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| PURPOSE/OBJECTIVE

The purpose of this calculation is to determune the Net Positive Suction Head (NPSH) available to
the RHR pumps during the post-LOCA recirculation phase of operation. This wili resolve issues
raised by a PIF on the subject and evaluated in Operability Assessment ER9606393  This topic
was originally covered in Reference | and is discussed in UFSAR Section 6.0 | 4 (Ref 5.13)

The purpose of Revision | of this calculation 1s to include the losses due to the containment
recirculation sump screens in the available NPSH calculation. Although this 1s a very minor
contribution to the total flowpath losses, it is appropniate to include it.

The purpose of Revision 2 of this calculation is three fold. The first part of this revision will be to
revise the pressure loss across the Upper Sump Screen by determining the available flow area
from as-built field measurements (See attachment B). The second part of this revision of the
calculation is to verify that adequate water will flow into the sump to maintz in sump level during
the post-LOCA recirculation phase of ECCS operation. The fina! part of the revision will
determine the percent of blockage of the upper mesh sump screen that can be tolerated and still
provide an NPSH in excess of the required NPSH for the RHR Pumps

2 METHODOLOGY/ACCEPTANCE CRITERIA
2. 1. The available NPSH can be determined from the following equation
NPSH = h, - hypa # hg - hy Ref 5.2 pl-11
Where:  h, = absolute pressure on the surface of the liquid supply level

h.pe = the head corresponding to the vapor pressure of the liquid at the temperature
being pumped.

hy = static height in feet that the liquid supply level is above the pump centerline.

hg = all suction line losses including entrance losses and friction.
The NPSH equation given in UFSAR Section 6 0.1.4 combines the absolute pressure term and the
vapor pressure term given above into the term hyupcosing.  AS given in the UFSAR the equation then
becomes.

NPSH = hyuesoing + het = hug. Ref 5.13, p6.0-7

Where:  hyucooing = the difference between the atmospheric pressure in the containment and the
vapor pressure of the sump water.

he = hy, = static height in feet that the liquid supply level is above the pump centerline.

REVISION NO 2
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hyg = hg = all suction Line losses including entrance losses and friction

For conservatism no credit is taken for any elevated containment pressures which may exist
following a LOCA. nor 15 any credit taken for the pressur: caused by the air that is present in the
containment free volume prior to the LOCA. The sump water 1s assumed to be saturated and
hence, any steam pressure on the surface of the sump water is canceled out by the vapor pressure
of the water being pumped (1.€. hyicooing = 0). The NPSH equation then becomes:

NPSH = hy - he=hy - hig
The total pipe losses can be expressed as the sum of the losses in different line sizes.
hs = h(20™) + h{18") + hyreens
Where:  hq20”) = 20" pipe loss including pipe entrance
h(187) = 18" pipe loss including pipe exit
hycreens = containment recirculation sump losses due to screens
The pipe fricuon lesses are based on the following equation.
he=K* V/2g Ref 5.2, p3-110
Where. K = the total loss coefficient due to pipe length. valves and fittings
V = the fluid velocity
g =32.2 ft/s’, the gravitational constant (Ref 5.2)

The sump screen losses for the existing screens were calculated in References 5 14 and 5.15
However, the Reference 5.14 calculations are based on a 15.000 gpm flowrate and the Reference
3.13 calculations are based on a 9500 gpm flowrate. This calculation will be made based upon 2
RHR pumps operating at 4500 gpm each for a total of 9000 gpm. For the lower Sump Screen the
information in References 5.15 and 5.17 will be utilized to determine the pressure drop across this
screen. Nominal screen mesh sizes are shown in Reference 5.16.

For the Upper Screen the screen mesh resistance coefficient (K) is determined from actual field
measurements. This “K” factor 1s determined by finding the average open area of each cell of the
mesh and dividing this area by the totai cell area between consecutive wires in the mesh. The
ratio of these areas gives the resistance coefficient as provided on Page 17 of Reference 5 17.
Then the head loss across the screen is determined in the same way as the pipe losses are
calculated as shown above.
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The acceptance critenia is to ensure the available NPSH remains above the required value from
the manufacturer’s pump curve. UFSAR Table 6 0-1 indicates the required NPSH for the RHR
pumps dunng the post-LOCA recirculation phase is 19 ft at a flowrate of 4500 gpm Page 4-2 of
the RHR DBD (Reference 5.3) indicates that the required NPSH 1s 20 ft at a flowrate of 4300
gpm. The MPSH value can be read from the pump curves (Artachment A) but the resolution of
the curve 1s difficult. The required NPSH appears to fall between 19 and 20 ft at 4500 gpm for
all RHR pumps. Using 20 ft as a recuirement is conservative. The UFSAR should be updated to
match the DBD (NTS item 295-140-96-9606593 | and 295-140-96-960593 2).

This calculation will determine the available NPSH at the RHR pump “runout flow” of 4500 gpm
and compare it to the required NPSH of 20 ft at the “runout flow™ of 4500 gpm as intended in
UFSAR Table 6 0-1

N
2

The rate of water inflow into the sump can be determined by modeling the sump outer mesh screen
as a rectangular weir and calculating the flow rate of water across the weir for various heights of
water on the Containment floor. This is accomplished by using the table on Page 2-10 of
Reierence 5.2, The effective flow length around the penimeter of the open area of the sump is
calculated from field measurements. For various heights and the effective length, the flow into the
sump 1s determined. The flow rate per unit length of sump opening is conservatively calculated
using a per length flow rate of an opening that i1s smaller than any of the sections of the sump

This is required because cf the non-lineanty of the tabulated data (1.e = A weir length twice a
given length will have more than twice the flow rate of the given length ) A ruquired height for
the 9000 gpm fiow raie is thus found.

To this height 1s added an additional height of water due to the friction between the Containment
floor and the water, and the head loss of the pressure drop across the mesh screen s also included.
This required height is compared the available effective height (open vertical in the screen mesh)
that exists when the RHR Pumps are transferred to the recirculation mode (Reference 5 4 - Page
4). The acceptance cntena for this portion of the calculation is that the available effective height
exceeds the required height of the water on the Containment floor

o
L

The amount of blockage. that can be tolerated and still have available NPSH exceed the required
NPSH, can be calculated by an iterative process. The required NPSH 1s subtracted from the
availabie NPSH (No blockage condition) to determine how much additional head loss can be
tolerated. A percent of the available open area is picked and a resistance coefficient (K) is
determined from the ratio of the available open area to the total open area using the graph on Page
17 of Reference 5.17. The fluid velocity acrass the available open area for a flow of 9000 gpm 1s
calculated. The pressure drop is then calculated from the equation is Section 2.1 of this
calculation. This iterative process is continued until the pressure drop for a specified percentage of
blockage is equal to the difference between the available NPSH and the required NPSH.

The acceptance critena for this section of the calculation is to have the greatest percent of
blockage of the open area on the upper sump screen and still meet the NPSH requirements. This
calculation will determune this percentage of blockage
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3 ASSUMPTIONS AND LIMITATIONS

3.1, The sump water is saturated and hence, any steam pressure on the surface of the sump water s
canceled out by the vapor pressure of the water being pumped

3 2. Containment wide range level is greater than | ft atove the containment floor (elevation 368°)
prior to going to recirculation. (Reference 5 4, p4)

33 Reducer angles (Calculation Section 6.3) are assumed to be 45°.

3.4 The longest pipe lengths between units and trains are used to maximize the pressure drops

3.5 The containment sump screens remain sufficiently clear of debns to provide an adequate source of
water to the RHR suctior piping

36 Anabsolute pipe roughness, € , of 0018 was selected for use in determining the pipeline and
fitting friction factors  This is a reasonable value since a typical absolute pipe roughness for
commercial steel is .00015 (Ref 5. 11). Since the roughness selected is just over one order of
magnitude greater than the estimated roughness for a new pipe, increased roughness due to pipe
age and service should be adequately accounted for. The RHR system is not expected to be
significantly fouled since the water used is pnmary grade.

3.7, For purposes of determining the kinematic viscosity. the temperature of sump water at the time of
recirculation is assumed to be a minimum of 150°F. This maximizes the friction factor an”,
resistance of the pipe and fittings. This is conservative according to data from Refereac: 5 12

38 For the calculation of flow into the sump the bottom 0.5 inches of water on the Containment floor
does not flow into the sump, n order to account for the friction between the water and the
Containment floor.

39  The flow rate of water into the sump for each foot of length of weir is assumed to be equal to the
per foot flow rate of a three (3) foot weir for a given depth

3.10. The pressure drop due to the blockage of the available open area in the mesh screen is calculated
as an additional pressure drop across an unblocked screen mesh.

4 DESIGN INPUT
4.1. Containment floor is at elevation 568 (Reference 5.5)
42 RHR pump centerline elevation is at 544" (Reference 5.6)
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6 CALCULATIONS

6.1  Static elevation head
The static elevation head is calculated from Design Inputs | and 2.
h,=3569-544=25ft

62 20" Pipe losses: 1(2)S1007-20"-AA, 1(2)S1008-20"-AA (Ref. 5.6)
Pipe schedule = standard (Ref. 5.7)
Pipe ID = 19.25 in : (Ref 52p7-11)
Velocity, V = 4500 gpm * m/60sec * ft'/7 48052g / =((19 25/12)7/4) ft’ = 4 96 fus
Reynolds number, Re = DV/v (Ref. 3.2 pl-5)
Kinematic viscosity, v = 0 44 centistokes = 4 7E-6 ft*/s (Ref 52, pd4-4, 4- ‘
27)
(viscosity at 150 F results in conservative (maximum) frictior factor)
Re = DV/v = (19.25/12)(4 96)/4 7TE-6 = | 69E6
Relative roughness = ¢/D = 0.0018/19.25 = 0.0001
f=0.013 (maximum) (Ref 5.11 pA-24)
Maximum Pipe length = 51.69’ (for any of the 4 lines) (Ref 5.9)
k; =f(L/D)=0.013(5169/(19.25/12)) =042
ky = 0 78 for an mward projecting pipe entrance (Ref. 5.2, p3-116)
hd(20™) = (ki + ki) * (V)72
hd20™) = (042 + N.78) * (4.96)/2*322=046 ft

63 18" pipe losses: 1(2)SI1007-187-L, 1(2)S1008-18"-L (Ref 5.6)

The total pipe length is summed from dimensions on drawings in Reference 10 and the maximum
value was selected.

Pipe schedule = 40 (Ref 58)
Pipe ID = 16.876 n (Ref 52 p7-11)
Velocity = 4500 gpm * m/60sec * ft’/7 48052g / 7((16.876/12)/4) ft* = 6 45 fs

Reynolds number, Re = DV/v (Ref 52 pl-3)
Kinematic viscosity, v = 0.44 centistokes = 4 7E-6 ft’/s {Ref 5.2, pd-4. 4-
27)

(viscosity at 150 F results in conservative (maximum) friction factor)

Re =DV/v=(16876/12)(6.45)/4 TE-6 = | 93E6

Relative roughness = ¢/D = 0.0018/16.876 = 0.0001

f=0.013 (maximum) (Ref 5.11 pA-24)
Maximum Pipe length = 71.92" (for any of the 4 lines) (Ref. 5.10)
k, = f(L/D)=0.013(7192/(16.876/12)) = 0.66
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64

Fitting summary (Ref 5.2, 5.6)
Fitting L/D____number total L/D k

20x18 reducer - | 0.07*
18x14 reducer - I - 0.1®*
gate valve 8 l 8 0.104
LR elbow 14 4 (max) 56 0.728
SR elbow 20 2 40 052
FTR 20 6 120 1.56
Pipe exit - 1 - L
sum k; = 4 082

*k (reducer) = 8sin (6/2)(1-d,"/d;") = 8sin (43/2)(1-(16.876/19.25)%) = 0.07 (Ref 52, p3-118)
assume 6 = 45°

h(18") = (k) + k) * (V)/2g
hd(18") = (0.66 + 4.082) * (6.45)*/2%32.2 = 3 06 ft

Sump Screen Losses

“ll',lze screenrtotal arnea for each screen cell is calculated in Reference 5 15 The actual open area of
an average cell is determined by averaging the measurements taken at the sump screen (Provided
in Attachment B)

For the cells of the mesh:

(width)ywe =(1/12)[378+395+393+391+396+375+408+385+382+394+387+309] = 389 3 mils
(height) yer =(1/12)[384+380+385+374+393+377+383+389+374+408+379+385] = 384.25 mils
the nominal size of the mesh is: width = 500 mils and height = 500 mils (Ref 3.14)

"+ Agpen/ Aol = (389.5)(384.25)/[(500)(500)] = .5987 =~ 0.600

From Page 17 of Ref. 5.17 for Agpen/ A = 0600 K= 10

Next, determine the A from the as-built measurements using the minimum of the measured
values of the screen perimeter:

P=(523/16+523/16+495/16 +58 5/i6+ 71 7/16 + 51 13/16) = 333 36/16 inches
or P =333 |/4 inches = 335.25 inches

The height of the mesh screen is 12 inches = | ot

5 Aww = 10R[33525in) *f/12in = 2794/t °
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" Agpen = (0.6) Ay = (0.6)( 27.94 ft%) = 16,76 f *

Velocity, V = 9000 gpm * m/60sec * /4%/7.48052g / (16.76) fi*= | 196 fus

Byereen = (1.0)(1.196)° / 64 4 = 0.022

3/8" Screen open area, A= 1787 ft° (Ref 5 13)

K=10 ; (Ref 5.17)

Velocity, V = 9000 gpm * m/60sec * ft’/7 48052g / (17.87) f' = 1.12 fus
hucrean = 1.0 (1.12) /64,4 = 0019

6.5. Available NPSH
NPSH=25-046-306-0022-7019=21439f>20#

6.6  Calculation of Containment Floor *:_od Height Necessary for a 9000 GPM Flow into the Sump
Q = 9000 gpm = 9000 gal/min * min/60 sec * ft'/7.48052 gal = 20.05 ft'/sec
From the previous section the average width opening is 389 3 mils.
" lopen/ liow = (389.5)/(500.0) = 0.779 and the total perimeter 1s 335.25 inches = 27 94 ft.
“lopen = (0.779)(27.94 R) = 21.77 1.
Using the table on Page 2-10 of Reference 5.2, flow rates for various heights of water can be
determuined. A conservative value of flow rate into the sump can be made by using the 3 foot
length weir flow rate.
Checking this - the shortest length of sump section is 49 5/16 inches = 4109 ft. and
(0.779)(4.109) = 3.20 ft. (Hence, using the 3 foot weir flow rate will be conservative.)
Since the open section of each length of sump screen is greater than 3 feet. using one third of the

3 foot flow rate will provide a conservative flowrate. The data, for a given height can be
tabulated with Q being the flow rate per foot of length for a 3 foot weir
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6.7

Height (in.) Length (feet)  Q (zpvft)  Quu (epm)

500 2177 391.67 8,526.66
6.00 21.77 511.67 11,135.06
7.00 21.77 64267 13,990.85
5.50 21.77 45067 9.811 09
525 P 420.67 915799

Using the requirement that there is no flow in the bottom 0.5 inches of water, the minimum height
of water becomes 575 inches. The pressure drop across the screen mesh is 0.022 ft. = 0 264 in.
Therefore, add an additional 0.3 in for the pressure drop to get a required height of 6.03 in

Because of the horizontal wires in the mesh, the total effective height available is not the full 12
inches Calculating this height:

hear = [(384.25)/(500)] * (12in.) =922 in.

Note that 384.25 is the average vertical open length (mils) in the mesh, and 300 is the nominal
centerline-to-centerline distance (mils) between wires in the mesh. The 12 inches is the height of
the mesh screen.

Thus, there is 9.22 inches of height available. Since only 6.03 inches of water is needed, the flow
into the sump will be able to maintain sump level.

Calculation of Percent of Blockage that will still Provide the Required NPSH

The available NPSH 15 21 439 feet, and the required NPSH is 20.0 feet. Thus, there is | 439 feet
of additional pressure drop available The total available open area is 16.76 ft., and the required
flow rate is Q = 20.05 ft/sec. Now it is necessany to iterate to find the allowed blockage:

Let the blockage be 75% .. Agpe/Ains = 0.25 from Reference 5.17 K =10

S Agpen = (0.25)(16.76 ft) =4.19 /.

5oV =Q/ Agpen = 20.05/4.19 = 4.79 ft /sec. (Ref. 5.11)

. B = (10)(4.79)/64 4 = 3 56 ft.
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This value exceeds the allowed pressure drop
Let the blockage be 70% .. Agped/Aiwi = 0.30 from Reference 517 K. =65
S Agen =(030)(16.76ft.) = 5.028 ft.
UV = Qf Agpen = 20.05/5.028 = 3.99 ft /sec.
. oo = (6.5)(3.99)7/64 4 = 1 607 ft.
This value exceeds the allowed pressure drop.
Let the blockage be 68% .. Agpen/Aiwi = 0.32 from Reference 517 K=58
v Agpen = (0.32)(16.76ft) = 5.363 ft
5V = Qf Agpen = 20.05/5.363 = 3.74 ft./sec.
. i = (3.8)(3.74)°/64 4 = 1,259 ft,
This value is below the allowed pressure drop.
Let the blockage be 69% .. Agen/Awa =031 from Reference 517 K=6.0
" Aopen = (0.31)(16.76ft.) = 5.196 ft.
5oV = Qf Agpen = 20.05/5.196 = 3 86 fi./sec
. hyiee = (6.0)(3.86)/64.4 = 1 39 f.
This value is in close approximation to the allowed pressure drop, and it does not exceed it. This

value shouid be used. The 69% blockage of the open area will still allow the required NPSH to be
met.

7. SUMMARY AND CONCLUSIONS

The results of this calculation show that the RHR pumps have adequate NPSH (> 20 ft) during
the post-LOCA recirculation phase at a flow rate of 4500 gpm. The results of this calculation
also show that there is suffi<.ent flow into the sump to maintain the sump levei during the post-
LOCA recirculation pha<: of the RHR Pumps, and this calculation shows that 69% of the open
area on the upper scree.: can be blocked and still provide sufficient pressure to meet the required
NPSH of the RHR Pumps at the 4500 gpm flow rate

Final
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Exhibit A
NEP-04-04
Revision 1
WALKDOWN OLCERVATION RECORD
Type of Walkdown: Déél;&vw_% Date of Walkdown:_/7¢ -7
(Study, Designer's, installors, User's)
Design Change No.: N/A
Participants:
Department I Name (Prioted) Signature ]
w cwo
DE D ot Covlar— Q_/&:f;
pE E’ s”ﬁ’/y ‘ 7 /J/./r/ f‘j/—.
Significant Observations:

[Use edditional pages if necessary. Note, if attachments are expected W be used as controlled design wnput for
calculations (i.c., dumensional data, etc.), then the attachments must be property prepared and reviewed/venfied |
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