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"RHR Pump Recirculation Flow"
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STATUS OF INFORMATION:

_X_ APPROVED _X_ SAFETY RELATED
: PRELIMINARY NON-SAFETY RELATED
—-—. REFERENCE/INFORMATION ONLY REGULATORY RELATED

(not for design purposes)

This information is provided in accordance with the terms and conditions of the service agreement/contract between Sargent & Lundy (S&1.) and
Commonwealth Edison Company (CECo) governing the associated services. With respect to any third party use, S&L does not assume any obligation to
said third party as (o the accuracy, completeness, usefuiness, or non-infringing nature of such information

IDENTIFICATION OF THE SPECIFIC DESBIGN INFORMATION TRANSMITTED AND

PURPOBE OF IBSUE(List any supporting documents attached to DIT by its title, revision and/or issue date, and total number of pages for
each supporting document.)

This DIT transmits to Commonwealth Edison Company the following
calculation:

s Calculation ATD-0377, Revision 0, Approved March 10, 1994,
"RHR Pump Recirculation Flow," 17 pages.

The purpose, design input, assumptions and approach are found in the
following calculation sections:

Purpose Section 1.0
Design Input Section 2.0
Assumptions Section 3.0
Approach Section 4.0

S8OURCE OF INFORMATION

Calc. No.See above Report No.
Other N/A

R. J. Peterson ATD ”'lﬂ.ﬂ

Preparer Division Preparef’s Signature
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PUEEOSQ

The purpose of this calculation is to determine the flow
delivered from an RHR pump to the containment spray nozzles
during the recirculation phase. In addition to supplying flow
to the spray nozzles, runout flow is provided to the
centrifugal charging pumps and to the safety injection pumps.

Design Input

The runout flow rate for the centrifugal charging pumps is 550

gpm per pump There are two centrifugal charging pumps (Ref.
T} o

The runout flow rate for the safety injection pumps is 650 gpm
per pump. There are two safety injection pumps (Ref. 7.4).

The loss coefficients are taken from the S&L MAD calculation
91-0083, Rev. 0 (Ref, 7.1).

The RHR pump head is degraded by 10% (Ref. 7.4).
The RHR cross-tie header is isolated. The RHR supply to the SI

and VC pumps is accomplished via a cross-tie at the SI and VC
pumps' suction supplies (Ref. 7.4).

Assumptions

The RHR pump curve with the lowest developed head (RHR pump
2A) 1s used to determine the pump operating point. This
conservatively underestimates the average RHR  pump
performance.

Since the loss coefficients are taken directly from
calculation 91-0083, all of the assumptions in calculation 91~
0083 used to determine the loss coefficients are included in
this calculation.

Approach

The operating point of an RHR pump is determined using loss
coefficients and data from calculation 91-0083. The only
significant change from calculation 91-0083 is that the
operating point is recalculated with additional runout flow to
the charging pumps and to the safety injection pumps. This
additional flow decreases the head developed by an RER pump.

The calculation is done iteratively by guessing a flow and
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calculating the corresponding head loss. When the calculated
head loss falls on the pump curve then the operating point has
been determined. The flow distribution between the two sets of
spray nozzles is calculated by varying the flow through each
leg until the head losses across both legs are equal. A nodal
diagram is attached in Appendix A.

The head loss through each segment is calculated using the
following equation.

Ah = (V¥/2g)K (Ref. 7.3)

Ah = Head Loss (ft H,0)

V = Velocity (ft/s) )
g = Gravitational Constant (32.2 ft/s‘)
K = Loss Coefficient
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Calculations

RHR Heat Exchanger Head Loss

From reference 7.1, the head loss through the heat exchanger
at a flow of 3215 gpm is 17.61 ft. Since the head loss is
proportional to the flow squared, the head loss at any flow
can be calculated from the following equation.

Ah = (Q/3215)%(17.61)

Ah = Head Loss (ft)
Q = Flow (gpm)

The actual head losses are summarized in table 1.

Group 2 Spray Nozzle Loss

The head losses for the spray nozzles are modified by changing
the group 2 spray nozzle loss coefficient so that it is
consistent with the nozzle loss coefficient for the group 3
spray nozzles. Calculation 91-0083 used a group 2 loss
coefficient of 3555.06 as input for the S&L computer program
FLO-SERIES. The correct loss coefficient determined in a
seperate section of calculation 91-0083 is 13355. This change
is judged to have a minimal effect on the results of
calculation 91-0083 because the head loss across each set of
the spray nozzles is similar (given the spray header flow
distribution used in calculation 91-0083) and, thus, the
correct head loss across the group 3 nozzles can be used as a
basis for accurately predicting the pump operating point.
However, to be consistent, the loss coefficient is changed to
the correct value. The head loss across the group 2 nozzles is
conservatively calculated by maintaining the same flow
distribution through the nozzles and replacing the loss
coefficient with the corrected loss coefficient. The following
equation is used to calculate the head loss.

Ah = (V?/2g)K
Where,

Ah = Head Loss (ft)

V = Velocity in 3" Pipe (ft/s) = 0.70 ft/s (Ref. 7.1 casel)
g = Gravitational Constant = 32.2 ft/s?

K = Loss Coefficient (Based on 3" Pipe Flow) = 13355
(Ref.7.1)

Ah = (0.70%/64.4)13355
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Ah = 101.6 ft

Project No. 9140-98

This is the head loss of the first nozzle (i.e. the head loss

across the entire nozzle header).

The loss coefficient, based on flow in the nozzle
calculated using the following equation.

Ah = (V¥/2g)K

Ah = Head Loss = 101.6 ft

V = Velocity in Header = 11.77 ft/s (Baf
g = Gravitational Constant = 32.2 ft/s’

K = Loss Coefficient Based on Header Pipe

101.6 = (11.77%/64.4)K
K= 47.23

Group 3 Spray Nozzle Loss

The loss coefficient, based on flow in the nozzle
calculated using the following equation.

Ah = (Vi/2g)K

Ah = Head Loss = 92.04 ft (Ref.
V = Velocity in Header = B8.66 ft/s (Ref.
g = Gravitational Constant = 32.2 ft/s?

K = Loss Coefficient Based on Header Pipe

92.04 = (B.66°/64.4)K
K= 79.04

header, 1is

. 7.1 casel)

header, is

ase 1)
ase 1)

-
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Calculated Head Losses

The following table summarizes the head loss through each pipe

segment.
Table 1
Nodes Nominal Pipe = Flowrate = Velocity | Loes Head
Diamster (in) (gpm) (ft/®) oefficiemt Loss (ft)
Group 1 | ] |
A8 18 " sso | s.s2 0.542 0.26
BC 18 . 3880 5.52 4.079 1.93
c-D PUMP 3850 N/A N/A N/A
D-E 10 3880 15.65 8.234 31.33
Heat Exchanger N/A 3850 N/A N/A | 25.25
E-F p 1450  9.31 6.874  9.28
PG 10 1450 5,90  7.562 | 4.08
G-H 10 | 1450 $.90 | 121 | 0.69
Elev Change N/A N/ N/ N/A _192.95
: !
SUBTOTAL 1 ! | 265.74
| |
| \
Group 2 { | 1
- 10 T 1073.5 | 4.36 | 10.886 3.22
RI=J 8 _1073.5 6.89 47,23 34.85
Elev Change , N/A ~ N/A N/A N/A L 1.8
SUBTOTAL 2 | L 1 L 39.87
Group 3 | 1 |
-t 1 4 3%6.5 | 2.42 | 1.08 | 0.10
i1 ! 6 376.5 | 4.174 | 79.04  21.38
Elev_Change N/A LN NA NA . 18.3
SUBTOTAL 3 | ] 139,78
SUBTOTAL 1 + SUBTOTAL 2 | 305.61
SUBTOTAL 1 + SUBTOTAL 3 | __308.52
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Results

The RHR pump, in the recirculation mode, delivers a flow of
approximately 3850 gpm (1450 gpm to the containment spray
nozzles or an average of 8.48 gpm per nozzle and 2400 gpm to
the SI and VC pumps). The pump curve on the following page
graphically illustrates tii¢ pump operating point.
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This tomputer genvialed puap head cuive has bDeen evaluated as & sultable substutute for the
curreatly appioved pump curve Incorporated In the applicable pump test procedure. This curve has
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points 2c¢ross the range of the Cwrve This curve 's within the readable 1imits of the sccepted
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Februsry 22,1984

To: R. Hameetnen

Subject Control Room Habrtadility Radiological Dose Analyeas

Fotlowing is @ /st of inputs t© be weed when resnalyeing the contsinment sprey flow
deliversd 10 COMEaiImant duing the reciculation phase of an eccidam:

*  RAunout flow for the safety injection purnps should be stsumed 1o be 850 gpm per pump.
(FRAR Queaton §.18; armached)

°  Runout flow for the camnfugal charging pumps showld be assumaed to be 550 gpm per
pump. (FSAR Quesoon 6.18)

* 0 % RMA puMmp Cagradaton sNoUd Le assumed. The SMR pump curves ars attached.

=  The RHRA crosste heador is isolsted. The RHR supply 10 both the SI and VT pumps is
sccomplishad via & croeete at the 8! and VC pumps’ cucton suppliss.

If there &re any qQUesTons regerding This Mater, comact me #t Zion ext. 2978,

"
Design En ng

—

ce:  KLA. Ainger
P.J  Berwcks
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QUESTION 6.06 g

Provide the details of how the avallable WPSR for the ECCS and contaimment spray
pumps during ths injection and recirculation modes were evaluated., Bow will
your assure that adequate WPFE will slways be svailable for the high pressure
pmps and what erc the cossequences of inadvertant loss of NPSH to these pumpa?
Your response should include conformance with §.C. Ne. 1.

ANSWER

Duriag the injection mode of operation following a LOCA, all BOC pumpe (2
cantrifugal charging, 2 safety injectiom and 2 MHR) are supplied from the
RWST. The availlable NPSH for the injection mode was caiculated as follows:
WO vl * " * "aub. cool - M.
L - elevetion head for thie case 1s defined as the differesee

in elevation between the bottom of the RWST and the pump
center line.

h ~ defined as the difference betveen atmospheric pressure

and the vapor pressure of water in the RWST at 100°F.

sub. cooling

h‘ﬂ L - head losses ia the piping from the RWST to the pumps at
naximm pump runout flows.

During the recirculation mode of operation, the RHR pumps will be supplied from
the recirculacion sump inside cootsinment and provide recirculation flov to the
RCS hot legs and to the ST and charging pump suction headers. The available
NPSH for the KNR pump during the recirculaction mode was calculated as follows:

8 vail b1 * Y. cool = Ma.L.
hd - alevation head for this case s defined as the differemce
in elevation between water level {n containment and the
pump centerline.
hll L ~ head losses in the piping from the contaiowent sump to

the RKHR pump at maximum pump runcut flowa.

blub cooling ~ to conservatively conform to $.C. No. 1, the coolant inside
containment 1s assumed to be saturated and no credit is
taken for subcooling.

Ansndaent 18
Q6.18-1 December 7}
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Calculated available NPEH and required NPSE for the ECCS punps are
tabulated below.
Net Positive Suctico Eeads Fox
Yost-DhA Cparaticuel Pumpg
?low and Suction Available Required Water
Pump Condition  Boures Kpsg . @SR Temp,
1. Safety 550 gpm Refusling Water 44 fe. 22 fe. 100°7 max.
lnjection rmout flovw  Storsge Tenk
2. Centrifugal 550 gpm Refueling Water 23 fe, 23 ft. 100°¥ max,
Charging runout flov  Storage Taok
7, lasidual 4750 pm Refualing Water 25,7 ft. 21 fe. 100°F max.
deat runout flow  Storage Taak
Removal
4, sesidual 4750 gom Countainment 23,5 fr, 22 fe. Seturstion
Hest ruoout flow  Sump
Ramoval

The available NPSE as calculated for each pusp is considerud to be
consexvative for the following reasons:

1. The elevation head used is the differential betveen the bottom of
the EWST and the pumpe., Undar actual couditions the injection phaae
13 terminated et the WWST low level alarm point with 105,000 gal
remaining in the task which would give an additional 10 ft. of WPSE,

2. Credit is taken for subcooling only to 100°F, Actusl temperatures
of coolent 1B the EWST will be cloeer to 75°F.

3, Mo credit is tsken for subcooling of fluid ia the conzainmant aump
or for incressed cootainment pressures following the LOCA.

“elb-l Amerdmant 22
August, 72
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This wompsier generated pump head curve has bees evaluated as 2 sulltadle substuluie For the “r {
Currestly approved pump curve !scorporated in the appiicable pump test procedere. This carve has < !
been veriftled to be similar fa gexeral shape and has besn checked for accuracy it 3 wminimsm of § o
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This computes generaled pump head (urve has been evaiuated as & sultable substutute for the

curreatiy approved pump curve incorporated In the sppiicable pump test procedure. This curve has ,:
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ihis compuier generaied pump head cuive has Deen evaluated as a2 sultable substutute for the
currently approved pump curve ‘acorporated in the applicable yump test procedure. This curve has
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ATTACHMENT D
Calculation ZI1-3-86 Rev. 1
"Calculation of Post-LOCA lodine Spray Removal Rate"
and
Calculation ZI-5-91 Rev. 0

"Control Room Infilteration Study"



