1831 Rb-~ 88 0.0013
2195 Kr-88 0.0015
2392 Kr-88 0.0021
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Table 4.14 Data of a hanger rod measured after
JMTR 40th cycle
Energy | Nuclide | Counting | Background
(keV) rate{cps) (cps)
122 | Eu-152 0.2017 /
320 | Cr-51 0.1513 /
344 | Eu-152 0.2262 /
603 | Sb-124 0.3018 /
658 | Ag-110m | 0.0665 /
723 | Ag-110m | 0.0491 /
779 | Eu-152 0.1007 /
810 | Co-58 D.6281 /
834 | Mn-54 7.0672 /
885 | Ag-110m | 0.0665 /
964 | Eu-152 0.0879 /
1004 | Eu-154 0.0260 /
1085 | Eu-152 0.0759 /
1099 | Fe-59 0.0613 /
1112 | Eu-152 0.0867 /
1173 | Co-60 0.8870 0.0482
1274 | Eu-154 0.0445 /
1291 | Fe-59 0.0428 /
1332 | Co-60 0.8936 0.0608
1383 | Ag-110m | 0.0225 /
1408 | Eu-152 0.1343 /
1505 | Ag-110m | 0.0115 /
1691 | Sb-124 0.1203 /
Table 4.15

Data of a sample of graphite block measured by 54 cm3

goaxial Ge(Li) detector

Energy | Nuclide Front Back Average| Activity|Activity

(keV) (cps) | (cps) (cps) {uCi) (uci/g)

58 | Dy-158 5.28 4,20 4,74 5.12E-3 { 0.204

67 | Ta-182 |10.38 |10.74 10.56

99 | Ta-182 3.97 3.36 3.67

132 | Hf-181 0.84 0.76 0.80

151 | Ta-182 1.66 1.66 1.66

178 | Ta-182 D.84 0.76 0.80

187 | Ta-182 0.40 0.36 0.38

221 | Ta-182 0.63 0.81 0.72

262 | Ta-182 0.75 0.68 |. 0.72

320 | Cr-51 3.46 3.32 3.39 4.48E-3 [ 0.179
482 | Hf-181 0.51 0.53 0.52 1.04E-3 [ 0.042
603 | Sb-124 0.36 0.44 0.40 1.02E-3 | 0.041
658 | Ag-110m / 0.16 0.16 - 4.79E-4 | 0.019
766 | Nb-95 0.26 0.24 0.25 8,44E-4 |0.034
810 | Co-58 0.60 0.55 0.58 2.03E-3 {0,081
834 | Mn-54 15.39 |14.16 14.78 5.12E-2 12.048
1099 | Fe-59 / 0.11 0.11 9.48E-4 | 0.038
1121 | Ta-182 {-1.49 1,34 1.42 8.72E-3 [ 0.348
1173 | Co-60 3.10 2.72 2.91°
1189 | Ta-182 0.74 0.67 0.71
1221 | Ta-182 1.01 |'0.91 0.96
1232 | Ta-182 0.45 0.38 0.42
1256 | Ta-182 0.07 0.05 0.06
1332 | Co-60 2,72 2.41 2.57 1.55E-2 | 0.620
1691 | Sb-124 0.07 0.07 0.07

889 | Sc-46 0.04 /! 0.04 1,33E-4 | ¢.005

[
[3=]
-3

I
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Table 4.16 Data of a sample of smear measured by

54 cm3 Ge(li) detector

Energy | Nuclide Counting Activity | Average

(keV) rate(cps) {uCi) - (uCi)

: 57 Dy-159 0.096%9 1.05E-4 1.05E-4
§ 132 | Hf-181 0.2182 2.61E-4 3.00E-4
: 320 Cr-51 1,5417 2.03E-3 2.03E-3
482 Hf-181 0.1700 3.40E-4 2.00E-4

764 | Nb-95 0.04453 3.05E-4 3.05E-4

810 Co-58 . 0.0745 2.57E-4 2.57E-4

8334 Mn-54 0.8866 3.07E-3 3.07E-3

889 Sc-46 0.0262 1.00E-4 1.00E-4

1115 Zn-65 0.3767 1.89E-3 1.89E-3

1173 | Co-60 0.1451 7.54E-4 7.64E-4

1332 Co-60 0.1288 7.74E-4 7.64E-4

1383 .} Ag-110m 0.0037 1.08E-4 1.08E-4

Table 4.17 Concentrations of Plateout Activity in OGL-1 after No.39cy. of
JMTR
. Nuclide Energy Concentrations of Plateout Activity ( uCi/cm® )
keV  Point 2 Point 3 Point 4 Point 5 Point 6

Cr-51 320 6.20E-4  — — 2.52E-5  2.99E-3
1-131 . 364 _— — — 1.08E-5 4.71E-4
Hf-181 482 1.25E-5  —— — 3.02E-5  2.65E-4
Ag-110m 658 3.38E-4 1.85E-4  6.38E-5 —_ —

Mn-54 835 1.47E-3 8.34E-4 2.00E-3 1.51E-4  1.42E-5
Zn-65 1115 —  6.00E-5 2.62E-5 1.06E-4  6.40E-5
Co-60 1173 3.77E-5 4.42E-6  4.17E-5 —_ 2.21E-4
Sb-124 1691 6.04E-5 2.98E-5 3.70E-5 6.82E-6 —

Zr-95 757 _ — —— — 4,02E-5
Nb-95 766 —_ —_— —_— — 1.91E-5
Co-58 810 —_— — — — 1.36E-4
Sc-46 889 _ — —_ — 3.43E-5
Fe-59 1289 —_ —_— —_— —_— 5.48E-5
Ta-181 1220 &~ — - — — — 1.40E-4




Table 4.18 Concentrations of Plateout Activity in OGL-1 after No.40cy. of
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JMTR

Nuclide Energy Concentrations of -Plateout Activity ( uCi/cm® )}

keV Point 2 Point 3 Point 4 Point 5 Point 6
Cr-51 320 2.40E-4 —_— —_— — 6.29E-3
I-131 364 _— S E— 1.96E-5 9.07E-4
Hf-181 482 —_ —_ —_— 4.27E-4
Ag-110m 658 7.62E-4 5.09E-4 9.02E-5 —_— —_—
Mn-54 834 5.82E-3 3.97E-4 1,49E-2 1.92E-3 1.22E-4
In-65 1115 e — 1.82E-5 4.03E-5  2.45E-4
Co-60 1173 5.41E-5 1.95E-5 8.57E-6 —_— 2.56E-4
Sbh-124 1691 2.95E-4 1.49E-4 1.32E-4 4,85E-5 —_—
Zr-95 757 S —— —_ —_ 1.01E-4
Nb-95 766 — —_ —_— —_ 5.13E-4
Co-58 810 —_— — — — 1.28E-4
Sc-46 889 ———— _— S -_ 5.34E-5
Fe-59 . 1289 —_ _ — —_— 3.11E-5
Ta-181 1220 —_— _— _ ——— 1.92E-4
Table 6.1 Correction facter of background at filter in B3F loop-

cubicle( JMTR 40th cycle )

Gamma-ray energy | Nuclide |Correction factor | Comment
( keV )

320 Cr-51 0.994 *

364 I-131 0.873

484 Hf-181 0.979 *

756 Zr-95 0.917 *

810 Co-58 0.929 *

835 Mn-54 0.206

885 AG-110m 0.873 *

1115 Zn-65 0.385

1221 Sc-46 0.617 *

1332 C0-60 0.338
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Table_6.2 Data measured with a collimator and without it at high
temperature piping {lower piping) in B1F loop-cubicle

Energy | Nuclide Collimator| No collimator | Ratio Ratio Ratio
{keV) A (cps) B (cps) A/B True/B Back./B
238 | Pb-212 / 0.0956 / / /
294 | Pb-214 / 0.0347 / / /
320 | Cr-51 / 0.1360 / / /
338 | Ac-228 / 0.0011 / / /
446 | Ag-110m / 0.0362 / / /
482 | Hf-181 / 0.1095 / / /
583 | T1-208 / 0.0760 / / /
603 | Sb-124 / 0.1310 / / /
658 | Ag-110m 0.0487 0.8202 0.060 0,050 0.010
677 | Ag-110m 0.0053 0.0831 0.064 / /
686 | Ag-110m / 0.0181 / / /
707 | Ag-110m 0.0068 0.1377 0.049 / /
724 | Ag-110m / 0.0114 / / /
744 | Ag-110m / 0.0449 / / /
764 | Ag-110m 0.0088 0.1857 0.047 / /
796 - / 0.0287 / / /
810 | Co-58 0.0041 0.0812 0.051 / /
834 | Mn-54 0.2394 4.1945 0.057 0.041 0.016
885 | Ag-110m 0.0426 0.5433 0.078 / /
908 | Ac-228 0.0047 0.0490 0.096 / /
937 | Ag-110m | . 0.0211 0.2480 0.085 0.061 0.024
964 | Eu-152 / 0.0169 . / / /
1087 | Eu-152 / 0.0069 / / /
1100 | Eu-152 / 0.0123 / / /
1115 | Zn-65 0.0034 0.1918 0.018 0.002 0.015
1173 | Co-60 0.0019 0.1333 0.013 0.000 0.013
1332 | Co-60 0.0036 0.1237 0.029 0.000 0.029
1383 | Ag-110m 0.0173 0.1419 0.122 0.075 0,047
1408 | Eu-152 / 0.0121 / / /
1460 | K-40 0.0194 0.3634 0.053 0.000 0.053
1476 | Ag-110m 0.0027 0.0220 0.135 / /
1505 | Ag-110m 0.0109 0.0744 0.147 0.063 0.084
1562 | Ag-110m / 0.0056 / / /
1592 | Ag-110m 0.0012 0.0168 0.071 / /
1691 | Sb-124 0.0047 0.0389 0.120 0.039 0.080
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Jable 7.1 Plate-out nuclides in 0GL-1 gas Toop

Nuclide | Half life{ 1 2 3 4 5 6 7 8 9 101112
Na-24 14.96 h| * * |
Sc-46 83.9 d . .
3 ‘cr-51 27.8 4|  * . o,
Mn-54 303.0 d| * * ¥ x % ¥ . %
~ Co-58 71.3 4| o+ * x .

Fe-59 45.6 d * w * . %
Co-60 5.26 y| * * % * * -
Zn-65 245.0 d * kK Rk K
Kr-85m 4.4 h ' .
Kr-87 76.0 m *
Kr-88 2.80 h .
Rb-88 17.8 m .
Kr-89 3,18 m *
Rb-80 | 15.4 m .
Kr-90 33.0 s *
7r-95 65.5 d * *
Nb-95 35.0 d * " .
Mo-99 66.7 h| * *
Ag-1lom | 255.0 d| * * * * * -
$h-122 2.80 d * *
sb-124 | 60.4 4 x ox o x & . w
Ba-131 12.0 d *
1-131 8.05 d L ox
1-133 20.3 h *
Xe-135 9.14 d .
Cs-137 30.0 y *
Cs-138 32.2 m .

. La-140 40.2 hit* * * * * %
Eu-152 12.7 vy * % * *
Eu-154 16.0 ¥ .

" Dy-159 | 144.0 4 .
Hf-181 42.5 d x x PR .
Ta-182 115.1 d LA ‘ *

1; In-pile tube, 2; High temperature piping(upper),
3; High temperature piping(lower), 4; High tempera-
ture piping(B3F), 5; Regenerative heat exchanger,

6:; Filter, 7; Outlet of Regeneratve heat exchanger,
8; Middle and lower temperature piping, 9; Outlet of
gas circulator, 10; Hanger rod, 11; Graphite block,
12; A sample of smear
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Tahle 7.2 Gamma-ray peak counting rate of nuclides
produced at JMTR 39th cycle

: Nuclide| Energy| Point Point Point Point Peoint

: (keV) 2 3 4 5 6
Cr-51 320 | 0.0271 / / 0.0029 0.2503
I-131 365 / / / 0.0101 0.3222
Hf-181 482 | 0.0039 0.0036 0.0255 0.1652

: Ag-1lom| 658 | 0.1025 0.0268 0.0143  / /
Co-58 810 | ©0.0107 / / / 0.0841
Mn-54 834 | 0.4200 0.1118 0.4159 0.1233 0.0087

: Zn-65 1115 / 0.0034 0.0023 0.0378 0.0192

; Co-60 1173 | 0.0092 0.0005 0.0073 0.0000 0.1175
Sb-124 1691 0.0053 0.0012 0.0023 0.0018  /
Sb-122 564 / / / g.0lle  /
Zr-95 724 / / / / 0.0268
Nb-95 766 / / / / 0.0118
Mo-99 739 | 0.0054  / / / /
Sc-46 889 / / / / 0.0204
Fe-59 1292 / / / / 0.0120
Na-24 1368 /. / / 0.0164  /

i Eu-152 | 1408 | o0.0015 7/ / / /
‘La-140 1597 / / / 0.0103

l Ta-182 | 1221 / / / / 0.0208

Table 7.3 Gamma-ray peak counting rate cof nuclides
produced at JMTR 40th cycle

Nuclide | Energy Point Point Point Point Point
(keV) 2 3 4 5 6
Cr-51 320 0.0057 / / / 0.4825
1-131 365 / / / 0.0183 0.6189
Hf-181 482 / / / / 0.2163
Ag-110m | 658 0.1459 0.0629 0.0084 / /
j Co-58 810 / / / / 0.0369
;  Mn-54 834 1.4500 0.4187 2.7380 1.4370 0.0638
Zn-65 1115 / / -0.0002 / 0.0578
Co-60 1173 0.0043 ©.0017 -0.0056 / 0.0214
Sb-124 1691 0.0234 0.0055 0.0067 0.0114 0.0023
Zr-95 724 / / / / 0.0339
Nb-95 766 / / / / 0.0578
Mo-99 739 0.0032 / / / /
Fe-59 | 1292 / / / / 0.0060
Eu-152 1408 0.0042 0.0013 0.0C14 / /
La-140 | 1597 / / 0.0016  / 0.1399
Ta-182 1221 / / / / 0.0148 .
- Cs-137 662 / / / 0.0102 /

| — 32—
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Table 7.4  Counting rate of nuclides produced at JMIR
' 40th cycle
Energy| Nuclide | Point  Point Point Point Point
(keV) 2 3 4 5 6
132 | Hf-181 / / / / 0.0664
283 | I-131 / / / / 0.0363
320 | Cr-51 0.0057 / / / 0.4825
346 | Hf-181 / / / / 0.0586
365 | I-131 / / / 0.0183 0.6189
482 | Hf-181 / / / / 0.2163
603 | Sb-124 0.0769 / 0.0361 0.0330 /
637 | 1-131 / / / / 0.0389
658 | Ag-110m | 0.1459 0.0629  0.0084 / /
677 | Ag-110m | 0.0102 0.0042 / / /
707 | Ag-110m | 0.0167 / / / /
724 | Zr-95 / / /- / 0.0339
739 | Mo-99 0.0032 / / / /
756 | Zr-95 / / / / 0.0287
766 | Nb-95 / / / / 0.0578
810 | Co-58 / / / / 0.0369
834 | Mn-54 1.4500 0.4187 2.7380 1.4370 0.0638
885 | Ag-110m | 0.1016 - 0.0300 0.0151 / /
937 | Ag-110m | 0.0499 0.0160  0.0096 / /
1115 | Zn-65 / / -0.0002 / 0.0578
1173 | Co-60 0.0043 . 0.0017 -0.0056 / 0.0214
1189 | Ta-182 / / / / 0.0040
1221 | Ta-182 / / / / 0.0148
1292 | Fe-59 / / / / 0.0060
1332 | Co-60 0.0041 0.0030 -0.0060 / 0.0189
1383 | Ag-110m { 0.0279 0.0111  0.0052 / /
1408 | Eu-152 0.0042 0.0013 0.0014 / /
1476 | Ag-110m | ¢.0047 0.0005 / / /
1505 | Ag-110m | 0.0165 0.0034 / / /
1597 | La-140 / / 0.0016 / 0.1399
1691 | Sb-124 0.0234 0.0055 0.0067 0.0114 00,0023
§89- Sc-46 / / / / 0.0190

-33-
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Table 7.5 The increasing rate of counting rate of nuclides
produced in JMTR 39th cycle and 40th cycle
Energy: Nuclide i Point Point Point Point Point

{keV) . 2 3 4 5 6

132 | Hf-181 / / / / 1.77

283 | 1-131 / / / / 1.60

320 | Cr-51 0.21 / / / 1.93

346 | HE-181 / / / / 1.40

365 | I-131 / / / 1.81 1.92

482 | Hf-181 / / / / 1.31

603 | Sbh-124 4,02 / / 1.99 /

637 | 1-131 / Vi / / 2.39
658 | Ag-110m | 1.42 2.34 0.59 / /
677 | Ag-110m | 0.89 1.56 / / /

724 | Zr-95 / / / / 1.26

739 | Mo-99 0.59 / / / /

756 i Zr-95 / / / / 2.04

766 | Nb-95 / / / / 4.90

810 | Co-58 / / / / 0.44

834 ! Mn-54 3.45 3.75 6.58 11.65 7.33

885 | Ag-110m | 1.34 1.27 1.62 / /

937 | Ag-110m | 1.56 / 2.59 / /
1115 | Zn-65 / / -0.09 / 3.01
1173 | Co-60 0.47 3.40 -0.77 / 0.20
1189 | Ta-182 / / / / 0.26
1221 | Ta-182 / / / / 0.71
1292 | Fe-59 / / / / 0.50
1332 ! Co-60 0.47 2,30 -0.76 / 0.18
1383 | Ag-110m | 1.28 1.91 1,63 / /

© 1408 | Eu-152 2.80 /- / / /
1505 | Ag-110m | 1.65 0.57 / / /
1691 | Sh-124 .| 4.18 3.67 3.05 6.33 /

889 | Sc-46 / / / / 0.84
1597 | La-140 / / /e / 3.24
Table 7.6 Data of FP plate out measurment of 40th cycle

corrected by half 1ife at December 3,1977

Energy | Nuclide | Point Point Point Point Point

(keV) 2 3 4 5 6

320 | Cr-51 / / / / 0.0061
603 | sb-124 ¢.0109 / / 0.0051 /
658 | Ag-110m| 0.1418 0.0453 0.0124 - / /
677 | Ag-1lom!| 0.0120 / / / /!
707 | Ag-1l0m| 0.0198 / / / /
810 | Co-58 / -/ / A 0.0139
834 | Mn-54 0.7975 0.3531 2.0530 1.0380 0.0494
885 | Ag-110m / 0.0330 0.0140 / /
937 | Ag-110m | 0.0475. 0.0169 / / /

1115 | Zn-65 / / 0.0010 0.0069 0.0444

1173 | Co-60 0.0122 0.0021 0.0015 0.0012 0.4444

1332 | Co-60 0.0088 0,0023 0.0017 0.0022 0.4212

1383 | Ag-110m | 0.0282 0.0099 0.0049 / /

1408 | Eu-152 0.0048 0.0023 0.0018 / /

1476 | Ag-110m | 0.0045 0.0018 / / /
1505 | Ag-110m| 0.0153 0.0044 0.0016 / /
1691 | Sb-124 0.0033 0.0007 0.0011 0.0014 /




R i ]
i

JAERI-M 7579

7.7 Comparison between data measured hefore 42th

Table
cvcle and data of 40th cycle corrected by half
life at December 3.1977( 42th data/40th data)
Energy| Nuclide | Point  Point Point Point Point
(keV) 2 3 4 5 6
320 | Cr-51 / / / / 2.72
603 | Sb-124 2.21 / / 2.98 /
658 | Ag-110m| 0.76 0.58 1.56 / /
677 | Ag-110m | 1.13 / / /
707 | Ag-110m | 0.94 / / / /
810 | Co-58 / / / / 6.86
834 | Mn-54 1.24 0.38 0.65 1.13 0.28
885 | Ag-110m / 0.52 0.99 / /
937 | Ag-110m | 0.85 0.83 / / /
1115 | Zn-65 / / 4.30 1.07 0.68
1173 | Co-60 0.82 1.57 3.20 1.00 1.07
1332 | Co-60 1.08 1.86 2.29 1.05 1.08
1383 | Ag-110m | 0.78 0.15 1.02 / /
1408 | Eu-152 1.19 0.57 0.78 / /
1476 | Ag-110m { 1.16 1.17 / / /
1505 | Ag-110m | 0.75 0.55 " 0.69 / /
1691 | Sb-124 1.84 2.43 - 1.63 1.21 /
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48
T lgw F_J f % O L__ a
Cover !: (|
| I
. 0 b
T B HE
i g7 j
T T
T
i
10— e— 50— | 0| H
= 10— | =
M5 x 8
Handle

Haterial

Collimator ; Lead
Cover 3 SUS-304
Handle 5 SUS-308

Fig. 2.2 A collimator for measurements of FP

plate-out
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Performance of

I
|
Liquid
nitrogen
dewar
i
£ Aluminum ,[
r_&“: cover
e/
Vacuum
valve B4 -+ || Pre-amp.
T |
— Ge(l-'i) =
detctor
P I
3
—!-hu--—-- p—
Lead collimator
4 l
H
e——— 20 cmg 7]
cy1inﬁer
Fig. 2.4

Ge(Li) detector

Efficiency 8%
Resolution 2.lkeV
(for 1332keV)
Bias voltage 25003
True coax. d4cm

Weight
Ge(Li)detector 15kg
{with 7.52 1iq.N2)

Lead collimator  52kg
Total weight 67kg
Lead collimator
Thickness 5cm
Rectangular window
(4cm x lem)

Portable Ge(Li) detector with lead collimator
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10— . T N .

- 44 cm3 true coaxial
- A Ge{Li) detector
Bias voltage 2500 V
Source-to-collimator
- distance 10 cm —
10mm x 40 mm collimator

Peak detection efficiency ( eps/ photon flux )

i ]

1 - -
o1 Lol Lol

50 100 1000 2000

Gamma-ray energy {(keV)

Fig. 2.5 Peak detection efficiency of 44 cm? Ge(Li) detector
with 10mm x 40mm lead collimator

3
10— 7T 7T T

- 127 keV ' 4

3“ Cellmator window

5 4cmxlem reciangutar .e’.nicm_3 true coaxial

g - Source-to-detector Ge(Liddetctor

= 10 - distance  2Ccm Bins voltage 2500V _|

a

5 FWHM resolution

.ﬁ | Seurce 152[_:u 2.1keV i
. a

s

S

x Ge{Li)

o detector

@

o5 Lead callimat
v ! ead callimator o

% 10 Thickness of ledd

5 5cm

n 1407 ke¥

L

LN

] 1 1 1 i "
-30 -20 -10 0 10 20 30 40
Gamma-ray incident angle [deg)

1
~40

Fig. 2.6 Horizontal direction characteristics of a Ge(Li) detector
i with a lead collimator
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Portable Ge(Li)
detector with
collimator

JMTR reactor top

0GL-1
piping

Fig. 3.2 Detector position of the measuring point 1
( in-pile tube at reactor top )

Chain block

Portable Ge{Lli)
detector with
collimator

/

B1F loop-cubicle

High tempe-
rature pip-
ing ’

Fig. 3.3 Detector position of the measuring point 2

{ high temperature piping ( upper pipina) )
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0GL-1 B1F
1oop cubicle

High temperature
piping

-

Fig. 3.4 Detector position of measuring point 3

( high temperature piping {lower piping) )

0GL-1 B3F
loop-cubicie

High temperature piping

/

_/

Portable Ge(Li)
detector with
collimator

Portable Ge(Li)
detector with
coliimator

Fig. 3.5 Deteétor position of the measuring point 4

( high temperature piping (B3F piping) )




JAERI-M 7579

Regenerative heat exchanger

1340 mm

_

OGL-1 B3F
loop-cubicle

v
1
1
i
i
i
i
i
1
i
i
i
1
1
i
L]
L]

1

C) Chain block

Portable Ge(Li)
detector with
collimater

u 125 mm
N
- 1 L__J__
Fig. 3.6 Detector position of measuring point 5 ( regenerative heat

Fig.

exchanger )

Filter

3.7

- B3F Toop-cubicle

X

Portable Ge(Li)
detector with
collimator

Detector position of measuring point 6

( Filter )
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Fig. 4.4 Gamma-ray pulse height distribution at high temperature piping with inner thermal insulétnr
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s

3.1 OGL-1 in-pile tube at reactor top ( measuring

point 1 }

Photo

Photo 3.2 High temperature pipine(upper
piping) in BI1F loop-cubicle

( measuring point 2 )
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Photo 3.3 High temperature piping(lower
piping) in BIF loop-cubicle

-(_measuring-point 3 }

Photo 3.4 High temperature piping in B3F loop-cubicle

( measuring point 4 )
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Appendix 1 Records of the preliminary plate-out measurment at OGL-1

No| Date | Live time|Run No | Cycle Measurment point
1 4/1 4000sec{ 1002 39 In-pile tube{point 1)
21 4/1 50000 1003 39 Regenerative heat Exchanger(peint 5)
3| 4/2 60000 1004 39 Filter(point 6)
4 4/4 60000 1005 39 High temperature piping( B3F ) (point 4)
51 4/5 60000 1006 39 High temperature piping(upper) {point 2)
6] 5/6 60000 1012 39 High temperature piping(lower) (point 3)
7| 5/7 60000 1013 39 High temperature piping(lower)without coll..
8| 6/2 60000 2200 40 Outlet of gas circulator

9] 6/14 80000 2207 40 Point 6

10] 6/15 76500 2209 40 Point 6 Back.

11} 6/17 | 80000 2210 40 Point 5

12} 6/18 80000 2211 40 Point 5 Back.

13 6/21 80000 2213 40 Point 3

14 6/22 80000 2214 40 Point 3 Back.

15| 6/23 80000 2215 40 Point 2

16| 6/24 80000 2216 40 Point 2 Back.

17| 7/5 75700 2218 40 Point 4

18 7/7 80000 2219 40 Point 4 Back.

19] 7/14 | 78447 1102 40 Middle and lower temperature piping

20f 7/16 80000 1103 40 Middle and lower temperature piping Back.
21y 7/22 | 80000 1105 40 Outlet of lower regenerative heat exchanger
221 7/23 80000 1106 40 OQutlet of lower reg. heat exchanger Back.
23 8/18 { 20000 1400 40 Hanger rod

24| 8/18 | 20000 1401 40 Hanger rod Back.

25| 8/24 4000 1201 40 A sample of graphite block (back)

26| 8/24 { .12000 1202 40 A sample of smear

27| 8/24 4000 1203 40 A sample of graphite block (front)

281 11/28 80000 1300 40 Point 6

291 11/29 80000 1301 40 Point 6 Back.

301 11/30 30000 1302 40 Point 4

31412/1 80000 1303 40 Point 4 Back.

32112/2 800600 1304 40 Peoint 5

331 12/3 80000 1305 40 Point 5 Back.

341 12/5 80000 1306 40 Point 2

35112/6 70000 1307 40 Point 2 Back.

36112/7 65171 1310 40 Point 3

37112/8 25000 1309 40 Peoint 3 Back.

38| 12/24 { 80000 1312 42 Point 6

39| 12/25 80000 1313 42 Point 6 Back.




