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ABSTRACT

This report extends the work documented in NUREG-2187, “Confirmatory Thermal-Hydraulic
Analysis to Support Specific Success Criteria in the Standardized Plant Analysis Risk Models—
Byron Unit 1,” issued January 2016, to the Duane Arnold Energy Center. Its purpose is to
produce an additional set of best estimate thermal-hydraulic calculations that can confirm or
enhance specific success criteria for system performance and operator timing found in the
agency'’s probabilistic risk assessment tools. Along with enhancing the technical basis for the
agency’s independent standardized plant analysis risk (SPAR) models, these calculations are
expected to be a useful reference to model end users for specific regulatory applications.

This report first describes major assumptions used in this study. It then discusses the major
plant characteristics for the Duane Arnold Energy Center, in addition to the MELCOR model
used to represent the plant. Finally, the report presents the results of MELCOR calculations for
selected initiators and compares these results to SPAR success criteria, the licensee’s success
criteria, or other generic studies.

The study results provide additional timing information for several probabilistic risk assessment
sequences, confirm many of the existing SPAR modeling assumptions, and give a technical
basis for a few specific SPAR modeling changes, including the following potential changes:

o Degraded high-pressure injection and relief valve Criteria (non-anticipated transient
without scram): A single control rod drive pump injecting at the postscram increased
injection rate is sufficient for reactor pressure vessel (RPV) water inventory makeup.
Additionally, two control rod drive pumps injecting at the postscram injection rateprovide
enough makeup to the RPV to facilitate a cooldown of the RPV to cold shutdown
conditions. This increased injection is currently not queried in the SPAR models but
could be added.

o Mitigating strategies usage: If diverse and flexible coping strategies (FLEX) are not
available, success of long-term cooling for these scenarios is only possible with both
anticipatory venting and condensate storage tank (CST) availability. Currently, CST
availability is not queried in the SPAR models. This could be added for scenarios for
which no alternate injection is available. For loss-of-offsite-power scenarios, FLEX
injection led to success in all scenarios that gave FLEX credit. Given the ability of FLEX
to prevent core damage, this confirms that the SPAR models should have FLEX
equipment added.

) Emergency core cooling system injection following containment failure or venting:
Depending upon the size of containment failure, wetwell and drywell pressure will fall,
potentially to the point of allowing high-pressure injection restart following its loss. This
action could be added to the SPARmodels.

. Safe and stable end-state considerations: If the CST is unavailable, the long-term
availability of high-pressure injection is questionable at best. CST should be queried
when high-pressure injection systems are the source of long-term makeup. Additionally,
increased postscram control rod drive hydraulic system injection is adequate for
makeup. This increased injection is a candidate for inclusion in the SPAR model.
Depressurizing when reaching the heat capacity limit curve is important, since the rateof



seal leakage, as well as the rate of injection, is pressure dependent. This
depressurization is a candidate for consideration in the SPAR models.



FOREWORD

The U.S. Nuclear Regulatory Commission (NRC) uses its standardized plant analysis risk
(SPAR) models to support many risk-informed initiatives. A number of processes ensure the
fidelity and realism of these models, including cross-comparison with industry models, review
and use by a wide range of technical experts, and confirmatory analysis. This report—prepared
by the staff of the Office of Nuclear Regulatory Research, in consultation with the staff of the
Office of Nuclear Reactor Regulation; experts from Energy Research, Inc. and Idaho National
Laboratory; and the agency’s senior reactor analysts—represents a major confirmatory analysis
activity.

Probabilistic risk assessment (PRA) models for nuclear power plants rely on underlying
modeling assumptions known as success criteria and sequence timing assumptions. These
criteria and assumptions determine what combination of system and componentavailabilities will
lead to postulated core damage, as well as the timeframes during which components must
operate or operators must take particular actions. This report investigates certain thermal-
hydraulic aspects of a particular SPAR model (which is generally representative of other models
within the same class of plant design), with the goal of further strengthening the technical basis
for decisionmaking that relies on the SPAR models. This report augments the existing collection
of contemporary Level 1 PRA success criteria analyses and, as such, supports (1) maintaining
and enhancing the SPAR models that the NRC develops, (2) supporting the NRC'’s risk analysts
when addressing specific issues in the accident sequence precursor program and the
significance determination process, and (3) informing other ongoing and planned initiatives. This
analysis employs the MELCOR computer code and uses a plant model developed for this
project.

The analyses summarized in this report provide the basis for confirming or changing success
criteria in the SPAR model for the Duane Arnold Energy Center. Based on further evaluation,
these results could apply to similar plants, while future analyses could apply to other design
classes, as occurred in the past (see NUREG-2187, “Confirmatory Thermal-Hydraulic Analysis
to Support Specific Success Criteria in the Standardized Plant Analysis Risk Models—Byron
Unit 1,” issued January 2016). The staff expects to continue its focus on confirming success
criteria and other aspects of PRA modeling using its state-of-the-art tools (e.g., the MELCOR
computer code) as it develops and improves its risk tools.
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DETAILED CHAPTER 4 ANALYSIS RESULTS

D1 LOOP Scenarios

D11 Case 1: LOOPGR-38-9, AC Loss at t=0, RCIC Loss at 4 hrs.,CST Available,
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D12 Case 2: LOOPGR-38-9, AC Loss at t=0, RCIC Loss at 4 hrs.,CST Available,
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D13 Case 3: LOOPGR-38-9, AC Loss at t=0, RCIC Loss at 4 hrs.,CST Unavailable,
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D14 Case 4: LOOPGR-38-9, AC Loss at t=0, RCIC Loss at 4 hrs.,CST Unavailable,
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Case 7: LOOPGR-38-9, AC Loss at t=0, RCIC Loss at 8 hrs.,CST Unavailable,
Perform Required Venting Only

DA.7

300
280

260

™
B
o

%]
N
o

Temperature (C)
- N
[v:] o
o o

—
[+)]
o

140 [

120

—— Peak Cladding Temperature

- Core Damage Surrogate

8 12

Time (hours)

16

20

24

AN

\_\

—— Coolant Temperature
- = 100F/hr

100

Figure D - 73 RPV cooldown rate

Time (hours)

D-37



20

—— Hardened WWVent
— Old WW Vent
— Old DW Vent
15
w
=
=
[0}
€ 10 N, N N N
3 Y Y D
o
[N
w
w
L
=
5
0
0 4 8 12 16 20 24

Time (hours)

Figure D - 74 Flow rate of the containment vents

30

—— FLEX pump injection P

25 | (T

[*]
o

Mass Flow Rate (kg/s)
=
(%]

—
o

0 4 8 12
Time (hours)

Figure D - 75 Flow rate of the FLEXpump

D-38



30

— HPCI-WW
—— HPCI-CST
25 — RCIC-WW |.
] I —— RCIC-CST
%20
=
=
@
8
15
z
s
L
w
w
3]
= 10
5
0
0 4 8 12 16 20 24

Time (hours)

Figure D - 76 Flow rate of the HPCI/RCIC pumps

w — FL_1384

— FL_1385 |-

o
o

g
~

o
o

e
3]

e
=

Mass Flow Rate (kg/s)

[
[

<
[N

o
il

0 4 8 12 16 20 24
Time (hours)

Figure D - 77 Flow rate of the recirculating pump seal leakage

D-39




160

140

120

Mass Flow Rate (kg/s)

100

80

60

40

20

FL_359
FL.364 |

FL_365
FL_366
FL_367 |

(=)

FL 368

8

Figure D - 78 Flow rate of the SRVs

Level (m

T ————————————

12 16
Time (hours)

20

24

Now Rk 1 N 0

RPV Water Level
Bottom of Steam Lines

= level 2

TAF

+ BAF

12 1

Time (hours)

Figure D - 79 RPV down comer water level

D-40

6

20

24



—— RPV Pressure

Pressure (MPa)

2
1
VRS- AN A A s prab s st
0 1 1
0 4 8 12 16 20 24

Time (hours)

Figure D - 80 Pressure in the RPV

1
— ovHo221
0.9 | — cvH_222
—— CVH.223

0.8 || = - Anticipatory Venting (10 psig)
= Required Venting (53 psig)

0.7

T 06

=

205

a ....................................................... WW
£ 04 e

0.3 /M
02 S S s
0.1

% 4 8 12 16 20 24

Time (hours)

Figure D - 81 Pressure in the wetwell

D-41



120

100

Temperature (C)

80 T

- \
h_‘_-___—._-—
60 ==
\-::___ﬁ_
0 1 2 3 4 5 6 7
RPV Pressure (MPa)
Figure D - 82 Plant status relative to the HCL curve (Graph 4 of the EOPs)
180
— CVH_221
160 | — CvH 222
—— CVH_223
140 | 7" RCICTrip 250 ——
120
g
2100
>
Ju
& 80
£
@
'_
60
40
20
0 s s s s s s s s s s s s s s s s s s
0 4 8 12 16 20 24

Time (hours)

Figure D - 83 Water temperature in the wetwell

D-42




2000

1500

1000

Temperature (C)

500

Figure D - 84 Peak temperature of the fuel cladding as a function of time

Case 8: LOOPGR-38-9, AC Loss at t=0, RCIC Loss at 8 hrs.,CST Unavailable,
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D.2.6 Case 22: LOMFW-25, RCIC Loss at 8 hrs., RPV Pressure Follows HCL Curve,
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D.2.7 Case 23: LOMFW-25, RCIC Loss at 8 hrs., Emergency
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D.2.8 Case 24: LOMFW-25, RCIC Loss at 8 hrs., Emergency
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D.2.9 Case 25: LOMFW-25, RCIC Loss at 8 hrs., Emergency Depressurization atHCL
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