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2,0 BACKGROUND

During a single failure analysis of proposed modifications

of RAR System operation for units 1 and 2 at Browns Fer ry,

failure was identified which was common to both the original desipgn

¢
proposed modificati The identified failure occurring after a loss-of-
coolant accident (LOCA) could result in short=term RIR pump ration in

to pump availability since two { mmps are required
i 1
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The criginal LPCI mode of the RHR system at Browns Ferry wa
BWR/4 configuration, using 0 umps and loop-selection logid
design the LPCI injection valves are cl osed in normal opera
RHR cross-tie valve is open., On receipt of an accident ini
following ¢ circula n line break in one recirculation

L

selection logic uses a network of pressure transducers to
recirculation loop is unbroken, The LPCI injection valwe
signaled to open h circulation pump discharg
signaled t T d LPCI flow from all four pumps is direc
unbroken loo ‘ailu f the injection valve to .nen woul

entirely. A single fai e such as incorrect loop selecti

[}

in flow from all four RHR pumps being lost to the broken loo

The final ECCS acceptance criteria adopted by the AEC reduce

flexibility and introduced possible power level restrictions
p :

standard BWR/4 design with 7X7 fuel. To offset the
criteria, a modification the LPCI mode

which takes advantag credit given for the flooding
through the availability of at least some of the RHR

single~failure conditions For the modified dec

valves and the RHR cross-tie valve are closed in normal operation.
'

receipt of an accident initiation signal following a recirculatien line
vreak in one recirculation loop, both LPCI injection valves are signalec
to open, both recirculation pump discharge valves are signaled to clos

the LPCI flow from two RHR pumps is directed to the unbroken loop. The

LPCI flow from the other two pumps is lost to the broken loop. A single

result in LPCI flow from one RHR pump directed to the unbroken loop and one
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The flow characteristics of the RHR pumps dischargi

recirculati loop will > different from that establisi

loop, The difference sults om the loss of jet pump flow

(over 50 percen ] 0 P system flow 3istance) when
recircul ion 1 L Add 11 flow resistance is requirc
LPCI syster mit RHR pump flow to an acceptable value The
|

any added resistance on long-term containment cooling capat

be consid

Single fail g nigh fluence long-term containmer
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3.0 RHR PUMP_PROTECTION

3ive flow experienced when deliv
ken recirculation ) ' sideration o he mininunm flow
requirements r adequate ECCS e and containmer o ng, and the
\ximum flows which are commensurate with the estimated available net positive
suction head. Since the LPCI modification has been added to Browns Ferrv
units 1 and 2 but not unit 3, the required protection was evaluated on a unit

basis,

The minimum flow requirements for adequate ECCS response were established

by General Electric and are given in Table 1. The maximum allowable RHR

studies and the pump operating characteristics as determined from the
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Pump performan 1 shown over the full range certified by

facturer. a xtrapolations are indicated to facilitate predicti

periormance; however sustained pump operation at flow rates exceeding the

certified data range would have to be verified by additional testing.

In each case, the predicted system flow will be that shown where the pump

be that corresponding to the predicted system flow. Stable punp operation
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The NPSH tests » perfor: it Brown: on the 3A RHR
operating ir leduced
were achiev y throttling a gate valve in the pump suct
pump suction ssure was monitored by a Bourdon-type pre
and the installed suction pressure gauge. Pump motor vibratic
monitored by two accelerometers at the top of the motor (one
flow). The pump discharge pressure was
pressure gauge at the local panel. The
transduc and - p motor accelerometer outputs were recorded
Spo« d
performed at 8,000 and 10,000 gpn. The pump

4 "
'd in both cases before the breakout

point" (sudden and severe loss of discharge head) of the pump was

reached. Tl naximum thro ing point was selected on the basis of
severe audibl ! on but acceptabie motor vibration for short-term
punp operation 'he results of e tests indicate that the certified
pump NPSH required curves supplied by the pump manufacturer may be

reduced by an additional nine feet of head without adverse effects on

short-term pump operation,




concern the pump protection problem. The results of the tests are given

in Table 3.

\
3.2 Units 1 and 2 Purp Protection

The modified LPCI system head loss and available NPSH curves are shown
for one and two pump operation without RHR pump orifice protection in
Figures 1 and 2, These curves indicate that when one RHR pump is
delivering flow to the break as a desipgn bases (after a single failure),
the pump flow rate will try to exceed 15,000 gpm and require pump

NPSH which is simply not available in the system. Continued availability
of the pump is unlikely and the pressure %oundary components and ?iping
may be jeopardized. The same situation applies for two pump operation
except that it does not require a single failure for the pump flow to

try to exceed 15,000 gpm.

Since it is a design basis to have one or two purmp flow to the postulated
recirculation line break, it is necessary to add RHR pump protection in
the form of a flow restricting orifice at the discharge of each RHR

pump. The modified LPCI system head loss and available NPSH curves

are shown for one and two pump operation with pump orifice protection

in Figures 3 and 4.

With pump orifice protection, one RHR pump will not exceed 12,000 gpm
when delivering flow to the break. The calculated system NPSH

available exceeds the pump NPSH required until the torus water

temperature reoches 152°F (about 100 seconds atter the postulated

break per reference 4)., Above this temperature, credit must be taken

for a portion of the proven margin on the pump NPSH required curve
discussed in section 3,1, If operator action to align the pumps for
containment cooling is assumed in 10 minutes, the torus temperature will
be about 160°F and the NPSH deficiency will only be approximately 2 feet.
This is well within the 9 foot margin determined by tests to be available.

When two RHR pumps are flowing to the break, each pump flow will nct
exceed 11,500 gpm. The calculated system NPSH available will exceed

the pump NPSH required until the torus water temperature reaches nearly

-
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3.4 Verification of !["Q‘Yi“.‘ﬂl‘}' Core (“rx‘n‘.in_' Flows

The RHR pump protection orifice will restrict the ability of each RHR

to deliver flow to the unbroken recirculation loop. The minimum total
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The Jarge flow in one 18~inch test return line has introduced troublesome

flow~induced vibrations (hunutream of the 12«inch globe valve uued to
throttle the flow, The problem Qas been reported to the Nuclear Regulatory
Commission (reference 5). The proposed solution has been to add a flow
restricting orifice downstream of the 12-inch globe valve and thereby
provide significant back pressure on the valve. Tests have verified that
the back pressure effectively reduces downstream cavitation and its

associated induced vibrations,

The addition of the RHR pump protection orifice has greatly reduced
the allowable pressure drop for the cavitation suppressing orifice,
As a result, this method of limiting flow induced vibration is no
longer viable in all cases as discussed below. 1In addition, the RHMR

pump protection orifice is limiting the available flow in the test
return line.

4.1 Flow and Vibration Tests

After installation of the RHR purp protection orifice and the RHR test
return line orifice plates identified in Table 2, scveral tests were
perforwed to determine their effect on test return line flow and flow
induced vibration downstream of the 12-inch globe valve. Typical results
of the flow tests are included in Table 7. General Electric established
a minimum flow requirement of 8,000 gpm for each of two RHR pumps and
associaced heat exchangers for long-term containment cooling on each

Browns Terry unit,

The readings given in Table 7 were taken from a flow meter in the test

return lire. On all units, the test return line flow meter consistently
reads somewhat lower than the flow meter in the corbined pump discharge
line. The lower reading is thought to be due to the close proximity of

the flow element to the upstrcam branch connection to a Tee.

Southwest Rescarch Institute (SwRI), under contract to TVA, investigated
the flow induced vibration effects., SwRI has not completed its report on

the tests, but preliminary results and recommendations are ineluded below,
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TABLE 1

MINIMUM TOTAL BHR PUMP FLOW
REQUIREMENTS FOR ADEQUATE LCCS RESPONSE
(At 0 psid Reactor to Drywell)

BFNP BFNP
Units 1 and 2 Unit 3
(gpm)__ _(gpm)

One RHR Pump )
One PUR Loop ) 10,800
One LPCL Path )

Two PHR Pumps ) .
One RHR Loop ) 20,000 s
One LPCI Path )

Three RHR Pumps)

Two RHR Loops ) 28,200
One LPCI Path )

TABLE 2

RHR PUMP PROTECTION AND TEST RETURN LINE
SQUARE~EDGE ORIFICE PLATE HOLE SIZES

BFNP BFNP

Units 1 and 2 Unit 3

(in.) (in.)
RHR Pump Protection Orifice 6.8 7.9
RHR Test Return Line Orifice 31.3 9.6
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