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Abstract

This paper is about The PUSPATI TRIGA Reactor (RTP) control rod worth calibration database |
development. This database is very important as part of RTP core management analysis to support the
improvement of in-core management strategy for safe operation and better utilisation. Control rod worth
calibration has been done annually since 1982, the year when RTP start its operation and usually done
during RTP annual maintenance by using positive period method part of licensing requirement set by
AELB. Few reasons of inconsistency of data were identified and elaborated in this paper such as a
physical properties of control rod like control rod position inside the core. Finally, this database is
crucial for security of data, data integrity of consistent and accurate data and easier data management in
the future.
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Objective

e RTP Control Rod No of Irradiated Fuel

. fuel for 8.5 t%, f h fuel
WO rth (.CRW) Fully 8.5 . 19 fuel for 12 wat %, 1 fresh fuel
calibration wgt % FE

» 10 fuel for 20 wgt %, 1 fresh fuel
database
development ’J

(1982'2019) CORE 0 28 Jun 82 — 1 July 82

CORE 1 7 July 82 — 30 Nov 85
* As part of RTP core core2 16 Dec 85— 12 Jun 87
CORE 3 20 Jun 87 — 13 May 88

.+ °CORE 14 24 Mac 09 — 1 Feb 13
*  CORE 15 Mac 2013 - NOW

management B CORE 10 21 Jul 94 — 19 Jul 01

| : CORE 512 Doc'0 0 A 60 CORE 11 23 Aug 01 — 25 May 06
analysis to support CORE 12 5 Jul 06 — 18 Jul 07
the improvement l CORE 13 14 Sep 07 — 15 Aug 08
of in-core CORE 6 6 Jan 90 — 11 Jun 91 Introduction of

Introduction of core7 20Jun91-30Nov91 [—

management 12 wgt % FE  CORES8 3 Jan 92 -3 Jul 93 20 wgt % FE
strategy for safe CORE 9 15 Sep 93— 18 Jun 94—

operation



Background

* Each change in reactivity caused by control rod
motion is referred to as control rod worth/control
rod reactivity worth

e There are several methods for determining the
reactivity worth curve of control rods and these
methods depends on the reactor type, the available
instrument and time:

a) Positive period method

b) Rod Drop Method

c) Inverse rate method

d) Inverse kinetics method (Reactivity meter)



Background

a) Positive period method

P(t) = P(0) exp @

P(t):= reactor power at time t.
P(0):=initial power
T:= reactor period [sec]

Pp= W In-hour Eq.

6
Bi
e+ ),
T 0)+Ai

i=1

p :=reactivity

| :=prompt neutron generation time [s]
w:=inverse hour (if doubling time w=In2/t)
B(i ):=i-th delayed neutron fraction
A(i:):=i-th precursor decay constant [1/s]



Background

b) Rod drop method
n B

i Derived from

ng p —@ point kinetic Eq.

n(1):= neutron population after prompt jump.

n(0):= initial neutron population before prompt jump
B:=effective delayed neutron fraction

p:=reactivity



Background

Integral and Differential Rod Worth Curve
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Method

PROCEDURE

Calibration of the individual rod by using positive period method

1. Neutron source is placed inside the core.

2. The control rod to be calibrated shall be at the bottom plate of the core. (start calibration with
TR from bottom)

3. Freeze the rod to be calibrated. (start calibration from bottom)

4. (Operate the reactor power level at 5 W by withdrawing three rods.

5. Make sure that the three control rods are in the same position and elevation discrepancy
between the highest and the lowest rod shall be less than 30 mm

6. Change the control mode to AUTO with demand power of 5 W.

7. Remove the neutron source from the core and place at the storage rack.

8. Maintain the power at 5W in the range of +1 9% rate for 5 minute in AUTO mode for all the
delayed neutron effects to die out.

9. The equilibrium 5 W is reached and switch to MANUAL mode.

10. Unfreeze the frozen rod and if the power moving from the equilibrium, repeat step & to 9.

11. Record all the control rods position.

12. Withdraw the control rod to be calibrated by 10 mm or less distance.

13. Observe the reactor period is between 15 and 30 seconds and freeze the control rod.

14. If the reactor period is longer than 30 seconds, repeat step 8 to step 13

15. Measure the time to power level increased by 1.5 times (280 W to 420 W, 320W to 490 W, 360

16.

17.

18.

W to 540 W, 400W to 600 W, 440 W to 660 W and 480 W to 720 W) by using stop watch or RTP
Trend Software. (Stick visible note for 1.5 times power for reference)

Record the control rod position together with the time to power level increased by 1.5 times on
the Data Sheet

Take five to six values. The reactivity values are obtained from the average value of the time by
referring to the reactivity table or by using curve fit reactivity table formula.

Make sure average time is between 9 and 24 seconds except 6 to 42 seconds for the last step of
each CR calibration

19.
20.
21.

22.
23.

Do not let the reactor power level exceeds 1 kWw.

Lower the power to 5 W by lowering other three control rods.

Repeat step 8 to step 20 until the control rod to be calibrated is fully out from the core.
(Average time for step 21 is 12 to 15 min)

Repeat step 1 to step 21 for other each control rod to be calibrated.

Trip the reactor by pressing the MANUAL SYSTEM TRIP switch.

Source:

1.

2.

3.

4.

RTP CRW Annual
Maintenance Report
2019

RTP-JILID7, Procedure
8.0 Control rod
calibration

IMS-T-07 Revision: 1.0
(2014) Tentukuran Rod
Kawalan

TP-RPT-01 Rev. No.: 0
RPT Procedure of Rod
Worth Measurement



d

Metho

10.
11.
12.
13.
14.
15;

16.
17.

18.

19.

Remove the neutron source from the core and place at the storage rack.

Maintain the power at 5W in the range of +1 % rate for 5 minute in AUTO mode for all the
delayed neutron effects to die out.

The equilibrium 5 W is reached and switch to MANUAL mode.

Unfreeze the frozen rod and if the power moving from the equilibrium, repeat step 8 to 9.
Record all the control rods position.

Withdraw the control rod to be calibrated by 10 mm or less distance.

Observe the reactor period is between 15 and 30 seconds and freeze the control rod.

If the reactor period is longer than 30 seconds, repeat step 8 to step 13

Measure the time to power level increased by 1.5 times (280 W to 420 W, 320W to 490 W, 360
W to 540 W, 400W to 600 W, 440 W to 660 W and 480 W to 720 W) by using stop watch or RTP
Trend Software. (Stick visible note for 1.5 times power for reference)

Record the control rod position together with the time to power level increased by 1.5 times on
the Data Sheet

Take five to six values. The reactivity values are obtained from the average value of the time by

referring to the reactivity table or by using curve fit reactivity table formula.

Make sure average time is between 9 and 24 seconds except 6 to 42 seconds for the last step of
each CR calibration.

Do not let the reactor power level exceeds 1 kW.

10
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Method
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Results
RTP CRW Database 1982-2019 (TR)

=] = 190715-Control Red Worth Historical Data.xisk - Bxcel (Product Activation Failed) ? o x

FILE HOME  INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  ADD-INS  NitoProd  PDF  POWERPIVOT Sign in
B2 > 5 2019 -
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1
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4 o 0 0 0 0 a 0.0 0.0000 o 0 0.0 0.0000 0 o 0.0 0.0000 o 0 0.0 0.0000 0 o 0.0 0.0000 57 0 0 0.0
5 | 25 0.196269 12.5 0.007851 15 0.188 7.5 0.0125 20 0.252 10.0 0.0126 70 0.2681 35.0 0.0038 20 0.2165 10.0 0.0108 67 0.2355 33.5 0.0035 204 67 0.242723 33.6
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8 100 0.832962 30 0.011103 60 0.7832 52.5 0.0138 65 0.8527 57.5 0.0136 139 0.8254 129.0 0.0088 74 0.9192 65.5 0.0130 140 0.9598 129.5 0.0103 360 138 0.884939 127.6
9 | 115 0.992527 107.5 0.010638 75 0.9716 67.5 0.0126 80 1.0475 72.5 0.0130 159 1.0309 149.0 0.0103 91 1.1656 82.5 0.0145 161 1.2229 150.5 0.0125 410 161 1.128919 143.7
10 130 1.182468 122.5 0.012663 950 1.1608 82.5 0.0126 95 1.24597 87.5 0.0135 176 1.2274 167.5 0.0116 108 1.3739 99.5 0.0123 187 149 174.0 0.0103 451 180 1.362279| 170.5
11 | 147 1.383492 138.5 0.011825 110 1.3831 100.0 0.0111 110 14168 102.5 0.0111 192 1.3948 184.0 0.0105 126 1.5524 117.0 0.0099 208 1.6947 197.5 0.0097 486 196 1.546327| 1879
12 165 1.574614 156 0.010618 130 1.5992 120.0 0.0108 130 1.605 120.0 0.00%4 212 1.6173 202.0 0.0111 148 1.7387 137.0 0.0085 234 1.859 221.0 0.0063 524 213 1.760552 | 204.5
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Results
RTP CRW Database 1982-2019 (SF)

H ©- 5 190715-Control Rod Worth Historical Dataxlsx - Excel (Product Activation Failed) 7 HA - 8 X
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ADD-INS Nitro Pro 9 PDF POWERPIVOT Signin
82 - £ | 2019 v
A B C. D E F G H 1 J K L M N Q P Q R S T u v W X Y = AA AB AC A
1
2 2019 2013 2017 2016 2015 2013* 2013
3 mm Acc. 5 Diff-h S/mm mm Acc. S Diff-h S/mm mm Acc. 5 Diff-h S/mm mm Acc. 5 Diff-h S/mm mm Acc. 5 Diff-h S/mm mm Acc. 5 Diff-h S/mm unit mm Acc. 5 Diff-h L}
4 0 0 0 0 0 0 0.0 0.0000 0 0 0.0 0.0000 0 0 0.0 0.0000 0 0 0.0 0.0000 0o 0 0.0 0.0000 111 0 0 0.0 0
5 37 0.234285 28.5 0.00411 58 0.2337 29.0 0.0040 58 0.2306 29.0 0.0040 30 0.1654 25.0 0.0033 38 0.212 29.0 0.0037 38 0.1488 29.0 0.0026 258 68 0.223383 33.9 [
6 87 0.458002 72 0.007457 87 0.4687 72.5 0.0081 88 0.4427 73.0 0.0071 85 0.406 67.5 0.0065 92 0.40956 75.0 0.0058 88 0.335287 73.0 0.0062 320 96 0.439133 82.0 [
7 112 0.689311 99.5 0.009252 107 0.663 97.0 0.0097 107 0.6359 97.5 0.0102 105 0.6042 95.0 0.0099 117 0.54566 104.5 0.0094 118 0.503587 | 103.0 0.0056 375 122 0.673633 109.0 q
8 132 0.908382 122 0.010954 128 0.878 117.5 0.0102 128 0.859 117.5 0.0106 125 0.8254 115.0 0.0111 137 0.89286 127.0 0.0124 143 0.700887 | 130.5 0.0079 428 146 0.914385 133.8 [
9 152 1.141432 142 0.011653 142 1.0664 135.0 0.0135 148 1.0991 138.0 0.0120 145 1.0633 135.0 0.0119 157 1.13656 147.0 0.0122 168 0.885687 | 155.5 0.0074 475 168 1.158257 | 156.9 q
10 172 1.376969 162 0.011777 157 1.2579 149.5 0.0128 166 1.3354 157.0 0.0131 165 1.316 155.0 0.0126 172 1.31376 164.5 0.0118 193 1.075487 | 180.5 0.0076 514 186 1.370212 | 176.7 0
11 187 1.573691| 179.5 |[0.013115 174 14777 165.5 0.0129 184 1.5692 175.0 0.0130 185 1.5541 175.0 0.0119 187 1.52996 179.5 0.0144 218 1.310187 | 205.5 0.0034 557 205 1.591095 195.6 [
12 202 1.77321 154.5 | 0.013301 189 1.6797 181.5 0.0135 202 1.7982 193.0 0.0127 205 1.7911 195.0 0.0115 202 1.71236 184.5 0.0122 248 1.559107 | 233.0 0.0083 603 227 1.805028 | 216.1 [
13 218 1.964428 210 0.011951 204 1.8825 196.5 0.0135 220 2.0308 211.0 0.0129 220 1.9628 212.5 0.0114 217 1.88356 209.5 0.0114 282 1.805093 265.0 0.0072 650 248 2.043562 | 2375 q
14 238 2.192284 228 0.011393 219 2.0717 2115 0.0126 240 2.2594 230.0 0.0114 240 2.1848 230.0 0.0111 237 2.13126 227.0 0.0124 379 2.070967 | 330.5 0.0027 695 269 2.265497 | 258.7 [
15 258 2.422129 243 0.011452 235 2.3098 229.0 0.0119 260 24722 250.0 0.0106 256 2.3485 248.0 0.0102 261 2.35306 249.0 0.0092 379 2.070967 | 379.0 0.0000 757 298 2480097 | 283.3 q
16 282 2.642154 270 0.009168 259 2.5335 245.0 0.0112 280 2.6711 270.0 0.0093 280 2.5354 268.0 0.0078 290 2.59316 275.5 0.0083 831 332 2.676083 314.7 I
17 318 2.88994 300 0.006883 284 2.7845 271.5 0.0100 309 2.9157 294.5 0.0084 306 2.7218 293.0 0.0072 315 2.75906 302.5 0.0066 938 381 2.793058 | 356.4 q
18 379 3.069159 | 348.5 |0.002938 314 3.0176 299.0 0.0078 380 3.1648 344.5 0.0035 379 2.9222 342.5 0.0027 379 2.90646 347.0 0.0023 938 381 2.793058 | 381.0 L)
198 379 3.069159 379 0 380 3.2472 347.0 0.0035 380 3.1648 380.0 0.0000 379 2.9222 379.0 0.0000 379 2.90646 379.0 0.0000
20 380 3.2472 380.0 0.0000
n
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Results
RTP CRW Database 1982-2019 (SH)

H - s 190715-Control Rod Worth Historical Data.xlsx - Excel (Product Activation Failed) 7 - x
FILE HOME ~ INSERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  ADD-INS  NittoProS  PDF  POWERPIVOT Sign in
B2 ¥ £ | 2019 v
A B c D E F G H I J K L M N o P Q R s T u v w X v z Ad AB AC [=]
1
2 2019 2018 2017 2016 2015 2013* 2013
3| mm Acc.$ | Diffh | $/mm mm Acc.$ | Diffh | $/mm mm acc.$ | Diffh | $/mm mm Acc.$ | Diffth | $/mm mm Acc.$ | DiffFh | $/mm mm Acc.$ | Diff-h | $/mm unit mm Acc.$ | Diff-h | ¢
4 0 0 a 0 0 a 0.0 0.0000 0 0 0.0 0.0000 0 0 0.0 0.0000 0 0 0.0 0.0000 0 0 0.0 0.0000 111 0 0 0.0 a
5 57 |0.219841| 285 [0.003857 57 02264 | 285 | 0.0040 56 0.2328 | 28.0 | 0.0042 45 01382 | 23.0 | 0.0030 57 0.2138 | 285 | 0.0038 59 0.2433 | 295 | 0.0041 233 57 0.195 283 | g
6 87 |0430437| 72 | o000702 | 87 0.0403 | 720 | 0.0072 86 04637 | 710 | 0.0077 85 03805 | 65.5 | 0.0062 57 04399 | 77.0 | 0.0057 89 04762 | 740 | 0.0077 291 84 | 03824 702 | q
7 112 |0.645211| 99.5 |0.008591| 107 | 0.6256 | 97.0 | 0.0032 109 | 0.6885 | 975 | 0.0098 111 05779 | 93.0 | 0.0076 127 | 0.6928 | 112.0 | 0.0084 114 | 0.6668 | 1015 | 0.0076 341 107 |0.602223] 953 [ d
8 132 |0.853221| 122 |0.010401| 127 | 0.8244 | 117.0 | 0.0099 129 | 09071 | 119.0 | 0.0109 131 0.792 | 121.0 | 0.0107 147 | 09461 | 137.0 | 0.0127 139 0.8072 | 1265 | 0.0056 382 126 | 079359 | 1164 | g
9| 152 | 107078 | 142 |0.010878| 147 1.0466 | 137.0 | 0.0111 149 | 11381 | 139.0 | 0.0116 151 1.0168 | 1410 | 0.0112 162 11279 | 1545 | 0.0121 159 0.9772 | 149.0 | 0.0085 436 151 |1.045053| 1385 | @
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Results
RTP CRW Database 1982-2019 (RG)
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Results
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Results

Differential Reactivity Curve (RG)
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RTP CRW Database 1982-2019
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Conclusion

* This RTP CRW calibration database is important for:
Ease of updating data;
Security of data;
Data integrity;
Data analysis.

* This important as part of RTP core management analysis to support the

improvement of in-core management strategy to ensure safe operation and for
better utilization.
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