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EEAHRITAYHTIRE T IR T 5= ) (Canadian Nuclear Laboratories)i4THSEE
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BATHISE I AZ RE Y BRI AR
Jammal FAFAEREH CNSC 2" /NEUREAH (LS SR J(Small Modular Reactor, SMR)
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WHaat < &8 - ¥ SMR Zaeataa S EH > ONSC Ryge A SV FHEA e 8 Rt
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B -

(3)EXBREERHER
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BIRIZAEFEFBPITRIZE William Fox (LT (FRE T HERIRILREEFLEH Sandy
Taylor RIEURATE) » MRS BN BIES » g Ea B TR EE N
] (ONNC) 48 TFZEEE I S ~ 52E/K JI#%BEEE /7 (Korean Hydro and Nuclear Power )k
1TEI%% Sang-Wook Han ~ HAJEFJEZER,E (Japan Atomic Industry Forum)=4kEa

R Takuya Hattori ~ LK NuScale Power i {EHI%FER Dale Atkinson °

HZA JAIF S 4RJeAR Takuya Hattori ¥ge5@HHE & " Capacity Building is a
Cornerstone for Sustainable Development of Nuclear Power ; > Hattori zRBHfE
TZRE BB R Fe L& B pe R 45 G B AZ RE S5 B AT G BRI » GRR BH AL B AT R A 3 Y %
o BEBERBR - Mes%® - MLEH - FalelE - SEEHE - BESOR - ARE
O R ECREE R EIE - HATH A E R R R A &R - 2501 © (1) HAT
LIRS SRS [TFEE AT ARL T (2)I2 A RHYRN - ] AR S [RARHTH T8 fEE
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2. B e

ARGk EE s amEEA 4 [EEE > " ZEEAI{E#E | (Advancing Nuclear
Energy)Ed " #%gEAY7K4E , (Sustaining Nuclear Energy) 43HIA 2 -
(1) IZEERVRHE - FTERVIERS

10 A 2 HCEAD) RARVSEE i - B T IXeer e | B aRiE T B
R ERE " IXEEMEAL B | (Gateway for Accelerated Innovation in
Nuclear) F{ERita Baranwal /14HE5(E > 56 | ([E0FETEE " BUERTIERE | (The Path
Forward) HEBIZEEEFEZ E S (Nuclear Industry Council)Z48# David Blee T
£ ofem [ R MSHSAIRZERIATE - BUORKIZE SEAR S T R X RERL T, BEF
3 AR W N A% BE B 57 4H 4% (Australian Nuclear Science and Technology
Organization, ANSTO)#{TH Adi Paterson  BEEIZAERI AKX B HE E S (K
Nuclear Innovation Research Advisory Board) £ Sue Ton ~ 3£ GE-Hitachi #8&
BUTREIZE Jon Ball ~ HASGERMEES (MEXT) IR FRE ] 5] Takashi Kiyoura ~ IEEK
Y EERFTE £ Gina Strati °

JEIN ANSTO 07T Adi Paterson #2588 H & BNZEARHERE (The Nuclear Fuel
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Energy Research Institute) SMART 18 F{T: Han Ok Kang~ fllZ& K Terrestrial Energy
T Simon Irish ~ 3EE] NuScale Power & & MR ESEI4E Ken Langdon ©
NuScale Power =4 5 BRI EII4% Ken Langdon 2 H &y " NuScale Power-

HEHERETR | (NuScale Power-Advancing Energy) © NuScale Power f& H gl —HYIER~Z
FEIREFE AT A S (5 F3 2,17 8FT) 2 SMR FA%E @ tEmE—avie "3
STE0EE ) HERSEEEIIZE S (NRC) 2 SMR B < NRC &2 2018 4F 4 H5ER 7 HEE
MR —F&EE(Preliminary Safety Evaluation Report and Requests for Additional
Information) » FER 2020 4 8 HeH 225 li#RE  "NuScale | 1E4H(LI fERS
& SMR 2SN HIE & H ATER 208 HHvsET -
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Fleet - Utility Perspective) » HIIZE AT B £E Kathryn McCarthy 257 >
aTEm [ B BRI AAERAHRASEN R | - BEEEE A RE A HEE - BiEER
Arizona Public Service A E|EMEHEI4E Chuck Kharrl ~ 5EK SIZEEE SIAE H
P27 (Central Research Institute)FEfE Yunho Kim ~ 3£ Southern Nuclear 2%
H AR R AT ERF T4 Chris Comfort ~ HABERE A (Federation of Electric
Power Companies ) %5 HSIAE4LHE Norio Atsumi ©

e[ 7K JIR% BE B A B iR 2e Fr EAE Yunho Kim #5588 H B " mEe#AUIZBE K48 |
(Sustainable Nuclear in Korea) > Kim 5t s &R = RETREG R > BUSIZAE Ry EI%K
AERENIR IR ORI EMXEE - £S5 ELHERHER 28.2% &2
BRIXEEIRAHEE 6 PRV - T HROMTaE J1%R5 - CEE LA N IR RA IR EE
R DA - (RN SR R ek - RAHNZEL 2 LR SR
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Civil Nuclear Trade Advisory Committee) /i ~ Curtiss-Wright EEH I E
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(Electrical Power Research Institute) Sherry Bernhoft ~ filZ= A CANDU 2 F4H4%
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Utility Services) Hirokazu Ofuji ~ & ZEE{a) MBI B e SEEES /KU RS Al 748
MErE(U.S. Light Water Reactor Sustainability Program)F{F Bruce Hallbert »
INZE K A% REEE $£4H %% (Organization of Canadian Nuclear Industries)Ff# Ron
Oberth °

CANDU 3% F-4H#%48# Fred Dermarkar $ge5@ B By " iXBe KRR FRFEEHRER B & |
(Challenges and Opportunities for Sustaining a Nuclear Future) > Dermarkar
Ton 0 MEEER I EEEEEEEER - WS FEREL  MkLe - fUE
ML~ SRR E B R PR ~ RS BRI R A B B - (H AR
SRR - EFEEE AT RIS S ~ BEMERRAE » SR B i - {ft
TEREEIHY & 1F R S L REAH SRR H i i & 1F -

FEEEMERERE T EOKA S ES TR M= ) EAE Bruce Hallbert i
HH Ry T UK E RS FI @ TR SRR B2 BLR i A8 | (Science and Technology
Underpinning Light Water Reactor Sustainability Research) » Hallbert Z7BEHI:
aTE HHY R b = SE UL RE PR AH (Y 20 2 BLAORARE - I R {18 W] S B8 ) AR Y A
(R - HIEEETE  WEORA X RS SR R - G A AT T AR MK SR T B3 A

ATHARIA SR i 5 SR MEELER 8 R ) - DUSEOR 24 ~ B HE TSk ~ IIassOm e
TR E RIS AR R - R B LB E b & e R S i

ARAPORIZE T - AR BRI RHSES - 2kid 1L R eSS BE ST (RPV)
HEALAYTEOHIREAY 5 7 g S i AL B ) g b 4 24 ( TASCC) 2 5 Bt e s el 534 (SCC) Y 3%
A > FEOANG S e ial SR T AR SE AR LA FROHIMERE IR AG R R 3R T
BGUNE BE TS BAVIRERECHIRONT © Bt &8 5 FASERERYSERERONT - I SiE
WIMRHVEELE © 1R REEE R ZER R 4EETIT 4R - SR RS PRI IR R T s
e LB - RtIHIRE 384 - H RTIEAEIHFE R AR i B IR HEE )
ALREAYRT > DL (5 ST 4a 48 Bl R e i SR 8y -
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AR AT B S R T » R R B A BB A e Ry R HAZ AT AT
FEMERIE LS = R - SRR AENE © S8 B S SR il R LA EAISR
W& 5 BrEEE  JHIENEBLE TRl JRd(ERl - POB SR E e BHEE SRR - DARR
A~ A HIEBLRAR AR A LIBAR - 7ERIRERRHIES 7y - SRAEAEHE © (1) DLEE AR &
YT FEOHIME4ESE ((Predictive Maintenance ) SRS R A" HUE MEHEE ((Prescriptive
Maintenance)SRES » (2)EEZE A FIRIESE - it EIEAERSE R 50AY FUAI: 48
SR - I RN EDNIAE S - (BRI ER BN RN S0 R RS B S 2 B A ORI A > 7
TR EE ST o (E R E RS SRR BEASRE R - () EEERSEIE Eh{b2k
HEEReE - DU SR G A -

I ARILREAEZEAH AR T /% Ron Oberth e HE Ky "k BEHIIXAE - (L IERGHIEIRS |
(Supplier Perspective) > Oberth =RBBLRERGE4ERHMLREFESE J71H Il S HERAGEEH] -
BEBAE ~ BE - SFEEEREPIFEERAR - GRS - 1o a8 Bl B
GFHIPBUEREEMSZE o TRIFTE Y - B8 /MR e R AR 72 - DU
SRIZREE SR T ZE S PR - W (L ER B HEE) - THE F A E s B A
PR EIRE ~ AL (ETh) - ALEE - g T B 3D FIEIRaHIiEE -

SEHAA IR R B ALIXRE B — AR - B T — e A LB TR A EsE - B
FEEOERTS - EIEPEERE RGN - 7T RIS G IXRE B TR KAV &AM - &
BRAFIINERAESE » 78 F 5 AR LR ERAE - DA « S9N E BT 5Bl
ERGSS & AE S TEB R SR E R JT 28 » BB ILE & VE B 2% AR 2 Sn BLRE il - 3

SoE s ~ #OTBUFEEE R - AlERR e I E E SR
3 BIMTHRAE

ARG RNETEm L&A 140 /8 WEm KB 7y Bl 39 (EfLfimsgie fak
[E—HFEA 6-7 (B2 FEFE T - hElg N SR EETEESM - Filmsm i
FRESLA TN 1037

2Bl (Safety and Security)
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PRI FEES (Advanced Reactors)
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SAFETY ANALYSES FOR INSTALLING FUEL STORAGE RACKS IN CASK LOADING POOL AT KUOSHENG
NUCLEAR POWER STATION

Ping-Hue Huang
Taiwan Power Company
19th Fl., 242, Roosevelt Rd., Sec. 3, Taipei, Taiwan
E-mail: u808966@taipower.com.tw

Abstract- Even with the two Spent Fuel Pool (SFP)
reracking projects to expand the capacity to 4398 cells,
Kuosheng Unit 1 had practically no unfilled SFP cells
such that operation was prohibited from November 30,
2016. After a careful evaluation of the possible measures
to restore refueling ability, the Taiwan Power Company
has elected to install four 11x10 storage racks within the
Cask Loading Pool. The additional 440 cells could allow
operation for two more fuel cycles, about 3 more years.
All the aspects (criticality, thermal-hydraulic, structure,
radiological, and accident) specified in the Republic of
China Atomic Energy Council’s review guidance are
evaluated. Additionally, distinctive subjects such as
transportation, installation, post-Fukushima safety
enhancement measures, and emergency/recovery plans
are thoroughly addressed. The Safety Analysis Report
(SAR) was submitted in August 2016. As the safety issues
were thoroughly examined, many unique and significant
issues worth exploring have been identified and
additional analyses requested. After all the issues
resolved, the SAR was approved in April 2017. For Unit 1,
rack installation was completed and the unit was back
online in June 2017. The timely and successful
implementation of this contingency project is extremely
critical for achieving a stable power supply in Taiwan.

I. INTRODUCTION

The Kuosheng Nuclear Power Station consists of two
BWR-6 units currently rated at 3001 MWt (~1020 MWe).
Each unit has a Spent Fuel Pool (SFP) for storage of spent
fuel. An additional storage capacity of 663 assemblies
exists in the Upper Fuel Pool (UFP), however, the UFP is
not allowed for storage of spent fuel when the reactor is
critical. The second SFP reracking project (reported in
15th PBNC) completed in 2004 adds six new rack
modules to the SFP, and the total cell count is increased to
4398 storage cells.! With the expanded capacity, however,
the SFP for Kuosheng Unit 1 had practically no unfilled
cells for discharged fuel such that further operation was
prohibited from November 30, 2016 due to inability to
refuel. The Taiwan Power Company (TPC) had originally
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planned to move some spent fuel assemblies to a dry
storage facility using NAC Magnastore technology (27
casks each holding 87 fuel assemblies). The AEC issued a
license for the Kuosheng dry storage facility in August
2015, however, final approval for the facility is blocked
by the local government.

After a careful evaluation of the possible measures to
restore refueling ability (mainly using the UFP for long-
term storage of old spent fuels, or sending spent fuel
abroad for reprocessing), TPC has elected to expand the
spent fuel storage capacity by installing four 11 by 10
storage racks (from the inventory of Lungmen Unit 2) in
the Cask Loading Pool (CLP). The additional 440 cells
could allow operation for two more fuel cycles, about 3
more years. As a prudent measure to minimize the
adverse impacts such as localized boiling in the CLP and
excessive exposure rates, the spent fuels allowed to be
stored are limited to old spent fuel assemblies offloaded
from the first to the forth fuel cycles (decayed for more
than 29 years). The Pacific Engineers & Constructors Ltd.
(PECL) was awarded this contract.

The effects on all aspects (criticality, thermal-
hydraulic, structure, radiological, and accident) specified
in the Republic of China (ROC) Atomic Energy Council’s
(AEC’s) review guidance are evaluated,®> and all the
acceptance criteria are met. In addition, distinctive
subjects such as rack transportation, installation,
emergency plans, recovery plans, neutron absorber panel
test plans, applicability of the post-Fukushima safety
enhancement measures, and the integrity of the CLP are
thoroughly addressed.

The Safety Analysis Report (SAR) for this project
was submitted to the AEC on August 18, 2016. A review
task force was organized by the AEC to perform a very
strict review. As the safety issues were thoroughly
examined during the review process, many important
issues have been identified and additional analyses
requested, such as: (1) local temperature distribution
analysis to demonstrate that localized boiling will not
occur in the CLP, (2) sensitivity analyses for the total
duration of time history and damping value utilized in the
rack dynamic analyses, and (3) safety margin with respect
to the fuel damage for the rack dynamic analyses.
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These issues required very extensive efforts to
resolve. With the cooperative efforts by the TPC team,
however, all the issues were fully clarified and SAR was
approved by the AEC on April 6, 2017. For Kuosheng
Unit 1, the rack installation work was completed in May,
and the unit was back online on June 9, 2017.

I1. GENERAL DESCRIPTION
I1.A. Pools and Racks

The SFP consists of two discrete pools, and the CLP
is adjacent to the SFP, as shown in Fig. 1. The second
SFP reracking project only adds six new rack modules
supplied by ENSA to the SFP. Except a specialty rack, all
the existing rack modules supplied by Holtec from the
first SFP reracking project continue to be used. The total
cell count is 4398 storage cells.

CASK
LOADING
POOL

Fig. 1. Spent Fuel Pool and Cask Loading Pool.

The Cask Loading Pool after the installation of the
storage racks is shown in Fig. 2.

Fig. 2. Cask Loading Pool after installation of the racks.

The Lungmen racks are also supplied by ENSA, and
the main material are the same as the existing racks. The
storage rack cell consists of a squared stainless steel tube
surrounded by four fixed Boral sheets. The minimum
Boral panel B-10 areal density (0.020 g/cm?) is the same
as the existing ENSA racks, and is much higher than that
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of the existing Holtec racks (0.012 g/cm?). The cell pitch
is 167 mm, which is substantially larger than the 159.5
mm for the existing racks. As part of the installation
process, the various pipings (makeup and drain pipes) and
other protrusions on the pool wall are removed. Also, the
existing stiffening frame around the Lungmen racks is
supplemented with a displacement restraint to provide
horizontal support.

11.B. Safety Analysis Report

The SAR documents the design and analyses
performed to demonstrate that this project meets all
requirements, in particular, the AEC’s review guidance
for the SFP reracking. The scope of evaluations for the
SAR includes the five technical aspects specified in the
review guidance:?

1. Criticality

2. Thermal-Hydraulic

3. Structure (Mechanical, Material and Structural)
4. Radiological

5. Accident

Additionally, distinctive subjects such as rack
transportation, installation, emergency plans, recovery
plans, neutron absorber panel test plans, applicability of
the post-Fukushima safety enhancement measures, and
the integrity of the CLP are thoroughly addressed.

I1.C. Licensing Activities

The SAR for this project was formally submitted on
August 18, 2016. The AEC review process was separated
into two stages: (1) the acceptance review, and (2) the
detailed technical review. For the acceptance review, 21
questions were raised by the AEC on the completeness of
the SAR. After all the questions clarified and the SAR
revised consequently, the SAR was accepted for the
detailed technical review on September 20, 2016.

For the detailed technical review, a review task force
consists of scholars and experts of various aspects
(including 11 external members and 13 AEC members)
was organized by the AEC to perform a very thorough
review. The task force was separated into three functional
groups:

A. Accident/Criticality/Thermal-Hydraulic
B. Structure/Material
C. Radiological/Waste Treatment

A joint review meeting for all the three groups was
conducted on September 21, 2016, and subsequently 10
review meetings for the individual group were conducted.
Four rounds of Request for Additional Information (with
62/85/40 questions for Groups A/B/C, respectively) were
raised by the AEC. Responses to those questions were
prepared jointly by the TPC and PECL. Some of the
review questions required rather extensive efforts to



address adequately, and follow-up questions to the initial
questions of each round were raised if the issues were not
considered fully clarified. With the cooperative efforts by
the TPC team, all the issues were fully clarified and SAR
was approved by the AEC on April 6, 2017.

11l. SAFETY ANALYSES AND KEY ISSUES
I11.A. Criticality Analysis
I11.A.1. Methodology and Results

The criticality analyses were performed with the
multigroup transport theory code CASMO-4, and three-
dimensional Monte Carlo code MCNP5. The CASMO-4
code was used as the primary method as well as a means
of evaluating small reactivity increases associated with
manufacturing tolerances. The MCNP5 code was used for
independent verification of the CASMO-4 results, and
when needed, to evaluate accident conditions.

The criticality analyses were performed using
conservative methodology similar to that of the previous
reracking projects. The analyzes were performed for the
two fuel types: GE8x8-2 and ANF8x8-2. CASMO-4
calculations were performed for all the lattices of the two
fuel types. The effect of abnormal and accident conditions
are evaluated for: (1) temperature and water density effect,
(2) Zircaloy fuel channel distortion, (3) abnormal location
of a fuel assembly, (4) dropped fuel assembly, and (5)
fuel rack lateral movement. The maximum ke (including
all uncertainties) of the 9 lattices is 0.80768, which is far
less than the 0.95 limit. The maximum effect of abnormal
and accident conditions are conservatively evaluated to be
0.00355 (for abnormal location of a fuel assembly).

I11.A.2. Key Safety Issues/Additional Analyses

Since the Boral panel B-10 areal density and the cell
pitch for the Lungmen racks are more conservative with
respect to criticality safety than those for the existing
racks, there is no real safety concern. Rather, the TPC was
requested to perform CASMO-4 calculations for the racks
from Lungmen, the first reracking and second SFP
reracking, to demonstrate the criticality safety margin.
The results demonstrate that infinite multiplication factor
for the Lungmen racks is indeed lower than those for the
first reracking and second SFP reracking.

111.B. Thermal-Hydraulic Analysis
I11.B.1. Methodology and Results

The thermal-hydraulic analysis evaluates the
following items: (1) maximum pool temperatures, (2)

maximum local water and cladding temperatures, and (3)
the time available for corrective actions after loss of
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forced cooling. Since the decay heat load for fuels
discharged more than 29 years is very low, the increase in
the total heat load is quite low (~2%) and the effects are
insignificant. The calculated maximum bulk temperatures
remain below the acceptance criteria, and the maximum
local water temperature in the SFP is lower than the
saturation temperature so that localized boiling will not
occur. With loss of forced cooling, the maximum boiloff
rate is only ~36 gpm, which is significantly less than
capacity of makeup water sources (50 gpm). The time-to-
boil is greater than 11 hours and time for water to drop to
a level of 3 meters above top of fuel bundles is greater
than 87 hours, thus, a sufficient time is available for
corrective actions to align and supply sufficient water,
from a variety of sources, to the SFP.

I11.B.2. Key Safety Issues/Additional Analyses

1. CLP water temperature distribution

There is no forced cooling flow injected into the CLP,
and the decay heat load in the CLP is removed by natural
convection of CLP water to the SFP through a gate (Gate
3) connecting the two pools. However, the bottom of Gate
3 is approximately 17 feet above the bottom of the CLP,
and it was suspected that this might impede the cooling of
the CLP, resulting in excessive local water temperature.
To clarify this issue, a fluid dynamics and temperature
distribution analysis was requested by the AEC.

The GOTHIC code was used to perform the analysis
for storage of old spent fuel assemblies with very low
decay heat. Figure 3 shows that the maximum variation in
the CLP water temperature is only ~0.7°C, thus, Gate 3
could allow sufficient natural convection of the CLP
water to the SFP, and localized boiling will not occur.
However, excessive local water temperature could be a
concern if newly discharged fuel assemblies are stored in
the CLP.

Fig. 3. Cask Loading Pool Watér temperature distribution.

2. Abnormal Refueling with Full Core Discharged to UFP

The TPC was requested to calculate the maximum
pool water temperature for “abnormal refueling case with
full core discharged to UFP”.



It is stated in the Kuosheng FSAR that “During a full
core outage when elements are stored in the upper pool,
those elements that have decayed the longest in the
spent fuel pools may be moved into the upper pool
storage racks. This operation is done to reduce the heat
load in the upper pool ...”. Thus, “abnormal refueling case
with full core discharged to UFP” is not considered an
applicable case.

Nonetheless, the maximum UFP water temperature
for abnormal refueling case with the highest UFP water
temperature was estimated using the relationship that the
temperature rise (pool temperature minus heat exchanger
inlet coolant temperature) is proportional to the heat load,
and is inversely proportional to the coolant flow rate. The
relationship has been validated using the results from the
second SFP reracking. The maximum UFP temperature
from the second SFP reracking is 72.53°C, while the limit
value is 100°C. With the increased heat load, the
maximum UFP temperature estimated using the
relationship is 74.3°C, still far below the limit value.

I11.C. Structure Analysis
I11.C.1. Methodology and Results

The structure analyses include two main parts: (1)
rack dynamic analyses and structural evaluation, and (2)
fuel building and CLP structural integrity evaluation.

The structure analyses are complicated by the new
finding for the nearby Shanchiao fault. In the Kuosheng
FSAR, the design basis Safe Shutdown Earthquake (SSE)
is anchored at a peak ground acceleration (PGA) of 0.4g
in the horizontal direction, and the Operation Basis
Earthquake (OBE) is one half of the SSE. As required by
the AEC, the effects of the new finding are considered
using assumptions provided in Table I: For the newly
added systems and components such as the racks, the
effects are accounted for by the use of a 0.67g Design
Basis Earthquake (DBE). For the existing structure, DBE
and OBE in the FSAR are continued to be used, and the
Seismic Margin Assessment (SMA) methodology is used
to address the Beyond Design Basis Earthquake (BDBE)
using a PGA of 0.67g.

TABLE I. Acceleration assumptions for the newly added
systems and the existing structures

OBE DBE BDBE
Newly Added 029 | 6E7”Vg'S°£
Racks FSAR 219 & i
0.67g CR-0098
Existing Structure 0.29 0.67g
CLPStructure | FSAR | O49FSAR SSE
Existing Structure 0.29 0.67g
Fuel Building | FSAR | C#9FSAR SSE

1. Rack Dynamic Analyses and Structural Evaluation

The analyses are performed in compliance with
AEC’s review guidance,” and the USNRC’s Standard
Review Plan (SRP). A non-linear dynamic analysis of the
fuel storage racks was performed using ANSYS to obtain
the forces, displacements, deformations, etc. The analyses
were based on the simulation of the DBE and OBE in
accordance with SRP 3.7.1, “Seismic Design Parameters”.
The synthetic time-histories in three orthogonal directions
(N-S, E-W, and vertical) are generated in accordance with
SRP 3.7.1. The applicable loads and their combinations
are consistent with SRP 3.8.4. Stress calculations of the
racks were performed to demonstrate the compliance with
the requirements of the ASME Boiler and Pressure Vessel
Code. All the calculated stresses meet the requirements.

2. Fuel Building and CLP Structural Integrity Evaluation

Design Basis Seismic Evaluation for Fuel Building
was performed due to the installation of the racks in the
CLP. The original FSAR loading conditions and
acceptance criteria are adopted. The evaluation results
show that the seismic impact of the additional fuel
bundles and racks in the CLP is very limited. For the most
limiting load combination, the minimum safety factor
remained above 1.0. All major structural components still
meet the design basis seismic requirements.

In addition, a SMA High-Confidence of Low
Probability of Failure (HCLPF) analysis was also
performed for the Fuel Building. The HCLPF capacity is
equal to the earthquake magnitude at which the strength
limit is reached. The methodologies and criteria of EPRI
NP-6041-SL were applied for the HCLPF calculation.
The evaluation results for major structural components
show that the SMA criteria are met.

3. Spent Fuel Pool Integrity Evaluation

To address Fukushima Near-Term Task Force
Recommendation 2.1, a “SFP/CLP Integrity Evaluation”
was performed in accordance with EPRI-1025287,
“Seismic Evaluation Guidance”. The results show that the
uncovering of the fuel bundles during normal operation
and refueling outage will not occur within 72 hours.

111.C.2. Key Safety Issues/Additional Analyses

1. Total duration of time history

The synthetic time-histories utilized in the rack
dynamic analyses are generated in accordance with the
provisions of SRP 3.7.1. The total duration of time history
used is 24 second, which meets the SRP 3.7.1 requirement
of at least 20 seconds. Since the 24 second duration is
shorter than that experienced previously in the major
earthquakes in Taiwan, a sensitivity analysis with a longer
duration was requested. A sensitivity analysis with a 48
second duration was performed for the most limiting case.
The calculated maximum stresses for the sensitivity case



are bounded by the base case with a 24 second duration,
since the maximum amplitude of acceleration is
somewhat lower for the case with a 48 second duration.

2. Damping values

The structural damping values of 2 percent for OBE
and 4 percent for SSE assumed in the rack dynamic
analyses are consistent with Regulatory Guide 1.61.
However, the 4 percent damping for SSE is not consistent
with the 3 percent value specified in the Kuosheng FSAR
for welded structural assemblies for SSE. TPC was
requested to provide justification, as summarized below:;
It is stated in Section IV (3) of the USNRC OT Position
that “For plants where dynamic input data such as floor
response spectra or ground response spectra are not
available, necessary dynamic analyses may be performed
using the criteria described in Section 3.7 of the Standard
Review Plan. The ground response spectra and
damping values should correspond to Regulatory
Guide 1.60 and 1.61 respectively...”.” The rack dynamic
analyses for this project were based on the simulation of
the 0.67g SSE in accordance with SRP 3.7.1 guidance.
The floor response spectra were generated considered the
new soil related input parameters, soil-structure
interaction effects as well as the increased live load due to
fuel storage, and a peer review has been completed by the
National Center for Research on Earthquake Engineering.
Thus, the rack dynamic analyses meet the requirements of
the AEC’s review guidance and USNRC OT Position, and
the use of 4 percent damping for SSE is considered
adequate. For completeness, a sensitivity analysis was
performed for the most limiting case with a 3 percent
damping for SSE. The calculated maximum stresses for
the 3 percent damping are slightly larger than those for
the 4 percent damping. The calculated maximum primary
stresses in the rack module structure for the 3 percent
damping continue to meet the ASME requirements.

3. Safety margin with respect to the fuel damage

The permissible lateral load on a spent fuel assembly
has been studied by the Lawrence Livermore National
Laboratory (LLNL). The LLNL report UCID-21246
“Dynamic Impact Effects on Spent Fuel Assemblies”
states that “...for the most vulnerable fuel assembly, axial
buckling varies from 82g's at initial storage to 95¢'s after
20 years' storage. In a side drop, no yielding is expected
below 63g's at initial storage to 74g's after 20 years'
storage”, thus, the acceptance criterion adopted by the
USNRC for the maximum lateral acceleration is 63 g.

The estimated maximum impact load corresponds to
a deceleration of about 8.15 g, and the nominal factor of
safety against fuel failure is approximately 7.7.

111.D. Radiological Evaluation

I11.D.1. Methodology and Results
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The radiological aspects of the increased thermal and
radiological releases from the facility under normal as
well as accident conditions are addressed. The exposure
rates from the SFP water, the occupational exposures, the
generation of radioactive waste, and accident conditions
(including fuel handling accident, rack or cask drop
accident, offsite doses for loss of cooling to the SFP) were
evaluated. One major issue has been identified: the
calculated exposure rate at the outer surface of the North
wall for the CLP (Point 1 in Fig. 4), 0.0514 mSv/hr,
exceeds the 0.05 mSv/hr limit for "Radiation Area", due
to the 12-inch piping penetrating through the wall. To
address this issue, any area with a measured radiation
level in excess of 0.05 mSv/hr will be classified and
posted as "Radiation Area" and administrative controls
will be implemented following the rack installation.

2

Y 5’ Concrete
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and Blinding
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Fig. 4. Radiological evaluation model for the north wall.
111.D.2. Key Safety Issues/Additional Analyses

The exposure rates from the SFP water, the
occupational exposures, and offsite doses for loss of
cooling to the SFP were originally evaluated with SFP
radionuclide concentrations from a single measurement.
TPC was requested to address of the effect of
concentrations variation during a fuel cycle. The relevant
calculations were re-performed with  maximum
concentrations for the entire fuel cycle, and all the
acceptance criteria are met.

I11.E. Accident Evaluation
I11.E.1. Methodology and Results

In addition to the accidents evaluated in each of the
other aspects, the accidental drop events were addressed.

1. Accidental Drop Events



The postulated drop events consider drop of one fuel
assembly from a height of 6 feet above the top of the
storage cells. Two worst case scenarios were evaluated.

The first scenario postulates that one fuel assembly
drops vertically and impacts the top of a rack cell. The
evaluation shows that the top of the impacted region
undergoes localized plastic deformation. The maximum
depth of plastic deformation is limited to 11 cm, which is
less than the 34.5 cm from the top of the active fuel
region to the top of the rack. Therefore, the damage does
not extend into the active fuel region of the stored fuel.

The second scenario postulates that one fuel
assembly falls through an empty storage cell impacting
the rack baseplate. The evaluation shows that this
scenario results in a maximum plastic strain of 26.2% in
the baseplate, which is much smaller than the failure
strain 40% of the baseplate material. Since the pool floor
can maintain its overall integrity and the liner is not
breached, there will be no abrupt or uncontrollable loss of
water from the pool.

The evaluation shows that the drop events yield
localized damage within the design limits.

2. Heavy Load Considerations for Rack Installation

NUREG-0612 provides guidelines to ensure safe
handling of heavy loads by prohibiting load travel, to the
extent practicable, over spent fuel assemblies, over the
core, and over safety-related equipment.

There are two cranes in the fuel building: the cask
crane and the fuel building crane. The cask crane is a
single-failure-proof crane with sufficient capacity (150
tons) to place casks within the CLP. Because of physical
travel limits of the cask crane (1,600 mm from the east
end of the CLP), which prevent the main hook from
reaching the center lines of two racks (BO1 and B06 for
Unit 1), the cask crane cannot be used to install all of the
racks within the CLP. Consequently, the TPC has
proposed to use the non-single-failure-proof fuel building
crane (10 tons) for the rack installation, and to use the
interlocks to prevent the fuel building crane from moving
over the SFP to meet the "defense-in-depth" approach
guidelines of NUREG-0612.

I11.E.2. Key Safety Issues/Additional Analyses

TPC was requested by the AEC to address the effects
of the rack drop. To lessen the impacts of the rack drop,
the rack installation process regarding the usage of the
two cranes has been revised as: (1) the cask crane is used
to lower racks into the CLP to prevent the adverse effects
of the rack drop from a high elevation, and (2) the fuel
building crane is used to lift racks from the pool floor and
move the racks horizontally with a limited lift height (15
cm) above the pool floor for rack positioning and fine-
tuning.

IV. CONCLUSIONS
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Expedited resolution of the key safety
issues/additional analyses discussed above is extremely
crucial to the timely approval of this project. The
important experiences worth mentioning include:

1. Limit the stored fuels to old spent fuel assemblies is
important for lessening the adverse impacts such as
localized boiling and excessive exposure rate.

2. Exposure rate at the outer surface of the piping
penetrating through the wall could exceeds the 0.05
mSv/hr limit for "Radiation Area", and might require
administrative action.

3. Adjustment to the rack installation process regarding
the usage of the two cranes in the fuel building is
required due to their limitations: the single-failure-
proof cask crane is used to lower racks into the CLP
and the non-single-failure-proof fuel building crane is
used for rack positioning and fine-tuning.

For Kuosheng Unit 1, the rack installation work was
completed in May, and the unit was back online in June
2017. The successful implementation of this contingency
project is extremely critical for achieving a stable power
supply in Taiwan. The electricity operating reserve has
fallen below the “red” alert (900 MWe) several times
during last summer. Without this contingency project,
Taiwan would have suffered the extremely adverse
consequences of electricity rationing.
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Introduction (/2

e This rack installation operation Is a contingency project for Taiwan
Power Company to maximize contribution of nuclear power in Taiwan.

e Kuosheng Nuclear Power Station consists of two BWR-6 units rated
at 3001 MWt (~1020 MWe). Each unit has a Spent Fuel Pool (SFP)
and a Upper Fuel Pool (UFP), however, UFP is not allowed for
storage of spent fuel when the reactor is critical.

e The second SFP reracking project in 2004 adds six new racks to the <
SFP, and the total cell count is increased to 4398 cells.

e SFP for Kuosheng Unit 1 had practically no unfilled cells for
discharged fuel such that further operation was prohibited from
November 30, 2016 due to inability to refuel.

Te C had planned to move some spent fuel to a dry storage facility.
ipyvever, final approval for facility is blocked by local government.

Taiwanpowrcompany & ANS
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Introduction (22

e After a careful evaluation of the possible measures to restore refueling
ability (mainly using the UFP or sending spent fuel abroad), TPC has
elected to expand the storage capacity by installing four 11 by 10
storage racks from Lungmen in Cask Loading Pool (CLP). The
additional 440 cells could allow operation for two more fuel cycles.

e Spent fuels allowed to be stored are limited to those offloaded from  _
the first to the forth fuel cycles (decayed for more than 29 years).

e The effects on all aspects specified in AEC’s review guidance are
evaluated. In addition, relevant subjects are thoroughly addressed.

e Safety Analysis Report was approved on April 6, 2017. For Kuosheng

H It 1, the rack installation work was completed in May and the unit
s

s back online in June 2017, just in time for peak electricity demand.
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General Description - Pools and Racks (/2

e The SFP consists of two discrete
pools, and the CLP Is adjacent to

the SFP.

e The second SFP reracking only 0
adds six new rack modules

CASK
LOADING
POOL.

supplied by ENSA. Except a
specialty rack, all the existing
rack modules supplied by Holtec [ g
from first reracking continue to be

(9
on
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Pools and Racks (/2
e The Lungmen racks are also supplied
by ENSA. The minimum Boral panel B-
10 areal density (0.020 g/cm?) is the
same as the existing ENSA racks, and
IS much higher than that of the existing
Holtec racks (0.012 g/cm?). The cell
pitch (167 mm) is substantially larger
than that of existing racks (159.5 mm).

e Various pipings and other protrusions on
the pool wall are removed. EXxisting
stiffening frame around Lungmen racks
IS supplemented with a displacement
rraint to provide horizontal support.

' Wi
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Safety Analysis Report

e The scope of evaluations includes the five technical aspects
specified in the AEC’s review guidance:
1. Criticality
2. Thermal-Hydraulic
3. Structure (Mechanical, Material and Structural)
4. Radiological
5. Accident

e Additionally, Rack transportation, installation, emergency plans,
recovery plans, neutron absorber panel test plans, applicability of
the post-Fukushima safety enhancement measures, and the

Taiwan power company
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Licensing Activities (1/2)

e The SAR was formally submitted on August 18, 2016. The AEC
review process was separated into two stages: (1) acceptance
review, and (2) detailed technical review.

e For the acceptance review, 21 questions were raised on the
completeness of the report. After all the questions clarified, the
report was accepted for the detailed review on September 20, 2016.

e For the detailed review, a review task force consists of scholars and =
experts of various aspects (including 11 external members and 13
AEC members) was organized to perform a very thorough review.
The task force was separated into three functional groups:

A. Accident/Criticality/Thermal-Hydraulic

- Structure/Material

(h Radiological/\Waste Treatment

PBNC2Q18 Taiwan power company



Licensing Activities (/2)

e A joint review meeting for the three groups was conducted on
September 21, 2016, and subsequently 10 review meetings for the
iIndividual group were conducted. Four rounds of RAI (with 62/85/40
guestions for Groups A/B/C) were raised by the AEC.

e Some of the review questions required rather extensive efforts to
address adequately, and follow-up questions to the initial questions =
were raised if the issues were not considered fully clarified. With the
cooperative efforts by the TPC team, all the issues were fully
clarified and SAR was approved on April 6, 2017.

PBNC2C),18"; Taiwan power company



Safety Analysis and Key issues - Criticality Analysis

e Criticality analyses were performed with CASMO-4 and MCNP5 for
all the lattices of two fuel types: GE8x8-2 and ANF8x8-2. The effects
of abnormal and accident conditions were evaluated.

e The maximum neutron multiplication factor of the 9 lattices is 0.807,
which is far less than the 0.95 limit. The maximum effect of
abnormal and accident conditions is 0.0035.

e Since the Boral panel B-10 areal density and the cell pitch for =
Lungmen racks are more conservative with respect to criticality than
those for existing racks, there is no real safety concern.

e TPC was requested to perform CASMO-4 calculations for the racks
from Lungmen, the first reracking and second reracking. The results

plication factor for Lungmen racks is indeed lower.
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hermal-Hydraulic Analysis - Methodology and Results

e The analysis evaluates: (1) maximum pool temperatures, (2)
maximum local water temperatures, and (3) time available for
corrective actions after loss of forced cooling. Since the increase in
the heat load (~2%) is quite low, the effects are insignificant.

e The calculated maximum pool temperatures remain below the
acceptance criteria, and the maximum local water temperature is
lower than the saturation temperature. The time-to-boil is greater
than 11 hours and time for water to drop to a level of 3 meters above
top of fuel bundles is greater than 87 hours, thus, a sufficient time Is

available for corrective actions.

Taiwan power company
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CLP Water Temperature Distribution

e There is no forced cooling flow injected into
the CLP, and the decay heat load is remperature (©)
removed by natural convection to the SFP '
through a gate (Gate 3) connecting the two
pools. However, bottom of Gate 3 Is
approximately 17 feet above bottom of the
CLP, and it was suspected that this might
Impede cooling of the CLP.

e GOTHIC was used to perform the analysis
for storage of old spent fuel. The variation
In temperature is only ~0.7"C, thus, Gate 3
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Abnormal Refueling with Full Core Discharged to UFP

e FSAR requires that elements that have decayed the longest in the
spent fuel pools may be moved into the upper pool storage racks
during a full core outage, thus, “abnormal refueling case with full core
discharged to UFP” is not considered an applicable case.

e Nonetheless, the maximum UFP water temperature for abnormal
refueling case with the highest temperature was estimated using the
relationship that the temperature rise is proportional to the heat load,
and is inversely proportional to the coolant flow rate. With the
Increased heat load, maximum temperature estimated is 74.3 "C, still
far below the limit value of 100 "C.

PBNC 2Q18)
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Structure Analysis - Methodology and Results @2

e Structure analyses include two main parts: (1) rack dynamic analyses
and structural evaluation, and (2) fuel building and CLP structural
Integrity evaluation.

e Structure analyses are complicated by post-Fukushima requirements
and new finding for the nearby Shanchiao fault. The Safe Shutdown
Earthquake in the FSAR Is 0.4g, and the Operation Basis Earthquake <
IS one half of the SSE. The effects of the new finding are considered:

- For newly added racks, a 0.67g Design Basis Earthquake is used

- For existing structure, 0.4g DBE and 0.2g OBE in the FSAR are used,
and Seismic Margin Assessment methodology Is used to address the
@vond Design Basis Earthquake of 0.67g.
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Structure Analysis - Methodology and Results @)

e Rack Dynamic Analyses and Structural Evaluation: The analyses
were performed in accordance with SRP 3.7.1 and 3.8.4. All the
calculated stresses meet the ASME requirements.

e Fuel Building and CLP Structural Integrity Evaluation: The seismic
Impact of the additional fuel bundles and racks is very limited, all
major structural components still meet the requirements. SMA High-
Confidence of Low Probabillity of Failure analysis was also performed
for the fuel building, and the criteria are met.

e SFP/CLP Integrity Evaluation: performed in accordance with EPRI-
1025287, and results show that uncovering of the fuel bundles during
¥rmal operation and refueling outage will not occur within 72 hours.

il 5
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Key Safety Issues/Additional Analyses

1. Total duration of time history : The value used is 24 second, which

meets the SRP 3.7.1 requirement of at least 20 seconds.

e Since the 24 second duration Is shorter than that experienced
previously in Talwan, a sensitivity analysis was requested.

e The calculated maximum stresses for a sensitivity case with 48 second
duration are bounded by base case with 24 second duration.

2. Damping value: The 4%value used for SSE Is consistent with SRP

3.7.1 and RG 1.61, but not consistent with 3% value specified in FSAR.

e The analyses meet AEC/NRC requirements and use of 4% Is adequate.

e A sensitivity case was performed with a 3% damping, and the
calculated maximum stresses meet the ASME requirements.

fety margin with respect to fuel damage : Safety factor is ~7.7.
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Radiological Evaluation - Methodology and Results

e The exposure rates from the SFP water,
the occupational exposures, the
generation of radioactive waste, and
accident conditions were evaluated.

Water Gap

e The calculated exposure rate at the
outer surface of the North wall, 0.0514
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Key Safety Issues/Additional Analyses

e The exposure rates from the SFP water, the
occupational exposures, and offsite doses for loss of
cooling to the SFP were originally evaluated with
radionuclide concentrations from a single
measurement. TPC was requested to address of the
effect of concentrations variation during a fuel cycle. <

e The relevant calculations were re-performed with
maximum concentrations for the entire fuel cycle,
and all the acceptance criteria are met.
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Accident Evaluation - Methodology and Results

1. Accidental drop events: Two worst case scenarios were evaluated:

e The first scenario postulates that one fuel assembly drops vertically
and impacts the top of a rack cell. The evaluation shows that the top of
the impacted region undergoes localized plastic deformation. The
maximum depth of deformation is limited to 11 cm, which is less than

the 34.5 cm from top of active fuel region to top of the rack. Therefore, ¢

the damage does not extend into the active fuel region.

e The second scenario postulates that one fuel assembly falls through an
empty cell impacting the rack baseplate. This scenario results in a
maximum plastic strain of 26.2% in the baseplate, which is smaller than
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Accident Evaluation - Methodology and Results

2. Heavy Load Considerations for Rack Installation

e NUREG-0612 provides guidelines to ensure safe handling of heavy
loads by prohibiting load travel over spent fuel assemblies.

e There are two cranes in the fuel building: the cask crane and the
fuel building crane. The cask crane is a single-failure-proof crane
with sufficient capacity (150 tons) to place casks within the CLP.
Because of physical travel limits of the cask crane, which prevent
the main hook from reaching the center lines of two racks, the cask
crane cannot be used to install all the racks within the CLP.

e TPC proposed to use the non-single-failure-proof fuel building crane
0 tons) for the rack installation, and to use the interlocks to
({ vent the fuel building crane from moving over the SFP.
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Key Safety Issues/Additional Analyses

e TPC was requested by the AEC to address the effects of the rack
drop. To lessen the impacts of the rack drop, the rack installation
process regarding the usage of the two cranes has been revised as:

(1) the cask crane is used to lower racks into the CLP to prevent the
adverse effects of the rack drop from a high elevation, and

(2) the fuel building crane is used to lift racks from the pool floor and =
move the racks horizontally with a limited lift height (15 cm) above
the pool floor for rack positioning and fine-tuning.
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CONCLUSIONS

e Expedited resolution of the key safety issues/additional analyses
discussed is extremely crucial for the timely approval of this project.

e Important experiences include:

- Limit the stored fuels to old spent fuel assemblies Is important

- Exposure rate at outer surface (piping penetration) could exceed limit

. Optimized use of SF-proof cask crane & NSF-proof FB crane is desired ¥

e The timely implementation of this contingency project is extremely critical
for achieving a stable power supply in Taiwan. The electricity operating
reserve has fallen below the “red” alert (900 MWe) several times during
last summer. Without this project, Taiwan would have suffered the

emely adverse conseguences of electricity rationing.
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