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The following is our specific commitment associated with this
response to the request for additional information (RAI)
regarding the 2.206 petition. No other statements should be
considered to be regulatory commitments.

1. Identified UFSAR discrepancies that meet the condition
report threshold, including those of the twenty-one systems
covered under the restart plan system readiness reviews,
will be dispositioned in accordance with the restart plan.
These UFSAR discrepancies will be dispositioned by
correcting the non-conformance, performing a 10 CFR 50.59,
evaluation, performing an operability evaluation in
accordance with generic letter 91-18, revision 1, or
requesting a license amendment. R






ATTACHMENT 2 TO AEP:NRC:1260G7

RESPONSE TO REQUEST FOR INFORMATION
RELATED TO THE 2.206 PETITION
IDENTIFIED ON ENCLOSURE 1 OF THE JUNE 8, 1998, LETTER
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AMERICAN ELECTRIC POWER

Calculation Number ENSM970128AF Rev 2

NUCLEAR GENERATION GROUP Pagi 3 OF 66

NUCLEAR ENGINEERING DATE_12/9/97 BY_A. Feliciano CK.

Safety Related Mechanical Systems
PLANT __Cook Nuclear Plant Unit 1&2

System _Emergency Core Cooling System

SUBJECT Emeraencv Core Cooling System Pumps NPSH Available

Design Inputs

1 ~ Required Net Positive Suction Head (NPSHg) for the safety
injection, charging, residual heat removal, and containment spray
pumps is obtained from the pump curves (Ref 3), attached.

2 - The flow path for this calculation is in accordance with
OHP4023.ES~1.3 “Transfer To Cold Leg Recirculation.” (Ref 2)

3 - Piping configuration (length, diameter, fittings, elevations,
etc.) from the Recirculation sump through the residual heat removal
(RHR) pump through the RHR supply to the safety injection and
centrifugal charging pumps suction are obtained from the isometric or
physical drawings (Ref 4), as shown on attached “Pipe Friction Data
Sheets”. .

4 - RHR heat exchanger pressure drop of 15 psi at 2960 ¢pm from the
heat exchanger’s specification data sheet.

5 - Safety Injection pumps flow balanced at 700 gpm pexr Technical
Specification 4.5.2 h. The flow balance is performed to meet flow
conditions in accordance with **12 EHP 4030 STP.208SI “Ul and U2 ECCS
Flow Balance - Safety Injection System” step 4.11 page 8 of 44.

6 - Centrifugal charging pumps are flow balanced at 550 gpm per
Technical Specification 4.5.2 h. The flow balance is performed to
meet flow conditions in accordance with **12 EHP 4030 STP.208BI “Ul
and U2 EMERGENCY CORE COOLING SYSTEM FLOW BALANCE - BORON INJECTION
SYSTEM” step 5.7.20 page 48 of 58.

7 - Containment spray pump flow 3200 gpm (2000 gpm upper and 1200 gpm
lower spray flows) per DB-12-CTS, pg. 47 section 4.1.1.1 and pg. 57
section 4.1.7.1.

8 - Fluid vapor pressure of 9.34 psia at 190°f, temperature of
recirculation sump fluid during the recirculation phase from UFSAR
table 6.1-1 pg. 6.1-12 for U2 which bounds Ul temperature of 160°f.

9 - Recirculation sump level 602'- 10”7, DB~12-CTS, pg. 34 section
3.9.3.3

10~ Recirculation Sump Screen dimensions from calculation
ENSM971128TWF (Ref 12) approved 12/8/97 for current configuration.
The current configuration is being revamped to conform to the design
and installation performed by RFC-2361 in 1979. Calculation
ENSM971210TWF (Ref 12) approved 12/11/97 determine a screen open area
for the revamped (RFC-2361) installation.

11- 50% design basis blockage based on ALDEN Labs modellng (Ref 13).

e 2
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NUGLEAR ENGINEERING e _t__or _ss
DATE_12/9/97 BY_A. Feliciano___ CK.

Safety Related Mechanical Systems
PLANT __Cook Nuclear Plant Unit 1&2

System _Emergency Core Cooling System

SUBJECT _Emergency Core Cooling Svstem Punies NPSH Available

References

K

1- NRC Information Notice 96-55 “Inadequate Net Positive Suction Hezd
of Emergency Core Cooling and Containment Heat Removal Pumps Under
Design Basis Accident Conditions”

2~ OHP4023.ES-1.3 Transfer to Cold Leg Recirculation

3- Safety Injection (SI) Pump - Pacific Pump curve 39890A
Residual Heat Removal (RHR) Pump - Ingersoll-Rand Pump curve N-=315
Centrifugal Charging (CC) Pump - Pacific Pump curve 34617-L

Containment Spray CTS) Pump- Byron-Jackson curve T-32852-7

4-Isometric/Physical Diawings'

1-2-5338-7 2-SI-9 Rev 19 2-5415-15 2-8SI-7 sh 1 Rev 2, sh 2 Rev 1 2-
RH-14 sh 1 Rev 2, sh2 Rev 12-RH-18 Rev i3 2-RH-22 Rev 10

2-5I-10 sh 1 Rev 11, Sh 2 Rev 4 2-SI-44 Rev 6 2-CS-79 sh 1 Rev 9,

Sh 2 Rev 3 2-RH-23 Rev 12 2-CS-80 Rev € 2-CS-81 Rev 5

S5-Friction Losses in pipe fittings from Cameron Hydraulic Data book
18* Ed pg. 3-111 through 3-117

6-Pipe flow velocity and friction losses from Cameron Hydraulic Data
book 18% Ed pg. 3-12 through 3-33

7~ Related Calculations:

NESM961021AF approved 12/2/96
HXP840301JN approved 12/14/85

8-U2 FSAR Appendix Q question 212.29-4 amendment 78 10/77 attachment
“A” NPSH calculation

9-Flow Diagrams
2-5143-39 2-5142-37 2-5129-34

10-Hydraulic friction loss calculation ,program revision 5 1988 (HFLCS)
will be used to determine the frictional losses through the flow path.
HFLCS is an in-house developed program, which was approved for use on
Feb. 28, 1988. This program was validated and approved in accordance
with the requirements of GP 2.6 Software Quality Assurance Standard in
use in 1988.

11l-Crane Technical Paper No. 410, “Flow of Fluids Through Valves,
Fittings, And Pipe” 12*® printing 1972

12-Calculation ENSM971128TWF titled “Flow Area of recirculation Sump
Screen’”, approved 12/8/97 and ENSM971210TWF approved 12/11/97.
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PLANT __Cook Nuclear Plant Unit 1&2

System _Emergency Core Cooling System

SUBJECT Emeraency Core Coolina Svstem Purmzs NPSH Available

13- ALDEN recirculation sump studies dated‘9/78

14- I.E. Idelchik, Handbook Of hydraulic Resistance, 2nd edition 1986

Purpose

NRC Information Notice 96-55 addresses inadequate NPSH of emergency

core cooling and containment heat removal pumps under design basis

accident conditions.

The

information notice addresses this condition

under the ECCS Becirculation mode of operation.

This calculation will determine the NPSX available to the SI and CC
pumps during the ECCS Recirculation mode when one RHR pump is used <o

supply their flow requirements. This calculation will also check

the CTS and RHR pumps NPSH available. These parameters were
originally determined in response to U2 FSAR Appendix Q Question

212.29-4.

However, currently the RHR svstem is aligned with the RER

crosstie valves closed due to potential deadheading concerns.

calculation will check the CTS and RHR tumps NPSH 'available under the
flow conditions. used to determine the SZ and CC pumps NPSH available.

Revision 2 will determine the pressure crop across the recirculaticn

sump screen and if it impacts the RHR pump’s available NPSH.

The flow path used in this calculation is shown on figure 1.

Method

This

In order to obtain the frictional losses, associated with the flow

path, the isometric and physical drawings were used to determine the
piping configuration.
flows to the CTS pump and RHR cold leg iInjection.

Figure 1 shows trhe flow path and branching

from the drawings was compiled on the attached pipe friction data
The totals shown on the data sheets are used as input to

sheets .
HFLCS.

HFLCS calculates the segments frictional losses and is based on the

Darcy-Weisbach formula obtained from Cameron page 3-110:

He =

fLyv
D 2g

2

where:
He - frictional less, £t

£
L
D
v

g

- friction factdr, dimensionless
- pipe length, ft
- pipe diametex, ft
- pipe velocity, ft/sec
- gravitational constant, 32.2 ft/sec?

The data obtained
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SUBJECT Emeraency Core Coolina Svstem Pumos NPSH Available

The HFLCS results are shown on the attached output sheets. This
information is then used to determine the operating point of the RHR
pump. The operating point occurs at the intersection of the pumg
performance (head-capacity) curve with the frictional loss (system-
head) curve. The resultant flow is then used to determine the Zlow
distribution and resultant pipe friction.

The resultant pipe friction was determined from the following formula
obtained from Cameron page 3-110:

"He =K v
29
where:
He -~ head loss, ft
K - resistance coefficient
v - velocity, ft/sec
g = gravitational constant - 32.2 ft/sec’

Based cn the preceding the NPSH available to the SI and CC pumps can
be determined. The NPSH available is determined .from the following
formula obtained from Cameron pg. 1-10:

NPSH = ha - hvpa + h3= - h:s

where: .
NPSH - net positive suction head, ft abs
h, - absolute pressure, ft
hypa — fluid vapor pressure, £t
hge - static elevation difference, ft
hes - pipe friction losses, ft

However, before the SI and CC pumps NPSH available can be determined,
it is first necessary to determine the RHR pump’s suction pressure.
The suction pressure can be determined from Bernoulli’s equation
obtained from Crane Technical paper 410 pg. 1-5.

*Bernoulli’s equation is written as:

21 + 144P1  + (v1)? =22 + 144P2 + (v2)® <+ h:
P1 2g P2 2g
where:
Z1l, 22 - elevation, ft )
P1,P2 -~ pressure, psig
vl,v2 - velocity, ft/sec
: p1 , P2 - density of fluid, lbs/ft? ;
‘ g - gravitational constant - 32.2 ft/sec?

“hy - head loss, ft
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Assumptions

1 - Containment pressure at 14.7 psia. To be conservative this
calculation will not include the containment design pressure of 12
psig per FSAR chapter 5 section 5.2.2.2 Design Load Criteria pg. 5.2-
16. j

2 - Single active failure criteria is failure of one RHR pump. No
pump degradation is assumed since bounding highest flow results from
this approach.

a) 2 CTS pumps operating, however, only one is supplied from
the same source that supplies the operable RHR pump since each
CTS pump and RHR trains are supplied individually.

b) 2 CC pumps total £low of 840 gpm or 420 gpm each. This flow
condition is obtained from the intersection of the two parallel
pump head-capacity curve with the system-head curve at
approximately 840 gpm or 1.5 times the 550 gpm flow requirement
(see attached curve 34617-L). Note: 1.5 factor is obtained
from 840/550.

c) 2 SI pumps total £low of 920 gpm or 460 gpm each. This
factor is obtained from the intersection of the two parallel
pump head-capacity curve with the system~head curve at
approximately 920 gpm or 1.314 times the 700 gpm requirement
(see attached curve 39890A). Note: 1.314 factor is obtained
from 920/700. For conservatism the 1.5 factor determined for
the charging pumps will be used since it yields a higher flow
requirement of 1050 gpm (700 x 1.5) or 525 gpm each.

3- Head loss through the Recirculation sump and sump’s mesh screen is
less than 1 ft as determined in Amendment 78 Appendix Q. For purposes
of this calculation the pressure drop will be determined based on the
open area and 50% blockage for the maximum potential flow.

The flow for 2b and 2c¢ is based on parallel pump operation. One of the
first steps is to draw the system-head curve. The system—-head curve
consists of the sum of the static head, pipe~friction head, and head
losses in valves and fittings. The parallel head-capacity curve is
drawn by adding the capacities at the same heads. The head-capacity
curves of the single and parallel pumps are plotted on the same
drawing and their intersections with the system-head curve represent
the operating points.

The system-head curve plotted on the pump performance curves was
determined from the known Technical' Specification requirements. The
system~head curves were developed by multiplying the resistance factor
ft/gpm?® times the square of the flow. Minimum and maximum resistance
factors are given in the Technical Specification for the CC pumps






AMERICAN ELECTRIC POWER
NUCLEAR GENERATION GROUP
NUCLEAR ENGINEERING

Safety Related Mechanical Systems

Calculation Number ENSM970128AF Rev 2
Page . OF 66
DATE_12/9/97 BY_A. Feliciano____ CK.
PLANT ___Cook Nuclear Plant Unit 1&2
System _Emergency Core Cooling System
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(Design Input 6). The calculation used the minimum factor to obtain
the maximum CC pump flow. For the SI pumps, the Technical
Specification stipulates a flow requirement (Design Input_J5) rather _
than a resistance factor. The SI resistance factor ft/gpm® (1440/700% )
is obtained at the 700 gpm head-capacity point. The resistance factor
is comprised of the sum of the static head, pipe-friction head, and
head losses in valves and fittings. It is acceptable to use this
factor, based on the Technical Specification requirements, since it
represents the head-capacity operating point of the pump in the
system.

The intersection of the system-head and head-capacity curves provides
the total flow delivered to the system. The resultant total flow is
generally less than 1.5 times the single pump design flow supplying
the same flow path, as stated in assumption 2 above.
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Figure 1

ECCS Recirculation Flow Path
One RHR Pump Out Of Service
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Results

The results of this analysis indicate that the SI pump’s NPSH
available is 132 ft abs for the south pump and 122 ft abs for the
north pump at the assumed single pump flow of 525 gpm. The NPSH
required at this flow is 13 ft abs. That is, the NPSH available
exceeds the NPSH required by 109 to 119 ft abs.

The CC pump’s NPSH available is 48 ft abs for the east and 49 ft aks
for the west pump at the assumed single pump flow of 420 gpm. The
NPSH required at this flow is 17 £t abs. That is, the NPSH availadle
exceeds the NPSH required by 31 to 32 ft abs.

At the RHR pump flow of 4600 gpm, determined from the graphical
analysis, the NPSH available was determined to be 29 ft abs. The N2SH
required at this flow is 20 ft abs. That is, the NPSH available
exceeds the NPSH required by 9 ft abs. A similar check of the CTS
pump’s NPSH available determined that at 3200 gpm the NPSH available
is 31 ft abs. The NPSH required at 3200 gpm is 9 ft abs. That is,
the NPSH available exceeds the NPSH required by 22 ft abs.

The determination of the pressure drop across the recirculation surp
screens indicates that the assumed revision 0 pressure drop was
acceptable. That is, a pressure drop of less than 1 ft was determined
and the revision 1 NPSH available results are not impacted by the
pressure drop across the screen.

The calculated recirculation sump head loss is based on the empirical
results obtained during the ALDEN sump testing. The ALDEN test
results obtained a pressure drop of .77 ft for 50% blockage. This
compares well with the analytical value of .82 ft determined for 50%
blockage.

Based on the results of this calculation adequate NPSH is available to
assure that the ECCS pumps are capable of performing their safety
function under the Recirculation mode of operation.

Analysis
Determine the recirculation sump’s increased pressure drop due to the
addition of a second grating at the maximum expected flow. The

maximum expected flow is based on 2 RHR pumps operating at 4600 gpm
each and two CTS pumps operating at 3200 gpm each. This results in a
total flow of 15,600 gpm through the recirculation sump.

Per the Alden report (Ref 13) the sump test configuration consisted of
a single coarse grating and a single fine mesh screen. The existing
sump configuration is somewhat different in that a second coarse
grating is installed after the fine mesh screen. The Alden report
details that the sump head loss (h,) can be obtained from the loss

ev Z
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coefficient C.

That is, the Alden report pg 26 section “d” indicates C. as consistin
of the total losses including the screen, grating, and entrance losses
at the outlet pipes (see below figure). The report also indicates
that the loss of head across the grating and screen was evaluated and
found to be about 11.5 times the approach velocity head just upstream
of the grating. This information will be used to determine the
existing sump’s pressure drop.

} / : - }[L ~|

. . \p o v 2~ ~ 7 /l/ff
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Recirculation Sump Configuration

The loss coefficients were determined fcr various tests schemes, and
are represented by the equation:

C. = hg /(V2729) . where
C. - loss coefficient, dimensions
" hp - sump head loss, ft
v - fluid velocity, ft/sec
g - gravitational constant, 32.2 ft/sec?

From the report table 10, the highest head loss occurs in test numberx
3 at a loss coefficient and fluid velocity of .26 and 13.79 ft/sec,
respectively. Therefore, hy is determined as follows:

. C. = hy /(v¥/2q)

.26 = hy /(13.79%/64.4) solving for hy yields .77 ft as
the sump’s head loss.

The approach velocity is determined using the height of fluid at the

Rev 2
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sump entrance elevation of 602 ft 10 in. minus the curb height
elevation of 599 ft 4 in. This results in a fluid height of 3.5 ft or
42 in. From reference 12, the grating consists of eight 25.125 in.
long sections and one 20 in. long section. The submerged area is
determined as follows:

9282 in* or

Submerged area, A; = (42 x 25.125 x 8) + (20 x 42)
64.46 ft2.

The approach velocity is determined by dividing the flow by the
submerged area as represented by \

velocity = Q/A = 15600gpm- x 1 = .54 ft/sec
64.46ft (7.48gal/£<°® x 60sec/min)

Therefore, the head across the grating and screen is determined frex:
the Alden relation as follows:

hgs = 11.5 x approach velocity head = (11.5) (.54%/64.4) = .052 £=

This represents the head loss across the test configuration’s grating
and screen. Since the existing sump configuration includes a second
coarse grating it is conservative to augment the test configuration’s
head loss of .77 £t by the calculated grating and screen head loss.
This results in a sump head loss of .822 ft for the existing
configuration.

Based on the above, it will not be necessary to evaluate the impact on
the RHR pump’s available NPSH since the recirculation sump screen hezd
loss was determined to be less-than 1 which is consistent with
assumption 3.

Determine RHR pump operating point

In order to determine the RHR pump operating point it is necessary o
determine the total system-head. The total system-head is comprisecd
of pipe segments 1l-2 through 25-26. The individual segment
resistance is obtained from the HFLCS outputs. It is necessary that
flow values not shown on the output be determined.

The flow values can be determiné by the following relationship:

Hy = H (02)2
(Q1)*?
where: .
! H, - unknown head loss at known flow, ft
H;y - head loss at known flow, ft
Q2 - known flow at unknown head loss, gpm

Q1 - ’‘known flow at known head loss, gpm

Rev 2
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For example, segment 1-2 HFLC5 output shows this as 3 ft at 8650 gom.
Using this information a head loss can be determined at another fliow,
say at 9000 or 7000 gpm.

Hoooo = 3 (9000)2 = 3.25 ft
(8650) 2
Higoo = 3 (7000)’5 = 1.96 ft

This method is used to generate the various pipe segment system-hezd
curves shown and labeled as sheet 1 through 3. It should be notecd
that the addition of these curves is based on the piping arrangemenc.
That is, pipes in parallel are added at the same head values while
pipes in series ‘are added at the same flow value. The: following
describes the process of adding the various segments and obtaining
the total system~head curve shown as curve c sheet 3.

The process begins by starting at the east CCP or the last flow

‘distribution point (see fig 1). The summation of the curves staris on

sheet 1 and ends on sheet 3.

Sheet 1 Curves

curve 1 - segments 22-25 + 25-26 are added in series
curve 2 - segments 22-23 + 23-24 are added in series
curve 3 - curve 1 + curve 2 in parallel

curve 4 - segments 16-19 + 19-20 + 20-21 + 21-22 in series
curve 5 - curve 3 + 4 in series

curve 6 - segments 16-17 + 17-18 in series

curve 7 - curve 5 + 6 in parallel

Sheet 2

curve 1 - segments 11-14 + 14-15 + 15-16 in series
curve 2 - curve 7 from sheet 1

curve 3 -~ curve 1 + 2 in series

curve 4 -~ segments 11-12 + 12-13 in series

curve 5 - curve 3 + 4 in parallel

Sheet 3

curve A - segments 1-2 + 2-3 + 3-4 + 4-5 + 6-7 + 7-8 + 8-9 + 9-10 +
10-11 in series

curve B - curve 5 from sheet 2

curve C - curve A + B in series represents' total system-head

curve D - RHR pump performance curve ‘

Note: at the intersection of curves C and D the RHR operating flow of
4600 gpm is obtained. This flow is then used to determine the SI and
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charging pumps NPSH available.

Based on an RHR flow of 4600 gpm the total required flow from the
Recirculation sump could be determined. The total flow is comprised
of one CTS pump at 3200 gpm + one RHR pump at 4600 gpm cx 7800 gpm
total. Of the total, 3200 gpm flows to containment spray, 1050 gpm
to SI, 840 gpm to CC, and the remainder (2710 gpm) to RER cold leg
injection. The cold leg injection flow is simulated as lieaving the
system at node 10. The following provides the flow distribution based
on the preceding and figure 1:

Segment Flow
1-2, 2-3 7,800 gpm
3-4 through 9-10 4,600 gpm
10-11 1,890 gopm
1i-12, 12-13 525 gem
11-14 through 15-16 1,365 gpm
16-17, 17-18 525 gpm
16-19 through 21-22 840 gpm
22-~23, 23-24 420 gpm
22-25, 25-26 420 gem

Determine the head loss for each segment:

Determine the head loss per the above listed flows for the respective
segments. The head loss for each segment can be determined from the
relationship shown below and detailed on page 5:

Hg = K

N
als

Segment 1-2 configuration obtained from pipe friction calculation data
sheet

flow 7800 gpm, diameter 18”, pipe length 26.66 ft, 1l.cate valve, 1
reducer 18x24, 1 entrance .

Note: the velocity and head loss/100£ft can be obtained £rom Cameron
pg. 3-12 through 3-33 as follows:

flow velocity h/100 ft
8000 11.5 1.94
7800 v h

7000 10.0 1.49

By interpolation the velocit§ (v) and head loss/100’ (h) can be
determined as follows:

8000=7800 = 11.5-v = 1.94-h
8000~7000 11.5-10.0 1.94-1.49
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v 11.5 - 1.5(200/1000) = 11.2ft/sec

h = 1.94 - .45(200/1000) = 1.85 £t/100

From Cameron pg. 3-111 through 3-118 K values can be obtained for the
various fittings as follows:

18” gate valve K= .1, reducer K = .5(1-{d1/d2}?%), increaser K = (1-
{d1/d2}? )? pipe entrance K =1

h. = L (h/100’) = 26.66 (1.85/100) = .49 ft

-

hgate = K (V2)/2g = .1 (11.2%)/64.4 = .19 ft

? ‘{‘ /, .e/)er /‘-'JE‘.Y
hotpe ent = 1 (11.2%)/64.4 = 1.95 ft /%)73 Sump ex/ /P(JL’

LWYE a.?r-eadw ) 2 Sump fosse
Keea = .5(1-{18/24}%) = .219 ft Tictudsny ol fre S Aol ccw},,y/
heea = .219 (11.2%)/64.4 = .43 ft et is covervebrve
ha;p = 1 ft (see pg. )
hie = hy  + hgate + Notpe enc  + Nrea  + hsump = 4.06 £t

Segment 2-3 configuration obtained from pipe friction calculation data
sheet

flow 7800 gpm, diameter 187, pipe length 26.15 ft, 2 90° long
radius elbows, 1 tee branch

90° LR elbow K = .19, tee branch K = .72

hy = L (h/100) = 26.15 (1.85/100) = .48 ft
hewow = K (v¥) /29 = 2(.19) (11.2%)/64.4 = .74 ft
heranch = .72 (11.22)/64.4 = 1.4 ft

hz.3 = hy  + hewwow + Dpranchn = 2.62 £t

Segment 3-4 configuration obtained from pipe friction calculation data
sheet

flow 4,600 gpm, diameter 14”, pipe length 42.93 ft, 6 90° long
radius elbows, 1 tee run,
1 reducer 14x18, 1 gate valve

- 90° LR elbow K = .21, tee run K = .26, gate valve K = .1,
reducer K = ,198
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Flow h/100 v .

5000 2.79 11.86:

4600 h v
. 4500 2.27 10.67

h/100’ = 2.37/100° v = 10.9 ft/sec

hy = L (h/100’) = 42.93 (2.37/100) = 1.02 ft

hetvow = K (v=)/2g = 6(.21) (10.9%)/64.4 = 2.32 ft
hewn = .26 (10.9%)/64.4 = .48 ft

hgate = K (v°)/2g = .1 (10.9%)/64.4 = .184 ft
hs-e = hy  + hewow * DNzun + hgare = 4.0 £t

Segment 4-5 configuration obtained from pipe friction calculation daza
sheet

flow 4,600 gpm, diameter 14", pipé length 3.33 ft

his = L (h/100’) = 3.33 (2.37/100) = .079 £t

Segment 6-7 configuration obtained from pipe friction calculation data
sheet

flow 4,600 gpm, diameter 87, pipe length 59.85 ft, 8 90° long
radius elbows, 1 gate valve,1l check valve

90° LR elbow K = .22, gate valve K = .12, check valve K = 1.4

Flow h/100 v

5000 35.6 «+32.1

4600 h v

4500 28.9 28.9

h/100' = 30.24/100’ v = 29.54 ft/sec

h, = L (h/100’) = 59.85 (30.24/100) = 18.1 ft

hewow = K (v3)/2g = 8(.22) (29.54%) /64.4 = 23.85 ft

heneck= 1.4 (29.54%)/64.4 = 18.97 ft )
hgate = K (V) /2g = .11 (29.54%)/64.4 = 1.49 ft

he¢-» = hy + heivow +  heneck + hqa:e = 62“-41 ft
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Segment 7-8 configuration obtained from pipe friction calculation data
sheet

flow 4,600 gpm, diameter 87, pipe length 10 ft, 1 90° long radiu
elbow, 1 gate valve,l tee branch

90° LR elbow K = .22, gate valve K = .11, tee branch K = .84

hy = L (h/100') 10 (30.24/100) = 3.02 £t

hewrew = K (V) /2g = (.22) (29.54%)/64.4 = 2.98 ft

Neee= :84 (29.542%) /64.4 = 11.38 ft

hgate = K (v?)/2g = .11 (29.54%)/64.4 = 1.49 ft .
hy.s = hp 4+ Neivew * DNeee + hg:e = 18.87 £t

Segment 8-9 configuration obtained from pipe friction caiculation data
sheet

flow 4,600 gpm, diameter 147, pipe length O ft, 1 90° long radiu
elbow, 1 red 8x14,1 inc. 8x1l4, hx delta P = 15 psi @ 2960 gzm

15 psi % 2.386 (Cameron pg. 4-4 at 190°f)= 35.79 ft

v = 10.91 ft/sec

90° LR elbow K = .21, red K = .337, inc K = .454

hotbor '= K (V) /29 = (.21) (10.9°)/64.4 = .39 ft

hrea= .337 (10.9%)/64.4 = .622 ft

hine = K (v?)/2g = .454 (10.9%)/64.4 = .838 ft.:

hnx = 35.79 (4600/2960)% = 86.44 ft

hg-9 = Neipow + hNrea  + hine  + hpe = 88.29 £t

Segment 9-10 configuration obtained from pipe friction calculation
data sheet

flow 4,600 gpm, diameter 8", pipe length 3 ft

hg.jo = L (h/100°) = 3(30.24/100) = .91 ft
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Segment 10-~11 configuration obtained from pipe friction calculation

data sheet

flow 1890 gpm,
radius elbows,

diameter 8%,

90° LR elbow K =

branch K = .84

Flow h/100 v
2000 5.91 12.8
1890 h v
1800 4.81 11.5

h/100’ = 5.31/100/ v =

hy = L (h/100")

hgo= K (v?)/2g = 8(.22)

.49 ft

hqa:e

= K (v¥)/2g = .11 (12.09°%) /64.4

1 gate valve, 4 45° elbows,

.22, gate valve K = .11,

68.695 (5.31/100)

(12.09%) /64.4

hpranex = K (v3)/2g = .84 (12.09%)/64.4

hio-3: = hy .+ hgo + hys + hqa:e

pipe length 68.695 ft, 8 90° long

1 tee branch

45° elbow K = .

12.09 ft/sec

= 3.65 £t

3.99 ft

.25 ft

= 1.91 ft

+ hbzanch = 10-3 ft

L]

Segment 11-12 configuration obtained from pipe friction calculation

data sheet

flow 525 gpm, diameter 6”,

elbow, 1 red 6x8,1 tee branch

90° LR elbow K = .24, red K = .219,
Flow h/100 v

550 1.97 . 6.11

525 h v

500 1.64 5.55

h/100’ = 1.81/100’
hy = L (h/100’) =
hewew = K (v?)/2g = (.24)
hprancn = K (Vv?) /29 = .9 (5.83%)/64.4

hrea = K (v?) /29 = .219 (5.832%)/64.4

pive length 5.156 ft,

5.156 (1.87/100)

(5.83%)/64.4

tee branch K

1 90° long radius

]
[le

l
|
v = 5.83 ft/sec 1

.093 ft

.13 ft
.48 ft

.116 £t
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hjj-12 = hy  + hewwow +  Dpranch  + hizes = .82 ft

Segment 12-13 configuration obtained from pipe friction calculazion
data sheet

flow 525 gpm, diameter 4”,pipe length 1.167 ft,1 red 4x6 K = .278

Flow h/100 v

550 15.8 13.9

525 h v

500 13.1 12.6

h/100’ = 14.4/100’ v = 13.25 ft/sec
hy = L (h/100’) = 1.167 (14.45/100) = .169 ft

hrea = K (v?¥)/2g = .278 (13.25%)/64.4 = .758 ft
his-33 = hg +hreq = .93 ft

Segment 11-14 configuration obtained from pipe friction calculz:tion
data sheet

flow 1365 gpm, diameter 6“, pipe length 13.885 ft, 1 gate vzive, 1
red 6x8,1 tee branch

gate valve K = .12, red K = .219, tee branch K= .9 ’

Flow h/100 v

1400: 12 15.5

1365 h v

1300 10.4 13.2

h/100' = 11.44/100/ v = 14.69 ft/sec

hy = L (h/100") 13.885 (11.44/100) = 1.59 ft

hgate = K (v?)/2g = .12 (14.69%)/64.4 = .402 ft

hprancn = K (v¥) /29 = .9 (14.69%)/64.4 = 3.02 ft
hrea = K (v?)/2g = .219 (14.69%)/64.4 = .73 ft
hij-14 = hy +  heee + Npranch + hreq = 5.74 ft

Segment 14-15 configuration obtained from pipe friction calculation
data sheet

flow 1365 gpm, diameter 8”,pipe length 1.86 £ft,1 90° LR Elbow K = .22
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Flow h/100 v

1400 2.96 8.98

1365 h v

1300 2.56 8.34

h/100’ = 2.82/100' v = 8.76 ft/sec
hy = L (h/100’) = 1.86 (2.82/100) = .052 ft

heipow = K (V3)/2g = .22 (8.76%)/64.4 = .262 ft
hys-1s = hy + hewpow= .314 ft

Segment 15-16 configuration obtained from pipe friction calculaticn
data sheet

flow 1365 gpm, diameter 6”7, pipe length 18.313 £ft, 1 gate valve,
red 6x8,1 tee run, 1 90° LR elbow

gate valve_g = .12, red K = .219, tee run K= .3, 90° elbow K = .2¢
h/100’ = 11.44/100' v = 14.69 ft/sec

hy = L (h/100’) = 18.313 (11.44/100) = 2.09 ft

hgate = K (v¥)/2g = .12 (14.69°)/64.4 = .402 ft

heun = K (v¥)/2g = .3 (14.69%)/64.4 = 1 ft

heea = K (V3)/2g = .219 (14.69%)/64.4 = .73 ft

hewwow= K (v3)/2g = .24 (14.69%)/64.4 = .8 ft

his-16 = hy +  heee + Nprancn + hrea * heibow = 5.02 ft

Segment 16-17 configuration obtained from pipe friction calculation
data sheet

flow 525 gpm, diameter 6”, pipe length 4.542 ft, 1 tee run K = .3/

h/100’ = 1.92/100' v = 5.83 ft/sec

hy = L (h/100') 4.542 (1.92/100) = .087 ft
hewn = K (V¥)/2g = .3 (5.83°)/64.4 = .158 ft
hig-17 = hy + hpyy, = .245 ft

Segment 17-18 configuration obtained from pipe friction calculation
data sheet
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flow 525 gpm, diameter 4” ,pipe length 1.167 ft,1 red 4x5 K = .278
h/100’ = 14.4/100' v = 13.25 ft/sec

hy = L (h/100’) = 1.167 (14.45/100) = .169 ft

hrea = K (v?)/2g = .278 (13.25%)/64.4 = 758 ft

hy7-18 = hy  +hpea = .93 ft

Segment 16-19 configuration obtained from pipe friction calculation
data sheet

LR elbows, 1 tee branch

90° elbow K = .27, red K = .278, tee branch K = 1.02

Flow h/100 v .
850 37 21.4

840 h v

800 32.8 20.2

h/100’ = 36.16/100’ v = 21.16 ft/sec
h, = L (h/100’) = 15.163 (36.16/100) = 5.48 ft

hewvow = K (V3)/2g = .27 (21.16%)/64.4 = 1.88 ft

hpranch = K (v?)/2g = 1.02 (21.16%)/64.4 = 7.1 ft

w

Nreg = K (V¥)/2g = .278 (21.16%)/64.4 = 1.93 ft
hige19 = hy +  hebow + hpranen + hpeqa = 16.39 ft

Segment 19-20 configuration obtained from pipe friction calculation
data sheet ’

" flow 840 gpm, diameter 4”, pipe length 5 ft, 1 gate valve, 2 90° LR
elbows, 2 tee branch

90° elbow K = .27, gate valve K = .14, tee branch K = 1.02
h/100’ = 36.16/100’ v = 21.16 ft/sec
h, = L (h/100’) = 5 (36.16/100) = 1.81 ft

flow 840 gpm, diameter 4", pipe length 15.163 ft, 1 red 4x6, 3 90°
hgate = K (v?)/2g = .14 (21.16%)/64.4 = .97 ft
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Noranen = K (v3)/2g = (2) 1.02 (21.16%)/64.4 = 14.18 ft
hewow = K (V3) /29 = (2) .27 (21.16%)/64.4 = 3.75 ft
h19-20 = hL + helbow + hbtanch + hga:e = 20-71 ft

Segment 20-21 configuration obtained from pipe friction calculation
data sheet

flow 840 gpm, diameter 4”, pipe length 46.125 ft, 1 gate valve,
90° LR elbows

90° elbow K = .27, gate valve K = .14
h/100' = 36.16/100' v = 21.16 ft/sec

hy = L (h/100")

46.125 (36.16/100) = 16.68 ft
hgate = K (v?)/2g = .14 (21.16%)/64.4 = .97 ft

hewow = K (v3)/2g = (8) .27 (21.16%)/64.4 = 15.02 ft
hao-2t = hy + hewpow  + hgare = 32.67 £t ,'

.Segment 21-22 configuration obtained from pipe friction calculation
data sheet

flow 840 gpm, diameter 87, pipe length 17.167 ft, 1 90° LR elbow
1 tee branch

90° elbow K = .52, tee branch K = .84

Flow h/100 v

850 1.14 5.45

840 h v

800 1.01 5.13

h/100’ = 1.11/100' v = 5.39 ft/sec
hy = L (h/100’) = 17.167 (1.11/100) = .19 ft

heipow = K (V3)/2g = .22 (5.39%)/64.4 = .099 ft
hpranch = K (V%) /2g = .84 (5.39%)/64.4 = .38 ft

hzje22 = hy +  heipow + hpranen = .67 £t
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Segment 22-23 configuration obtained from pipe friction calculation
data sheet '

flow 420 gpm, diameter 6“, pipe length 10.5 ft, 1 red 6x8, 1 90° LR
elbow
1 tee branch, 1 45° elbow

90° elbow K = .24, red K = .219,tee branch K = .9,45° elbow K = .24

.Flow h/100 v

450 1.34 5

420 h v

400 1.07 4.44

h/100’ = 1.178/100' v = 4.66 ft/sec

hy = L (h/100’) = 10.5 (1.178/100) = .124 ft .
heo = K (v?) /29 = .24 (4.66%)/64.4 = .08 =t

hprancn = K (V°) /29 = .9 (4.66°%)/64.4 = .303 £t

hrea = K (v?)/2g = .219 (4.66%)/64.4 = .074 ft

hys = K (v3) /29 = .24 (4.66%)/64.4 = .081 ft

h2z.23 = hy + heivow + hpranech  + Nrea + hys = .66 ft

Segment 23-24 configuration obtained frem pipe friction calculation
data sheet

flow 420 gpm, diameter 6", pipe length 8.969 ft, 1 90° LR elbow
1 tee branch, 1 gate valve

90° elbow K = .24, gate valve K = .12, tee branch K = .9,
h/100’ = 1.178/100' v = 4.66 ft/sec

hy = L (h/100’) = 8.969 (1.178/100) = .106 ft

heo = K (v¥)/2g = .24 (4.66%)/64.4 = .08 ft

hpranen = K (V) /2g = .9 (4.66%)/64.4 = .3 ft

hgate = K (V?)/2g = .12 (4.66%)/64.4

.04 £t .

h23-2¢ = hy + heibow + hpranen + hqaca + = ,526 ft
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Segment 22-25 configuration obtained from pipe friction calculation
data sheet

flow 420 gpm, diameter 8”7, pipe length 15.95 ft, 1 tee branch

tee branch K = .84

Flow h/100 v

450 .341 2.89

420 h v

400 .284 2.57

h/100’ = ,31/100’ v = 2.69 ft/sec

h, = L (h/100') 15.958 (.31/100) = .05 ft

hpranc. = K (v3)/2g = .84 (2.69%)/64.4 = .09 ft
haz-2e = hy + hpranen = .14 ft

Segment 25-26 configuration obtained from pipe friction calculazion
data sheet

flow 420 gpm, diameter 6", pipe length 15.73 ft, 1 90° LR elbecw
1 tee branch, 1 gate valve

90° elbow K = .24, gate valve K = .12, tee branch K = .9,
h/100’ = 1.178/100' v = 4,66 ft/sec

15.73 (1.178/100) = .185 ft

n

hy = L (h/100%)
hgo = K (v?)/2g = .24 (4.66%)/64.4 = .08 ft

hprancs = K (v?)/2g = .9 (4.66%)/64.4 = .3 ft

hgate = K (V%) /2g = .12 (4.66%)/64.4 = .04 ft

h2s-26 = hy + heipow + Npranen *+ hqate + = .61 ft

Determine the RHR pump’s suction pressure

The RHR pump’s' suction pressure is determined by the relationship
shown below and detailed on page 5 (Note: All elevations are obtained
from Pipe Friction calculation data sheets):

21 + 144P1 + (v1)? =22 + 144P2 + (v2)?2 + h.
P1 2g " p2 2g
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solve equation for P2

P2 = p, {(21-22) +_144(P1) + (v1)? - (v2)2 =~ hy }
144 P 29 2g

Note: the 1 and 2 showh in the equations represent the first pipe
segment’s circled nodes 1 to 2 from figure 1. For succeeding pipe
segments the node numbers are changed in the equations.

Pressure at P2

z1 = 602.83 ft 22 = 589.33 ft Pl = 14.7 psia vl = 11.2 ft/sac

v2 = 11.2 ft/sec hj-2 = 4.06 ft

p1 = p2 = 60.32 lbs/ft?

P2 = 60.32 {(602.83 - 589.33) + 144(14.7) +(11.2)® - 11.2)% - £.06}
144 60.32 64.4 64.4

= 18.65 psia
Pressure at P3 “

22 = 589.33 ft Z3 = 586.43 ft P2 = 18.65 psia v2 = 11.2 fc/sec
v3 = 10.9 ft/sec hees = 2.62 ft )
p2 = p3 = 60.32 lbs/ft3

P3 = 60.32 {(589.33 - 586.43) + 144(18.65) +(11.2)%2 - 10.9)% -2.52}
144 60.32 64.4 64.4

= 18.76 psia
'Pressure at P4

= 586.43 ft 24 = 575.17 £t P3 = 18.76 psia v3 = 10.9 ft/sec
v4 = 10.9 ft/sec hy., = 4 £t i

Pa ps = 60.32 lbs/ft?

P4 = 60.32 {(586.43 - 575.17) + 144(18.76) +(10.9)32 —‘10.902 - &}
144 60.32 64.4 64.4
= 21.8 psia

Pressure at PS5 - RHR Suction Pressure

Z4 = 575.17 ft Z5
= 10.9 ft/sec - hys

575.08 £t P4 = 21.8 psia v4 = 10.9 ft/sec V5
.079 ft p, = ps = 60.32 lbs/ft?

PS = 60.32 {(575.17 - 575.08) + 144(21.8) + (10.9)% - 10.9)% -.079}
144 . 60.32 64.4 64.4

= 21.8 psia
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Determine the ECCS pump’s NPSH Available

NPSH = ha - h-;pa + hs: - hgs

where:
NPSH ~ net positive suction head available, ft abs
ha - absolute pressure, ft
hya = fluid vapor pressure, ft
hse - static elevation difference, ft
hes - pipe friction losses, ft

NPSH Available South Safety Injection Fump

he¢s = the sum of segments hg.- + hyg + hg.g + hgesyo + hiyo-11 + hj:oi2
+  hj2a13 -

hes = 62.41 + 18.87 + 88.2¢ + .91 + 10.3 + .82 +..93 = 1£2.53 ft

ha, = RHR PP suction pressure + RHR PP TH

”

(21.8 * 2.386) + 300 (from pp curve at 4600 gpm)

352.01 ft

hypa = 9.34 * 2.386 = 22.29 ft

hsy = 575 - 589.21 = -14.21 ft

NPSH available = h, = hypa + hs: = hgs

352.01 - 22.29 + (-14.21) - 182.53

132.98 ft abs @ 525 gpm

NPSH' required is 13 ft abs at‘525‘gpm from curve 398902 ‘
|
Available NPSH exceeds required NPSH by 119.98 ft abs

NPSH Available North Safety Injection Pump
hysys = the sum of segments hg¢.; + hy.g + hgg + hgago + hyo-11 + hiy-ia
+ hypg-1s + hysaze + higars +  hyr-s

hes. = 62.41 + 18.87 + 88.29 + .91 + 10.3 + 5.74 + .31 + 5.02 + .245

‘ + :,93 = 193.03 ft
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h, = RHR PP suction pressure + RHR PP TH
= (21.8 * 2.386) + 300 (from pp curve at 4600 gpm)
=  352.01 ft ‘

hypa = 9.34 * 2.386 = 22.29 ft

hee = 575 - 589.21 = -14.21 ft |

NPSH available = h, - hypa + hst = hgs

352.01 - 22.29 + (-14.21) - 193.03

122.48 ft abs @ 525 gpm

NPSH required is 13 ft abs at 525 gpm from curve 39890A
Available NPSH exceeds required NPSH by 109.48 ft abs

NPSH Available West Centrifugal Charging Pump

hes = the sum of segments hg.y + hig + hgg + hyge + hig-11 +  hii-ig
+ hygs + hizagg + hig19 + hyge2e + hagez: + hoioza + hasaay +

ha3.24

hes = 62.41 + 18.87 + 88.29 + .91 + 10.3 + 5.74 + .31 + 5.02 +
16.39 + 20.71 + 32.67 + .67 + .66 + .526 = 263.48 ft

h, = RHR PP suction pressure + RHR PP TH

(21.8 * 2.386) + 300 (from pp curve at 4600 gpm)

= 352.01 £t
hypa = 9.34 * 2.386 = 22.29 ft
hge = 575 - 592.5 = -17.5 ft

NPSH available hy = hypa + hge = hgs

352.01 - 22.29 + (-17.5) - 263.48

= 48.74 ft abs @ 420 gpm
NPSH required is 17 £t abs at 420 gpm from curve 34617-L

Available NPSH exceeds required NPSH by 31.74 ft abs
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NPSH Available East Centxifugal Charging Pump

hes = the sum of segments hgy + hig + hg-g + hg.;g + hjg-11 ¥+ hii-ig
+ hygezz + hysaie + hyge1z9 ¥ hygezo + hogezz  + hajezz + hozozs o+
has-26

hes = 62.41 + 18.87 + 88.29 + .91 + 10.3 + §.74 + .31 + 5.02 +
16.39 + 20.71 + 32.67 + .67 + .14 + .61 = 263.04 ft

h, = RHR PP suction pressure + RHR PP TH

(21.8 * 2.386) + 300 (from pp curve at 4600 gpm) ‘ |

352.01 ft

9.34 * 2.386 = 22.29 ft

hge = 575 - 592.5 = -17.5 ft

e NPSH available = h, = hypa + hse = hes

352.01 - 22.29 + (-17.5) - 263.04

49.18 ft abs @ 420.gpm
NPSH required is 17 £t abs at 420 gpm from curve 34617-L

Available NPSH exceeds required NPSH by 32.18 ft abs

NPSH Available Residual Heat Removal Pump
hes = the sum of segments hjz + hyz +  hiog + hyg
heye = 4.06 + 2.62 + 4 + .079 = 10.76 ft

h, = atmospheric pressure

14.7 * 2.386

35.075 ft
hypa = 9.34 * 2.386 = 22.29 £t

hge = 602.83 - 575 = 27.83 ft
‘ NPSH available = h, = hypa + hee = hes

35.075 - 22.29 + 27.83 - 10.76

29.86 ft abs @ 4600 gpm
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SUBJECT Emeraencyv Core Cooling Svstem Pumcs NPSH Available

NPSH required is 20 ft abs at 4600 gpm from curve N-315

Available NPSH exceeds required NPSH by 9.86 ft abs

NPSH Available Containment Spray Pump

hes = the sum of segments h;. + h (from app Q , amendment 78)
hes = 4.06 + 4.45 = 8.51 ft
h, = atmospheric pressure

14.7 * 2.386

35.075 ft
hypa = 9.34 * 2.386 = 22.29 ft
hye = 602.83 - 575.29 = 27.54 ft

NPSH available = h, = hypa + hge = hgs

35.075 - 22.29 + 27.54 - 8.51

= 31.82 £t abs @ 3200 gpm
NPSH required is 9 ft abs at 3200 gpm from curve T-32913-1
Available NPSH exceeds required NPSH by 22.82 ft abs

Conclusions

The results of this calculation demonstrate that sufficient NPSH is
available to assure that the ECCS pumps perform their safety function
when aligned to the Recirculation sump. That is, sufficient NPSH is
available with one RHR pump supplying two SI and two CC pumps without
taking credit for the containment design pressure.

The attachment to this calculation was performed to evaludte the
impact of an RHR pump degraded by 10% from the baseline head-capacity
curve. The results detailed in the attachment indicate that an RHR
pump degraded by 10% from the baseline head-capacity curve still
provides sufficient NPSH in excess of the required NPSH for the SI and
CC pumps.
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FROM PLANT-ENG

PAGE . 0801

et - rhrout Mm—\-—L

‘ !@FRICTION CALC - INPUT FILE IS-rhrrecir
- M

THE INPUT DATA FOR THE HFLC5 SYS. RES. CALC.
CONSISTS OF THE FOLLOWING DATA:

T -.TEMPERTURE DEG F

E ~ PIPE ABSOLUTE ROUGHNESS (FT.)

N - FIRST PIPE SEGMENT NUMBER

N1 - LAST PIPE SEGMENT NUMBER

ODES - DESIGN FLOW THRU PIPE SEGMENT (GPM)
QOMIN - MINIMUM FLOW THRU PIPE SEGMENT (GPM)
OMAX - MAXIMUM FLOW THRU PIPE SEGMENT (GPM)
QDELT - FLOW INCREMENT THRU PIPE SEGMENT (GPM)
D - PIPE SEGMENT INTERNAL DIA. (IN.)
L - PIPE SEGMENT LENGTH (FT.)

K - PIPE SEGMENT K FACTORS

L/D - PIPE SEGMENT L/D FACTORS °

Post-It™ brand fax transmittal memo 7671 | ¢ of poges >

s A~@\§n‘aw From R‘L‘Ua&’v
Co.

Co.
Oupt ‘b\)c(’ll.“ a'\f\
Fox # 9‘&_ (?K _7ql,

QDELT ~_ D L K L/D
26.66 .97  10.00
26.15 .00  100.00
42.93 .20  160.00

3.33 .00 .00

FOLLOWING IS YOUR INPUT DATA Phono #

T E N N1l
130.00 .00015 1 4

Fax #

QDES
7700.00
7700.00

0.00
.00

- FOLLOWING Is HFLC5 RESULTS

QMIN
7700.00
7700.00
4500.00
4500.00

QMAX
7700.00 - .00 17.124
7700.00 .00 16.876
4500.00 .00 13.124
4500.00 .00 13.124

190.00
60.32
.217609E-03
.150000E-03

WATER TEMP. (F)

DENSITY (LBM/CUFT)

ABS VISCOSITY(LBM/SEC/ET)
PIPE ABS ROUGHNESS(ET)

PIPE SEG NO 1l PIPE DIA(ID-IN) = 17.124
FLOW-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT)
7700.0 10.73 .42 1.73 .22

TOT HD(FT)
2.38 /-2

PIPE SEG NO 2 PIPE DIA(ID-IN) = 16.876
FLOW~GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT)
7700.0 11.04 .44 .00 2.38

TOT HD(FT)
2.83 2-73

PIPE SEG NO 3 PIPE DIA(ID-IN) =

FLOW-GPM VEL(FPS) LHD(FT) KHD(FT)
4500.0. 10.67 .92 .35

13.124
LDHD ( F'T)
3.74

TOT HD(FT)
5.01 z-Y
PIPE SEG NO 4 PIPE DIA(ID-IN) = 13.124
FLOW~-GPM VEL(FPS) LHD(FT) KHD(FT) LDHD(FT) TOT HD(FT)

4500.0 10.67 .07 .00 .00 .07 -3y

200
L8 mGTOITPE

. OLDS NUMBER FRICTION FACTOR TABLE
P1PE SEG DES. FLOW RE.NO.
1 7700.0 4243402.0
2 7700.0 4305761.0
3 4500.0 3235750.0

F-FACTOR
.0126
.0126
.0132

HEAD LOSS
2.38
2.83

5.01 pe  Hexler-
AT

et

4§§r£?0fé?713‘
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., JAN 21 '87 12:48  FROM PLANT-ENG
- 'i‘..‘ '_..:- '... ._ll...-:. P 't"f*ﬁ.?':“?f'-"t‘_\?g‘:; .--:;.i.:-:-::.;f-:—'.:,:..\.:x.-_ LA P ..\ o e ,-::.;:.-.:._a:.. . ~3Y WG ‘é
- ar%d ¢ ' - ) . 3
. ) . LATION - sntt’.‘l’_’.i :‘_ oF S .
e . PIPE:FRICTION CALCUL AT iy ek :
@ AR, DATA SHEET M ) ¢ oer
A
Grdmqa 0178 e
STEM Fromn Loatiteans: Ssrmp:- e T oM 30(‘ A M aeler \HY
(G. REF. /-2~ 5328~ = . U — E I
.830/5 __ PIPE SEGNENT NUMBER /

UiD TEXP.( F) L PO - PIPE ABS. ROUGHKESS (FT)

" . o oo’
uio FLOY 6oM) 2722 Perpe ,_o.(,x,//g.so\) | T2 IO erpe et 525=¢ ToeL. 25777
- N

RAIGHT PIPE LENGTHS FITTINGS KUMBER *K OR L/D =K ZL/0
0. 22% g GATE VALVE ) JOm=30C ) K s ] | B il
" GLOBE VALYE 340 '
9 0'~ 1% ° | BUTTERFLY VALVE 40 ' 1~
). 9 sv:uccuscx 135
) og 90" STD. ELBOY , 30
86" -9%, - | sesmEson . 50
N 0l ¢ 9& “ | .so°Lr.ELBOY J 20
4S°STDELBOY . | 16
45°5.R. ELBOX : 26 )
180° CLOSE RETURH so -
STD. TEE RUX 20 :
STD. TEE BRAKCH 60 '
* WITREBENDS - . 1.201-COS6)
. * LATERAL 9 QUTLET 1.0
' « LATERAL 9 WLET 0.5
* STRAIGHT RUN LATERAL: 0.15
* PIPE ENTR PROJ. 1NVD. d| o NE
+ « = SHARP.EDGE 0.50
N < = 4 ‘¥ELLROUHD . ] o ]
T « PIPE EXIT SHARP.EDGED 0
- * ORIFICE (¢, = 51) 283 RF/BY
© SUDDEN CONTRACTION ¢ awX/¢ 1| 3089 .
< SUDDEX INCREASE 1 T Ar8vEx 17.17.‘/) 892 .14 -
< VALVE, MISCELLAKEOUS _ 3914 dYc2.
misc . e
s |@_2¢, 6¢ - ® .99 |9 /o
1 BASED OX SHALLER PIPE DIAKETER :
FR-3-1-22

* ITEXS ARE AK" YALUES OKLY =~ - ° ™% &2 3.
0B =d/mn R

PE - OCEAAVERY EARTAR" -~






@7 Sinske

A8y
LT TP v 2> o
T LA Jin

<

., 427>
-

JAN, 21 '9? 12:49
RS L DO ST

" 54
* " «

.. .FROM PLANT-ENG
PO T ST SR

. Mg 2y IR e L
v 5 DR R
. N!f.:g.'cﬁ‘f,\_‘-c,. s:-:-‘:‘ =
=

" PIPE-FRICTION CALCULATION

et DATA SHEET

2

Feom TepeBob . e. CTS TAKE »[-12 X18x 137 TEE

[STEM

L 5'.):\.1 o5 L~ Ye ¢ J_/

wG. REF.

.UID TEMP.(F) _JRO - PIPE ABS. ROUGHN

2~3T-~2

SS(FT) _, 005 45 -

PIPE SEGMENT HUXBER

%

EasS 2T § Al !‘\b o

4-;9‘/%; :

. r e s _L*
.UID FLOY (GPN) 7290 @pppg t.o.ax)({g"z?s [6.87& PIPE EL.ZSI-8 voel. S58cZ5%

so

'RAIGHT PIPE LEKGTHS FITTINGS XUXBER *K OR L/D =K
’ 4y, | GATE VALVE n
?‘j 21"1;;“ ' GLOBE VALVE 340
A' =74 7 | BUTTERELY YALVE 40 ~
N 575:’/ SIKG CHECK 135
96° STD. ELBOY 30
9P S.R. ELBOY 50
30° LR. ELBOY 1 %o
45°STD. ELBOY 16
4S°S_R. ELBOX 26
180° CLOSE RETURN. 50
STD. TEE RUN 20
STD. TEE BRANCH ) | . go
* WITREBENDS 1.20-C0s6)
- LATERAL < QUTLET 1.0
] * LATERAL <) INLET 0.5
* STRAIGHT RUX LATERAL: 2.15
* PIPE ENTR PROJ INXD. 0
« «  « SHARPEDGE 0.50
J s« .= WELLROUND 0.04 .
* PIPE EXIF SHARP.EDGED 9
. .s * ORIFICE©p = 51) 2sare/pt |
* SUDDEN CONTRACTION 9@3%7,,)\ S0-82) ATE |
| * SUDDEX WCREASEY - C -84
* YALVE, NISCELLANEQUS 33L4dYc,2
MISC
J ' 0,0,
ALs @ ‘26’./5 . QLM @ Jpo
* ITEMS ARE K" VALUES OHLY ° + - . - . -t BASED ON SHALLER PIPE DIARETER cxar

A msimmer e AvAn
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@ sl DATA SHEET O ,{g{ﬁf . v oAjZéZ_é_ii.éo

‘ 4
g(SUQ—ow\ 05 ﬂﬂﬂ”i‘&)“/y LinE

'STEM From ’CELG.'TS AW ﬁr@“"“F) .+ 0 e

fFrom QST € ZCRHR ™/~ i-Flo
YG. REF. 2. -5 -1 5‘A o5 T e 2 . - - -7 “J
v Texp.(F) 136 ° - mreaas.aoucuuesswn L 20015 PIPESEGKEKTKUKBER 3

UID FLOX (GPN) 2560 Ppipe 1o. anf S/ %50 -b’ [2.12YTD  pirE EL. 59.’~-9' ’ro EL. 575—

RAIGHT PIPE LENGTHS FITTINGS | NUXBER *K OR L/D zK ZL/0
2% 0% | GATE w.v{umrw»w’)k vpejo 1 |37 2° e
PR ¥ | * GLOBE VALVE 340 _

s BUTTERELY VALVE ‘0 “
' L, .
J¥ -8 SXIHG CHECK 135
. ” ° ;
£l4 56° STD. ELBOY 30
e 90 S:R. ELBOX 50
¥- -90° LRELBOY || 28 ] 22
If(/ .
o~/ - 45°STD. ELBOY 16
A 2" 45°S.R. ELBOX' 26
. 180° CLOSE RETURN 50
£l 20
STO. TEE RUX ‘ cf ] 20 -
- STD. msmca 60
" MITRE BEKDS - . 1.2(1-C0S6)
* LATERAL < OUTLET 10
* LATERAL < INLET 9.5
* STRAIGHT RUN LATERAL: 0.15
* PIPE ENTR PROL I{¥D. 078
© = = SHARP EDGE 0.50
. s = = 'YELLROUND 0.04 ,
* PIPE EXIT SHARP EDGED | 1.0 .
. i ORIFICE(CD 1) ) ) 2.69 .RF/,B‘
* SUDDEN CONTRACTION, 1( w3 Xﬂ»“ 5(1-62) 98 .
d SUDDE!( INCREASE ¢ t-8%)2
* VALVE, NISCELLANEOUS 33144Yc,2.
KisC
I’ :
v
o) I,I? j il
3 2,93 i \ » Q 6O
- gEMS ARE *K* VALUESOKLY '~ <+ < « _ 4 -BASED ON SALLER PIPE DIAMETER
’ . - FKa9-1+72

RF - RFCOVFRY FACTOR *
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Lt "":'-' A R 'W"‘ *'5"‘ B GRS Sbn ¢  A e DR Q‘/;;;,E GGS 66
v 0s33.-" - L ) Tt
- . CULATION - . .. L, SHELT or
. ; PIPE FRICTlON CAL U M‘L‘ e e
. R *’-"‘~--- UATA SHEET ' ’ ﬂ*ﬁ omE?H
@ o) llts"‘\Y
YSTEM Feom I// /}Cm o 25T 2 /',.J;.FL“-’> 4o /@ B POl L:':JM4 or g’:fM
KSR . . e 20 ".’
'¥G,. REF, 2 - S.‘ 7 54 /o:‘:;z o 0.0 i .o ‘vﬁ‘?ﬂ:
FT) _-2°°15  pipE SEGMENT NUKBER _ &7 ‘

_ /827 . oipE ABS. ROUGHNESS

LUID TEXP.( F)
"
“Luw FLox @Pu) 4500 Dpppg o auy( s£4n) (3. 12€TD pipg gL, 59572 ToeL. _ERE-0”

[RAIGHT PIPE LENGTHS FITTINGS NUKBER *K OR L/D =X sL/0
L GATE VALVE B
-9 | SLOBEVALVE 330 :
o ~ /€ BUTTERFLY.VALVE ‘ : f0 1
' SYING CHECK : 135
0° s_‘rb. ELBOY 30
|- sesr.ELBOY | . 50
' .90° LR_ELBOY | 20
45°STD. ELBOY 16
45°5.R. ELBOY 26
180° CLOSE RETURK s0
STO. TEERUN . 2
R STD. TEE BRANCH _ | =
- MITREBENDS - . 120-C0$Q)
* LATERAL 9'OUTLET . 14 .
) * LATERAL < IRLET 05
« STRAIGHT RUK LATERAL: a.1s
_ * PIPE ENTR PROJ. INWD. | eas
s = = .SHARP EDGE 050
o < = =T¥ELLROUND - : 0.04 .
: - PIPE aursum EDGED LI
- * ORIFICE (Cp = .51). REXY L
* SUDDEN CONTRACTIOX 1. . S{-52) .
* SUDDEN INCREASE ¢ a2 -
, * VALVE, WISCELLANEOUS ‘ ssLeayc,2.
msc |
s @ 3,33 . ® ‘6.0 9 a0
T ITEMS ARE *K” VALUES ONLY - & "t u: -« 1 BASED ON SHALLER PIPE DIAMETER
FRI-21+72

B =4ds RF = RECOVERY FACTOR -







c:\calc\npshsr

ﬁ FRICTION CALC - INPUT FILE IS-c:\calc\rsnpsh

THE INPUT DATA FOR THE HFLC5 SYS. RES. CALC.
CONSISTS OF THE FOLLOWING DATA:

T - TEMPERTURE DEG F

E - PIPE ABSOLUTE ROUGHNESS (FT.)

N - FIRST PIPE SEGMENT NUMBER

N1 - LAST PIPE SEGMENT NUMBER

QDES - DESIGN FLOW THRU PIPE SEGMENT (GPM)
QMIN - MINIMUM FLOW THRU PIPE SEGMENT (GPM)
QMAX - MAXIMUM FLOW THRU PIPE SEGMENT (GPM)
QDELT - FLOW INCREMENT THRU PIPE SEGMENT (GPM)
D - PIPE SEGMENT INTERNAL DIA. (IN.)

L - PIPE SEGMENT LENGTH (FT.)

K - PIPE SEGMENT K FACTORS

L/D - PIPE SEGMENT L/D FACTORS

FOLLOWING IS YOUR INPUT DATA

T E N N1l
190.00 .00015 1 3
QDES OMIN OMAX QDELT D L

5050.00 1050.00 5050.00 1000.00 7.981 '59.85

5050.00 1050.00 5050.00 1000.00 7.981 10.00
iOS0.00 1050.00 5050.00 1000.00 13.124 .00

OWING IS HFLCS5 RESULTS

WATER TEMP. (F) = 190.00
DENSITY (LBM/CUFT) = 60.32
ABS VISCOSITY (LBM/SEC/FT) = .217609E-03
PIPE ABS ROUGHNESS (FT) = .150000E-03
PIPE SEG NO 1 PIPE DIA(ID-IN) = 7.981
FLOW-GPM VEL (FPS) LHD (FT) KHD (FT) LDHD(FT)
1050.0 6.73 .94 .00 3.23
2050.0 13.15 .3.52 .00 12.03
3050.0 19.56 7.72 .00 26.41
4050.0 25.97 13.55 .00 46 .37
5050.0 32.39 21.01 .00 71.91
PIPE SEG NO - 2 PIPE DIA(ID-IN) = 7.981
FLOW-GPM VEL (FPS) LHD (FT) KHD (FT) LDHD(FT)
1050.0 6.73 .16 .00 .97
2050.0 13.15 .59 .00 . 3.63
3050.0 19.56 1.29 .00 7.98
4050.0 25.97 2.26 .00 14.00
5050.0 32.39 3.51 .00 21.71
E SEG NO 3 PIPE DIA(ID-IN) = 13.124
éﬁW—GPM VEL (FPS) LHD (FT) KHD (FT) .LDHD(FT)
050.0 2.49 .00 .08 .03
2050.0 ) 4.86 .00 .29 .10
3050.0 7.23 .00 .64 .22
4050.0 9.61 .00 1.13 .38
5050.0 11.98 .00 1.76 .59

K L/D

.00 308.00
.00 '93.00
.79 20.00

TOT HD(FT)
4.17
15.55
34.13
59.92
92.92

TOT HD(FT)
1.13
4.22
9.27

16.27
25.22

TOT HD(FT)
.10
.39
.86
1.51
2.35

6-7
- S
§ -7



WOLDS NUMBER FRICTION FACTOR TABLE

SEG DES. FLOW RE.NO. F-FACTOR HEAD LOSS
1 5050.0 5971215.0 .0143 92.92
2 5050.0 5971215.0 .0143 25.22
3 5050.0 3631231.0 .0132 2.35

THE INPUT DATA FOR THE HFLC5 SYS. RES. CALC.
CONSISTS OF THE FOLLOWING DATA:

T - TEMPERTURE DEG F

E - PIPE ABSOLUTE ROUGHNESS (FT.)

N - FIRST PIPE SEGMENT NUMBER

N1 - LAST PIPE SEGMENT NUMBER

QDES - DESIGN FLOW THRU PIPE SEGMENT (GPM)
OMIN - MINIMUM FLOW THRU PIPE SEGMENT (GPM)
OMAX - MAXIMUM FLOW THRU PIPE SEGMENT (GPM)
QDELT - FLOW INCREMENT THRU PIPE SEGMENT (GPM)

D - PIPE SEGMENT INTERNAL DIA. (IN.)
L - PIPE SEGMENT LENGTH (FT.)
K - PIPE SEGMENT K FACTORS
L/D - PIPE SEGMENT L/D FACTORS
FOLLOWING IS YOUR INPUT DATA
T E N N1
120.00 .00015 4 20
S QMIN oMAX QDELT D L
5050.00 1050.00 5050.00 1000.00 7.981 3.00
2500.00 1000.00 2500.00 500.00 7.981 68.69
700.00 100.00 800.00 100.00 6.357 5.16
700.00 100.00 800.00 100.00 4.260 1.17
1800.00 1000.00 2600.00 800.00 6.357 13.89
1800.00 1000.00 2600.00 800.00 8.329 1.76
1800.00 1000.00 2600.00 800.00 6.357 18.31.
700.00 100.00 800.00 100.00 6.357 4.54
700.00 100.00 800.00 100.00 4.260 1.17
1100.00 1000.00 1200.00 100.00 4.260 15.16
1100.00 1000.00 1200.00 100.00 4.260 5.00
1100.00 1000.00 1200.00 100.00 4.260 46.13
1100.00 1000.00 1200.00 100.00 8.329 17.17
550.00 150.00 550.00 100.00 6.357 10.50
550.00 150.00 550.00 100.00 6.357~ 8.97 .
550.00 150.00 550.00 100.00 8.329° 15.96..
550.00 150.00 550.00 100.00 6.357 15.73 ~
FOLLOWING IS HFLC5 RESULTS
WATER TEMP. (F) : = 130.00
DENSITY (LBM/CUFT) = 61.54
ABS VISCOSITY (LBM/SEC/FT) = .342668E-03
65! ABS ROUGHNESS (FT) = .150000E-03
PIPE SEG NO 4 PIPE DIA(ID-IN) = 7.981
FLOW-GPM VEL (FPS) LHD (FT) KHD (FT) LDHD(FT)
1050.0 6.73 ° ;.05 .00 .00
2050.0 13.15 .18 .00 .00

LIS G0 2FNE
S
| )

K L/D . i

.00 .00 o
.00 297.00 7. |
.22 80.00 - - ;
.28 .00 >
.22 73.00" {1~ |
.19 - 20.00 (v~ |
.22 - 53.00 iv--- |
.00 20.00 ‘v-\" |
.28 , .00 \T-oE |
.28+ 120.00 (&~ -

.00 193.00 sy, vy

.00 173.00 =~e- |
.00 80.00 7:-° =

.22 - 96.00 =2?--7
.00+~ .93.00 l%-?"

.00 -60.00 LM-tT

.22 - 93.00 ,xy. 2,

TOT HD(FT)
.05
.18



), » w
[} ‘)
’ 3050.0
4050.0
‘iiiso.o
SEG NO
FLOW-GPM
1000.0
1500.0

2000.0
2500.0

PIPE SEG NO

FLOW-GPM
100.
200.
300.
400.
500.
600.
700.
800.

OCOO0OO0OO0OO0O0O0

PIPE SEG NO

FLOW-GPM
100.
200.
300.
400.

500.
00.
700.

800.

COO0O0OO0OO0O0O0O

PIPE SEG NO
FLOW-GPM
1000.0
1800.0
2600.0

PIPE SEG NO
FLOW-GPM
1000.0
1800.0
2600.0

PIPE SEG NO
FLOW-GPM
1000.0
1800.0
2600.0

PIPE SEG NO

FLOW-GPM
100.
200.
300.
400.
500.

600.
700.

[sNojoofoNeNe]

19

25.
.39

32

5

VEL (FPS)
.41
9.
12.
.03

6

16
6

VEL (FPS)
.01
.02
.03
.04
.05
.07
.08,
.09

oUW R

7

VEL (FPS)
.25
.50
.75
S.
.25
.51
.76
.01

2
4
6

11
13
15
18

8

VEL (FPS)
.11
.20
.28

10
18
26

9

15

10

VEL (FPS)
.11
.20
26.

10
18

11

VEL (FPS)
.01
.02
.03
.04
.05
.07
.08

Nk wh R

.56

97

62
83

00

VEL (FPS)

5.
10.
.31

89
60

28

.39 .00 .00
.68 .00 .00
1.06 .00 .00
PIPE DIA(ID-IN) = 7.981
LHD (FT) KHD(FT) LDHD(FT)
1.01 .00 2.89
2.22 .00 6.37
3.89 .00 11.20
6.04 .00 17.37
PIPE DIA(ID-IN) = 6.357
LHD (FT) KHD (FT) LDHD(FT)
.00 .00 .02
.01 .01 .09
.02 .03 .19
.04 .06 .34
.06 .09 .52
.09 .13 .73
.12 .17 .99
.16 .22 1.28
PIPE DIA(ID-IN) = 4.260
LHD (FT) KHD (FT) LDHD(FT)
.00 .02 .00
.02 .09 .00
.04 .20 .00
.07 .35 .00
.11 .55 .00
.16 .79 .00
.21 1.07 .00
.28 1.40 .00
PIPE DIA(ID-IN) = 6.357
LHD(FT)  KHD(FT) LDHD(FT)
.65 .35 1.81
2.06 1.13 5.74
4.26 2.35 11.87
PIPE DIA(ID-IN) = 8.329
‘LHD (FT) KHD (FT) LDHD(FT)
.02 .10 .16
.07 .33 .51
.13 .70° 1.06
PIPE DIA(ID-IN) = 6.357
LHD (FT) KHD (FT) LDHD(FT)
.86 .35 1.31
2.72 1.13 4.17
5.62 2.35 8.62
PIPE DIA(ID-IN) = 6.357
LHD (FT) _ KHD(FT) LDHD(FT)
.00 .00 , .00
.00 .00 ; .02
.02 .00 .05
.04 .00 .08
.06 .00 .13
.08 .00 .18
.11 .00 .25

.39
.68
1.06

TOT HD(FT)
3.90
8.59

15.09
23.41

TOT HD(FT)
.03
.12
- .25
.43

.67 “
.95
1.28
1.66

TOT HD(FT)
.03
.11
.24
.42
.66
.94

1.29
1.68

TOT HD(FT)
2.81
8.93

18.48

TOT HD(FT)
.29

jo=-t1 7

- 2 -

J2-13 ~°

-1 °

44

.91 f- 15

1.89

TOT HD(FT)
2.52
8.01

16.59

TOT HD(FT)
.00
.03
.07
.12
.18
.26
.35

,;‘-—/G /

Ib_.FT 7w
N_ 7012&9/‘

S
‘GP arsaféé



e




Ity )

800.0

SEG NO
W-GPM
00.

200.
300.
400.
500.
600.
700.
800.

OCOO0OO0O0OO0OO0OO0O

PIPE SEG NO
FLOW-GPM
1000.0
1100.0
1200.0

PIPE SEG NO
FLOW-GPM
1000.0
1100.0
1200.0

.PIPE SEG NO
FLOW-GPM
1000.0

00.0
00.0

PIPE SEG NO
FLOW-GPM
1000.0
1100.0
1200.0

PIPE SEG NO

FLOW-GPM
150.
250.
350.
450.
550.

O0O0OO0O0O

PIPE SEG NO
FLOW-GPM
150.0
250.0
350.0
450.0
550.0

E SEG NO
W-GPM
50.0

250.0
350.0
450.0
550.0

8.09

12
VEL (FPS)
2.25
4.50
6.75
9.00
11.25
13.51
15.76
18.01

13

VEL (FPS)
22.51
24.76
27.01

14 .
VEL (FPS
22.51
24.76
27.01

.15
VEL (FPS)

22.51
24.76
27.01

16

VEL (FPS)
5.89
6.48
7.07

17

VEL (FPS)
.52
.53
.54
.55
.56

nNnbhwvop

18

VEL (FPS)
1.52
2.53
3.54
4.55
5.56

19
VEL (FPS)
.88
1.47
2.06
2.65
3.24

.14 .00
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
.00 .02
.02 .09
.04 .20
.07 .35
.11 .55
.16 .79
.21 1.07
.28 1.40
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
5.56 2.19
6.72 2.65
7.98 3.15
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
1.83 .00
2.22 .00
2.63 .00
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
16.93 .00
20.44 .00
24.28 .00
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
.20 .00
.24 .00
.29 .00
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
.01 .00
.03 .02
.06 .04
.10 .07
.15 .11
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
.01 .00
.03 .00
.06 .00
.09 .00
.13 .00
PIPE DIA(ID-IN) =
LHD (FT) KHD (FT)
.00 .00
.01 .00
.03 .00
.04 L 00
.06 .00

.32

4.260

LDHD (FT)
.00
.00
.00
.00
.00
.00
.00
.00

4.260
LDHD (FT)
15.63
18.88
22.42

4.260
LDHD (FT)
25.14
30.36
36.06

4.260
LDHD (FT)
22.54
27.21
32.33

8.329

LDHD (FT)
.66
.79
.93

6.357

LDHD (FT)
.06
.16
.31
.51
.74

6.357

LDHD (FT)
.06
.16
.30
.49
.72

8.329
LDHD (FT)
- .01
.04
.07
.11
.16

TOT

TOT
23
28
33

TOT
26
32
38

TOT
39

56

TOT

TOT

TOT

TOoT

.94 !
.29
.68

.03
.22

.46

HD (FT)

.03
.11
.24
.42

HD (FT)

.39
.24
.56

HD (FT)

.98
.57
.70

HD (FT)

.46
.65
.61

HD (FT)

HD (FT)

.08
.22
.42
.68
.00

HD (FT)

zo-T

1422






L8 Ny
» ¥ ’
» »

6.357

PIPE SEG NO 20 PIPE DIA(ID-IN) =
OW-GPM VEL(FPS) LHD(FT) KHD(PT) LDHD (FT)
@so.o 1.52 .02 .00 .06
50.0 2.53 .05 .02 .16
350.0 3.54 .10 .04 .30
450.0 4.55 .16 .07 .49
550.0 5.56 .23 11 .72
REYNOLDS NUMBER FRICTION FACTOR TABLE
PIPE SEG  DES. FLOW RE.NO. F-FACTOR
4 5050.0 3868241.0 .0144 1
5 2500.0 1914971.0 -0146 23
6 700.0- 673170.9 .0159 1
7 700.0 1004542.0 .0168 1
8 1800.0 1731011.0 -0153 8
9 1800.0 1321171.0 10147
10 1800.0 1731011.0 .0153 8
11 700.0 673170.9 .0159
12 700.0 1004542 .0 .0168 1
13 1100.0 1578565.0 .0165 28
14 1100.0 1578565 ,0 .0165 32
15 1100.0 1578565.0 -0165 47
16 1100.0 807382.4 .0151 1
17 550.0 528919.9 10161 1
18 550.0 528919.9 0161
19 550.0 © 403691.2 .0159
550.0 528919.9 .0161 ‘1

TOT HD(FT)
.09
.23
.44
.72
1.06

HEAD LOSS
.06
.41
.28
.29
.93
.91
.01
.35
.29
.24
.57
.65
.03
.00
.85
.22
.06

X
28 -%

Lrimiror 2dpr kw

7 B oF ST e
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SiiTEM f2ow e~ K

PIPE FRICTION CALCULATION
' DATA SHEET

A

T~ . = 7C e Toon)

w2 O e

el
sueer 22 or ST
 PLAXNT

sY__OF DATE HIBfeP
Wrg - Brs~é)or2d bF

X 7
Wre o (//fr r)o__l\rwlﬁlv

6t

CoseX

sifte

D¥G. REF. Z- = - d

lo~ 2

FLUID TEXP.( F) _/5°

PIPE ABS. ROUGHXKESS(FT)

PIPE SEGMENT NUKBER

s

DrLuio FLow 6PK) S22 Ppipe o, M) 2 Y G-1d  7.56)  pIPEEL. 575 TOEL, £/7-0
. 7—‘f
STRAIGHT PIPE LENGTHS FITTINGS NUKBER *K OR L/D =K =L/
/3" GATEVALVE 39 G< 2¢2- 13 /3
7Lq" - GLOBE VALVE 340
. . BUTTERFLY VALYE 40
Zf z . S SHING CHECK 39 c£59223 S 135 - /337
&-12 } | s0®sto.eLsox " 30
2:- 5 . 9% S.R. ELBOY 50
ste 90° L.R. ELBOY z{ 20 /60
e 45°STD. ELBOX _ 16
45°S.R.ELBON 26
) @ 180° CLOSE RETURN ) 50 .
| sTD. TEE RUN ' 20
STD. TEE BRANCH 60
* MITRE BENDS . 1.201-C0$&§
* LATERAL < OUTLET 1.0
* LATERAL 9 INLET 0.5
« STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. IN¥D. 0.78
.« w = SHARP EDGE 0.50
‘ =« = ¥ELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE €y = 61) 269 RF/B 4
* SUDDEN COHTRACTION ¢ 5(-82)
* SUDDEN INCREASE ¢ (1-82)2
* VALVE, MISCELLANEOUS 83t.4d¥c,? .
MISC
OTALs @ §9.8Y ® O30 %
* ITEMS ARE *K* VALUES ONLY t BASED ON SMALLER PIPE DIAMETER FKostn

B =d/D RF =

RECOYERY FACTOR






SRSUPPY. SRS VS K P . . .. “ e P o2 daked e » - e a
e g 6%
. RUv,. 2772 .
PIPE FRICTION CALCULATION et #‘f, or ,sff;—; ‘
DATA SHEET c;:ff;_a 7:;; F_%
. ) ’ i ke
SYSTEM _Ftow Tee C 2L MelfREE) copmt 7o EX ¢f TwC naele?’
OXG.REF. _2- 2 -/ Joz2 '
FLUID TEMP.(F) _(9% - PIPE ABS. ROUGHNESS(FT) PIRE SEGMENT XUMBER s
DrLuio FLOW (GPK) 52 S Ppipe 1.0, (IN) 8D 5-rv 7. %&1 PIPE EL. 6/2-2T0EL, /2 ~%
. —~ ' £
STRAIGHT PIPE LEXGTHS . FITTINGS NUMBER *K OR L/0 =K L/
0! GATE YALYE3OG&F 0§52 (Z2~/be) | 13 13
GLOBE VALYE 340
-BUTTERFLY VALYE 40
SYIKG CHECK 135
90° STD. ELBOY 30
. 9¢ S.R. ELBOX 50 2o
90° L.R. ELBOY 1 20
45°STD. ELBOW ' 16
a : 45°S.R. ELBOY 26
180° CLOSE RETURN 50
STD. TEE RUK 20 &0
STD. TEE BRAKCH 1160
* MITRE BENDS . 1.2(1-C0S 8
* LATERAL 9 OUTLET H 1.0
* LATERAL < INLET - | 05
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INXD., 0.78
e « = SHARP EDGE ] o.s0
=« = XELL ROUKD 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (C) = .61) 263 RF/B4
* SUDDEX CONTRACTION ¢ S5(1-82)
* SUDDEN INCREASE ¢ (1-82)2
* VALVE, MISCELLANEOUS 8914 d ¥yl
MisC ’
rotass € /o " @ ©® 93
* ITEMS ARE *K" VALUES OLY - | BASED O SMALLER PIPE DIAMETER
8 =d/D RF = RECOVFRY FACTOR FK-9-1.77




&



LI ‘-

%

L8 477 x:‘ N
' ’ PIPE FRICTION CALCULATION sueer 98 or ST
. PLAXT __coerl
DATA SHEET oY__ 87 oATE 224757
@ FALSWATL0 ZChF 7
SYSTEM E7e wr 'Y = e D crr T2 PX[E Zcc o 2 fe-{'ﬂj(7
11 \e1g
D¥G.REF, 2- B“ -1y o7, 7.0 - €
FLUID TEMP.( F) _/%° PIPE ABS. ROUGHNESS (FT) PIPE SEGMENT NUKBER G

DrLuiD FLOX (GPH) _52 S Dpipg 10, ()L 51 13.12Y PIPE EL. &/3-2 TOEL. &/~2°
s 7
STRAIGHT PIPE LENGTHS FITTINGS KUKBER *K OR L/D =X $L/0
GATE VALVE 13
GLOBE VALVE 340
. BUTTERFLY VALVE 40
SYING CHECK 135
90° STD. ELBOY 30
3¢ S.R. ELBOX 50
90°L.R. ELBOY 71| 20 5 a
45°STD. ELBOY 16
@ 45°S.R. ELBOY 26
‘ 180° CLOSE RETURK 50
‘| STD. TEE RUN 20
$TD. TEE BRAKCH 60
* MITRE BENDS 1.2(1-C0S &) ‘
* LATERAL 9 OUTLET 1.0
* LATERAL < INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INYD, 078
« « = SHARP EDGE 0.50
* =« ¥ELL ROUND 0.04
: * PIPE EXIT SHARP EDGED 1.0
* ORIFICE (C) = 1) 269 RF/8 4
* SUDDEN CONTRACTION t ¢x/7 5(1-82) ,337
* SUDDEK INCREASE t S 1« (1-82)2 LS
* VALVE, MISCELLAKEOUS g914dYyc,? |-
MiSC
w AH R
‘ /S PsST © ZﬁG‘)ng""ﬁ
7.3 5.
TotaLs [© ' @ ,791 |z
* ITEMS ARE *K* YALUES ONLY t BASED OK SHALLER PIPE DIAMETER .

8B =d/D RF = RECOYERY FACTOR






Pe. amy - :g —sg’zé
PO LATION . SHEET Y3

PIPE FRICTION CALCULA | 'l:-E“(T Z.or .

DATA SHEET BY__AT__ DATE MH¥fy

Q ErbtenC 10123 AF |

e 2-
R _from (¥2 Rd 4o e nENy ‘
D¥G. REF. 2- re -18 ’ 1

OrrLyip FLOX (GPH) _S2I™=  DpipE 1.0. (IN) sP Gy 1.641 PIPE EL. £/ TO EL. _&/2-°

FLUID TEMP.(F) _Z3<_ - PIPE ABS. ROUGHNESS(FT) PIPE SEGMENT NUKBER 7
|

\

|

. [>]
STRAIGHT PIPE LENGTHS FITTINGS KUMBER _ *K OR L/D =K S$L/D
3 la GATE YALVE : 13
GLOBE VALVE 340
BUTTERFLY VALYE 40
SYIKG CHECK 135
30° STD. ELBOY “ 30 |
3¢ S.R. ELBOX 50 1
30°L.R. ELBOW 20 \
45°STD. ELBOY : _ 16
: I5°S.R.ELBOX 26
a 180° CLOSE RETURK 50
| sTD. TEE RUN 20
STD. TEE BRAKCH 60
* KITRE BENDS . 1.2(1-C0S §)
* LATERAL 9 OUTLET 1.0
* LATERAL < INLET "1 os
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INYD. 0.78
e « = SHARP EDGE 0.50
 n = WELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .61) ' 2.6 RF/8 ¢
* SUDDEN COKTRACTION ¢ 5(1-82)
* SUDDEN INCREASE t 1-82)2
* YALYE, MISCELLANEOUS 8914 d¥c,2
MISC
ToTALS [© 3 | ® o ®
* ITEMS ARE “K* VALUES OKLY { BASED ON SNALLER PIPE DIARETER

B =d/D RF = RECOYERY FACTOR ’ FKe8.1-72






s e
s PIPE FRICTION CALCULATION e S2or o7
DATA SHEET .. BY_L7 _ OATE JL7
LrSa §201 2 PP
an From tRe o TR SPLIV o> - 'W{
O¥G.REF. _2=R\W=\B 2.p{ 722 2-Sr-{e2oF2
FLUID TEXP.( F) _!=< PIPE ABS. ROUGHNESS (FT) PIPE SEGNENT NUKBER e
CrLuto FLoX (GPH)L¥22  Ppipe 0. M) EDG—4 7. 521 PIPE EL. 2 - T0 EL. -&j:_z_}é_
| /e 7
STRAIGHT PIPE LENGTHS FITTINGS KUMBER K OR L/D K SL/0
3te . GATEVALYE T H©- 359 13 /3
- GLOBE VALVE 30
s -2
BUTTERFLY VALVE 10
2~6"  SYIKG CHECK 135
gl 90° STD. ELBOY 30
A 9¢ S.R. ELBOY 50
2ot 90°L.R. ELBOY &l /50
i v 45°STD. ELBOY¥ 411 6N
e 45°S.R. ELBOY 2
0 A 180° CLOSE RETURN 50
2.32 STD. TEE RUN 20
9t " $TD. TEE BRAKCH 60 27
5" * MITRE BENDS 1.2(1-€05 8§
* LATERAL 9 OUTLET 1.0
* LATERAL 9 INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. IN¥D, 01
e w = SHARP EDGE 0.50
e =~ ¥ELL ROUKD 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .61) 269 RF/B 4
* SUDDEX CONTRACTIONX ¢ S5(-82)
* SUDDEN INCREASE t 1-82)2
| * YALVE, MISCELLANEOUS 8314 d¥c,2
Misc
ToTALs 9@ 6 5. b4y ®. © 2467
* ITEMS ARE “K* YALUES ONLY t BASED O SKALLER PIPE DIAKETER .

B =4d/0

RF = RECOYERY FACTOR



' ‘ vl

] o s <2~ &2
.‘.(\. 4[7?‘5 .
PIPE FRICTION CALCULATION . :':.ii: ¥ or 5’7%
DATA SHEET 8Y_OF___ 0ATE f2rfe7
Q &S 6701250 F
En ERom -ree w8 x4 Rad (8" ST €A o>z ,""1"“”“4‘ &y

DYG.REF. 2-SF-to ZOFZ +Shad [f 7
FLUID TEMP.( F) L PIPE ABS. ROUGHNESS(FT) PIPE SEGMENT NUKBER g
P Y/ Ny,
OrLyip FLOW (GPK) _ 700 Dot 10. (H) ad 5=+ &.357 pipe L. SB9- 2470 £L. 58725

s

STRAIGHT PIPE LENGTHS FITTINGS KUMBER KORL/HD | K suh®
C o GATE YALVE 13
2~ 7
o GLOBE VALVE 340
f-° , BUTTERFLY VALYE 40
/& 7 SYIKG CHECK 135
90° $TD. ELBOV 30
9¢ S.R. ELBOW : 50
90° L.R. ELBOY /| 20 2o
45°STD. ELBOX _ 16
: 45°S.R. ELBOX 26
e 180° CLOSE RETURK . 50
STD. TEE RUK 20
$TD. TEE BRANCH 1| 60 eo
* MITRE BENDS . 1.2(1-C0S 6)
* LATERAL < OUTLET 1.0
* LATERAL 9 INLET 0.5
* STRAIGHT RUK LATERAL 0.15
* PIPE ENTR PROJ. INXD. 0.78
« w = SHARP EDGE )
* = = ¥ELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
. * ORIFICE (Cp = .61) 259 RF/8 4
* SUDDEX CONTRACTION t ¢ x 2 5(1-82) 219
* SUDDEN INCREASE ¢ 1-82)2
* VALVE, MISCELLANEOUS 8314 d¥cy?
MISC | )
ToTALs |© £.156 ®,2u9 - |9 go
* ITEMS ARE “K* YALUES ONLY 1 BASED OH SHALLER PIPE DIAMETER roslorn

B =d/D RF = RECOYERY FACTOR



vy w3
RV A7)
A (]

@LM

skeer ¥ o 5/7’

PLAKT _Cuo£

PIPE FRICTION’ CALCULATION

DY¥G. REF. A

/70 202

DATA SHEET Cey__pe ouzﬁﬂ_
‘ GrSh-670¢ 24T
Toom  6X 4 Pad 4w VS ST PP Suerzod Moz iy

FLUID TEXP.(F) ‘2> - pIPE ABS. ROUGHNESS(FT) PIPE SEGMENT NUMBER /0
QLo FLOX (6PK) __ 2= @pipe 1.0, (1K) 20 £y 42¢  pipeee. 88925 To el S9-24
~ %> ‘3
STRAIGHT PIPE LEKGTHS FITTINGS NUMBER *K OR L/D K SL/0
GATE VALVE 13
/-2 ‘ :
GLOBE VALYE 340
BUTTERFLY VALYE 40
SYING CHECK 135
90° STD. ELBOY 30
9% S.R. ELBOX 50
$0° L.R. ELBOY 20
45°STD. ELBOX 16
45°S.R. ELBON 26
@ 180° CLOSE RETURN 50 ’
$TD. TEE RUN 20
$TD. TEE BRAKCH 60
* MITRE BENDS 1.2(1-C0S &)
* LATERAL < OUTLET 1.0
* LATERAL 9 INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. IN¥D. 0.78
« « = SHARP EDGE 0.50
e « = YELLROUKD 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (C) = .61) 2.69 RF/B4 ]
* SUDDEN CONTRACTION t 6% ¢/ 5(1-82) $27 €
* SUDDEN INCREASE t (1-82)2
* VALVE, MISCELLAKEOUS 891.4 ¢¥/c,2 "
MISC
ToTALS (@ 1. 167 ® 275 .
* ITEMS ARE *K* VALUES ONLY { BASED ON SMALLER PIPE DIANETER

B =4d/0

RF = RECOYERY FACTOR

FK-9-1-72



iy N
»




DATA SHEET

PIPE FRICTION CALCULATION

an Feom e 1o Fxb rre  (to Noh P‘p>

Y
. sueer B0 o 57

. PLANT

Caso L

sY__ A~

DYG.REF, _2— ST ~{0 /’4{9\3

FLUID TEMP.(F) /32 - PIPE ABS. ROUGHNESS(FT)

PIPE SEGMENT XUXBER

Deryip FLOW (GPH) {799 Ppipg 10 Ky 6P

DATE 7

/

Bty &.357 pipe gL, SB-22 1 EL. .92:2-&

B =4/0 RF = RECOVERY FACTOR

STRAIGHT PIPE LENGTHS FITTINGS KUMBER *K OR L/D ! =K sud?
0 GATEVALYE /76 #9¢s> 13 /2
/7 105" GLOBE VALVE 340
_BUTTERFLY YALYE 40
SYING CHECK 135
90° STD. ELBOY 30
9¢ S.R. ELBOX 50
. 90° L.R. ELBOY 20
H 45°STD. ELBOX 16
| 45°S.R. ELBOY %
e 180° CLOSE RETURN 50
. {  STD. TEE RUN 20
STD. TEE BRANCH 60 ¢
. * MITRE BENDS 1.2(1-C05 &)
* LATERAL < OUTLET 1.0
* LATERAL 9 INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INYD. 0.8,
« « = SHARP EDGE 0.50
* « = ¥ELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (€ = .61) 2.69 Re/8 4
* SUDDEX CORTRACTION { 6X 9/ 5(1-82) V21§
* SUDDEN INCREASE ¢ (1-82)2
* VALVE, MISCELLANEOUS 8914 dYc,?
MisC
rovas @13, y¥ v ®.,2t5 [® 73
* ITEMS ARE “K* YALUES ONLY { BASED ON SKALLER PIPE DIAMETER I






'PIPE FRICTION CALCULATION
DATA SHEET

GaEN G 70r 724 H#

ey 2

@” Erom BX6 L  w Bd)we [2-sE-6)

DYG. REF.

2- $f 8 (l o;](z}

FLUID TEMP.(F) _ (32O -

PIPE ABS. ROUGHXESS (FT)

PIPE SEGMENT NUKBER

Sl
Hwley’

/1 a

DeLuio FLow @PK) ' 722 Dprpe 0. an) 8P @td  $.329  eipe e S82LL to el 52F-24

. 1% 15
STRAIGHT PIPE LENGTHS FITTINGS *K OR L/D K L/D
P GATE YALVE 13
A [+ GLOBE VALVE 340
BUTTERFLY VALYE 40
* SYING CHECK 135
90° STD. ELBOY 30
9¢ S.R. ELBOX 50
90° L.R. ELBOY 20 zo
45°STD. ELBOX 16
45°S.R. ELBOX 2
Q 180° CLOSE RETURK 50
STD. TEE RUN 20
STD. TEE BRAKCH §0
* MITRE BENDS 1.2(1-C0S &)
* LATERAL 9 OUTLET 1.0
* LATERAL < INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INXD. 0.78
e w = SHARP EDGE 0.50
* « = YELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .61) - 2.69 RF/8 4
* SUDDEN CONTRACTION ¢ 5(1-82)
* SUDDEN INCREASE t < X & 1-82)2 G0+
* VALVE, MISCELLAXKEOUS 8914 dYc,?
MisC
@ ]
totAls (@ .76 - ® 14l |9 zo
* ITEMS ARE *K* YALUES ONLY { BASED ON SMALLER PIPE DIAMETER rirn

B =4d/0

RF = RECOVERY FACTOR



FLUID

TOTALS

PIPE FRICTION CALCULATION

{ensr 59t)

DATA SHEET

. SHEET% Of

. PLART _Cexs <

|

3 1

eY__ e oATE /28067 ]
|

ST o
57
LAefE]

EnSm GTog 28PF

@u From  @Xb o Tee (ceo Xgﬁapu,v\ for 2 :m}/ |
D¥G.REF. _2—SL —1® [loé7,7 1
TEMP.(F) _73< - PpIPE ABS. ROUGHNESS (FT) PIPE SEGKEKT NUKBER /2 1
] -/ ;
OrLuto FLow ep) 172 Ppipe o . iy P A- 17 £, 357 pipe EL.M TO EL. -2/2
: (5 1% |
STRAIGHT PIPE LENGTHS FITTINGS NUMBER *K OR L/D =K L/
b s GATEVALVE /-G o6 52 13 /3 |
. GLOBE VALYE 340
3'-73 BUTTERFLY VALVE ) |
.« g SYIKG CHECK 135
2= 71 30° STD. ELBOY 30
9% $.R. ELBOW 50 2o |
30° L.R. ELBOY 20 |
45°STD. ELBOY 16 |
45°S.R. ELBOW 26 1
180° CLOSE RETURN 50 5 o
STD. TEE RUN 20 |
STD. TEE BRANCH 60 }
* KITRE BENDS 1.201-C05 8 |
* LATERAL <9 OUTLET 1.0
* LATERAL 9 INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PRO.. INYD. 0.78
e w« = SHARP EDGE 0.50
e n = Y¥ELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .61) 2.69 RF/8 4
* SUDDEN CONTRACTION t S« & 5@-82) IR
* SUDDEN INCREASE t (1-82)2
* YALVE, NISCELLAKEOUS 8314 d¥/c,2
MISC
© _lg.31=/ ®.219" [@ S3
* ITEMS ARE *K* VALUES OKLY t BASED ON SMALLER PIPE DIARETER
RF = RECOVYERY FACTOR FK-9-1-72

B =4/



DR PIPE FRICTION CALCULATION . sneer BB or _ 27 _
. . . PLANT _Cmedk  olffer]
DATA SHEET BY__ A2 _ OATE LBHF?
Gi-)uwrb 0l 20BF
@sn ERom_ree. 70 4xé pzéd  4» N ST M’L%
D¥G. REF. ST 1o (loél )
FLUID TEMP.(F) /29 -  PIPE ABS. ROUGHNESS (FT) PIPE SEGKENT NUKBER /3
O Lyio FLow ePH) 7 %2 Deipe 0. an) 6F_ B=/¥ 6. 377 pipe eL SEF2L To kL. B5-24
. . -‘4;'(' : A5
STRAIGHT PIPE LENGTHS FITTINGS KUKBER _' *K OR L/D sk swo'?
¢ GATE YALVE 13
223
GLOBE VALVE 340
s BUTTERFLY VALVE 40
LA sv:uc CHECK 135
30° STD. ELBOW 30
9¢ S.R. ELBOW 50
90° L.R. ELBOY 20
, 45°STD. ELBOY _ 16
. 45°S.R. ELBOW 2
® 180° CLOSE RETURN N 50
| sto. veE RUK /| 20 7
$TD. TEE BRANCH 60
* MITRE BENDS . 1.2(1-C0$ &)
* LATERAL 9 OUTLET 1.0
* LATERAL < INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. IN¥D. 0.78
« w = SHARP EDGE 0.50
s =« & XELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .£1) 2.69 RF/B4
* SUDDEN CONTRACTION ¢ .5(1-82)
* SUDDEN INCREASE t (t-82)2
* YALYE, MISCELLAKEOUS 891.4 4¥c,2
MiSC . '
TotALs |© 4.5 7 ® _ o5 |9 2o
* [TEMS ARE *K* YALUES OKLY { BASED ON SKALLER PIPE DIAMETER -

B =d/D RF = RECOYERY FACTOR » -







DATA SHEET

an FROA H A Rod B

PIPE FRICTION CALCULATION

YN sz PP SMeTrod

s3” 6o
<5

SHEET & or

_ PLAKT ___Loo &£ obd&)
sy A& OATE 13f17

BI-§bnt 1O ¢ PXPF

kit
fe- & //ufﬁi/

DYG.REF. _2=STA®

FLUID TEMP.( F) /20 . PIPE ABS. ROUGHNESS(FT)

PIPE SEGKENT NUKBER 44

B =4d/D RF = RECOVERY FACTOR -

OrLyip FLOW (GPH) == Dpipero.any) <3 B-Y 4,26 pipgeL. 5992 % o gL, Sa5-2
. Jg‘ : '
. 1 I3’
STRAIGHT PIPE LENGTHS FITTINGS KUKBER *K OR L/0D =K SL/D
Sy GATE VALVE 13

GLOBE VALYE 340
BUTTERFLY VALVE 40

" SYING CHECK 135
90° $TD. ELBOY 30
9¢ S.R. ELBOY 50

‘ 90° L.R. ELBOW 20
45°STD. ELBOX 16
45°S.R. ELBOW 26
G 180° CLOSE RETURK 50 *
| sTD. TEE RUN 20

STD. TEE BRANCH §0

* MITRE BENDS 1.2(1-C0S8)

* LATERAL 9 OUTLET 1.0

* LATERAL < INLET 0.5

* STRAIGHT RUN LATERAL 0.15

* PIPE ENTR PROJ. INXD. 0.78 ‘

* « = SHARP EDGE 0.50

s « « YELL ROUND 0.04 -

: * PIPE EXIT SHARP EDGED .10

* ORIFICE (C) = .51) 269 RF/B4

* SUDDEN CONTRACTION t ¢ x4 5(1-82) .21y 7

* SUDDEN INCREASE ¢ (1-82)2

* VALVE, MISCELLAKEOUS 8314 dYc,2
MiSC

ToTALs (@ 1,167, ® 37 @
* ITEMS ARE *K* YALUES ONLY t BASED ON SMALLER PIPE DIAMETER Ko8-1.72






N
>

DATA SHEET

S PIPE FRICTION CALCULATION

. PLAKT

il

8Y__AC __ OATE =87

sk~ Bk o~

w72 [TrO~ 36,4462)

@EM Feom Tee thed CLP Xtie 5?#;'1
2T -0 2- ST

DY¥G. REF.
30
©__ PIPE ABS. ROUGHNESS (FT)

FLUID TEXP.( F) !

PIPE SEGMEXT NUKBER

OrLuio FLOW (GPH) £ 22D Dpppg 10, (1K) 4P

G700 23p <

/7S

wieyv”

3-/¥ Y26  pipE EL. .9&’2-240 eL. 399~ 1%

e
STRAIGHT PIPE LENGTHS FITTINGS KUKBER *K OR L/D K s’
T GATE YALVE 13
e GLOBE VALVE 340
el nt BUTTERFLY VALVE 40
- o SYING CHECK 135
W 90° STD. ELBOY 30
K 9% S.R. ELBOX 50
90° L.R. ELBOY Jr1] 20 -- G 9
45°STD. ELBOYX 16
45°S.R. ELBOW 2
@ 130° CLOSE RETURN 50
STD. TEE RUN 20
STD. TEE BRANCH /| e 50
* MITRE BEHDS ' 1.20-C058)
* LATERAL < OUTLET 1.0
* LATERAL < INLET 0.5
« STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. IN¥D. 0.73
e « = SHARP EDGE 0.50
= = YELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .§1) 2.69 RF/B 4
* SUDDEN CONTRACTION t 6 X<¢ .5(1-82) L2278 ¥
* SUDDEN INCREASE (1-82)2
* VALVE, XISCELLANEOUS 8914 d¥c,?
KisC
4 /
ToTALs [© /S, L3 ® 39§ vI® 1207
* ITEMS ARE *K* YALUES OKLY t BASED OH SMALLER PIPE DIAMETER i

B =4d/D ) RF = RECOYERY FACTOR -



a




PIPE FRICTION CALCULATION . sneer S8 or _S7
. ] . PLAKT il
DATA SHEET oY £ ___ oave f2dm
ErIMUT07240F
@u EReTee o Tee Thtu ZMe-F62 et ’WV
D¥G.REF. 2=S=T =YY
FLUID TEXP.(F) __" 3=  PIPE ABS. ROUGHNESS(FT) PIPE SEGMENT NUKBER /¢
. / /
DeLuto FLOX (6PH) _L2 2  Ppipg 10, () 42 B-1Y _Y.2¢  pipe L. 381K o e, 9172
1 .0
STRAIGHT PIPE LEXGTHS FITTINGS KUMBER *K OR L/D =K sL/D
It GATEVALYE T #lo. 362 13 - ‘3
" GLOBE VALVE 340
6 BUTTERFLY VALVE 10
A\t
e SYING CHECK 135
¢ 90° STD. ELBOY 30
(o, 9¢ S.R. ELBO¥ 50
/-6 ‘
$0° L.R. ELBOY o] 20 b o
45°STD. ELBOY 16
45°S.R. ELBOX 26
@ 180° CLOSE RETURK 50
STO. TEE RUN 20
STD. TEE BRANCH 71l e /720
* MITRE BENDS | 1200056
* LATERAL < OUTLET 1.0
* LATERAL < INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. IN¥D, 0.7¢
* u = SHARP EDGE 0.50
e « = WELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .61) 2.69 RF/B4
* SUDDEN CONTRACTION ¢ S5(1-82)
* SUDDEN INCREASE ¢ (1-82)2
* VALVE, MISCELLANEOUS 8314 dYc,2
MISC
Totals | S - . |® © 193~
* ITEMS ARE *X* YALUES OKLY t BASED ON SHALLER PIPE DIAKETER
FK-9-1-72

B =d/D

RF = RECOYERY FACTOR -



afv,

a4r77)>
" [

PIPE FRICTION CALCULATION

DATA SHEET

lgy Ar

el

SKEET —F—_ of #

PLAXT _Cell JA77 ]
OATE H2r7%7

TR a0 2¥RF

et }[u‘/g/

@n FROM IMové%f—.n’éz 70 St qme
O¥G. REF. _ 2= ST-44 5 2-Rkp 23

FLUID TEMP.( F)

(2

<.

PIPE ABS. ROUGHNESS(FT)

PIPE SEGMENT NUKBER

/7

' - LA
Oyt FLOX (GPN) _Z22S>  Dpipe 10, (1K) Y2 B 1,26 pipe gL ﬁ_ﬂro EL. £99-0
1%~ -
. zc) 2\
STRAIGHT PIPE LENGTHS FITTINGS NUMBER *K OR L/D K SL/D
" GATE YALVE 7 rreh %4 O 13 /3
o GLOBE VALVE 340
T BUTTERFLY VALVE 40
& - 2./2
SYING CHECK 135
At 2t 0
-3 90° STD. ELBOY 30
5o 9¢ S.R. ELBOW 50
ta ° -
et 90° L.R. ELBOY -9 2 /60
Vo 45°STD. ELBOX 16
S - g
. . 45°S.R. ELBOW 26
@ > -3 180° CLOSE RETURN 50
3'%- o $TD. TEE RUN 20
AL STD. TEE BRANCH 0
® MITRE BENDS 1.2(1-C0s &
* LATERAL <9 OUTLET 1.0
* LATERAL < INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INYD. 0.78
e « = SHARP EDGE 0.50
e n n WELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE Cy = .61) 2.69 RE/B8*
* SUDDEN CONTRACTION ¢ 5(1-82)
* SUDDEN INCREASE t (1-82)2
* YALVE, NISCELLANEOUS 8ar4 dYyc,?
MISC
TotALs |© Ylo. 12Y . ® ©/73
* ITEMS ARE *K* VALUES OKLY { BASED ON SMALLER PIPE DIAMETER

B =d/0

RF = RECOYERY FACTOR

FK9-1-72



L] re
R(Vv.,e4/72) ,
« ]

PIPE FRICTION CALCULATION
DATA SHEET

63 G-
. SHEET__S8 or 1
 PLAKT _Cae/X ofteT

BY_ASS _ DATE HPERD

E-d a7 gt 24 66

B£.=d/D

RF = RECOYERY FACTOR -

@u FRow T€¢ 40  ree ( o dh? R,as ) W1 ’L;zﬁ:‘l?}/
O¥G.REF: £~ £H ~23 1 Z€S-77
FLUID TEMP.(F) {32 PIPE ABS. ROUGHNESS (FT) PIPE SEGKENT NUKBER s
DrLulo FLOX (GPK) 22 25 Ppipg 1.0, (1) € Bt $.325  pipeeL. 95-6 1o EL.5?5_";‘/ZA
AN Tt
STRAIGHT PIPE LENGTHS FITTINGS NUMBER *K OR L/D =K sL/0
sz GATE YALYE 13
. GLOBE VALVE 340
/3'- ¢ :
BUTTERFLY YALVYE 40
SYING CHECK 135
30° $TD. ELBOW 30
3¢ S.R. ELBOX 50
90° L.R. ELBOY /|20 . 26
| 45°STD. ELBOX 16
15°S.R. ELBOX ' 26
@ 180° CLOSE RETURK o 50
STD. TEE RUK 20
'$TD. TEE BRAKCH )] 60~ 2XN
* MITRE BENDS 1.2(1-C0$ &)
* LATERAL 9 OUTLET 1.0
* LATERAL < INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. IND. 0.78
« « = SHARP EDGE 0.50
e« XELL ROUND 0.04 '
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .6I) 2.69 RF/B4
* SUDDEN COXTRACTION ¢ 5(1-82)
* SUDDEN INCREASE ¢ (1-82)2
* YALYE, NMISCELLAKEOUS 8914 d¥c,?
MIsC
rotas (D 17.1467 @ ® fo
* ITEMS ARE *K" YALUES ONLY t BASED ON SMALLER’PIPE DIAMETER Ks112






»

t,
niviies

SYSTEM

‘e
73,?

PIPE FRICTION CALCULATION

DATA SHEET

FlRow T@e 1o mésup_p_-iy 1o 'wee P)

é3 e

sueetr € or 57
C PLANT __CexX o llg)
8Y_LC  DATE _1I7IR%
éi-dMQ’(omJ;nz;m
Ner1r- ll‘{fay/'

owG.REF, _Z-Ri =23 ia:-—&s-—'ﬁ {2

FLUID TEXP.( F)

STRAIG

TOTALS

PIPE SEGMENT XUKBER /7

150 PIPE ABS. ROUGHNESS (FT)
OrLuto FLOY (GPN) _S2 < Pppg 1.0. (IN) 6. 8- 037 piee EL. Mo EL. 57_7-_24
2o 2z
2Z 23
HT PIPE LEXGTHS FITTINGS NUKBER K OR L/D K L/
rol o GATE YALYE 13
GLOBE YALVE 340
BUTTERFLY VALYE 40
SYING CHECK 135
90° STD. ELBOY 30
9 S.R. ELBOW 50
80°L.R. ELBOY 20 A
15°STD. ELBOY 16 /s
15°S.R. ELBO 2
180° CLOSE RETURN 50
STD. TEE RUN 20
oD
STD. TEE BRANCH )
* MITRE BENDS 1.2(1-C0S &
* LATERAL 9 OUTLET 1.0
P * LATERAL 9 INLET 0.5
* STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INYD. 0.78
e w« ~ SHARP EDGE 0.50
s =« = Y¥ELL ROUND 0.04
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (Cp = .61) 259 RF/8 ¢
* SUDDEX CONTRACTION t ¢ < & 51-82) ¢ 214 -
* SUDDEX INCREASE ¢ 1-8%)2 .
* VALVE, MISCELLAKEOUS 8914 dYyc,?
MISC
D 0. v ® 219~ |9 4
* ITEMS ARE “K* VALUES ONLY { BASED OH SMALLER PIPE DIAMETER i

B =4d/D

RF = RECOYERY FACTOR






¥ A

LIR #1 4/1::: ﬁ
. ; RICTION CALCULATION .« SHEET of =7
) ‘ ‘ PIPE F  PLANT __ Gl o fuled)
DATA SHEET BY_BLC _ DATELH?)
63:-4 101 24
£ (I 12l elen
@M CeoM 1L TO Sverzon M el Ill&’/ﬂ/
O¥G.REF., & £$-F%- /92 42 c S-9] '
FLUID TEMP.(F) /72 - pIPE ABS. ROUGHNESS (FT) PIPE SEGKENT NUMBER 20
DrLyID FLOX (GPK) __S2°  Dpipe 1. () SP B-tY G-R77 pipe L. 59T Feo eL. 3926
_ =27 Zz
23
STRAIGHT PIPE LENGTHS FITTINGS NUMBER *X OR L/D K SL/D
s GATEYALVE /5GB06 S S 13 . (3
4
4 5 GLOBE VALVE 340
" 8 ALY 40
5 | UTTERFLY VALYE
SYING CHECK | 13s
90° $TD. ELBOY ' 30
3¢ S.R. ELBOY 50
7 2o
90° L.R. ELBOY J 2
' 45°STD. ELBOW _ ‘ 16
- 45°5.R. ELBOY 25
@ 180° CLOSE RETURN . 50
| $TD. TEE RUN , -] 2
STD. TEE BRAKCH /] e G
* MITRE BENDS . 1.2(1-€0S8)
* LATERAL < OUTLET , 1.0
* LATERAL 9 INLET 0.5
J| *.STRAIGHT RUN LATERAL 0.15
* PIPE ENTR PROJ. INWD. 078
* w' = SHARP EDGE 0.50
s n o ¥ELL ROUND et
* PIPE EXIT SHARP EDGED 1.0
* ORIFICE (€ = .61) 2.69 RF/B 4
* SUDDEX CONTRACTION t .5(1-82)
| *» suDDEK INCREASE ¢ , (1-82)2
* VALVE, NISCELLANEOUS 2314 d¥c,?
NISC y
e t
ToTAs @ <€.9L9 v : | @ O 43 =
* ITEMS ARE “K* VALUES OKLY { BASED ON SMALLER PIPE DIAMETER
FK8-1.72

B =d/0 RF = RECOVERY FACTOR -






|
e S 1
PIPE FRICTION CALCULATION -. :«ji: amcw e
DATA SHEET BY_OS __ DATE 423167
3?0720
Qen Feom -ree 120 1TEE ésum 0 éW) lo - ‘:f‘;@”a/
0¥G.REF. _Z—~ C5-T7F /oe2
FLUID TEXP.( F) __/2 PIPE ABS. ROUGHNESS (FT) PIPE sscxaurzxgasa z)
OrLuip FLOY (GPN) S22 @pipg 1.0, an)SP ENN IR T I TO EL. :&
5?6'9'%4 596-%3,
STRAIGHT PIPE LENGTHS FITTINGS KUKBER *K OR L/D K L/0
S GATE VALYE 13
GLOBE VALVE 340
. BUTTERFLY VALVE 10
SYIKG CHECK 135
90° STD. ELBOY 30
9¢ S.R. ELBOX 50
90° L.R. ELBOY 20
45°STD. ELBOY - “ 16
45°S.R. ELBOX 26
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Attachment to Cafculation ENSM971028AF

Calculation ENSM970128AF determined the available ECCS pumps
NPSH. This attachment will review the impact of an RHR pump degraded
by 10% from the baseline head-capacity curve. This attachment is
performed under the same basis/assumptions that the calculation is
performed.

An RHR pump degraded by 10% from the baseline heaa-capacity curve
will still assure adequate NPSH is available to the SI and CC pumps. The
NPSH is tabulated as follows:

Pump Flow NPSH,4- NPSHRr

(gpm) (ft abs.) (ft abs.)
“S” SI 500 124 12
“N” SI 500 114 12
“W” CC 400 47 | 11
“E” CC 400 48 11
RHR 4400 30 18
CTS 3200 32 \ 9

Plotted on the attached RHR head-capacity curve (N-315) is the system-
head curve for the calculation. The intersection is the operating point for
the conditions stipulated (4600 gpm) in the calculation. A head-capacity
curve for an RHR pump degraded by 10% from the baseline is determined
by taking 10% of the head value (370 ft) at 3000 gpm (design flow). This
value is then subtracted from each of the head values at each of the flow
points to generate the degraded head-capacity curve.

The intersection of the degraded head-capacity curve with the system-head
curve represents the new operating point for the RHR pump. The head
and flow is 275 ft 4400 gpm. A percent flow reduction can be obtained as
follows:

% FloWReduetion = [(4600-4400)/4600] * 100 = 4.35%

This % flow reduction will be applied to the SI and CC pump flows
assumed in the calculation. .
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Calculation:

Attachment to Calculation ENSM971028AF
CC pump flow based on % reduction
420 gpm - 420* .0435 =401.73 gpm use 400 gpm
SI pump flow based on % reduction
525 gpm - 525*.0435 = 502.16 gpm use 500 gpm

Based on these flows the corresponding pipe segment flows are indicated
below:

Segment Flow

1-2,2-3 7,600
3-4 through 9-10 4,400
10-11 1,800
11-12,12-13 500
11-14 through 15-16 1,300
16-17,17-18 500
16-19 through 21-22 800
22-23,23-24 400
22-25,25-26 ‘400

Determine the RHR pump’s suction pressure:

Pressure at P2

8000-7600 = 11.5-v
8000-7000 11.5-10.0

v2=11.5 - 1.5(400/1000) = 10.9 ft/sec
hi2 = 4.06(7600/7800)2 =3.85 ft

P2 = 60.32 {(602.83 - 589.33) + 144(14.7) + (10.9) - 109 - 3.85}

144 60.32 644 644
= 18.74 psia
Pressure at P3
4500-4400 = 10.67-v
4500-4000 10.67-9.49

v3 = 10.67 - 1.18(100/500) = 10.43 ft/sec

pE dler
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Attachment to Calculation ENSM971028AF

hy3 = 2.62(7600/7800)* = 2.49 ft

P3 = 60.32 {(589.33 - 586.43) + 144(18.74) + (10.9)* - 10.43)> - 2.49}
144 60.32 64.4 64.4

= 18.91 psia
Pressure at P4
hss = 4 (4400/4600)% = 3.66 ft

P4 = 60.32 {(586.43 - 575.17) + 144(18.91) + (10.43% - 10.43? ) - 3.66}
144 60.32 644  64.4

= 22.09 psia
Pressure at P5 - RHR Suction Pressure
hys = .079(4400/4600)% = .072 ft

P5 = 60.32 {(575.17 - 575.08) + 144(22.09) + (10.43)* - 10.43)* - 072} |
144 60.32 64.4 64.4

= 22.1 psia

|
|
NPSH Available South Safety Injection Pump 1
hg = the sum of segments hs7+ hzs + hsg +hoyo + hionr + hypaz + hizas |
hes = 62.41(4400/4660)2 =571 ft '
hz.s = 18.87(4400/4600)* = 17.26 f
hs. = 88.29(4400/4600)* = 80.78 £
ho.t10 = .91(4400/4600)* = .83 ft
hiet = 10.3(1800/1890)? =9.34 ft
hyaz = .82(500/525)% = .74 ft

hiza3 = .93(500/525)* = .84 ft

hs=166.89 ft

v
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Attachment to Calculation ENSM971028AF

h, = RHR PP suction pressure + RHR PP TH

(22.1 * 2.386) -+275 (from degraded pp curve at 4400 gpm)
= 32773 & n
hepa =9.34 %2386 =22.29 ft
hy= 575-589.21 =-14.21 f
NPSH available = h, - hyyy +hy -hg
= 327.73 -22.29 + (-14.21) - 166.89

= 124.34 ft abs @ 500 gpm

NPSH required is 12 ft abs at 500 gpm from curve 39890A

Available NPSH exceeds required NPSH by 112.34 ft abs

NPSH Available North Safety Injection Pump

hg = the sum of segments hss+ hys + hgo +hogo + hiony + hygs + hyags +

hisas + sz + higas
hes = 62.41(4400/4600)* = 57.1 ft
hz.s = 18.87(4400/4600)* = 17.26 ft
hs.o = 88.29(4400/4600)* = 80.78 ft
ho.1o = .91(4400/4600)* = .83 ft
hion = 10.3(1800/1890)* = 9.34 f
huas = 5.74(1300/1365)2 = 5.21 ft
hyaas =.314(1300/1365)* = 28 ft
hysa6 = 5.02(1300/1365)* = 4.55 fi
hiery = 245(500/525)% = 22 &t

hyz1s = .93(500/525)* = .84 ft
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 Attachment to Calculation ENSM971028AF

hz=176.41 f

h, = RHR PP suction pressure + RHR PP TH
= (22.1 * 2,386) + 275 (from degraded pp curve at 4400 gpm)
= 32773 ft

hypa ='9.34 *2.386=2229ft

hy = 575-589.21 =-14.21 1

NPSH available = h, - hyp, +hy -hg

= 327.73-22.29 +(-14.21) - 176.41

= 114.82 ft abs @ 500 gpm

NPSH required is 12 ft abs at 500 gpm from curve 39890A

Available NPSH exceeds required NPSH by 102.82 ft abs

NPSH Available West Centrifugal Charging Pump

hg = the sum ofsegments hgs+ hyg + hgyo +h9.|o + h[o.n + hypgs + s +
hisas + higag + hygao + haoay + harze + hzpas + hasas

he7 = 62.41(4400/4600)* = 57.1 ft
hz.s = 18.87(4400/4600)* = 17.26 ft
hy.s = 88.29(4400/4600) = 80.78 ft
houto = .91(4400/4600)> = .83 ft
hion1 = 10.3(1800/1890)% = 9.34 ft
hyras = 5.74(1300/1365)* = 5.21 ft
hiaas = .314(1300/1365)* = .28 ft
his.16 = 5.02(1300/1365)* = 4.55 fit
his.1s = 16.39(800/840)* = 14.87 &

hys.20 = 20.71(800/840)* = 18.78 ft



Attachment to Calculation ENSM971028AF

* haoz =32.67(800/840) =29.63 ft
haize = .67(800/840)% = 61 ft

“ha2s = .66(400/420)% = .59 ft

hass = .526(400/420)° = 48 fi

hs =240.31 f _

h, = RHR PP suction pressure + RHR PP TH

(22.1 * 2.386) + 275 (from degraded pp curve at 4400 gpm)

32773 ft

hop =9.34%2,386=2229ft

hey= 575-5925 =-175 ft

NPSH available = h, - hypy +hy -hg

= 327.73 - 22.2§ + (-17.5) - 240.31

= 47.63 ft abs @ 400 gpm

NPSH required is 11 ft abs at 400 gpm from curve 3;1617-L

Auvailable NPSH exceeds required NPSH by 36.63 ft abs

NPSH Available East Centrifugal Charging Pump

]

hg = the sum of segments hgs+ hrg + hgg +hogo + hjoy + hypgs + hesys +
hisas + higis + hiogo + hyoar + haigs + hnas + hasos

hes = 62.41(4400/4600) = 57.1 f
hy.s = 18.87(4400/4600)% = 17.26 ft
hg.o = 88.29(4400/4600) = 80.78 ft
ho.jo = .91(44;00/4600)2 = .83 ft

hion = 10.3(1800/1890)2 = 9,34 ft

a<
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Attachment to Calculation ENSM971028AF

hyss = 5.74(1300/1365)* = 5.21
hysas = .314(1300/1365)% = .28 fi
hysa6 = 5.02(1300/1365)* = 4.55 ft
hiers = 16.39(800/840)% = 14.87 ft
hys20 = 20.71(800/840)* = 18.78 £
hzoz = 32.67(800/840)2 =29.63 ft
ha.22 = .67(800/840)* = 61 ft
haas = .14(400/420)* = .13 f
has.as = .61(400/420)* = .55 ft
hg = 23992 ft
h, = RHR PP suction pressu.re + RHR PP TH
=(22.1 *2.386) + 275 (from degraded pp curve at 4400 gpm)
= 32773 ft
heps =9.34 %2386 =22.29 f
he= 575-592.5 =-17.5 ft
NPSH available =h, - hyp +hy - hg
= 327.73 - 22.29 + (-17.5) - 239.92
=48.,02 ft abs @ 400 gpm
NPSH required is 11 f abs at 400 gpm from curve 34617-L
Auvailable NPSH exceeds required NPSH by 37.02 ft abs

NPSH Available Residual Heat Removal Pump

hg = the sum of segments hy.o + hy; + hyg+has

2




Attachment to Calculation ENSM971028AF

hy.» = 4.06(7600/7800)* = 3.85 ft
hy3 = 2.62(7600/7800)% = 2.49 fi
hss = 4(4400/4600) = 3.66 ft

hes =.079(4400/4600)° = .072 ft

hy =10.07 ft

h, = atmospheric pressure

14.7 *2.386

35.075 ft
hype =9.34%2,386=2229 ft
hy = 602.83 - 575 =27.83 ft
NPSH available = h, = hyp +hy -hg
= 35.075-22.29 +27.83 - 10.07
=30.55 ftabs @ 4400 gpm
NPSH required is 18 ﬁlabs at 4400 gpm from curve N-315
Available NPSH exceeds required NPSH by 12.55 ft abs
NPSH Available Containment Sprav Pump
hgs = the sum of segments h,.; + h (from app Q , amendment 78)
hg = 4.06(7600/7800)* + 4.45 = 8.3 ft
b, = atmospheric pressure
= 14.7 *2.386
= 35075 ft
hype =9.34*2.386= 2é.29 ft

hy= 602.83 -575.29=27.54 ft

Shet 8

o~

q

o>



o

Attachment to Calculation ENSM971028AF

NPSH available = h, - hya +hy -he

35.075-22.29 +27.54-8.3

32.03 ft abs @ 3200 gpm

NPSH required is 9 ft abs at 3200 gpm from curve T-32913-1

Available NPSH exceeds required NPSH by 23.03 ft abs

SWkeet 9
of 4
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Attachment 2 to AEP:NRC:1260G7 ‘ Page 1

The following presents the questions contained in your June 8,
1998, request for additional information (RAI), with our response
following.

Request 1

*The October 9, 1997 petition from the Union of Concerned
Sclentistas (UCS) raised concerns that the Nuclear Regulatoxry
Commigsion (NRC) design inspection in August and September of
1997 4identified significant operability issues in systems that
have recently been evaluated and approved by the D.C. Coock design
basis documentation reconstitution program. Following the
ingspection, the NRC issued a Confirmatory Action Letter (CAL) on
September 19, 1997. The CAL references lettexrs that you have
docketed and that describe the long- and short-term action plans
to be used at D.C. Cook to find and correct engineering problems
in other safety-related systems. Please provide specific details
of the programs that will be used to identify significant
deficiencies in safety-related systems before restart of either
D.C. Cock Unit 1 or Unit 2. VYour response should include the
following details: "

a. systems to be reviewed and the logic for selection of the
systens,

b. review methodology, including milestones,

c. system deficiencies,

d. corrective actions, and

e. whather each system is 1n £ull conformance with the

licensing and design basis as described in the Updated
Final Safety Analysis Report (UFSAR).”

Response 1

The AEP Nuclear Generation Group (AEPNG) has expanded the scope
of our actions to identify and correct discrepancies in safety-
related systems that were identified through the Nuclear
Regulatory Commission (NRC) Architect Engineer (A/E) inspection
and other internal insgspectiong beyond that described in previous
submittals. This expanded response is embodied in the Cook
Nuclear Plant Restart Plan, which was formally initiated on
March 7, 1998. The plan was discussed with NRC personnel at the
SALP board meeting on April 3, 1998, and again at the pre-
decigional enforcement conference on May 20, 1998, and was
docketed - under AEP:NRC:1303. The restart plan is similar to
those recently used at several other plants.

The specific details of the programs that will be used to
identify discrepancies in safety-related systems before restart
of either Cook Nuclear Plant Unit 1 or Unit 2 are defined below
in our combined response to requests 1.a and 1l.b.

a. Systems to be reviewed and the logic for selection of the
systems
b. Review methodology, including milestones

The Cook Nuclear Plant Restart Plan and other ongoing efforts are
currently underway to provide —reasonable assurance that
significant discrepancies in the systems evaluated have been
identified and are properly dispositioned prior to restart.
These actions include:

.



Attachment 2 to AEP:NRC:1260G?7 Page 2

e Restart plan system readiness reviews

e Review of non-risk significant maintenance rule systems

e Review of non-maintenance rule systems

e Containment spray safety system functional inspection
{SSFI)

e Vertical slice inspections of containment and containment
systems

e Additional SSFI-type inspection
UFSAR revalidation project

These actions are discussed below in more detail.

R Plan i view

s The maintenance rule, which provided a pre-existing
classification for systems into 1risk significant
categories, was used as the basis for selecting systems
for these comprehensive reviews. Various probabilisgtic
risk assessment results (e.g., core damage frequency,
risk reduction worth, risk achievement worth, and
Fussel-Vegsely values) were re-examined to provide
additional assurance that the maintenance rule system
classification did not exclude important systems. The
selected systems encompass risk significant maintenance
rule systems at Cook Nuclear Plant, as well as systems
classified as important non-risk significant standby
maintenance rule systems, as follows:

120 volt AC/CRID Inverters

Air Recirculation/Hydrogen Skimmer
Auxiliary Feedwater

250 volt DC Station Batteries

Component Cooling Water

Containment

Containment Spray

Control Air

ECCS Accumulators

BCCS Charging/CVvCS High Head Injection
ECCS Residual Heat Removal

ECCS Safety Injection

Blectrical Safety Busses (4000 volt/600 volt)
Emergency Diesel Generators !
Essential Serxvice Water

Ice Condenser

Main Steam

Non-essential Service Water

Plant Air Compressors

Reactor Coolant System/RCS Pressure Relief

Reactor Protection System/Solid-state
Protection/ESFAS



Attachment 2 to AEP:NRC:1260G7 Page 3

e These reviews are led by system engineers, with input
from operations and maintenance personnel.

¢ Materiel condition and design basis conformance are
reviewed to determine whether there exists reasonable
assurance that the systems, following resolution of
discrepancies identified during the reviews, will be
capable of start-up and operation within their design
bases.

s The materiel condition reviews include:

1. system walkdowns by an interdisciplinary team;

2. review of outstanding condition reports;

3. review of corrective and preventive maintenance
backlog for the affected system; :

4. review of maintenance rule system performance; and

5. review of operability determinations in effect.

e The design basis conformance reviews include:

1. review of UFSAR and technical specification design
requirements;

2. review of surveillance tests for the affected system;

3. review of pre-operational testing;

4. evaluation of design modifications approved, but not
implemented; .

5. review of design modifications in service;

6. review of temporary modifications currently in
service; and

7. review of industry operating experience.

e Composite results of the system readiness reviews will
be examined to determine if horizontal expansion into
programmatic areas is warranted. ’

¢ Qualifications of system engineers performing the system
reviews were sgpecifically evaluated by oral examination
before a panel of industry and Cook Nuclear Plant
engineering peers and managers.

e Initial. review of ‘all twenty-one systems is complete.
Final presentations of system readiness to the system
engineering ‘' review board (SERB) are in progress.
Presentations to the restart oversight committee (ROC)
are in progress.

Review Non-Ri ignificant Maintenan R m

e The remaining non-risk significant maintenance rule
systems will be reviewed under the plant engineering
functional area review.

e The reviews of non-risk significant maintenance rule
systems by system engineers will include:

1. review of outstanding condition reports;

<
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2. review of corrective and preventive maintenance
backlog for the affected system;

3. review of maintenance rule system performance; :

4. review of operability determinations currently in
effect;

5. overview of design changes in service; and

6. review of temporary modifications in service.

Identified discrepancies that meet the restart criteria
will be addressed in accordance with the Cook Nuclear
Plant restart plan.

Additionally, non-risk significant maintenance rule
systems that are reviewed will be evaluated to determine
whether sgignificant materiel condition problems or
significant design basis non-conformances exist to
warrant additional reviews.

The reviews of non-risk significant maintenance rule
systems will be initiated during July 1998 and will be
completed prior to restart.

Review of Non-Maintenance Rule Systemg

Condition reports and. maintenance backlogs for plant
systems not covered under the maintenance rule will be
used as indicators to determine if. further functional
reviews of individual systems are warranted. Generally,
these systems are required for plant operation:and are
monitored in service.

Containment Spray Safety Svystem Functional Ingpection
{SSFI)

Based on issues identified during the A/E inspection, we
determined that containment spray will be evaluated in
more detail prior to restart. .

An independent contractor was used to conduct an SSFI-
type ingpection of containment spray. Issues identified
during the inspection are currently being addressed.

n_of i ntainmen
p .
Based on lessons learned during and following the A/E
inspection, it was determined that the containment and
accident response systems that it houses will be
evaluated- in more detail prior to restart.

An independent contractor was used to conduct a vertical
slice inspection of the containment and the containment
systems. Issues identified during these inspections are
currently being addressed.

Page 4
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Additional FI- I i

e A performance plan for an SSFI of one additional risk-
significant system is currently under development and is
scheduled to begin in August 1998.

UFSAR Revalidation Proiect

¢ This ongoing project involves a line-by-line review and
revalidation of design bases. as described in the UFSAR.
Identified UFSAR discrepancies that meet the condition
report threshold, including those of the twenty-one
systems covered under the restart' plan system readiness
reviews, will be dispositioned in accordance with the
restart plan. These UFSAR discrepancies will be
dispositioned by <correcting the non-conformance,
performing a 10 CFR 50.59 evaluation, performing an
operability evaluation in accordance with generic letter
91-18, revision 1, or requesting a license amendment.

e The UFSAR reviews are performed by an independent team
of consultants under the direction of AEPNG.

e UFSAR ‘reviews for twenty-one systems covered by the
restart plan system readiness reviews will be completed
, prior to restart.

c. System deficiencies

As of July 27, 1998, approximately 3366 discrepancies have been
identified in the system readiness reviews and vertical slice
inspections. Of this number, approximately 69% are materiel
condition issues and 15% are design basis issues. About 494 of
these have been clasgified as restart items.

Open items generated during the system readiness reviews are
classified according to System Engineer Review Board (SERB)
criteria. The SERB criteria contains twenty-five categories
related to materiel condition and design basis. The SERB
criteria uses attachment C of the restart plan to establish the
threshold for restart-items. Each open item is categorized to
the SERB criteria and is cross~referenced to the restart plan
screening criteria. The application of the SERB c¢riteria
provides a systematic, wuniform method to classify items
identified during: the system readiness reviews.

d. Corrective actions .

Corrective actions will be taken prior to restart for items
meeting; the restart criteria. Other discrepancies will be
addressed through normal corrective action and work control
systems. :

e. Whether each system dis in £full conformance with the
licensing and design basis as described in the Updated
Final Safety Analysis Report (UFSAR).

As described above, the wvarious system review efforts are
intended to identify discrepancies in safety-related systems,
including non-conformances with the design basis as described in
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the UFSAR. As discussed above, identified UFSAR discrepancies
that meet the condition report threshold, including those of the
twenty~one. systems covered under the  restart plan system
readiness reviews, will be dispositioned in accordance with the
restart plan. These UFSAR discrepancies will be dispositioned by
correcting the non-conformance, performing a 10 CFR 50.59
evaluation, performing an operability evaluation in accordance
with generic letter 91-18, revision 1, or requesting a license
amendment.

Requesgt 2

“If a system will not be in conformance with its licensing and
design bases, please provide the details of the deficiency, and a
justification for the system’s operability.”

Response 2

The system review efforts currently underway are intended to
identify discrepancies in safety-related systems, including non-
conformances with the design basis as described in the UFSAR.
Identified UPSAR discrepancies that meet the condition report
threshold, including those of the twenty-one systems covered
under the restart plan system readiness reviews, will be
dispositioned in accordance with the restart plan. These UFSAR-
discrepancies will be dispositioned by correcting the non-
conformance, performing a 10 CFR 50.59 evaluation, performing amn:
operability evaluation in accordance with generic letter 91-18,
revision 1, or requesting a license amendment.

heggest 3

Describe the programmatic changes that will be implemented at
D. C. Cook before restart and that in the long term will provide
reasonable assurance that safety-related systems as described in
the UFSAR will perform their intended safety function.

Re n
B un

The December 2, 1997, response to the NRC Confirmatory Action
Letter transmitted, as attachment 4, our short-term assessment
program results. This assessment was performed. to determine the
extent of. the previously identified CAL issues. Subsequent to
this- submittal, the NRC requested additional information on the
programmatic implications of the issues raised in the A/E
ingpection. ,
In response: to. this request and to support resolution of issues
associated. with the CAL, AEPNG initiated a comprehensive
assessment of the A/E inspection findings and their potential
broader implications, and consolidated this information from a
programmatic perspective. An integrated multi-discipline teamn,
the A/BE Inspection Programmatic Issues Team (AEPIT), reporting to
senior management, was formed in January 1998 to carry out this
comprehensive assessment. This assessment examined the program
areas of design control, 10 CFR 50.59, corrective action, and
relevant parts of other programs related to design control
(developing and maintaining procedures, generic NRC operating
experience (OE) information review, and quality assurance related
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to A/E inspection issues). Nine programs were evaluated by the
ABPIT to evaluate the nature and extent of programmatic issues
affecting design and configuration control. Separate from the
ABPIT initiative, an additional evaluation was performed on the
surveillance program. The AEPIT recommendations, including those
for the surveillance program, are being dispositioned in
accordance with the Cook Nuclear Plant restart plan.

Programmatic Changes

The programmatic changes developed from the A/E Inspection
findings and our subsequent evaluations are summarized below as
complete, restart or post restart actions. Completed actions are
listed to reflect the extent of changes made to date.

Design control is the process. used by AEPNG to engineer and
document changes to design basis information or physical features
of plant structures, systems, and components. ‘The de91gn control
process is intended to ensure that regulatory requirements are
met and good engineering practices are followed when changing
technical, quality, or functional requirements, or performance
characteristics of the plant.

bggign ghgngg'

This program encompasses the processes and procedures used by
AEPNG to engineer and document changes to the design of the
plant. The scope of this program includes engineering, design,
installation, and testing of design changes. Based on the
results of the assessment, AEPNG has taken or will take the
following steps to address specific A/E 1nspect10n issues and
areas requiring program improvements.

e Selected system descriptions, design standards, and
design guidelines were revigsed to 1ncorporate de91gn
.changes or corrective actions related to A/E inspection
issues.

e Completed selected design changes to address A/E
ingpection issues such as the modification of the
control air systemn.

¢ Developed a new procedure to enhance program controls
for installation of insulation inside containment.

e: Developed a new procedure to improéé the design change
' determination process to provide added assurance that
the design change process will not be bypassed.

e Revised procedures to establish design review teams for
design changes, clarified the use of technical
direction, and addressed the practices £for abandoned
plant equipment. .
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Restart Actiong:

e, Complete specific design changes in accordance with the
restart plan such as upgrading ice condenser door shock
absorbers. -

e Revise design change procedure to strengthen ties to the
design basis and licensing basis update processes.

¢ Conduct familiarization training on the use of specific
design standards, procedures governing abandoned
equipment, and the revised design change procedures.

)% R i H

e Complete implementation of the Engineering Improvement
Program (EIP).

e (Conduct self-assessments to monitor the effectiveness of
procedural and process enhancements for design changes.

Pregervation of the Design and Licenging Bages

Various processes are utilized to document and evaluate the plant
design and 1licensing bases at Cook Nuclear Plant. AEPNG has
initiated the following actions to address specific A/E
inspection issues and areas requiring program improvements.

mpl iong:
,® Procedures and familiarization training have been

implemented to clarify the definitions of ‘change,’
‘licensing basis,’ and ‘design basis’

e Established a design basis reconstitution project to
integrate and improve the effectiveness of the UFSAR
revalidation project, the design basis document
reconstitution project, and the normal operating
procedure upgrade project.

Regtart Actiong:

e Revise procedures to improve work processes for
maintaining design and licensing basis documents.

s Complete UFSAR revalidation activities for the twenty-
one systems covered by the restart plan.

R A ng:
e Complete the design basis reconstitution project.

e Change the calculation index database to improve access
and retrievability of design basis information.
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Calculationg

See response to request 4cC for a detailed discussion’ of our
ongoing plan to address issues associated with the accuracy and
quality of engineering calculations at Cook Nuclear Plant.

Instrument Uncertai

This program captures the process used to provide assurance that
instrument uncertainty is appropriately addressed in our
calculations and to account for instrument uncertainties in our
procedures. AEPNG is taklng several steps to address and resolve
instrument uncertainty issues, as described below:

Completed Actionsg:

x

e Aadditional guidance has been developed and 1ncorporated
in the plant-specific methodology manual.

e Level instruments similar to the refueling water storage
tank (RWST) level instruments were reviewed to determine
whether problems similar to those encountered with the
RWST level instruments exist elsewhere in the plant.

e Procedural improvements to control the |use " of
uncertainties in procedures, analyses, and tests.

e Actions have been taken to modify the design of the RWST
level instrumentation to address the flow induced error
effects identified in the A/E inspection.

e Operator procedures, used shiftly and daily to verify
technical specification compliance, were revised to
address instrument uncertainties.

- e, Engineering standards associated with the design of
level measurement systems have been revised. .

Restart Actiong:

e Enhanced training for affected personnel and interfacing
departments. This training will focus on critical
parameters, process measurement uncertalntles. and*
instrument uncertainty calculations.

¢ Required changes resulting from the.programmatic review
of calculations will be incorporated into the instrument
and control (I&C) information system procedures, in
accordance with the restart plan.

Pogt Regtart Actiong:

¢ New calculations are being generated to address
instrument uncertainties that were not referenced in
existing calculations.
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e Conduct an assessment 'of the instrument uncertainty
program effectiveness.

e Inputs for instrument uncertainties will be incorporated
into the normal operating procedures upgrade program.

e Emergency operating procedures will be reviewed to
identify and validate footnote values.

1 FR Im men

" The 10 CFR 50.59 program defines the process by which proposed
changes to the plant or procedures, as described in the UFSAR,
are reviewed to determine if they can be implemented without
prior NRC approval. The process used to perform 10 CFR 50.59
screening and 10 CFR 50.59 evaluations was evaluated. A detailed
digscussion of the o0ld 10 CFR 50.59 process is provided, in our
response to request 4b. Additionally, a review was performed to
evaluate the controls used to provide assurance that the
screening and evaluation processes are not bypassed. The
following steps have been or will be taken to address specific
A/E inspection issues and areas requiring program improvements.

mpl Acti :

e Procedures and familiarization training have been
implemented to clarify the definitions of ‘change,’
‘licensing basis,’ and ‘design basis’.

¢ An industry expert was retained to review the program
and procedures, recommend appropriate improvements, and
provide training on the new 10 CFR 50.59 procedures.

e Training was conducted, by an industry expert, on new 10
CFR 50.59 procedures.

® Process implemented |, to communicate management
expectations regarding change wvia the 10 CFR 50.59
process to appropriate personnel.

A ng:

e Revisers procedures to address potential 10 CFR 50.59
bypass, mechanisms identified by our internal assessment.

This program encompasses the process used to identify and address
conditiong’ adverse to quality. The review of this program
focused on our capability to take timely corrective and
preventive action when non-conformances are identified and to
determine whether the program supports maintainihg the plant
- design bases and 1licensing bases. The following actions have
been or will be taken to resolve corrective action program
igsues: .

.o
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m Acti :

s. Established dedicated corrective action group to own the
corrective action process, ‘and monitor, motivate, and
mentor line management implementation of the corrective
action program.

e Ownership of the program has been defined and
communicated within the organization.

e Enhanced procedural guidance to establish daily review
of condition reports through a management review board
to improve classification of observed conditions.

e Reduced the number of significance levels for condition
reports to optimize root cause analysis efforts.

s Procedures revised to improve effectiveness, timeliness,
and to clarify when 10 CFR 50.59 screenings are
required.

e Effectiveness measures have been developed to monitor
program performance.

R Actions:

e Reduce and maintain the backlog of overdue corrective
action items within established standards.

e Clarify line management responsibility and
accountability - in the implementation of the corrective
action program.

¢ Change the process to align the level of root cause
analysis and corrective and preventive actions to be
commensurate with event or condition significance.

R Acti :

e TImplement improved condition reporting software to
enhance condition trending and event analysis.

o Updat& corrective action procedures to address process
and enhahce reporting capability for tracking and
trending. ,

e Conduct additional training on root cause analysis,
apparent cause analysis, and error reduction technology.

e Participate in an industry project sponsored by the
Electric Power Research Institute (EPRI) plant support
engineering subcommittee to develop guidance to optimize
engineering activities in support of corrective action
programs.

e Conduct assessments of program effectiveness.



w
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Other Related Program Areas
Developing and Maintaining Procedures

This program includes the processes utilized to incorporate
design bases and licensing bases information into procedures, and
to maintain the procedures current. The following actions have

been or will be taken to resolve procedure-related issues.

Restart Actions:

e Update specific AEPNG corporate directive describing the
current organization.

Conduct additional self assessments to evaluate
consistency of AEPNG procedural controls.

e Complete A/E inspection condition report actions
identified as restart items related to updating specific
operating procedures.

¢ The senior management review team determined that a
complete document control and records management
functional area assessment will be performed before
restart.

Post Restart Actions;

* Complete normal operations procedure upgr;de project,
which was instituted in October 1997, to address quality
and human performance related aspects of the procedures.

e AEPNG corporate and plant procedure processes will be
integrated.

neric NR ing E ien )] i view

This program is the process used by AEPNG to review generic NRC
correspondence related to industry OE to identify potential
impacts. on the design and operation of Cook Nuclear Plant. The
following actions have been or will be taken to address generic
NRC OB related process issues:

&ea:.am'_mi_m_s_i

.- Procedure revisions to consolidate, the review process
for NRC and OE information.

e Evaluate the need for further sampling of past NRC
communications for appropriate disposition.

e Conduct familiarization training on procedure revisions
that consolidate the review process.

«
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1i A n A) R A ion I

A review was also conducted of various aspects of the QA program.
AEPNG has initiated the following actlons to address identified
quality assurance issues:

mpl Actions:

e A self assessment, joint utility management audit
(JuMa), and root cause analysis were completed to
identify issues related to the planning and
implementation of QA oversight initiatives.

e Performance assurance has prioritized significant
programmatic issues associated with the QA program and
escalated them to senior management for action and
accountability (this is a continuing process).

e Senior 1line management has assigned ownership for
resolution of these identified programmatic issues.

Actionsg:

e Audit plans are being revised to specifically require
performance assurance to challenge design inputs, such
‘as assumptions, when calculations are assessed.

- s The method for directing performance assurance resources
is being changed to enhance the oversight of the design
and condition of systems.

e Revise performance assurance system surveillance
instructions to include passive components.

® Conduct tralnlng on the changes to audit plans and
surveillance instructions.

3

P rt Acti :

e Develop additional procedural guidance to provide
direction for follow-up on previously identified adverse
conditions.

e Pollow up assessments will be conducted to determine
whether restart actions have effectively addressed
identified QA issues.

Surveillance Program
The surveillance program was added to the list of programs to be
evaluated as part of the restart plan. The following actions

have been or will be taken to address surveillance program
issues, such as those identified with the ice condensers.

m Acti : v

e A team was formed to perform a root cause analysis of
issues related to the surveillance program.







1
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® Operations department superintendent was designated as
the owner of the surveillance program. .

Restart Actions;

e A group will be formed, responsible for managing,
developing, scheduling, and tracking the completion of
surveillances for the plant.

e Training and qualification of personnel performing
surveillance testing activities is being evaluated to
determine the extent of additional training required.

e Procedures are being revised to enhance consistency
between the different work groups.

e Assessments are ongoing to evaluate conformance with
regulatory requirements and surveillance program
acceptance criteria. . .

Post Restart Actions:

e New scheduling tools are being evaluated to improve the
efficiency of the surveillance scheduling process.

rogrammat i m
Utilizing a multi-disciplined approach, a comprehensive
evaluation of programs, procedures, condition reports, and
.related processes was completed. As a result of these

evaluations, corrective actions have been identified related to
programmatic issues and will be addressed in accordance with the
Cook Nuclear Plant restart plan. Further, provisions for
measuring and monitoring future programmatic effectiveness, as
described in the preceding sections, have been or will be
developed.

Requesgt 4

By letter dated January 12, 1998, the UCS submitted an addendunm
to the original 2.206 petition. The January 12, 1998 letterxr
raised six new concerns. Please respond in full to the following
five concerns f£rom the January 12, 1998, letter: )
a. Concern 1 as it pertains to D. C. Cook Plant. Also,

include: the detailed action plan for "the ice melt, ice-

condenser. inspection, and repair plan.

Regpon o 4

The first concern pertained to the Cook Nuclear Plant ice
condenser containment and stated,

., "The NRC Inspector General’s office was :informed 1last summer
about alleged problems in the configuration and testing of the
ice condenser at Watts Bar. Problems with the bay doors and
components of the ice baskets were specifically identified. The
allegations also suggested that many of the problems were generic
and therefore affected the other ice condenser plants, including
D. C. Cook. Finally, it was alleged that the problems were
known, but not properly reported by the D.C. Cook licensee, the
McGuire licensee, and even Westinghouse:” ,
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a

The problems discussed regarding the lower inlet doors involved
uplift of the ice condenser floor slab at Sequoyah and McGuire
nuclear plants due to water intrusion and subsequent freezing,
which resulted in blndlng of the ice condenser lower inlet doors.
The problems with the ice basket coupling screws involved the
discovery of coupling screw heads and complete screws in the
bottom of the Watts Bar ice condenser following thaw of the ice
condenser in 1995. The damaged and intact screws at Watts Bar
were attributed to improper torquing during initial installation,
and possibly due to thermal cycling.

Cook Nuclear Plant personnel had been made aware of the problems
with floor heaving and 1lower inlet door binding through the
sharing of ice condenser operating experience among ice condenser
plants. When this operating experience became available, Cook
Nuclear Plant personnel made tours of each ice condenser at the
first opportunity and no evidence of floor uplift was identified.
Since that time, Cook Nuclear Plant has not experienced any
uplift of the ice condenser floor slab and has not experienced
binding of lower inlet doors due to floor 'uplift. The
performance at Cook Nuclear Plant is attributed to an operating
practice to perform aggressive floor defrosts to ensure thorough
drying of the floor following evolutions where water may have
come in contact with the floor.

Awareness of the experience at other plants has resulted in a
heightened sensitivity to the potential to damage the floor due
to water intrusion and re-freezing. For example, following the
recent thaw of the unit 1 ice condenser, where water clearly came
in contact with the floor, extensive measures are being taken
that are intended to ensure the floor is sufficiently dry before
the ice condenser is cooled below freezing temperatures.

Review of the ice basket coupling screw issue at Watts Bar
indicated that the root cause was attributed to screws being
over-torqued during initial installation, and also possibly due
to thermal- cycling of the screws. It was the recollection of
Cook Nuclear Plant personnel that ice basket coupling screws or
screw heads‘had been found in the ice condenser or ice melt
system in past years, though not in the same numbers as Watts
Bar. These screws were attributed to known damage to ice basket
top rims, and known separated ice baskets.

Ice basket top rim damage and separated ice basket segments have
occurred in the past during ice basket weighing surveillances.
Ice baskets are weighed by lifting the basket from the top rim.
If an ice basket is frozen in place and a high degree of lifting
force is applied, it is possible to distort, the top rim of the
ice basket, or to separate two adjacent ice basket segments. If
the distortion or separation is significant, sheet metal screws,
which attach the top rim to the ice basket c¢ylinder, or which
attach adjacent ice basket segments, can be sheared. This
condition was known to exist on a number of baskets in both units
at Cook Nuclear Plant, and remedial actions were taken, such as
replacing fasteners, and restraining ice baskets having separated
segments to prevent basket ejection. The screws and screw heads

observed in the bottom of the ice condenser and in the ice melt,

system vacuum filter were attributed to these types of basket
damage. Subsequently, during early 1998, ice basket inspections
were conducted on both units to further investigate the ice
basket coupling screw issue. A number of missing screws were
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identified, and documented under LER 315/98-005. 1Inspection and
repair of ice baskets is ongoing,. along with metallurgical
analysis of failed and intact screws.

In March of 1998 a decision was made to completely thaw both
units’ ice condensers to allow a thorough inspection and
comprehensive repair and restoration activities. In parallel with
inspection and repair activities, a review of the ice condenser
surveillance and maintenance programs, procedures and practices
is being undertaken.

This review is intended to ensure that these activities are
adequate to provide reasonable assurance of ice condenser
operability. Upon completion of inspection and repair
activities, the ice condenser will be reloaded with ice, and ice
condenser surveillances will be performed prior to plant startup.
Unit 1 has been selected as the lead unit for ice condenser
refurbishment activities and will have first priority ,for
resources. Activity on unit 2 will proceed following unit 1 and
will be worked as resources permit. Ice condenser refurbishment
activities will be completed prior to entry into mode 4 ' (hot
shutdown), when the ice condenser is required to be operable. The
following paragraphs summarize the key facets of the ice
condenser refurbishment project.

ICE CONDENSER THAW
Containment Preparations

Prior to beginning the thaw of each ice condenser, each unit’s
containment will be prepared to handle the water from the ice
thaw, which is estimated to be approximately 350,000 gallons per
unit. Containment preparations include primarily: removing the
lower inlet door shock absorbers; inspecting and sealing the ice
condenser floor slab; installing a temporary ice melt, water
collection and transfer system; and protecting lower inlet doors
from melt-water.

Prior to the initiation of the ice condenser thaw, a floor
defrost will be initiated to remove ice from and to dry the
floor. The £floor will then be inspected to ensure floor seals,
which prevent water from entering the ice condenser f£loor slab,
are in good condition. Floor seals will be repaired as necessary
prior to the ice condenser thaw. Actions are being taken to
ensure sufficient drying of the floor of the ice condenser prior
to again cooling the ice condenser below freezing.

The normal ice condenser drains consist of a series of twenty-
one, twelve inch drains spaced around the ice condenser floor.

These* drains lead to flapper valves that drain to the lower
containment. To facilitate collection of melt water, each ice
condenser drain will be fitted with a screen to collect any
debris and an inflatable seal plug to prevent drainage of ice
melt water to the lower containment. A series of temporary sump
pumps and piping will be installed on several of the seal plugs
to transfer melted ice from the ice condenser, through a
containment penetration, to temporary storage tanks in the plant
yard. Melt water will then be pumped, using a second set of
temporary pumps and piping, from the temporary storage tanks to
'+ the chemical and volume control system (CVCS) monitor tanks for
eventual discharge, via the c¢irculating water system in
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accordance with applicable permits. The total melt-water removed
from ice condenser will be measured, by monitoring tank level
changes, to provide feedback on the quantity of ice in the ice
condenser in the as-found condition. The 1ice melt-water
collection and transfer system will be installed via temporary
modifications. In order to expedite the melt process, a heat
addition system was designed and ingtalled.

NSPECTTI REPAT AND _RE BISHMEN
Ice Bagkets

Each ice condenser contains 1944, forty-eight feet tall, ice
baskets that are approximately one foot in diameter and contain
borated ice. During pre-melt ice basket inspectionsg, several
conditions were identified including damaged baskets, missing or
damaged ice basket coupling screws and undocumented ice basket
hardware configurations. These conditions were documented in LERS
- 315/98-008 and 315/98-032. Following melt-out of the ice bed, a
combination of internal and external video inspections and visual
inspections, including some basket removal, will be performed on
the ice baskets to identify damage and to determine whether the
configuration of the basket and associated hardware is in
accordance with design. Bottom rims of ice baskets will be
removed to facilitate inspection and repair of ice basket hold
down bar welds. A definition of detrimental ice basket damage is
being developed. The threshold of detrimental damage will be
accepted via the design change process. Damaged ice baskets
outside the definition of “detrimental damage”, will be repaired
or replaced. Any identified missing or damaged coupling screws
will be replaced. The hardware configuration of each basket will
be documented, and the configuration will be restored to an
approved design configuration. Ice baskets will meet applicable
foreign material exclusion requirements prior to refill.

Lower Inlet Doors

Bach ice condenser is divided into twenty-four bays, each of
which contain two lower inlet doors. The 1lower inlet doors
separate the ice condenser from the lower containment and are
designed to open under differential pressure, which would be
experienced during a postulated accident, to admit blowdown into
the ice condenser. The lower inlet doors will be protected from
water during the melt-out process and then inspected in place.
Hardware such as door skins, hinges and seals will be examined
for signs of distress and addressed as required. Any repairs
that involve restoring the doors to other than the currently
approved, design configuration will be authorized via a design
change..
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W Inl D k r

The ice condenser 1lower inlet doors have companion shock
absorbers, each of which currently consists of a foam wedge
enclosed in a fiberglass reinforced polyethylene bag and steel
mesh. The shock absorber is designed to absorb the kinetic
energy associated with opening of the lower inlet door during a
postulated accident, through crushing of the foam. During ice
condenser inspections, the shock absorbers were observed to be
deteriorated, as evidenced by worn'areas and tears in the bags
and tears in the mesh. This condition is.being documented via
LER 315/98-035. With the exception of the entrance, end wall
shock absorbers, the shock absorbers will be removed from the
containment to a lay down area, for further disassembly and
inspection. The shock absorber components (bags, foam, mesh)
will be replaced with a later generation design “air box”, which
is designed to absorb the kinetic energy of an opening lower
inlet door by collapse of the air box. The new design is
considered to be significantly more durable than the original
shock absorber design. This improvement is being effected via a
design change. The end wall shock absorbers will be replaced
with new materials of the current design.

v

Intermediate Deck Doors .

Each of the twenty-four ice condenser bays contains eight
intermediate deck doors that rest on a steel frame just above the
ice basgkets. The intermediate deck doors are designed to open
due to differential pressure during a postulated accident. The
intermediate deck doors consist of insulating foam within a steel

box. The intermediate deck doors have experienced wear,
including dents and punctures, during surveillance and
maintenance activities. The intermediate deck doors will be

removed from the ice condenser for repair and refurbishment. In
general, the doors will either be replaced, restored to original
design specifications, or repaired to an alternate design by
design change. Protective covers are being fabricated for these
doors, to prevent deterioration during future outages.

Top Degk Doors .

BEach ice condenser bay has a top deck door that rests on a
structure approximately twelve feet above the intermediate deck
doors. The top deck doors consist of a framed 1layer of
insulation. These doors also open following a postulated
accident to provide a path between the ice condenser and the
upper containment. The top deck doors will be ingpected in place
and hardware such as door fabric and insulation, hinges and seals
will be examined for signs of distress and addressed as required.
Any repairs that involve restoring the doors to other than the
currently approved design will be authorized via a design change.
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Air Handlers

Sixty _air handlers, 1located in the plenum between the
intermediate deck and upper deck doors, circulate cool air in the
ice condenser. Outstanding corrective maintenance on air
handlers will be reviewed to ensure the air handlers can support
the melt-out process as well as future operation. Following the
ice condenser thaw, walkdowns will be performed of the air
handlers to ensure hardware is in place and functioning, in
accordance with design. ‘

I ndengex X re and Migcellaneoug C n

The ice condenser system,’ structures, and components will be
inspected by a multi-disciplined team for integrity and materiel
condition. Discrepant conditions will be documented and
dispositioned in accordance with the Cook Nuclear Plant restart
plan. "

ICE NDENSE ELOAD

Prior to and following the thaw of the ice condensers, debris was
identified 'in ice baskets and adjacent flow passages. These
conditions were documented in LER 315/98-017. Therefore,
following inspections, repairs and refurbishment, each ice
condenser will be thoroughly inspected to provide assurance that
it is free of foreign material prior to reload with fresh ice.
Controls will be implemented to provide assurance that the ice
condenser is, and remains, free of foreign material during and
following the ice condenser reload.

E NDEN. VEIX E P

The NRC inspection of the Cook Nuclear Plant ice condenser in
early 1998 revealed a number of issues related to ice condenser
surveillance testing. Other examples of discrepancies were
documented in LERs 315/98-005,-007,-015,-025, and -026. As a
result, the basis for ice condenser surveillances will be
reviewed and a surveillance basis document will be developed for
each 1ice condenser surveillance required by the technical
specifications. The surveillance basis document will serve as a
repository for information pertaining to the surveillances, such
as basis information, detailed wmethodology, and assumptions,
margins, limitations and quality techniques. Based on the
surveillance basis documents, surveillance procedures will be’
rewritten for the as-left surveillances prior to declaring the
ice condenser operable.

b. Concern 2 as it pertains to the review and asses%ment of
safety evaluations performed under your old 50.59 process.
Providae: tha:. details of the raview and corrective actions.

.Regponse to 4b

The 10 CFR 50.59 program defines the process by which proposed
changes to the plant or procedures, as described in the UFSAR,
are reviewed to determine if they can be implemented without
prior NRC approval. This evaluation requires an understanding of

[y

a
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the potential impact of a change on the design and licensing
basis of the facility as described in the UFSAR to determine if
an unreviewed safety question (USQ) exists.

During the A/E inspection, concerns were raised relative to the
adequacy of our 10 CFR 50.59 program and the potential for
inadvertently bypassing this program when making changes to plant
systems, structures, components, or procedures. The A/E
inspection specifically identified instances where 10 CFR 50.59
reviews were required but not performed, and at 1least one
instance where a USQ determination was required, but not
performed. An underlying cause of these dlscrepanc1es, as noted
by the NRC, was our understanding of what constitutes the plant’s
.design basis, the role of the UFSAR, and how these are affected
by 10 CFR 50.59.

Subsequent to the A/BE inspection three (3) self-assessments and
one independent contractor audit of our 10 CFR 50.59 program were
conducted. These assessments identified areas requiring
improvement, including programmatic improvements.

The first self-asgssessment was conducted in December 1997, and
reviewed seventy-one 10 CFR 50.59 screenings and USQ
determinations performed between January 1996 and September 1997.
Several 1isgsues were identified that were administrative or
procedural in nature. Though dlscrepanCLes were identified,

these issues were determined to have no 1mpact on the technical
conclusions of the evaluations.

The second self-assessment examined 10 CFR 50.59 program
effectiveness and was performed in January 1998. The purpose was
to determine if the 10 CFR 50.59 program was adequate to support
plant restart. Two statistically significant samples of 10 CFR
50.59 evaluations performed between 1980 and 1995 were examined.
A key element of this assessment was to examine the rigor and
accuracy of the 10 CFR 50.59 evaluations and to characterize the
acceptability of a particular evaluation’s justification or basis
in 1light of 1lessons' learned regarding the design bases and
current regulatory guidance. This self-assessment-concluded that
administrative issues associated with program , documentation
needed improvement, but no programmatic weaknesses existed that
would prevent plant restart.

The third self-assessment was conducted in January-February 1998
to evaluate the potential for other programs or processes to
inadvertently bypass the 10 CFR 50.59 program when 1mp1ement1ng
changes' to the plant or procedures (e.g., failure to recognize
change) . This review of a statistically. significant sample
concluded that previous controls had allowed potential changes to
be 1mp1emented without the benefit of a 10 CFR 50.59 screenlng.
However, in no case were 10 CFR 50.59 reviews found to result in
any operability or USQ issues. These potential bypass mechanisms
were considered to be administrative/procedural in nature and the
assessment concluded that there were no broader safety
implications.

As a result of these self assessments a number of programmatic
changes have been or will be implemented, including:
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mpl Acti

o. Procedures and familiarization training have been
implemented to clarify the definitions of ‘change,’
‘licensing basis,’ and ‘design basis’.

¢ An industry expert was ‘retained to review the program
and procedures, recommend appropriate improvements, and
provide training on new 10 CFR 50.59 procedures.

e Process implemented to communicate management
expectations regarding change via the 10 CFR 50.59
process to appropriate personnel.

Actiong:

® Revise procedures to address potential 10 CFR 50.59
bypass mechanisms identified by our internal assessment.

In addition to the three self-asgsessments, an audit was performed
by an independent contractor. The audit involved an examination
of the licensee’s self-assessments performed in 1997 and 1998 and
a critical review of the quality of past 10 CFR 50.59 screenings
and evaluations. The quality was based on the application of
current standards for acceptability in performance of the 10 CFR
50.59 products. Consistent with the licensee’s conclusions, the
contractor determined that none of the sampled screenings and
evaluations identified wunreviewed safety questions (UsQ) ,
improper screening conclusions, or issues involving equipment
inoperability. Discrepancies in some aspects of 10 CFR 50.59
documentation were noted and enhancements to the 10 CFR 50.59
program were recommended. The recommendations to elevate the
program standards for future 10 CFR 50.59 screenings and
evaluations have been implemented.

In summary, multiple examinations have been conducted since the
end of the A/E inspection to evaluate the effectiveness of the 10
CFR 50.59 program at Cook Nuclear Plant.: In each of the four
examinations, it was concluded that there was a high
probability/confidence 1level that the nature of identified
discrepancies has not resulted in unreviewed safety questions or
inoperability of equipment. Notwithstanding, programmatic
enhancements have been made to elevate our standards and improve
communication of the increased expectations to personnel
performing future 10 CFR 50.59 screens and evaluations.

c. _Concern- 3 pertains to engineering calculations. Please
provide the details of the review and assessment performed
to date of engineering calculations. The response should
include the population and type of calculations reviewed,
justification £for the population selected, £findings,
corrective actions, and long-term plan to assure accuracy

‘ and quality of engineering calculations at D. C. Cook.
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Re n 4¢

" Background

The December 2, 1997, letter to the NRC (AEP:NRC:1260G3)
described our short-term assessment performed in response to the
CAL. Calculations were identified as a contributor to the issues

that arose during the A/E inspection. As a short-term action,-

peer group reviews were established to analyze and review
'calculations for issues similar to those identified in the A/E
ingpection and to determine if they lead to equipment or systems
being inoperable. The issues included questions regarding
assumptions, calculation errors, and process measurement effects
on instrument calculations. While AEPNG’S review revealed both
technical and administrative discrepancies, none were identified
that resulted in equipment or systems being inoperable.

The short-term assessment included a review of twenty system
functional calculations from a population of 139 calculations.

These calculations were listed in the design basis documents for
seven rigk significant systems (risk significant as identified in _

our independent plant examination). Later it was decided to
expand the review to the risk significant systems identified in

our maintenance rule program and to have the review conducted by’

an independent consultant.

The primary objective of the expanded review was to conduct a
systematic and procedurally controlled review to document overall
quality, 1level of detail, completeness, conformance to current
nuclear industry calculation preparation standards and technical
accuracy of the reviewed calculations. 1In addition, the review
evaluated whether any inoperable conditions resulted. The
calculation review process also included overview and acceptance
by a technical overview committee (TOC) consisting of senior
engineering personnel from both the consultant and AEPNG.

The expanded program reviewed a total of eighty-one system
functional calculations, including seventeen of the twenty system
functional calculations originally reviewed by the AEPNG peer
group (three had been superceded), and sixty-four calculations
that were randomly selected from AEPNG design basis documents
(DBDs) to provide a representative sample of the total population
of AEPNG authored system functional calculations.

The sixty-four calculations sampled were selected using a
methodology intended to provide an acceptable level of confidence
and rellabllity that the populatlon did not contain a dlscrepancy
resulting in inoperable equipment or systems. A sample size of
sixty-four calculations out of the total population of 239 system
functional calculations selected was utilized to establish the
confidence and reliability level.

The plant systems in the sample population were: auxiliary
feedwater, component cooling water, chemical and volume control
system, containment spray, essential service water, residual heat
removal, 4kV electrical, safety injection, accumulators, reactor
protection system, ESFAS, emergerncy diesel generator systems,
control air, plant air, offsite power, 120 VAC, 250 VDC, 600.VAC,
non-egsential service water, RCS pressure relief, and main steam.
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The review team consisted of twenty-four engineering personnel
from an independent consultant with experience in the mechanical,
electrical, instrument and controls and civil/structural
disciplines. i

As a final step, calculation reviews were overviewed by the TOC.
The purpose of the TOC was to provide oversight of the review
process, ensure consistency and to provide input on issues raised.

Calculation Review Results

The calculation discrepancies identified in the seventeen
calculations reviewed by both the AEPNG peer groups and consultant
were similar. However, because the scope and 1level of
documentation for the two reviews were different, the review
observations were not identical. The AEPNG reviews were primarily
focused on identifying technical issues that had the potential to
affect equipment or system operability rather than discrepancies
affecting the administrative quality of calculations. Also, minor
technical discrepancies were not always documented because 'these
type discrepancies were often resolved immediately during the peer
group reviews. The consultant’s reviewers documented the results
of their reviews using detailed checklists while the AEPNG peer
group reviewers typically summarized their observations in a brief
e-mail format.

The results and conclusion from the sixty-four c¢alculations
reviewed in detail by the consultant were similar to those
identified above.

The initial review of eighty-one calculations selected for review
in the sample is complete. Sixty-nine calculations have been
through the entire review and commeht resolution process including
TOC overview and acceptance. No discrepancies have been
identified which resulted in equipment or ‘system inoperability.
Only one calculation was identified as, having discrepancies that
could have a significant impact on results of the calculation.
However, in this case, it was determined that the calculation
discrepancies would not have affected the operation of the system.

Twelve calculations are in various stages between the comment
resolution process and TOC acceptance. Although nine of these
calculations have been conservatively designated as having the
potential for significantly impacting calculation results, none
are expected to result in design basis limits being exceeded or
system- oxr component inoperability. The corrective action program
is tracking completion of the review process for these twelve
calculations in accordance with the restart plan.

x

Results of Review

AEPNG system functional calculations included a large number of
calculations spanning the nearly 30 year history of the plant, and
included calculations prepared by several engineering disciplines.
As expected, the reviews identified discrepancies that were
diverse. However, there were several types of discrepancies that
were common, as follows: *
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Unclear or undocumented calculation purpose or objective at times
resulted in confusion as to the intent and use of the information
developed in the calculation.

* Some calculations were not well organized or did not contain
sufficient detail for the calculation to be easily understood.
In these cases, the calculation steps could be difficult to
follow.

¢ Use of undocumented, not referenced, or out of date design
input made some of the calculations difficult to review. For
example, parameters were used in some of the calculations
without providing a basis for their wvalidity. Generally,
further investigation or evaluation confirmed that the coxrect
parameters had been used, although in some instances it
required significant levels of effort to establish this fact.

e Assumptions were used in some calculations without a clear
statement of why the assumption was acceptable, or
conservative.

¢ Referenced calculations, drawings and other documents in some
instances did not include an indication of their revision or
date, or that the calculation may have been superseded.

* Unclear statements of acceptance criteria for the calculation
did not clearly demonstrate that the calculated results met the
acceptance criteria.

e It was not always clear how or where the results of the
calculation were to be used.

* The calculation process was decentralized and fragmented.

Most administrative discrepancies were related to the 1level of
detail ox clarity in the calculations and appeared to be related
to the lack of prescriptive direction in AEPNG calculation
procedures. Many of the . calculation reviews required a
significant amount of time and effort on the part of the reviewers
and AEPNG personnel to identify and locate the information
required to review the calculation and fully understand its
purpose, design inputs and results. These types of discrepancies -
are correctable through the wuse of detailed calculation
preparation standards and procedures combined with an increased
focus; by the:.: calculation preparers and verifiers, on the
requirements for comprehensive documentation of calculations.

The technical discrepancies identified in the calculation reviews
tended to be specific to the individual calculation. Most
technical discrepancies, however, were of low significance levels

"and were resolved during the review by additional research,

applying reasonable engineering judgement or by performing simple
manual calculations to confirm the assumptions or results.
However, several calculations required additional 1levels of
effort, up to  and including recalculation, to resolve .apparent
technical discrepancies.
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Programmatic Changes

We are currently implementing programmatic changes to address the
calculation issues identified in these reviews. The following
actions have been or will be performed to address programmatic
issues associated with the calculations:

Completed Actions:

e Communicated management’s commitment to improving the
quality of the AEPNG calculations. '

e A practice has been established to subject new or revised
calculations to a peer oxr consultant review pending
implementation of program enhancements.

Restart Actions:

¢ Calculation procedure is being revised to address identified
process discrepancies.

e Calculation preparers, verifiers, and approvers are being
given formal training in the required elements of an
acceptable AEPNG calculation. This training emphasizes the
necessary calculation characteristics, using specific
examples.

e Enhancing the calculation control and indexing process to
provide specific information on calculation status and
location.

¢ Establish a program to monitor the effectiveness of
calculation process improvements.

¢ Resolve remaining calculation issues identified as restart
items relating to the independent review.

Pogt Restart Actions:

e Upgrade the calculation index to provide: more detailed
information on the interrelationship of calculations to
other plant documents.

e Benchmark external design organizations £for calculation
development. practices and quality improvement. '

Calculation Conclusions

The . independent reviews performed on a representative sample
covering risk’ significant systems (i.e., identified in our
maintenance' rule) are intended to provide reasonable assurance
that the calculations performed in the past by AEP will not lead
to inoperable conditions. As noted previously, calculational
activities are on-going. 1Issues identified as a result of these
activities will be dispositioned in accordance with the Cook
Nuclear Plan restart plan.
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Concern 4. Please include the NPSH calculations for all safety-
related pumps. Describe the calculational technique and all
assumptions used in the calculations.

Regponsge_ to 44

We have reviewed our calculation files to provide assurance that
we have acceptable calculations documenting adequate NPSH for the
safety-related pumps. In accordance with your request, we have
provided NPSH calculations (listed in Table 1) for the safety-
related pumps where such calculations are applicable. Included in
the calculations are the techniques and assumptions used in their
performance. Certain safety-related pumps do not utilize NPSH
calculations and are therefore not included in this submittal.
These include:

¢ Essential service water (ESW) pumps that are wet pit design
that is subject to submergence considerations rather than
NPSHA.

e The reactor coolant system (RCS) pdhps do not have an NPSH
calculation since their safety function is pressure boundary
only.

e None of the pumps associated with the operétion of the

emergency diesel generators have NPSH calculations as they are
typically flooded suction, positive displacement or have only
a pressure boundary function.

e The post accident containment hydrogen monitoring system
(PACHMS) pump is a vacuum pump for pulling containment air
into the hydrogen analyzer. No NPSH calculation is required
for the vacuum pump.

..



-
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Table 1
List of NPSH Calculations
Attached to this Letter Submitted as Proprietary Information

Component System Functional Name Calculation #

PP-10 CCwW Component Cooling ENSM970919AF
Water Pump .

PP-26 SI Safety Injection ECCS Recirculation
Pump Phase

ENSM970128AF, Rev. 2

ECCS Injection Phase
NEMP950501JEW, Rev. 0

PP-3 AFW Motor Driven HXP791121AF, Rev. 1

Auxiliary
. Feedwater Pump .
PP-35 RHR Residual Heat ECCS Recirculation
- Removal Pump Phage

ENSM970128AF, Rev.. 2

s ‘ . ECCS Injection Phase
NEMP950501JEW, Rev. 0

'RCS ‘
HXP900904JEW, Rev. 0

pPP-4 AFW Turbine Driven HXP791121AF, Rev. 1
Auxiliary
' Feedwater Pump
PP-46 Boric Acid Boric Acid Storage NESP032395JJS, Rev. 1
. Tank Transfer
Pumps
PP-50 CvVCS ) Centrifugal ECCS Recirculation
’ Charging Pump Phase

ENSM970128AF, Rev. 2

ECCS Injection Phase
NEMP950501JEW, Rev. O

- ‘ vCT
, NESM961021AF, Rev. 0

ccp
ENSM720719FK, Rev. 1

PP-9 CTS Containment Spray  ECCS Recirculation
) Pump Phase
ENSM970128AF, Rev. 2

\ , ) ECCS Injection Phase
NEMPS50501JEW, Rev. 0
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e. Concexrn 5. Please provide the actions taken to assure the
accuracy of the February 6, 1997, response to the NRC
raequest for information pursuant to 10CFR 50.54(£) in 1light
of the inspection findings from the design inspection in
September, 1997 and the follow-up design inspection in
April 1998

Regponge to 4e

The 1lessons learned from the AE inspection and subsequent
inspections have enhanced our understanding of the design and
licensing bases and the processes used to maintain them, as
originally described in our February 6, 1997, response. Following
the A/E inspection and subsequent shutdown of both wunits in
September of 1997, the NRC issued a confirmatory action letter
(CAL) that led us to evaluate the applicability of the results
and discrepancies identified during the inspection to other
systems and components throughout the plant. In addition to the
issues identified in the CAL, several new issues arose concerning .
our containment systems. . ‘

In response to these issues, we are performing a comprehensive
assessment to prov;de reasonable asgsurance of plant system
readiness, programmatic readlness, functional area readiness, and
containment readiness. The primary mechanism implementing this
assessment is the Cook Nuclear Plant restart plan (previously
submitted in AEP:NRC:1303). The restart plan describes the
activities and controls that are intended to ensure the plant is
ready for safe start up and power operation.

The details of these readiness reviews have been discussed in
detail in previous sections of this letter (attachment 2), in.
response to the specific concerns raised in the 2.206 petition.

Additionally, as we progress toward restart, many of these issues

will be discussed further with the NRC during our ongoing 0350

meetlngs. i

In addition to the readiness assessments and supporting
activities described in our.restart plan, we have also initiated
a revised design basgis reconstitution program. The purpose of

this program is to provide assurance that:

e there is an adequate understanding of, and control over, the
plant’s design:. and licensing basis requirements; and

L requirements-are being effectively implemented both in plant
design: and. in the procedures that govern plant operation and
maintenance:

The design basis reconstitution program is an ongoing effort that
will continue after startup of the units.

In summary, our actions to date, as described in the preceding
sections of attachment 2, have served to enhance our
understanding of our licensing and design bases as discussed in
our February 6, 1997, response. In addition, AEPNG is performing
a comprehensive assessment of system, functional area, and
programmatic readiness reviews. 1Issues identified will be
dispositioned in accordance with the Cook Nuclear Plant restart
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plan. NRC permission for restart will not be requested until the
restart plan is complete and reasonable assurance of  restart
readiness is achieved.






