A Study on Effect of Assembly Power
History to Gamma Dose Rate In Spent
Fuel Pool at a Short Cooling Time

Yunki Jo, Deokjung Lee*

Department of Nuclear Engineering, Ulsan National Institute of Science
and Technology, 50 UNIST-gil, Ulsan, 44919, Republic of Kore

~SWNEy .. . _ _
g@ yunki.jo@unist.ac.kr, deokjung@unist.ac.kr
WNisSsT
WeLend”
238'706 WHMNiST CR2RE
Introduction

The radiation dose rate on the water surface of spent fuel pool must be less than 25 uSv/hr
according to ANSI/ANS 57.1-1992.

The radiation source terms of spent fuel can be affected by many parameters such as fuel
enrichment, assembly burnup, power history, cooling time, etc.

In this study, tendency of radiation source terms depending on burnup and power history is
observed at a short cooling time of 100 hours to consider a refueling situation.

Codes, Methods & Models

* A deterministic neutron transport code using Method of Characteristics, STREAM is used to
calculate radiation source term. It is also used in depletion calculation of 2-D fuel assembly.
It has a capability to compute radioactivity, decay heat, neutron and gamma source spectra
for spent nuclear fuel.

A Monte Carlo particle transport code MCS is used to 3-D whole core depletion calculation
and gamma dose rate calculation in spent fuel pool.

A weight window (WW) variance reduction technique is used in the gamma dose rate
calculation.

Calculation procedure for dose rate calculation in spent fuel pool.

<Part#1> MCS, Neutron simulation in criticality mode (3-D Core Depletion)
v

Material composition of depleted fuel
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Radiation Source Term Calculation for 3-D Core Model

H J K L M N P R
1 1491 | 465 | 47.7 FA-wise Burnup @ EOC
2 | 208 | 209 | 20.2 47.8 (MWd/kgU)
3 | 433 | 40.7 | 235 172 | 494
4 | 446 | 242 | 445 | 366 | 219 | 172 | 478
51239 | 440 | 389 | 426 | 366
6 | 434 | 418 | 23.7 | 389 | 445 | 235 | 202 | 47.7
7 1410 [ 230 | 418 | 440 | 242 | 40.7 | 209 | 46.5
8 | 33.8 | 410 | 434 | 239 | 446 | 433 | 20.8 | 49.1
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Assembly-wise burnup and normalized power distribution at end of cycle.
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* Assembly-wise radiation source distribution at cooling time of 100 hours.
- Neutron source highly depends on burnup dist. & Gamma source highly depends on power dist.

H J K L M N P R H J K L M N P R
1 1661 | 538 | 5.70 Neutron source (1E+08/sec) 1 Gamma source (1E+17/sec)
2 1036 | 037 | 033 Tcool = 100 hrs 2 5.99 Tcool = 100 hrs
3 | 478 | 385 | 0.53 3 695 | 532 | 524
4 1525 | 060 | 519 | 250 | 043 4 6.23 | 6.27 | 6.56 | 5.24
5 1057 | 497 | 3.16 | 438 | 250 5 6.36 | 640 | 613 | 6.27 | 5.32
6 | 487 | 415 | 057 | 3.16 | 519 | 053 [ 033 | 570 | 6 | 612 | 638 | 7.04 | 640 | 623 | 6.95
7 | 390 | 050 | 415 | 497 [ 060 | 3.85 | 037 | 538 |7 | 617 | 692 | 6.38 | 6.36 6.60
8 [ 527 | 390 | 487 | 057 | 525 | 478 [ 036 | 6.61 | 8 | 516 | 6.17 | 6.12 647 | 6.28

= Assembly-wise radiation source distribution at cooling time of 20 years.
- Both neutron & gamma sources highly depend on burnup distribution.

H J K L M N P R H J K L M N P R
11216 | 1.67 Neutron source (1E+08/sec) 1 Gamma source (1E+15/sec)
2 | 0.06 | 0.06 Tcool = 20 years 2 Tcool = 20 years
31135 [ 1.04 | 0.10 31282 | 269 | 1.62
4 1153 | 011 | 1.51 4 1289 | 1.66 | 2.88
5 1011 | 143 | 0.82 5 1164 | 287 | 2.58
6 | 1.38 | 1.14 | 0.11 6 | 281 | 275 | 1.63
/7 1104 1009 | 114 | 143 | 011 | 1.04 [ 006 | 167 |7 | 270 [ 159 | 2.75
8 [ 160 | 104 | 138 [ 011 [ 153 | 135 | 006 | 216 | 8 | 210 | 270 | 2.81

of 100 hours (center) & 20 years (right).

- At a short cooling time, the gamma source emission is largely affected by short-lived nuclides
in fission products. After few years cooling period, it is mostly affected by long-lived fission
products such as Cs-137 (T, /, = 30.1 years)
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STREAM Source Term Calculation
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<Part#3> MCS, Photon simulation in fixed source mode + WW (Spent Fuel Pool)
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Dose rate in spent fuel pool
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Hypothetical OPR-1000 whole core model by MCS
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Gamma source (1E+17/sec) 1
Tcool = 100 hours
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Axial power distribution at end of cycle (left) and Gamma source distribution at cooling time
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Gamma source (1E+15/sec)
Tcool = 20 years
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Dose Rate Calculation in Spent Fuel Pool

Gamma source only from the assembly in transit is considered in dose rate calculation.

The contribution by gamma from FAs stored at bottom of spent fuel pool are negligible.
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= STREAM is used to depletion & source term calculations for PLUS7 fuel assembly.

= Case 1) Different assembly burnup with the same power density.
Power density = 36.85 W/g up to each target burnup (60, 55, 50, 45, 40 MWd /kgU).
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O w4 —®— 55 MWd/kgU
5 2] = —@— 50 MWd/kgU
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c E Nl 40 MWd/kgU
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< Cooling time (day) O Cooling time (day)
= Case 2) Same assembly burnup with different power history.

Power density = 36.85 W/g (0—40 MWd/kgU)

— 120, 100, 80, 60, 40% of 36.85 W/g (40—60 MWd/kgU)
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Dose rate of selected FAs (ICRP-116 is used as a photon flux-to-dose conversion factor)

- The light purple region between M07 & P04 represents available gamma dose rates.
- Dose rate from K08* is ~1.6 times higher than the one from KO08. It is much higher than the
one from M07 which has ~1.25 times bigger gamma source intensity.
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= Atashort cooling period, it is observed that neutron source intensity highly depends on
burnup and gamma source intensity highly depends on power history.

Therefore, not only assembly burnup, but also assembly power history should be carefully

considered for the source term and dose rate calculations at a short cooling time such as a
refueling period.
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