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1.0 INTRODUCTION

Commonwealth Edison Company (CECO) has submitied to the U. 8. Nudear
Regulatory Commission (USNRC) an amendment application to the Faclity
Operating Licenses for the Byron and Braidwood Nuclear Stativiis. I'he proposed
amendment requests a change to Technical Specification 4.5.2 modifying the existing
surveillance requirements for venting of ECCS discharge piping (Reference 1). The
Hinois Department of Nuclear Safety (1DNS) was notified of this license amendment
application by receipt of Reference | in accordance with 10 CFR 50.91.

A number of water hammer conditions have been reported by the USNRC,
These are documented in References 3 through 7. The cited references evaluate
water hammer phenomena and provide mitigating fixes and actions including the
installation of high point vent valves, installation of instrumentation to detect
entrapment of non-condensibles in the piping, and venting surveillances. Water
hammer events it RHR systems are attributed to condensation of steam bubbles in
the RHR/SI system following flow startup and inadvertamly voided pump discharge
lines. One water hammer event resulted from an air bubble inadvertantly collected
and trapped during a maintenance operation {Reference 5). Other events occurred
when a RHR flow entered a voided line, which may have been caused by an incorrect
valve lineup prior to pump start, inadequate design and/or filling and venting
procedures, and poor testing procedures (Reference 3).

The 1DNS began a scries of studies to evaluate the eflects of the proposed
license amendment on the safe operation of the Byron and Braidwood plants. The
underlying concern is the formation of high acoustic pressures resulting from
compression of potential entrapped air in the high points of the piping system. The
studies conducted utilized the hydrodynamic computer code AWHAM (Reference 11)
and the thermalhydraulic code RELAP 5. The results from AWHAM were compared
with the results from RELAP 5 analyses. The comparisons show good agreement. A
peer review of the analyses was performed by the Idako National Engineering
Laboratory using the code WHAM-6B.

The pipe model previously discussed with NRC (Reference 15) for the water
hammer analysis included only that portion of the Safety Injection (SI) piping
injecting into the Loop 1 Cold Leg. Due to the potential impact of the IDNS analysis
on the approval of the license amendment, and the resalts of the 59/91 NRG/GECo
meeting, a refined model was developed which included the SI piping injecting into
both Loop 1 and Loop 4 cold legs, and less conservative, more realistic Darcy-
Weisbach friction coeflicents were used.  Additonally, the RHR pump minimum
recirculation flow was modeled.
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20 PLANT MODEL DESCRIFTION

The piping system analyzed for potential water hammer condition consists ol
that section of the Residual Heat Removal (RHR) system piping which is connected (o
the Safety Injection (S1) piping for cold leg injection into the Reactor Coolant System
(RCS). The RHR/SI water source is from either the Refueling Water Storage Tank
(RWST) or the RCS hot leg. Figure | is a schematic representation of the analyzed
piping system (Reference 13). Figure 2 shows the horizontal and vertical positions of
the pipe run (Reference 1)

The Advanced Water Hammer Analysis Model (AWHAM) was utilized for the
analysis. AWHAM is a water hammer code that simulates a variety of transient
problems in liquid systems using the method of characteristics (Reference 11).

2.0 NORMAL PLANT TRANSIENT MODEL

Prior to analyzing the abnormal plant transient conditions with air pockets, a
model of the piping system was developed 1o verify AWHAM's capability to accurately
predict the steady state flows and pressures under normal plant transient conditions
(e.g. pump start-up, valve opening). This analysis was benchmarked to the FSAR
process flow diagram (Reference 8). The AWHAM model nodalization is presented in
Figur. 3.

The RHR pump was modeled using the radial pump characteristics found in
AWHAM. The rated pump head and flow was extracted from the process flow
diagram provided in the FSAR (Reference 8) and the licensee supplied pump data
(Reference 14).

The model consists of twenty (20) pipe segments and twenty-one (21) nodes.
Nodes are generally represented by junctions (JUNCT) where two or more pipes
meet. The butterfly valve RHO606 is represented by MVALVE at node 7. The
minimum {low recirculation valve RHROG10 is represented by a gate valve
(MVALVE) at node 5. The check valves SIB948A and SIB948D were represented as
gate valves (RVALVE) at nodes 16 and 21. AWHAM does not directly model check
valves. Other valves in the piping system were not explicitly modeled. A discussion
on the assumptions is presented in section 3.0,

A five second baseline run verified AWHAM reproduces the steady state
process flow data provided in the FSAR (Reference 8). The results from the sicady
state analysis are reported in Section 5.1,
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6.0 CONCLUSIONS

The transient analyzed in the study was conservatively selected *o bound worst
case plant conditions in an eflort to determine the potential salety sigoaficant
consequences of voids in the RHR/SI piping system. The results of the study yielded
three importamt conclusions. First, peak pressures are void volume sensitive and, for
the system analyzed, correspond to the curve in Figure 5. One of those volumes (1.¢.,
12 i) produced higher peak pressures than those analyzed by the licensee. Second,
for a void volume of 12 fi* peak pressures exceed the set point of relief valve SIBRH0A.
Finally, the transient analyzed credibly describes a safety significant plant condition
that was not analyzed in the license amendment application.

Industry experience confirms that piping system voids and beyond design basis
water hammer loads are credible events. The results of this study and industry
experience combine to reaffirm the risk potential of piping system voids. Therefore,
IDNS recommends that NRC review this analysis to determine whether elimination ol
the high point venting requirement will reduce plant safety margins.
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1. Water in pipe volumes 1-6 is at 350°F; ali other volumes are 120°F.
2. Water density at 350°F is 55.55 Ibm/ft%; at 120°F, 61.67 Ibm/ft*.
% Barometric head corrected to 120°F = 34.4 ft of water,
4. Conversion factor from pressure (psig) to head (ft) at 350°F is 0.387 psi/foot of
water; at 120¢F, 0.427 psi/foat of water.
8. Pump suction pressure is 407 psig which s equivalent 1o 1051.7 feet of water.
6. Rated head across pump obtained from process flow diagram is 135 psig (542
psig - 407 psig). In feet of water this is equal 1o 348.83 feet of water.
7. Head downstream of initially closed butterfly valve (RH0606) is at 0 psig + 34
feet of water column = 34 ft.
8. Head downstream of SI check valves (SIB948A and SI¥948D) is ar 404 psig
(1043.9 feet of water),
9. Rated flow from process flow diagram:
Q = 3000 gal/min = 6,684 ft¥/sec
10.  Pump discharge head = 1,400.53 fi.
11.  Volume of air pocket is zero.
2. Valve stroke times are as follows:
Initial Starts Opening/ Fully Openv Stroke time
Valve Posiion  Closing at (scc) Closed at (sec) (se¢)
RH0O606 Closed 1.05 2.05 1.0
RHO610 Open 1.10 2.10 1.0
SI8948A Closed 1.298 1.398 0.1
S18948D Ciosed 1.298 1.398 0.1
13.  Pump is running at all times with initial flow equal to the minimum

INITIAL CONDITIONS

(Normal Plant Transient Analysis)

recirculation flow of 1.227 fi¥/sec (550 gpm).
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