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CALCULATION 12 THE APPRUPRIATE BASIS FOR THE ACTIVITY

CALCULATION ASSUMPTIONS, CONSIDERATIONS, AND METHODOLOGY CONFORM TO
APPLICABLE DEZION REQUIREMENTS

GOURCES OF LATA AND FORMULAG WERE REVIEWED AND VERIFIED 10 BE
CORRECT AND COMPLETE

INPUT DATE 15 CORRECT AND USED PROPERLY

THE ANALYTICAL METHOD USED IN THE CALCULATION KAZ REEN CONGI1DERED
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Revision __ 4
REVISION 4 /

To re-dyaluate the net positive suction head available (NPSHA) for the residual heat remdval (RHR)
system Wgh suction aligned from the suppression pool (SP) under the worst expected gonditions and
with an inchgase in the maximum allowable ditferential pressure across the suction

suction (PP-51-102A

with no flow (static) and
with design rated (10,

gpm) flow (dynamic). The purpose of these mg@surements is to show loop
capability for LGS Technlsal Specification requirements. An addttional urpose of this calculation is to
establish the maximum valdg for the ditference between these two méasured pressures beyond which
the loop may not satisty its salety function.

Results

With suction aligned from the SP, u
rate of 11,000 gpm, a SP level of 199'

%", andam um allowable differential pressure across the
suction strainer of 5.0 psid, the calculate

r worst oxpocte%zndnions (212°F and 1 atm), with a pump flow
et positiveAuction head available is

NP = 7.97 feet

The margin to the net positive suc.on head r by the pump is,

With a system test (SP to SP) flow ratg’of 10,000 gpm, the\naximum allowed change in suction
pressure measured at PP-51-1(2)02A(-D) is 6.3 psid.

Poae * Poynene > 8.3 psid Max. Allowed

These results are applicable tg’both LGS Unit 1 and Unit 2.

Inputs
= 212 ¥
= 45 psia (only usex to determ p and p)
= 59.81992 Ibrmveutt
= 0.28222 cp
B 1 atm
v - 1 atm
Q = 11,000 gpm
d = 23.25 inches
Leo(24") = 474 5 feet
Lee(307) = 151.5 feet
Zsp = 199.95833 feet
Soum = 174 87500 feet

NPSHR = 6.0 feet @ 11,000 gpm
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Revision 5

# ™S
1lcoatio G A,
NET PON/TIVE SUCTION HEAD AVAILABLE

Flow losses Wot including strainer, ‘.om page 3-2 of References 5 & 6,

Re = 50.65920 —0-5-
u

= 5,08 E+06

To account for 40 year life, assuthe a roughness factor of §'00085 feet (equivalent to cast iron)
From page A-24 of References 5 & &
f=00163""1.

From page 3-2 Equation 3-5 uf Reference B\& 6

AP, = 2.167037%33E -4 L2 |
d®

23.25\°
= 474.5 + 151.5) £2:22
e 1 9.25

= 522.57 feet

aP, £ 2.161037233E -4 (0:0163351) (69.81992) (528,57) (11000)°
(23.25)°

= 1.865 psid

————
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CALC NO.: M-51

ed the longest suction line 1//t e SP ar

iccount 1¢ A( arlite. The equivalgnt length calc

2 for the calculation of NPSHA t it should not be used YV/(.qu e am:z 'm’v
ra me a\ ed difference in suction pressure between .f.‘.a‘.c and d,”n? conditions because it

vely

riobute moye measured flow dP to the line itself and iess to the strainér

ength should be used for this part of the calculatid

. o - o~
Thus a conservati

' 4
'
test SP temperature expected during’the tes!, that of the max
‘ -ation during normal pjant operation, 95°F

it a friction factor of

< VI wil

450 + 100 x|

481.73 feet
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Evawgating the line losses (not including the suction strainer),

P, = 2161037233k -4 (0.0124405) (62.06667) (481.73) (10000)*

(23.25)°

The difference betwe2n the prgssure at the pump suction (PP) at

tic conditions and at dynamic
conditions can be exprr <ed a

whare,
Pl\ﬂt
P i
AP, essure l0ss dueNo flow (not including the suction strainer)
AP, pressure loss due td\velocity (i.e. the velocity head in psid)
AP e ssure drop across the strainer (5.0 psid)

- 1.80086E-5 _(62.08687) (10000)?

(29.25)*

= 0.1527 psid \

Tos <R, ||
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conditions besoines,

’

Thus the difference between the measured suction pressure at static oop(nlons and at dynanT

AP - AP, + APV + AP

=\{.18 + 0.16 ' 5.00

Max. Allowed

; . | CALC NO. M:-51-62
PECO ENERGY | CALCULATION SHEET PAGE.__20.
evisian g
Caloulations (Cont'd) me:"'

O




CALCULATION M-51-62, PAGE 21

L CALCULATE NPSHA FOR MODE “A-1” (REF, 1)
Qperating Conditions

Flow 10,150 gpm

Temperature = 170" F

Specific Weight @ 170°F = 60.79 Ib/ft” (Ref 7)

Minimum Suppression Pool W.L. Depth = 18.04 ft (Ref 2)
Minimum Suppression Pool W.L. Elevation = 199'-11%" (Ref
Pressure @ Suppression Pool = 14.7 psia (Ref 1)

Vapor Pressure @ 170°F = 5,99 nsia (Ref 7)

Pump Suction Elevation = 174 875 ft (Ref 3)

2)

NPSHA
where

absolute pressure (in feet of liquid) on the surface of liquid supply level

head (in feet) corresponding to the vapor pressure of the liquid being pumped

static head (in feet) of liquid above centenine of impeller eye

suction line friction losses (in feet)

Calculate Suction Line Losses (AP)

where,

AP = friction losses, psi

Q = flow, gpm

I length of pipe, ft
internal diameter of pipe, inches
weight density of fluid, 1b/ft’
friction factor




CALCULATION M-51-62

Reynolds Number of Flow in Pipe

~ 4}’4
Re = S06 = (Ref §)

where

absolute (dynamic) viscosity in centipoise = 0.4 @ 170 F (Ref §)

AP @ 24" Line

(Q(l(\hlm lg"l(h%-”’)
Re

(2325)04)

£/D (Relative Pipe Roughness)
Use Cast Iron Pipe to account for Pipe Aging
24" DIA, Cast Iron Pipe = 0.0004 (Ref §)

0.016 (Ref 5)

(0O016)474%,(60.79)10150)
A\l 0000216
‘4 \:w\')

|

.51 psi

(5S06)(10,150%607

Re

£/D (Relative Pipe Roughness)
Use Cast Iron Pipe to account for Pipe Aging
JO" DIA, Cast Iron Pipe = 0.00034 (Ref 5)

0.015 (Ref §5)

: l'a(\;;NlQ:Hh)nx}"|1,i<n;)
- i

(2925)

0.144 psi




CALCULATION M-51-62, PAGE 23
AP of Suction Strai
Dirty AP@ 11,000 gpm @ 180 F = 7.11 ft (Ref 13)
For Modc A-1 the strainer AP @ 10,150 gpm @ 170 ' F is needed.

The 10 F difference in temperature between Mode A-1 conditions and Reference 13 is
addressed in the note on page 24.

The dirty strainer AP given in Reference 13 consists of normal system losses and bed losses
(the layer of debris consisting of fiber and corrosion products). When adjusting the AP for

various flow rates the system losses are proportional to the square of the flow rates , while the
bed losses have a linear relationship to the flow rates (Reference 14).

From Reference 13 the actual system losses are 2.85 ft and the bed losses are 4.26 ft @
11,000 gpm @ 180 F.

Therefore, the dirty AP @ 10,150 gpm @ 180 'F is:

10.150)° 10,150 .
285 )(———) 426 )(——-—) = 636 fit H,O
(285 2 000, * (462 11,000 M H,

Total Suction Line Friction |
hg = APy + APy + APgrpaner

hg = (1.51 + 0.144)(144/60.79) + 6.36 = 10.28 ft H,0

Static Head

hy = Min W.L. @ Suppression Pool - Elevation @ Center Line of Pump Suction Nozzle

hy = 199.96 ft - 174,875 ft = 25.085 fi




CALCVLATION M-51-62, PAGE 24

MODE A-1 NPSHA

NPSHA = h, - h,, + h, - h,

L]

NPSHA = (14.7 - 5.99)(144/60.79) + 25.085 - 10.28 = 35.44 ft H.O

RHR Pump NPSHR @ 10,150 gpm = § ft H,O (Ref 10)

NPSHA > NPSHR

NOTE - the dirty strainer AP used is for 180" F. Based on Reference 14 the strainer AP will
be slightly greater at 170" F (from 180 " F to 100 F the strainer AP only increases by
approximately 2 ft). Since the NPSHA @ 180 'F is greater than the NPSHR by approximately
30 ft the slight increase in strainer AP from 180 F to 170" F will not result in the NPSH A
being less than the NPSHR for Mode A-1
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2. CALCULATE NPSHA FOR MODE “A-2" (REF, 1)

Opurating Conditions

Flow 11,000 gpm

Temperature = 180 F

Specifi- Weight @ 180 F = 60.57 Ib/ft’ (Ref 7)

Specific Weight @ 212°F = £9.81 Ib/ft’ (Ref 7)

Minimum Suppression Pool W.L. Depth = 18.04 ft (Ref 2)
Minimum Suppression Pool W. L. Elevation = 199'-11%" (Ref 2)
Pressure @ Suppression Pool = 14,7 psia (Ref 1)

Vapor Pressure @ 180 'F = 7.511 psia (Ref 7)

Pump Suction Elevation = 174 875 ft (Ref 3)

NOTE: Equations for NPSHA, AP, and Reynolds Number are defined in the section of this
calculation evaluating Mode A-1 (see page 21 and page 22)

AP @ 24" Ling
i = absolute (dynamic) viscosity in centipoise = 0.35 @ 180'F (Ref §)

(506X11.000X6057) A
Re 414x10
(2325)035)
e/D (Relative Pipe Roughness)
Use Cast Iron Pipe to account for pipe aging
24" DIA, Cast Iron Pipe = 0.0004 (Ref §)

0.016 (Ref §)

)] £ 74 § OS7%11000
\/ \llHN»:](\(“.' I ‘N.J ‘,..”,“,K, ).‘ll‘.( ,)

(23.25)

= 1.77 psi

AP @ JO" Line

R (506X 11.0006057)
£ —
(2925)(035)

e/D (Relative Pipe Roughness)
Use Cast Iron Pipe to account for pipe aging

30” DIA, Commercial Steel Pipe = 0.00034 (Ref 5)

f = 0015 (Ref §)
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(OOISKIS26057X11000)
0000216

(29295)

= (.169 psi

A _of Suction Strainer

Actual Diny AP @ 11,000 gpm @ 180°F = 7.11 ft H,0 (Ref 13)

Ma<imum Allowable Dirty AP @ 11,000 gpm @ 212°F = 12 ft H,O (Ref 11 and Ref 13)
Converted to 180°F = (12)(59.81/60.57) = 11.85 ft H,0O

Total Suction Line Friction Losses

hy, AP+ + APy + APgrramnver

Bised on Actual Strainer Dirty AP
hy (1.77 + 0.169)(144/60.57) + 7.11 = 11,72 ft H,0

Based on Maximum Allowable Strainer Dirty AP
hg = (1.77 + 0.169)(144/60.57) + 11.85 = 16.46 ft H,O
Static Head

Min W.L. @ Suppression Pool - Elevation @ Center Line of Pump Suction Nozzle

199.96 ft - 174 875 ft = 25.085 ft

MODE A-2 NPSHA
NPSHA

NPSHA Based on Actual Strainer Dirty AP=
(14.7 - 7.511)(144/60.57) + 25.085 - 11.72 = 30.46 ft H,0

NPSHA Based on Maximum Allowable Strainer Strainer Dirty AP=
(14.7 - 7.511)(144/60.57) + 25.085 - 16.46 = 25.72 ft H,0

RHR Pump NPSHR @ 11,000 gpm = 6 ft H,O (Ref 10)

NPSHA > NPSHR
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3. CALCULAGE NiSHA FOR MODE “B”_(REF, 1)

Qperating Conditions

Flow 10,000 gpm

Temperature = 212°F

Specific Weight @ 212°F = 59.81 Ib/ft’ (Ref 7)

Minimum Suppression Pool W.L. Depth = 18.04 ft (Ref 2)
Minimum Suppression Pool W L, Elevation = 199'-11%" (Ref 2)
Pressure @ Suppression Pool = 14.7 psia (Ref 1)

Vapor Pressure @ 212°F = 14,696 psia (Ref 7)

Pump Suction Elevation = 174 875 ft (Ref 3)

NOTE: Equations for NPSHA, AP, and Reynolds Number are defined in the section of this
calculation evaluating Mode A-1 (see page 21 and page 22)

\P.@ 24" Line

= absolute (dynamic) viscosity in centipoise = 0.29 @ 212'F (Ref 5)

(iu(‘"“\u)(nn‘ix.‘xi,
Re 449x10

-

(23.25)0.29)

e/D (Relative Pipe Roughness)
Use Cast Iron Pipe to account for pipe aging
24" DIA, Cast Iron Pipe = 0.0004 (Ref 9)

0.016 (Ref §)

21 (0016X4745)(5981)10,000)

= |.44 psi

(S06X10.000)%5981)

R(‘ ‘\<“\l|y
(2925)0.29)

D (Relative Pipe Roughness)
Use Cast Iron Pipe to account for pipe aging

30" DIA, Commercial Steel Pipe = 0.00034 (Ref )

f = 0.015 (Ref5)
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(OO15X152)(5981)10,000)
V000216
(29295)

= ().138 psi

AP of Suction Strainer

Maximum Allowable Dirty AP @ 212.5'F @ 11,000 gpm = 12 ft H,O (Ref 11 and Ref 13)
For Mode B the strainer pressure drop @ 212 ' F @ 10,000 gpm 1s needed

The AP associated with the strainer consists of normal system losses and bed losses (the layer
of debris consisting of fiber and corrosion products). When adjusting the AP for various flow

rates the system losses wre proportional to the square of the flow rates while the bed losses
have a linear relationship to the flow rates (Ref 14;

From Reference 13 the actual system losses are 2.85 ft @ 213 °'F @ 11,000 gpm. Therefore it

1s assumed the maximum specified dirty AP or 12 ft from Reference 11 allows for 9.15 ft for
bed losses

Therefore the Maximum Dirty AP @ 212°F @ 10,000 gpm is:

(28 ) 10,000 ( | ) 10.000
2885 M1 + (O1S8 #1 "

1067 ft H,0
| 1,000 1 1000

NOTE: The strainer AP obtained from Reference 11 is based on 212.5 ' F and 11.000 gpm

The actual system losses obtained from Referance 13 is based on 213" F and 11.000 gpm. The
Mode B operating temperature is 212 ' F (Reference 1)

The difference in temperature is
considered negligible based on the insignificant change in water properties between 212°F,
212.5F, and 213" F which would have no impact on NPSHA

Total Suction Line Friction Losses

h, A\Pyy» + APy + APgrpamven

hy = (1.44 + 0.138)(144/59.81) + 10.67 ft = 14.47 ft H,O
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static Head

Min W.L. @ Suppression Pool - Elevation @ Cente: Line  f Pump Suction Nozzle

19006 L - 174 875 25.088 fi

MODE B NPSHA

NPSHA + h, - hy

vpe !

NPSHA (14.7 - 14.7)(144/59 81) + 25.085 - 14.47 10.62 ft H,O

RHR Pump NPSHR @ 10,900 gpm = 5 ft H,O (Ref 10)

NPSHA > NPSHR

he GE RHR Process Diagram (R2ference 1) requires the NPSHA at the pump suction nozzle

to be = 10.3 ft plus the difference in elevation between a reference location and the centerline

of the pump suction nozzle

Reference | defines the reference location as 2 ft above the pump
mounting flange

From Reference 12, the RHMR pump mounting flange is at Elevation 177 fi

Therefore, based on the requirements of Referencs 1, the NPSHA must be > 14.43 ft (177
2-174 875 + 10.3)

+

From above, the RHR piphiy arrangement only provides 10.02 fi

Although the NPSFA does not m ot the generic design requirements specified in Riference |

NPSHA is considerrd acceptable based on the actual as-built pump vendor requirements in
accordance with Reference 10
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4. NPSHA Margia For Mode B Based On Actual Dirty Strainer AP

The RHR System operating in Mode B is the limiting accident mode for NPSH, therefore the
NPSHA margin based on the Actual dirty strainer AP will be based on Mode B conditions.

RHR Mode B NPSHA = 10,62 ft H,0 @ 10,000 gpm @ 212 'F (page 29 of this calculation)
The above NPSHA is based on the maximum allowable AP for the new large capacity passive
strainers. The purpose of this calculation is to determine the NPSH margin based on the actual
dirty strainer AP. Therefore, the above NPSHA will be adjusted to obtain the NPSHA based
on the actual dirty strainer AP:

NPSHA i iy = NPSHA ., 5 + Maximum Allowable Dirty Strainer AP - Actual Dirty Strainer AP

Maximum Allowable Dirty Strainer AP @ 10,000 gpm @ 212°F = 10.67 ft H,O (Page 28)
The Actual Dirty Strainer AP is obtained from Table 3 of Reference 11:
Actual Dirty Strainer AP @ 11,000 gpm @ 213" F = Strainer System Losses + StrainerBed Losses
Actual Dirty Strainer AP @ 11,000 gpm @ 2i3'F = 2.85 ft + 3.75 ft = 6.60 ft H,0

NOTE: The Actual Dirty Strainer AP obtained from Reference 13 is based on 213" F,
however the actual Mode B temperature is 212 °'F. This 1 *F difference is considered

to have an insignificant affect on the strainer AP based on the insignificant change in
water perties from 212 'Fto 213°F,

Adjusting Actual Dirty Strainer AP adjusted to 10,000 gpm:

As previoulsy stated the actual dirty strainer AP consists of strainer system losses and
strainer bed losses. From Reference 14 the system losses are proporiional to the square
of the flow rates while the bed losses have a linear relationship to the flow rates.
Therefore the Actual Dirty Strainer AP adjusted to 10,000 gpm:

(285 f)kloooo\ )(looooj $76 fi H,0

Therefore,

NPSHA , i piny = 10.62 ft + 10.67 ft - 5 76 ft = 15.53 ft H,0
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Determine NPSHA Margin:
NPSHA Margin = NPSHA , .. piny - NPSHR
NPSHR = § ft H,O @ 10,000 gpm (Reference 10)
Therefore,
NPSHA Margin = 1553 ft - § ft = 10.53 ft H,0

Therefore, there is sufficient margin between the RHR Pump NPSHA and the NPSHR when
considering the actual dirty strainer AP of the new large capacity passive strainers.



