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1.1

2.0

OBJECTIVE

To determine the NPSH margin for the Core Spray and Residual Heat Removal (RHR) pump
taking suction from the Torus (1) at maximum run out flow during the first 10 minutes following a
LOCA, (2) at design flow at the maximum peak post-LOCA suppression pool temperature, and 3)
over the long-term post-accident suppression pool heatup and cooldown transient.

Revision 6 differs from Revision 5 as follows:

a) CCN 1 incorporated

b) CCN 2 incorporated

c) CCN 3 incorporated

d) Assesses NPSH margins under minimum flow conditions.

e) Incorporates results of VYC-1919 (Reference 6) and VYC-1924 (Reference 2).

The RHR and Core Spray Systems are Safety Class 2.

METHOD OF SOLUTION

Required NPSH can be obtained from the pump curves based on witnessed tests performed by the
pump vendor. There is a separate set of test data for each of the two Core Spray pumps and the
four RHR pumps delivered to Vermont Yankee. A curve fit bounding the required NPSH data was
developed for each pump type. The required NPSH for the RHR pumps is based on the data
labeled “Minimum Operable NPSH @ Reduced Head”. (The basis for the RHR required NPSH
was reviewed during the AE Inspection (Reference 4)).

At Vermont Yankee’s request, the pump vendor performed additional NPSH evaluations for the
RHR and Core Spray pumps in order to provide a more rigorous basis for interpolating between
and extrapolating beyond the NPSH data base provided with the pumps. The pump vendor
supplemented the data supplied for each pump with additional and more extensive data for the
same or similar pumps obtained from their archives. The pump vendor used these data, adjusted as
necessary using pump affinity laws, to develop characteristic NPSH curves that complement the
original witnessed test data. When pumps have been NPSH tested over a small flow range and
NPSH data are required outside of this range, the NPSH curves have to be extrapolated. Only
NPSH tests of pumps of similar style, design, specific speed, suction specific speed, number of
impeller vanes and suction vane angles can be used for this purpose.
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The pump vendor also provided additional information to define allowable times of operation and
minimum allowable NPSH for minimum flow conditions and at highcr flow rates. The vendor
report is included as Attachment 5.

2.1.1 RHR Pumps

The original witnessed test data for the four (4) RHR pumps covered a flow range of 6,300 gpm to
slightly less than 9,000 gpm. This range is adequate for the RHR pumps since the expected
maximum flow rates following a LOCA are between 7,100 gpm and 7,400 gpm.

NPSH tests were also performed on one of the four RHR pumps, prior to the final impeller
trimming, at 6300, 8065, and 9502 gpm. Five (5) to eight (8) test points were taken at each of the
above capacities to establish the slope and shape of NPSH vs. Total Dynamic Head (TDH) curve.
These tests established that the so-called knee of the NPSH vs. TDH curve is gradual, i.e. there is
no rapid drop in TDH for a relatively small reduction in NPSH. Data points were taken at TDH
reductions of up to 8% relative to the values obtained at higher values of available NPSH. These
data were used to develop a family of curves of NPSH vs. flow for TDH drops of 1%, 3%, and 6%.
The witnessed test data compared to these curves fell somewhere between 3% and 6% lines, and
slightly below the 6% line for flow rates above 7,000 gpm for the data points labeled “Minimum
Operable NPSH @ Reduced Head”. The vendor concluded that the pumps, if operated with the
minimum NPSH, are within acceptable limits of the NPSH knee.

Extrapolation of required NPSH to flow rates less than 6,300 gpm was based on data from tests on
similar pump designs, but of different sizes (18x24x28 CVIC and 8x10x21 CVIC vs. 16x18x26
CVIC). Similar pumps are of the same suction specific speed, number of vanes and suction vane
angle. The extrapolation is based on estimation and experience from NPSH tests on other styles of
pumps performed in recent years, when more detailed NPSH tests were required. NPSH at lower
flow rates is of less importance than at higher flow rates since available NPSH will always be
higher at lower flow rates because of lower head loss due to flow, and also since core and
containment cooling requirements dictate flow rates higher than 6,300 gpm when reactor water
level is below the elevation of the top of the active fuel. The extrapolated NPSH at flow rates less
than 6,300 gpm is not used for the evaluation of design NPSH margins. The required NPSH at low
flow rates is mainly of interest in evaluating operating characteristics under minimum flow
conditions, when the pumps are operating with the minimum flow bypass valves in their open
position until reactor pressure drops low enough to allow the injection valves to open.

The pump vendor also provided an assessment of the potential for permanent pump damage due to |
cavitation at the minimum NPSH. Their assessment required input from Vermont Yankee on the
durations of operation at minimum NPSH conditions. Vermont Yankee provided this information

in the form of predicted suppression pool temperature and available NPSH vs. time for the LOCA.
Relative to the RHR pumps, when operating for seven (7) hours at 7,000 gpm with an available
NPSH of 23 to 24 feet, the pump vendor concluded that, “Depending on water temperature and
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water chemistry there can be some “frosting (e.g. light pitting) on the impeller suction vanes, but
there will be no detrimental pump damage due to cavitation when operating at minimum NPSH for
the specified hours of operation.” The vendor extended this assessment beyond the seven (7) hours
at 23 to 24 feet of NPSH to define the NPSH required based on an impeller life of 8,000 hours.

This information is compared to the expected decrease in suppression pool temperature following I
the peak, and subsequent increase in available NPSH, and it shows that the RHR pump will always
operate within the acceptable bounds defined by the vendor.

The vendor recommended minimum flow requirements were given as < 4 hours at 350 gpm and >
4 hours at 2700 gpm. The corresponding required NPSH values were 30 ft at 350 gpm and 26 ft at
2700 gpm (page S5, Attachment 5).

CS Pumps

The original witnessed test data for the CS pumps covered a flow range of 3,000 gpm to slightly
more than 3,800 gpm. The expected maximum flow rates following a LOCA are between 3,000
gpm and 4,600 gpm.

More comprehensive NPSH tests were performed on an identical pump for a different customer.
These tests were performed at approximately 1780 rpm. Converted to 3582 rpm using affinity
laws, the flow rates were 3005, 4037, 5038, 5120, 6000, 6020, and 6524 gpm, thus bounding the
flow range of interest. Four (4) to ten (10) test points at each of the above capacities established
the slope and shape of the NPSH vs. TDH characteristic curve. Differences in impeller trim
diameter were also factored into the developed required NPSH curves. The vendor concluded that
these tests were sufficient to develop NPSH characteristics for the pump and are representative of
the pumps delivered to Vermont Yankee. The vendor also concluded that Vermont Yankee's

. pumps, if operated with the minimum NPSH, are within acceptable limits of the NPSH knee. |

Extrapolation of required NPSH to flow rates less than 3,000 gpm was based on data from tests on |
similar pump design, but of different size (12x14x14 %2 CVDS and 14x16x23 CVDS vs. 12x16x14
CVDS). Similar pumps are of the same suction specific speed, number of vanes and suction vane
angle. The extrapolation is based on estimation and experience from NPSH tests on other styles of

pumps performed in recent years, when more detailed NPSH tests were required. NPSH at lower
flow rates is of less importance than at higher flow rates since available NPSH will always be
higher at lower flow rates because of lower head loss due to flow, and also since core cooling
requirements dictate flow rates higher than 3,000 gpm when rcactor water level is below the
elevation of the top of the active fuel. The extrapolatcd NPSH at flow rates less than 3,000 gpm is
not used for the evaluation of design NPSH margins. The required NPSH at low flow rates is
mainly of interest in evaluating operating characteristics under minimum flow conditions, when the
pumps are operating with the minimum flow bypass valves in their open position until reactor
pressure drops low enough to allow the injection valves to open.
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The pump vendor also provided an assessment of the potential for permanent pump damage due to
cavitation at the minimum NPSH. Their assessment required input from Vermont Yankee on the
durations of operation at minimum NPSH conditions. Vermont Yankee provided this information
in the form of predicted suppression pool temperature and available NPSH vs. time for the LOCA.
The vendor concluded that the CS pumps have more margin than the RHR pumps relative to
potential damage from cavitation at the minimum available NPSH predicted for the LOCA. The
vendor developed a curve of allowable hours of operation vs. available NPSH for the CS pump
similar to that developed for the RHR pump. Comparison of predicted minimum available NPSH
for the CS pumps vs. time for the LOCA shows that the CS pump will always operate within the
acceptable bounds defined by the vendor based on an 8,000 hour impeller life.

The vendor recommended minimum flow requirements were given as < 4 hours at 300 gpm -and >
4 hours at 1250 gpm. The corresponding required NPSH values were 32.5 ft at 300 gpm and 27 ft
at 1250 gpm (page S, Attachment 5).

Since the vendor chose to use a postulated minimum available NPSH rather than the minimum
tested NPSH for their evaluation of acceptable durations of operation based on potential
cavitation damage to the pump impeller, a reassessment of NPSH margins using minimum
available NPSH rather than minimum tested NPSH was performed. The following table
compares the values used in the vendors evaluations and comparable values at the same flow
rates from the witness tests.
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Minimum Available Minimum Required
NPSH assumed by NPSH from Original
Vendor for the Impeller Witness Tests’
PUMP FLOW (gpm) Life Study (f1)
(ft)
CS 3,000 24.0 24.0
4,600 28.0 No Data

RHR 6,400 23.0 23.2
7,000 23.5 22.6
7,600 240 23.5

Using the minimum available NPSH values from the impeller life study as required values is
conservative since the values are based on the long-term reliability of the pump impellers, and
they are equal to or bound the witnessed test data.

NPSH values at other flow rates are based on curve fits developed from the above data points
and vendor predicted characteristic curves (NPSH vs. flow rate).

2.2.1 For CS, the curve fit incorporates the witnessed test data points for flow rates between 3,000 gpm

and 4,600 gpm.

FLOW NPSH SOURCE

(gpm) ()

3003 24.0 Curve No, 27692
3522 24.9 Curve No. 27692
3810 250 Curve No. 27692
3000 24.0 Curve No. 27691
3542 245 Curve No. 27691
3810 250 Curve No. 27691
4600 28.0 SBPI Document No. E12.5.561 (Attachment 5)
Curve Fit:

A following second order polynomial curve fit to conservatively bound the above data was
developed:

'NPSH is determined from a curve fit that bounds all data points for each pump.
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NPSH = 26.4 - 2.965 x 10> Q + 7.191 x 107 Q2
where Q is Flow Rate in gpm.

Comparison between Data and Curve Fit

FLOW DATA FIT
3003 24.0 24.0
3500 none 24.8
3522 24.9 249
3810 250 25.5
4600 28.0 28.0
RHR

A different approach is taken for RHR. The witness test data were not used to develop a curve fit.
The SBPI recommended minimum available NPSH bounded the Minimum Operable NPSH @
Reduced Flow data from the witness tests over the flow range of interest, therefore the
recommended minimum available NPSH was used exclusively. A simple linear interpolation
scheme is uscd as the curve fit.

Flow range: 6,400 gpm to 7,600 gpm
Sources: SBPI Document No. E12.5.561, NPSH/Minimum Flow Study-Summary Report,
dated May 26, 1998. (Attachment 5)

Data:
FLOW NPSH
6400 23.0
7000 23.5
7600 24.0
Curve Fit:

NPSH = 23.0 + (Q - 6400) / 1200

Available NPSH is calculated using the industry standard equation (Reference 1)
NPSH Available = (prons - pv) (144)v + Z - Hr— Hq - H,

where prons = Torus pressure, psia
Pv = vapor pressure of the pumped fluid, psia
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3.0

3.1

3.2

v = specific volume of the pumped fluid, cu ft/ Ib
yA = elevation head, torus to pump suction, ft

H; = suction strainer loss, ft

Hy  =strainer debris loss, ft

H; = friction loss in suction piping, ft

The amount of debris on a strainer will vary with time, starting at zero and increasing to the
total value as the debris passes through each strainer and is removed from the water. Assuming the
debris is uniformly dispersed in the suppression pool, the fraction of debris deposited on the
strainers at a time, t, after initiation of flow, assuming a constant flow rate, is (see Attachment 1 for
the derivation)

D/Dyy = (1 - ¢ 2'Y)

where D/D.,,= fraction of the total debris deposited on the strainer
Q =total pump flow rate
t =time
V = suppression pool volume = 68,000 cu ft minimum (TS 3.7.A.1.e)

This equation is used to determine the amount of fibrous debris deposited on the strainers during
the first 10 minutes following a LOCA.

After ten minutes, it is assumed that one Core Spray pump provides cooling to the core, and one
RHR pump cools the suppression pool. The remaining debris in the suppression pool and any
debris deposited on an active strainer supplying pump(s) in the short-term that is subsequently
secured for the long-term is deposited on the two active strainers in proportion to their flow rates.
The total debris thus deposited on the two active strainers is used to determine NPSH margin at the
peak suppression pool temperature.

A survey of ECCS single failures was done to identify what single failure resulted in the maximum

debris accumulation on the strainers during the first ten minutes and at the peak suppression pool
temperature.

INPUTS AND ASSUMPTIONS

The suppression pool temperatures used in the analysis are based on Reference 19

The head loss term for the RHR and Core Spray strainers is based on the DBA LOCA Base Case
documented in Reference 2.
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RHR @ 7400 gpm 0.33ft RHR @ 14200 gpm 0.48 ft
CS @ 3500 gpm 0.21 ft CS @ 4600 gpm 0.32 ft

These head loss values are based on debris loads that are different than those calculated in VYC-
1677 (Reference 3), and on a peak suppression pool temperature that is less than calculated in
Reference 19. Both of these effects cause a slightly higher calculated head loss, and thus represent
additional conservatism in the calculation. The degree of conservatism is indicated in the “Revised
ECCS Suction Strainer Head Loss Assessment for Vermont Yankee” (Attachment 2). The
calculation of NPSH margin is done at the peak LOCA suppression pool temperatures because the
negative effect of vapor pressure on NPSH margin significantly outweighs the slight benefit on the
debris head loss term.

The calculation also conservatively assumes that containment pressure is equal to 14.7 psia

regardless of the temperature and the initial pressure. This assumption is in accordance with
Regulatory Guide 1.1.

The calculation is done for two conditions called short-term and long-term.

3.4.1 The short-term condition assumes that the suppression pool temperature is at its highest calculated

34.2

value at 10 minutes, and there has been no operator action to initiate suppression pool cooling or to
secure or throttle ECCS pumps. Reactor pressure is assumed to be equal to containment pfcssure.
thus ECCS pumps are operating at their maximum flow rates. The maximum suppression pool
temperature at the end of 10 minutes is assumed to be 164°F (page 2, Ref. 19). The debris loading
on the ECCS pump suction strainers is based on the maximum fraction of the suppression pool
volume that has passed through the strainers during the first 10 minutes of the event. The
maximum run out flow for the one RHR pump is 7,400 gpm in one loop, for two RHR pumps in
one loop, 14,200 gpm, and for the Core Spray pump, 4,600 gpm (Ref. 7). )

The long-term condition is assumed to represent the conditions when the peak suppression pool
temperature is reached, several hours after initiation of the LOCA. The peak suppression pool
temperature is assumed to be 182.6°F (Table 2, Ref. 19). The peak temperatures were selected to
bound both short- and long-term conditions. It is assumed that the ECCS suction strainers have
reached their maximum debris loadings by the time the suppression pool reaches its peak
temperature. It is also assumed that, in accordance with operating procedures (Ref. 8), operators
have initiated torus cooling with the RHR. Previous calculations of NPSH for the RHR assumed
that the RHR flow would be throttled to 7,000 gpm, per procedures. In anticipation of a potential
change which will eliminate the 7,000 gpm limit on flow, the present calculation will assume an
RHR flow rate of 7,400 gpm, which is the maximum short-term flow rate for one RHR pump in
the LPCI mode (see Section 3.3). The actual flow rate is expected to be less than 7,400 gpm.

The Core Spray pump is assumed to be throttled based on Emergency Operating Procedures.
Operators will monitor NPSH limit curves in the EOPs and will throttle flow if indicated flow and
pool temperature are outside the acceptable operating envelope. In order to assure adequate core




V4
VYC-808, Rev. 6 I /

3.5

cooling, a minimum indicated flow rate of 3,244 gpm will be maintained (Ref. 20). A minimum
indicated flow rate of 3,244 gpm could result in a maximum actual flow rate of 3,500 gpm,

allowing about 100 gpm for an operator tolerance band and worst case flow instrument uncertainty
(Table 10, Ref. 21).

The elevation head, Z, is based on the calculated torus volume at 10 minutes and at the peak pool
temperature from VYC-1628 (Run 3, Ref. 23), and the relationship between volume and level from
VYC-1254, Rev. 3 (Ref. 24). The pool volumes from Ref. 23 do not include the volume of water
in the downcomers. Therefore, the appropriate relationship between level and volume in Ref. 24 is
from Table 4.3-1 using the volumes from the column labeled “downcomers empty”. The constants
are the elevation of the suction datum for the Core Spray and RHR pumps.

The elevation head, Z, is the difference between the elevation of the suppression pool surface and
the pump suction. Key dimensions from Dwg. 6202-1 (Ref. 13):

Torus Centerline Elevation 230ft 1.5in
Torus 1.D. 27 ft8in

Therefore, elevation of torus invert = 230' 1.5" - 1/2 (27' 8") = 216'3.5", or 216.29 ft.

Pool Volume Torus Water Torus Water
Level Elevation
Short-term 76,800 ft® 11.93 ft 228.22 ft
Long-term 77,640 ft° 12.03 ft 228.32 ft
Core Spray pump suction center line 215'9" (215.75ft)  Ref. 25
RHR pump suction center line 215" 11" (215.92ft) Ref. 26

Therefore, Z for Core Spray and RHR,
Core Spray RHR
Short-term 1247 ft 12.30 ft

Long-term 12,57 ft 12.40 ft
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3.6

The strainer head loss is based on the vendor calculated values for the clean strainer and fittings

(Reference 6).

3.7

RHR Core Spray

0.33 ft @ 7400 gpm 0.38 ft @ 4000 gpm
1.22 ft @ 14200 gpm 0.51 ft @ 4600 gpm

At flow rates less than 4000 gpm for Core Spray, the head loss i 1s adjusted by the square of the ratio
of the flow rate to the reference value, thus Hs 0.38 (Q/4000)°.

The head loss in the suction piping from the torus to the pumps is based on the calculations in
Attachment 6 for Core Spray and Attachment 7 for RHR. These calculations are adjusted here to
remove the terms for the old strainer tees and other fittings associated with the strainers inside the
torus since the guaranteed head loss term for the new strainers includes those fittings already,

therefore the adjusted values will represent only the piping runs and fittings from the new strainer
to the pumps.

Friction and form losses in suction piping, including the old strainer tee entrance, are from
Attachment 6 for Core Spray. From p. 3 of Attachment 6, the L/D for the “strainer entrance tee”
was given as 30. The total L/D for all fittings was 132. Deducting the strainer entrance tee leaves
arevised total L/D of 102. The total equivalent length of 12" (STD) pipe is 102 ft plus 35 ft for the
pipe run (from p. 2 of Attachment 6), or 137 ft. This length is then adjusted to 12" Schedule 40
pipe by multiplying by 0.974 (p. 4, Attachment 6), thus 137 ft x 0.974 = 133 ft. of 12" Schedule 40
equivalent. The head loss for 3000 gpm is, from p. 4, Attachment 6,

Hyes = 133 £t (0.731 psi/100 ft) (2.31 ft/psi) = 2.25 ft @ 3000 gpm

or, generalizing,

Hies = 2.25 (Q/3000)? = 2.5 x 107 Qcs?
For RHR, friction and form losses in suction piping, including the old strainer tee entrance, are
from Attachment 7. From p. 3 of Attachment 7, the L/D for the “strainer entrance tee” and “Miter
Bend” was given as 119 and 6, respectively, in terms of 24" STD pipe. The total L/D for all

fittings was 153. Deducting the strainer entrance tee and miter bend leaves a revised total L/D of
28. Converting to the equivalent length of 24" STD pipe,

Las- = (28)(23.25"/12"/ft) = 54.25 ft
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This value is added to the 8.73 ft of piping run from p. 2, Attachment 7, for a total length of 62.98
ft. Attachment 7 next adjusted pipe lengths to an equivalent length of 20" Schedule 40 pipe using
an equivalent pressure drop basis. The conversion factor is 0.347 from p. 3 of Attachment 7, thus

Laoschao = 0.347 (62.98 ft) = 21.85 ft.
This value is next added to the equivalent length of 26" pipe in terms of 20"Schedule 40, which is
39.90 ft (p.5, Attachment 7). Thus, the total equivalent length of 20"Schedule 40 pipe from the
torus to the tee connection to the RHR pumps is 21.85 + 39.90 = 61.75 ft, excluding the old
strainer tee and miter bend. This value can be carried through the remainder of the calculations in
Attachment 7, and arrive at the following expressions for single pump and two pump operation.
For single pump operation, refer to p. 11, Attachment 7,

Hpirur =4.77 x 108 Q?
For two pump operation, refer to p. 12, Attachment 7,

Hiarir = 7.836 x 108 Q2

here Q in both cases refers to RHR pump flow per pump in gpm.
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40 CALCULATION

4,1 Debris Accumulation

4.1.1 The following ECCS combinations, based on single failure (including none), were considered in
determining short-term debris accumulation (the use of the designations “A” and “B” is arbitrary).

Single Failure No. of CS No. of No. of No. of
Pumps RHR RHR Active
Pumps, Pumps, Suction
Loop A Loop B Sites, N
Diesel Generator 1 1 1 3
CS Pump/Injection 1 2 2 3
Valve
LPCI Injection Valve 2 2 0 3
RHR Pump 2 2 1 4
None 2 2 2 4

4.1.2 The run out flow rates, per pump, using the values from Paragraph 3.4,

Single Failure CSA CSB RHR Total RHR Total
per RHR, per RHR,
pump Loop A pump Loop B
Loop A . Loop B
Diesel Generator 4,600 0 7.400 7,400 7,400 7,400
CS Pump/Injection 4,600 0 7,100 14,200 7,100 14,200
Valve
LPCI Injection Valve 4,600 4,600 7,100 14,200 0 0
RHR Pump 4,600 4,600 7,100 14,200 7,400 7,400

None 4,600 4,600 7,100 14,200 7,100 14200
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4.1.3 The total flow rate from the suppression pool to the reactor vessel, and the debris fraction at ten
minutes, using the equation from Paragraph 2.4,

Single Failure Total Flow Rate, Q D/Diprar = (1 - €2V
t=10 min )
V=68,000 ft> x 7.48
gal/ft>
Diesel Gener_ator 4,600+7,400+7,400=19,400 0.317
CS Pump/Injection  4,600+14,200+14,200=33,000 0.477
Valve
LPCI Injection Valve 9,200+14,200=23,400 0.369
RHR Pump 9,200+14,200+7,400=30,800 0.454
None 9,200+14,200+14,200=37,600 0.522

4.1.4 After 10 minutes, all but one Core Spray pump and one RHR pump are assumed to be secured. In
addition, the Core Spray pump is assumed to be throttled to 3500 gpm. The distribution of debris
on the one active CS strainer and the one active RHR strainer will be the amount initially deposited
in the short-term, plus the amount redistributed from the now-inactive strainer(s), plus the amount
not removed in the short-term. The distribution of the remaining amounts will be in proportion to
the CS and RHR flow rates. The results are summarized below.

Single Failure CS CS RHR RHR
A B A B Total
Diesel Generator  Short Term Flow Rate 4600 0 7400 7400 19400
Short Term Accumulation 0.075 0.000 0.121 0.121 0.317
Long Term Flow Rate 3500 0 7400 0 10900
Redistributed 0.000  0.000 0.000 0.121 0.121
- Long Term Accumulation 0.333 0.000 0.667 0.000 1.000
CS Pump/Inj. Short Term Flow Rate 4600 0 14200 14200 33000
Valve
Short Term Accumulation 0.066 0.000 0.205 0.205 0.477
Long Term Flow Rate 3500 0 7400 0 10900
Redistributed 0.000 0.000 0.000 0.205 0.205
Long Term Accumulation 0.300 0.000 0.700 0.000 1.000
LPCI Inj. Valve  Short Term Flow Rate 4600 4600 14200 0 23400
Short Term Accumulation 0.073 0.073 0.224 0.000 0.369

-Long Term Flow Rate 3500 0 7400 0 10900
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Redistributed 0.000 0.073 0.000 0.000 0.073
Long Term Accumulation 0.298 0.000 0.702 0.000 1.000
RHR Pump Short Term Flow Rate 4600 4600 14200 7400 30800
Short Term Accumulation 0.068 0.068 0.209 0.109 0.454
Long Term Flow Rate 3500 0 7400 0 10900
Redistributed 0.000 0.068 0.000 0.109 0.177
Long Term Accumulation 0.300 0.000 0.700 0.000 1.000
None Short Term Flow Rate 4600 4600 14200 14200 37600
Short Term Accumulation 0.064 0.064 0.197 0.197 0.522
Long Term Flow Rate 3500 0 7400 0 10900
Redistributed 0.000 0.064 - 0.000 0.197 0.261
Long Term Accumulation 0.301 0.000 0.699 0.000 1.000

The above information was used to determine the distribution of each of the various debris species
postulated to be deposited in the suppression pool following a LOCA (Reference 3). However, the above
distributions were not used to determine the head loss due to debris used in this calculation as discussed
below. The above distributions were used as input to VYC-1677 (Reference 3), and the resulting debris
loads were used to assess the head loss due to debris shown in Attachment 2.

4.2 Head Loss due to Debris

The maximum predicted head loss for the CS and RHR strainers are based on the vendor calculations
(Reference 2), using conservative debris loads, fluid temperatures, and flow rates. These were discussed
in Section 3.2 as Inputs and Assumptions. The head losses so determined are shown in Attachment 2 to be
conservative relative to updated information on debris distribution (Section 4.1), debris loads (Reference
3), flow rates and fluid temperatures. Attachment 2 has not been adopted as the design basis because
additional assessments are ongoing regarding the time interval for torus cleaning, which may affect the
final specification of the “sludge” term in the head loss calculations.

4.3 NPSH Margin

The Table 1 summarizes the calculated available NPSH at the flow rates and temperatures of interest for a
clean strainer. The calculations were done for the design basis flow rates and maximum short-term and
long-term temperatures. Other temperature points were calculated to show the sensitivity of the results.
The available NPSH is compared to the required NPSH, and if the margin is greater than the maximum
head loss due to debris, then it can be concluded that post-accident performance is acceptable at the design
basis points. :

Table 2 provides similar results for the minimum flow mode. Since Technical Specifications require
reactor depressurization when suppression pool temperature reaches 120 F, it is unlikely that a CS or RHR
pump would be operating in a minimum flow mode for very long at that temperature. Table 2 shows
adequate NPSH margin for pool temperatures > 164 F.
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Attachment 3 provides an assessment of the time-dependent NPSH margin for the maximum post-accident
pool temperature transient. The purpose of this calculation was to show the margin available after the
peak temperature is reached in light of the vendor rccommended increase in minimum available NPSH
after 7 hours. The minimum available NPSH is shown to be above the vendor recommended minimum at
all times during the most limiting transient.
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NPSHA = (14.7 - P_g){(144)(v.N ¢+ Z-h_(-h_s-h d

TABLE 1

1RHA  h. (=4.77e-8'0"2 cSs h_{=256T Q"2
2RHR  h_fe7.846-8°(Q2)2
Clean Strgiver Losses
1AHR h_s=033 cs h_s = 0 51 for O=45600 gpm
2AHR  h_3= 122 cs h_s = 0.38°(Q/4000y'2 for Q<4000 gpm
1RHR  h_d = 0.33 (maximum) cs h_d = 0.21 (maximurm@ 4000 gpm)
2RHR  h_d = 0.48 (maximum) cs h_d = 0.32 (maximum @ 4800 gpm)
RHR NPSHR = 23 + (Q-84001200 CS NPSHR = 26.4 - 2.9656-3°Q 47.191e-7°Q"2
*Clean® “Clean® Margin w/
Q T Po v b4 ht h_s h_d NPSHA NPSHR  Margin h.d Debris
{gpm) 2] {pala) __(cu ab) L] m [ui) [lu)) fuj) 1] [u) m fw)
1CS 4800 90 069613 0016089 1249 529 051 [}] 9.1 280 "2
shotterm 4600 120 1.6927 0018204 1249 529 051 0 370 280 9.1
4600 50 3.7184 0018343 249 5.29 0S5 0 S 280 4.8
4600 164 5212  0.018410 249 5.29 0.5 0 29.1 28.0 1.1 0.32 as |
4600 1826 7.954 0016520 249 529 0.5 [+] 227 280 -3.2
4600 190 234 oows2 1249 529 051 0 195 280 -85
1C8 3500 90 069813 001609 1259 308 029 0 407 248 169
fong-term 3500 120 1.6927 0016204 1259 308 029 0 398 248 148
3500 150 37164 00163483 1259 308 029 (/] 359 248 102
3500 164 5212 0016410 1259 08 0.29 0 s 248 8.8
3500 1826 7.954 0.016530 1259 .08 0.29 (] 25.3 24.8 0.5 0.21 ay |
3500 184 3203 001653 1259 3.06 029 o 247 248 01
3500 185 8384 0018541 1259 .08 029 0 245 248 08
2RHR 14200 90 089813 001609 1232 95 12 (] 396 238 18.0
short-term 14200 120 1.6927 0016204 1232 395 122 0 s 238 139
4200 150 37184 0018343 1232 395 1.2 [ 33.0 236 9.4
14200 164 5212 0.016410 1232 .85 122 0 29.6 2.8 6.0 0.48 55 |
4200 1828 7954 001650 1232 395 22 0 232 236 04
14200 180 934 ootas? 1232 395 1.22 0 199 236 -38
1RHR 7400 90 0639813 0016099 1232 281 033 0 418 238 18.0
shortterm 7400 120 1.6927 0016204 1232 261 0.33 (] 9.7 238 159
7400 50 37184 0018343 1232 261 0.33 0 35.2 238 114
7400 164 5212 0.016410 1232 261 0.33 0 1.8 23.8 8.0 033 78 |
7400 1828 7954 001650 1232 261 0.33 o 254 238 16
7400 190 034 0018572 1232 281 033 0 22 228 -1.7
1RHR 7400 80 0696813 0016099 1242 261 033 0 M8~ 238 18.1
fongterm 7400 120 16927 0016204 1242 261 033 0 298 238 180
7400 150 37184 0018343 1242 261 033 0 a53 238 1S5
7400 164 5212 0018410 1242 ) 6 0.3 0 319 238 8.1
L7400 182.8 7.954  0.0165%0 1242 .81 0.3 ] 25.8 23.8 1.7 0.33 14 |
7400 185 3.384  0.016541 1242 .€ 0.3 0 245 238 07
7400 190 9.34 0018572 1242 281 0.33 0 23 2208 -1.8

¢2-d
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NPSHA = (14.7 - P_g)(144)(v_) + Z-h_f-h_s-h_d

Suction Line Losses
1RHR  h_{=477e-8'Q"2 (of h_f = 2.5¢-7°Q*2
2RHR  h_f=7.84e-8'(Q22

Clean Strainer Losses

1RHR  h_s = 0.33*(Q/7400)2 CcS h_s = 0.38*(Q/4000)"2
2RHR  h_s = 1.22*(Q/14200A2
Required NPSH
RHR NPSHR = 30 @ 350 gpm CcS NPSHR = 325 @ 300gpm
RHR NPSHR = 26 @ 2700 gpm CcS NPSHR = 27 @ 1250 gpm
*Clean"®
Q T P_g v_{ Z h_f h_s NPSHA NPSHR  Margin
(gpm) (F) (psia) __(cu tb) [(2)] () (ft) {f () {t)
1CS 300 90 0.69813 0.016099 12.47 0.0225 0.00 449 325 12.4
min-flow 300 120 1.6927 0.016204 1247 0.0225 0.00 428 325 10.3
<4hr 300 150 3.7184 0016343 1247 0.0225 0.00 38.3 32,5 58
300 164 5.212 0.016410 12.47 0.0225 0.00 34.9 325 24
300 181.9 7.836 0.016521 12.47 0.0225 0.00 28.8 325 3.7
300 190 9.34 0.016572 1247 . 0.0225 0.00 25.2 32.5 7.3
1CS 1250 90 0.69813 0.016099 12.47 0.39 0.04 445 27.0 175
min-flow 1250 120 1.6927 0.016204 12.47 0.39 0.04 42.4 27.0 15.4
>4 hr 1250 150 3.7184 0.016343 1247 0.39 0.04 379 27.0 10.9
1250 164 5.212 0.016410 1247 0.39 0.04 345 27.0 75
1250 182.6 7.954 0.016530 1247 0.39 0.04 28.1 27.0 1.1
1250 184 8.203 0.016535 1247 0.39 0.04 275 27.0 0.5
1250 .185 8384 0016541 1247 0.39 0.04 271 27.0 0.1
2RHR 700 90 0.69813 0.016099 12.30 0.01 0.00 447 30.0 147
min-flow 700 120 1.6927 0.016204 12.30 0.01 0.00 426 300 12.6
<4hr 700 150 3.7184 0.016343 12.30 0.01 0.00 38.1 300 8.1
700 164 5212 0016410 1230 0.01 0.00 34.7 30.0 47
700 181.9 7.836 0.016521 12.30 0.01 0.00 28.6 30.0 -1.4
700 190 9.34 0.016572 12.30 0.01 0.00 25.1 30.0 -4.9
2RHR 5400 90 0.69813 0.016093 12.30 0.57 0.18 440 26.0 18.0
min-flow 5400 120 1.6927 0.016204 12,30 0.57 0.18 419 26.0 15.9
>4 hr 5400 150 3.7184 0.016343 12.30 0.57 0.18 374 26.0 11.4
5400 164 5.212 0016410 1230 0.57 0.18 34.0 26.0 8.0
5400 182.6 7.954 0.016530 12.30 0.57 0.18 276 26.0 1.6
5400 1980 9,34 0.016572 12.30 0.57 0.18 243 26.0 -1.7

2 d
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5.0

SUMMARY & CONCLUSIONS

Available NPSH exceeds required NPSH for the limiting conditions evaluated, short-term and
long-term. This includes margin to accommodate the maximum head loss across the Core Spray
and RHR suction strainers due to the predicted accumulation of fibrous and other debris following
aLOCA.

There is no need to do a Safety Evaluation since the results continue to show adequate NPSH
margins for the Core Spray and RHR pumps.

The completion of this calculation also satisfies the commitment made in Reference 16 to revise
the NPSH calculation using a corrected curve fit for required NPSH for the RHR pump.

Impact on Other Design Output Documents

Design Basis Documents: Both the Core Spray and RHR DBDs refer to VYC-808. A Pending
Change notification for both documents has been issued. A Pending Change notification to delete
VYC-1678 from the references in the RHR DBD was also issued.

VYC-0019, Rev. 1: Refers to VYC-808 for the Core Spray suction strainer head loss of 0.42 ft at
4000 gpm. This revision to VYC-808 reduces that value to 0.38 ft, but the impact on VYC-0019,
Rev. 1, is minimal and no change is required.

VYC-1628, Rev. 0: Refers to VYC-808 in regards to the fact that Vermont Yankee does not credit
any wetwell pressure above atmospheric in the calculation of available NPSH. This revision to
VYC-808 does not change that fact.

VYC-1670, Rev. 0: Refers to VYC-808 in support of use of 5 ft as a conservative value for RHR
suction strainer head loss. This revision to VYC-808 does not change that conclusion.

VYC-1677, Rev. 0: Refers to VYC-808 for the debris distribution based on the short-term and
long-term flow splits documented in Section 4.1.4. This revision of VYC-808 is the first use of
this information.

VYC-1803, Rev. 1: Refers to VYC-808 as the basis for the calculation of available NPSH for
RHR pumps at elevated suppression pool temperatures. This revision of VYC-808 does not
change that statement. :

VYPC 96-015, Rev. 2: Refers to VYC-808 as the basis for concluding that there is no need to
throttle an RHR pump while operating in the torus cooling mode. This revision to VYC-808 does
not change that conclusion.
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Revised ECCS Suction Strainer Head Loss Assessment for Vermont Yonkee ITSNVY-00-001 Rev0

An assessment of ECCS suction strainer head loss for the Vermont Yankee plant was
completed in August of 1998 (Calculation DC-A34600.006). Since that time, better
information has been obtained on a couple of kcy parameters in the analysis. These
changes are as follows:

e The long-term CS flow rate was determined to be 3500 GPM (previously, a
parametric range of 4000-4600 GPM had been considered).
The long-term pool temperature has been determined to be 185 Deg F.
The quantity of sludge used for the analysis was reduced by approximately a
factor of two.

e Minor changes in fibrous debris distribution.

As a result of the first and fourth of these changes, the distribution of debris on the RHR
and CS strainers is changed; a greater fraction of the debris now is deposited on the RHR
strainer. Thus, this change would be expected to result in a higher RHR strainer head
loss (same flow rate, same temperature, and greater debris quantity) and a lower CS
strainer head loss (lower flow rate, same temperature, and lower debris quantity).

The second of these changes, the increased water temperature, and the third of these
changes, the reduction in sludge gquantity, would tend to reduce head loss for both the CS
and RHR strainers, assuming the same assumptions on sludge behavior (filtration) are
used in the analysis.

To evaluate the impact of the above changes on strainer head loss, Cases 1 and 3b (the
long-term 1-pump RHR and CS analyses, respectively) were reanalyzed. The following
table summarizes the debris quantities used in this analysis along with a comparison to
those previously used.

Parameter Units RHR System CS System

Old Case 1 New Case 1 Old Case 3b | New Case 3b
Flow Rate GPM 7400 7400 4000 3500
Water Temperature Deg F 173 185 173 185
Nukon Lbm 258 256 152 122
Fibermat Cu-Ft 9.6 10 5.7 5
TempMat Lbm 20.5 31 12.1 15
Armaflex Cu-Ft o ot o o
Sludge (dry) Lbm 546 271 322 129
Rust Lbm 35.3 35 20.8 17
Qualified Coat Lbm 61 60 36 29
Unqual Coat - 10Z Lbm 70 70 42 42
Unqual Coat ~ Epox | Sg-Ft 0 0¥ 0" 0

(1) — This material was shown to float and not impact strainer performance.
(2) — ARL testing showed that this coatings debris did not deposit on strainer.

Page 2 of 3
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Revised ECCS Suction Strainer Head Loss Assessment for Vermont Yankee

ITS/VY-00-001 RevO

Using the above distributions of fibrous insulation debris, the total mass of fibrous debris
changed from 336 lbm to 347 lbm for Case 1 (RHR) and from 198 Ibm to 167 lbm in
Case 3b (CS). Aside from the change in the particulate debris quantities specified above,
and the change in flow rate for Case 3b, all other analysis parameters used in this
reassessment are identical to those used in the previous calculations. This includes a
reduction of 50% in the quantity of sludge, qualified coatings debris, and I0Z debris
being deposited on the strainer due imperfect filtration of this material by the relatively

thin fiber mat.

The results of these analyses, along with a comparison to the previously calculated
results, are presented in the following table.

Calculated Parameter | Units RHR System CS System
Old Case 1 New Case 1 Old Case 3b | New Case 3b
| Head Loss Ft 0.33 0.26 0.21 0.08
water
Debris Thickness inches 1.9 2.1 .2.6 2.2

Page3 of 3
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1.0 Introduction

The objective of this CCN is to determine the available NPSH for the Residual Heat Removal
(RHR) and Core Spray (CS) pumps at design flow during the most limiting torus heat-up scenario
and compare the available NPSH (NPSHa) to the required NPSH (NPSH).

2.0  Analysis

For each of the RHR and CS pumps, NPSHa as a function of time will be determined based on
methods developed in VYC-808, Revision 6. NPSHa varies with time only because the fluid
temperature does so during the transient. The limiting torus temperature profile from VYC-
1628F (runl5) is used for this analysis. The NPSHa for cach pump is then plotted against the
vendor's allowable NPSHa to demonstrate pump operability.

The vendor's allowable NPSHa are shown in Figures 2.1-1 (RHR Pumps) and 2.2-1 (CS Pumps). -
For a complete description of these curves, see VYC-808, Revision 6 and its Attachment 5. In
summary, the curves show the allowable operating period for a given pump at any NPSHa.
Provided the calculated NPSHa for a specific flow rate is, at all times, greater than the
corresponding curve for the same flow rate, the pump is considered operable regarding NPSH.

The pump vendor is Sulzer Bingham Pumps, Inc. (SBPI). Their allowable NPSHa are provided
for flow rates of 6400, 7000, and 7600 gpm for the RHR pump (VYC-808, Attachment 5). The
maximum long-term flow rate of the system is 7400 gpm (VYC-808, Section 3.4). The first step
in this calculation is to develop an allowable NPSHa curve at the maximum flow. This is done
using the curve fit from VYC-808, Revision 6, Section 2.2.2 for times between 1 and 7 hours, and
by linear interpolation between the SBPI curves for 7000 gpm and 7600 gpm beyond 7 hours.
The use of a linear interpolation beyond 7 hours is conservative based on the predicted variations
among 6400, 7000, and 7600 gpm as shown on the SBPI curves. The curve fit from VYC-808 is:

Q-6400
NPSH,, 5 = 23.0+ = feet 1.1
SHp = 28,0+ = (Eq. 1.1)

The next step is to plot the available NPSH for the limiting torus temperature scenario. The
equation for NPSHa — developed in Section 4.2.2.4 of VYC-808 for the RHR pump at 7400 gpm

- is:

NPSHaRHR = (plorus = b, X1 44)V+ Z-H, - Hp - Hsfrainer (Eq. 1.2)
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where, pwns = torus pressure (14.7 psia)
Pv = vapor pressure of water at temperature (psia)
144 = conversion factor
v = specific volume of water at temperature (ft’/lbm)
Z = elevation head (12.42 ft)
H; = friction head loss (2.61 ft)
Hp = strainer debris head loss (O ft)

Hiinainer = clean strainer head loss (0.35 ft)

The method of solution for the Core Spray pump is the same as that for the RHR pump, but with
the following exceptions. SBPI's allowable NPSHa are provided for flow rates of 3000, 3500,
and 4600 gpm for the CS pump (attached). The maximum long-term flow rate of the system is
3500 gpm (VYC-808, Section 3.4). Therefore, the minimum allowable NPSH is known and
needn't be derived.

_The equation for NPSHa developed in Section 4.2.3.4 of VYC-808 for the CS pump at 3500 gpm
is also Equation 1.2, but with the following values:

Pirs = torus pressure (14,7 psia)

pv = vapor pressure of water at temperature (psia)
144 = conversion factor

v = specific volume of water at temperature (ft’/lbm)
VA = elevation head (12.59 ft)

H; = friction head loss (3.06 ft)

Hp = strainer debris head loss (0 ft)

Hiininer = clean strainer head loss (0.32 ft)

3.0  Inputs/Outputs
Design inputs used in this calculation are:

o the temperature data from VYC-1628F for the limiting torus heat-up scenario
(runl5), and

¢ an adder to the above temperatures that accounts for event conditions that were not
modeled. From Reference 19, the most limiting adder is 0.9°F.

The assumptions used in this calculation are the same as those in VYC-808, Revision 6.
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4.0 Results
4.1 RHR Pump

Figure 2.1-1 shows the SBPI allowable times at NPSH for RHR pump flow rates of 6400, 7000,
and 7600 gpm. The same curve for the design flow rate of 7400 gpm is also shown. It is derived
by using Equation 1.1 for times between 1 hour and 7 hours, and by linear interpolation between
the SBPI curves for times beyond 7 hours. The data points are:

. Time NPSHa NPSHa NPSHa
(hours) @7000gpm | @ 7600 gpm | @ 7400 gpm
(feet) (feet) (feet)
N/A
1 Use Equation 1.1 238
N/A
7 Use Equation 1.1 238
13.5 25.0 28.0 27.0
21 28.5 31.6 30.6
100 29.5 3275 31.7
8000 29.5 3275 31.7

The limiting NPSHa curve for the RHR pump is determined with Equation 1.2 and the limiting
torus water temperature profile from VYC-1628F, run15 (Reference 5). The temperatures from
runl5 are increased by 0.9°F to account for event conditions that were not modeled (Reference

19). The data points for the curve are shown in Table 2.1-1. Values for p, and v are interpolated
from the saturated steam tables.

The limiting NPSHa falls above the allowable curve at the design flow rate for all times.
Therefore, the pump’s operability is not compromised.



Page 4
VYC-808, Revision 6, Attachment 3

Table 2.1-1

RHR Pump NPSHa During the
Limiting Torus Temperature Transient

Time Temperatuce (T) Py Y NPSHa

From runl5 +0.9°F (psia) (f'/1bm) ()
(205,'233?&) 181.7 182.6 7.956 0.016525 25.5
(28.§7§;sscc) 180.9 181.8 7.819 0.016521 25.8
(36385*(’;: ) 179.2 180.1 7.529 0.016511 26.5
(72?352';6) 167.7 168.6 5.807 0.016443 305
(75?;53':&) 166.7 167.6 5555 0.016432 31.1
(362)?37?:&) 138.1 139.0 2.816 0.016288 373
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42  CSPump

Figure 2.2-1 shows the SBPI allowable times at NPSH for CS pump flow rates of 3000, 3500,
and 4600 gpm.

The limiting NPSHa curve for the CS pump is determined with Equation 1.2 and the limiting
torus water temperature profile from VYC-1628F, run15 (Reference 5). The temperatures from
runlb5 are increased by 0.9°F to account for event conditions that were not modeled (Reference
19). The data points for the curve are shown in Table 2.2-1. Values for p, and v are interpolated
from the saturated steam tables.

The limiting NPSHa falls above the allowable curve at the design flow rate for all times.
Therefore, the pump's operability is not compromised.

Table 2.2-1
CS Pump NPSHa During the
Limiting Torus Temperature Translent
Time Temperature (°F) D, v NPSHa
From runi5 +0.9°F (psia) (f’/ibm) (f
1 hrs 172.3 173.2 6.449 0.01647 28.8
(3,595 sec) : i ) ) :
2 hrs
(7,203 sec) 177.2 178.1 7.204 0.016499 27.0
4 hrs 181.0 181.9 7.836 0.016521 25.5
(14,410 sec) ) : ’ ) )
5.6 hrs
(20,240 sec) 181.7 182.6 7.956 0.016525 253
7 hrs
(25,194 sec) 181.4 182.3 7.904 0.016524 254
10 hrs
(36,050 scc) 179.2 180.1 7.529 0.016511 26.3
15 hrs
(54,052 sec) 1734 174.3 6.613 0.016476 28.4
20 hrs
(72,054 scc) 167.7 168.6 5.807 9.016443 30.3
30 hrs
(108.056 sec) 158.7 159.6 ‘ 4.697 0.016393 32.8
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5.0 Conclusion

The limiting NPSH available for the RHR and CS pumps have been determined for the respective
design flow rates during the limiting torus temperature transient. In both cases, the limiting
NPSHa falls above the respective allowable NPSH for all times. Therefore, the pumps'
operability are not compromised.
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Attachment - Letter, Sulzer-Bingham to D. E. Yasi, VYNPC, March 26, 1999

£

Telofax ' SULZER PUMPS ¢

Divigion of Sulzer Roteq

Sulzer Bingham Pumps lac.
Field Engineering

Kenny Thomson

Manager

2800 N.W. Front Avenue
Po:tland OR 9721 0—1 502,

; - ~ RS g ':': Tel~(503)ﬁ8-5434-..
XANKsEpssanenGmEmmc oFs-‘tcE: -Fax' (503) gz%m
5 Zf‘ﬂaﬁ‘sﬁl‘!sﬁﬁs. IR FAT

bid - ot '-1.
.;_:‘.4.\,«'

e
'-'. ~r e « s -

Fax 8-1-97&568-3732
Pages: 1 (including this one) -

Subject Serial #270830/842 — 280418/419

F-87-10782 30P59
. Yankee POQA42125 -

Kind Begands

., . o O g ~ . ~."'-.

}'-. ey e, ,... R . Tt EORARD s -;._" .'c '---.'. -~ "... S .. ,.-‘.-._o.' Ve g e, L e T e im, et

Wlth nefenence to your letter of 12 March 99 based on ongmal NPSHr curve, test data the penod of

operation will nearly equal the 3000 gpm curve,

Please see curve (E12.5.522-1Ar1) attached.

.Ke.nny. c"n . R e . . . . -
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Vermont Yankee - Strainer/Torus Design- Change Overview
Refuel Outage 20, Spring 1998

draulic Design of the RHR and CS Strainer Aésemblie

e Increade_in Filtering Area

. Existing Replacement
..RHR . SuctionfAorB). .. 47 808 ff2
CS Suction (Abt B) 432 ft?

Note: Areas shown are for¥ach suction line.

. Inﬁproved fitting geprietry. Replacefabricated Tees with Rams
Head, (24" SR Etbows) and Reducing Elhow (24x16 LR Elbow)

e Cylindricgtperforated plate strainers replaced with PCl stacked
disk strainers with ported core fube for uniform flow distgbution to
screen area. Strainers have 47" OD disks and 24" OD coredubes. .

Predicted Performance Under URG Debris Loads

1-CS-

Conditions Shown are for Strainer 1RHR- | 2RHR- | 2RHR- | 1CS-
Design not Plant Design Basis. Pump, full] Pumps, | Pumps, { Pump, { Pump,
' fiow, LT | full flow, | full flow, |full flow, |red. fiow,
« : = 8T LT ST LT
Flow Rate per Penetration gpm 7400 14200 14200 | 4600 4000
—>> |Max Guaranteed Head Loss: [ftH20| 0.35 122 | 122 0.55 0.42
- Clean Strainer+Fittings '
Max Guaranteed Head Loss: [ftH20( 0.56 1.53 159 [ 069 0.65 -
Strainer+Fittings+Debris —_ . -
Debris Head Loss Alone**  [ftH20| ©21) | 0.31 0.37 014 | 023~/
** Note: Debris head loss being confirmed by test . ~—

NRC Presentation 3124798

**Debris quantities based on URG methodology
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NPSH SUMMARY REPORT: E12.5.561 NPSH Review
CS & RHR Pumps @ Yankee ATomic ELECTRIC COMPANY 29 April, 1998 1

SusJECT:  NPSH/Minimum Flow - Study (Summary Report)
Yankee Atomic Electric Company
Vermont Yankee
F97-10782
FS Reference - 30P59
Detailed Report - See E12.5.522

ORIGINAL PERFORMANCE CURVE No's.:

I) 16 x18 x 26 CVIC: No. 28567
27922
28469
28470

SERVICE: Residual Heat Removal (RHR)

IT) 12 x 16 x 144 CVDS: No. 27691
' 27692

SERVICE: Core Spray (CS)

I) Introduction

CALCULATION WC- $0&re
ATTACHMENT $
PAGE__3 OF /9

(5.0. No. 270839)
(5.0. No. 270840)
(5.0. No. 270841)
(5.0. No. 270842)

(S.0. No. 280418)
(5.0. No. 280419)

Purpose: To determine the pump operability requirements for (a) minimum pump flow and
(b) minimum NPSH for the hypothetical design basis accident mode of operation.
The minimum NPSH requirements are based on original pump test data and the
application of SBPI knowledge and technology to supplement that data and to
extend the range of the original data to higher and/or lower flow rates.

Note: This is a summary report of detailed NPSH report E12.5.522

kenny/misc/(97-10782b
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SULZER BINGHAM PUMPS Ref: F97-10782 Page

CS & RHR Pumps @ YANKEE AToMIC ELECTRIC CoMPANY 28 April, 1998 2

II) Minimum Flow

A.

Expected modes of operation under minimum flow conditions (defined by Vermont
Yankee).

RHR - Pufngs
CALCULATION VYC- 80 ¢ rG
0to <4 hoursat 350 GPM ATTACHMENT 5
2 4 hours at 2700 GPM PAGE ¢ oOF /9
CS - Pumps

0to <4 hoursat300 GPM
= 4 hours at 1250 GPM

Vibration Data at Minimum Flow (supplied by Vermont Yankee).
Following vibration data were supplied to SBPI:

Data for pump and motor in table - form on 14 January 1998, for:
RHR - Pumps at 425 and 6500 GPM for
CS - Pumps at 300 and 3000 GPM

Additional vibration signatures for pump and motor on 18 March 1998, for CS - pumps at
300 GPM, to complete data from 14 January, 1998.

Evaluation of Vibration Data

RHR - Pumps

Data from 14 January 1998 are acceptable for the expected modes of operation under
minimum flow conditions, although the overall vibration velocities (in/sec) peak readings
were taken at a minimum flow of 425 GPM in lieu of 350 GPM.

CS - Pumps
Data from 14 January 1998 were not complete and indicated signs of unacceptability.

Additional vibration signatures from 18 March 1998 are acceptable for the expected modes
of operation under minimum flow conditions.

kenny/misc/f97-10782b
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D. Basis for Minimum Flow Requirements

Continuous minimum flow is a function of pump specific speed "N¢", head per stage and
suction specific speed Ng-3% (at B.E.P.).

Lower minimum flows than continuous minimum flow are possible and acceptable for
shorter durations of operation, depending on acceptable vibration levels (on pump and
motor) and NPSH-Margin (NPSHA vs. NPSHR-3%).

For the expected modes of operation under minimum flow conditions:

RHR - Pumps

NPSHA from Vermont Yankee NPSHA-Curve. NPSHR-3% from SBPI Curve No. Id.
At 350 GPM @1({ 'F/ W 5{7M"*W

NPSHA = 35.8 Feet
NPSHR-3% = 30 Feet

CALCULATION VYC- 50§ e«
SRS, e e 5
NPSHR-3% = 26 Feet

CS - Pumps

NPSHA from Vermont Yankee NPSHA-Curve. NPSHR-3% from SBPI Curve No. IId.

At 300 GPM
NPSHA =36 Feet
NPSHR-3% = 32.5 Feet

At 1250 GPM
NPSHA = 35.5 Feet
NPSHR-3% = 27 Feet

E. Recommended Minimum Flow Requirements

The recommended minimum flow modes are the same as the expected modes of operations.

RHR - }_’umgs

0to <4 hours at 350 GPM
2 4 hours at 2700 GPM

CS - Pumps

0to <4 hours at 300 GPM
2 4 hours at 1250 GPM

kenny/misc/f97-10782b
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1) NPSH

A.

Expected modes of operation under minimum NPSH conditions (defined by Vermont
Yankee).

Based on the operating conditions and the NPSHA per May-Witt Decay heat diagrams the
expected modes are as follows:

RHR - Pumps at 7000 GPM CALCULATION WC- 05 ~e

ATTACHMENT 5

7 hours with NPSHA 0f23 to 24 ft. PAGE ¢ OF /9

Plus 5 additional hours with NPSHA of 24 to 26 ft.
Plus 5.5 additional hours with NPSHA of 26 to 28 ft.
Plus 3.5 additional hours with NPSHA of 28 to 29 fi.

CS - Pumps at 3000 GPM
7 hours with NPSHA of 24 to 25 ft.

Plus 2.5 additional hours with NPSHA of 25 to 26 ft. -
Plus 2.5 additional hours with NPSHA of 26 to 27 ft.
Plus 3 additional hours with NPSHA of 27 to 28 fi.
Plus 6 additional hours with NPSHA of 28 to 30 fi.

Discuss pump performance based on original test data (included original data and
curves)

The RHR - and CS - pumps have been NPSH-tested over a limited flow-range. No head-
drop was specified on the original curves.

RHR-Pumps: B.E.P.-Flow at 6200 GPM

The most complete NPSH-Test was performed on Pump No. 270840 at maximum impeller
diameter of 26.5 in.. NPSH-tests were performed at 6300, 8065 and 9502 GPM (See T-
270840-A). 5 to 8 tests points were taken at each of the above capacities to establish the
slope and shape of NPSH vs. Head. Purpose of the 'witness' tests were to demonstrate that
the pump met the contractual requirements.

Witness - tests for each pump with a trimmed impeller diameter of 25.563 inch, only 2 to 3
NPSH - tests points were taken at capacities of approximately 6300, 7200, 8500 and 8900
GPM.

- These tests are not complete enough to determine the exact NPSH-characteristics of the

pumps. The duration of the witness - test of each pump, including flow from 0 to runout,
pressures, head, RPM, efficiency, power and NPSH took between 1 and 2 hours.

kenny/misc/{97-10782b




NPSH SUMMARY REPORT: E12.5.561 NPSH Review

SULZER BINGHAM PUMPS Ref: F87-10782 Page

CS & RHR Pumps @ Yankee Atomic ELECTRIC CoMPANY 29 April, 1998 5

Y
-
S, S
=\
—

E%v
35
=
SES
O<§

This implies that the pumps were running only a few minutes with reduced NPSH. This is
sufficient time to observe pump behavior at reduced NPSHA. In addition, no vibration
readings were taken during these short duration NPSHA tests. A more thorough :
representation of the complete NPSHR characteristic is test T-270840-A. See SBPI Curva
Ic. The difference in NPSHR due to impeller trim does not have a significant influence
with these pumps.

CS-Pumps: B.E.P. - Flow at 3750 GPM

The most representative NPSH-Test was performed during Test No. 176101 at 13.81 inches
and 13.00 inches impeller diameters. It was a pump for a different order, but an identical
pump. NPSH - tests were performed at approximately 1780 RPM.

Converted to 3582 RPM, by using the affinity laws, the flow rates were 3005, 4037, 5038,
5120, 6000, 6020 and 6524 GPM (see T-176101-D/G). 4 to 10 tests points were taken at
each of the above capabilities to establish the slope and shape of NPSH vs. Head. These
tests are sufficient to develop NPSHR characteristics for the pump and are representative of
the units delivered on the above serial numbers. Trim diameters have been factored in the
developed NPSHR curves.

The most complete and representative test T-176101-D/G. (see also SBPI Curve No. IIc).

1. Relationship to "Knee" of Pump Curve

When plotting the results of an NPSH-test (NPSH vs. Head), starting with ample
NPSH, the head will either stay constant, vary or drop slightly with reducing NPSH. At
some reduced NPSH value, the head will fall off more quickly before falling off totally.
This defines the "Knee" of an NPSH-test.

The knee may be very sharp, that means 1%, 3%, 6%, etc. head-drop will occur at about
the same NPSHA value. Operation near or close to this type of knee is not
recommended. The knee may also’be well-rounded, that means 1%, 3%, 6% etc. head-
drop will happen at different NPSHA values. To develop the shape of the NPSHR knee
several test points are required.

2. Similarity to Other Pumps Used in Nuclear Application

Pump designs provided for the above services are found in other nuclear installations in
the same or similar applications. They are basically of similar style and design, but
may differ in nozzle and maximum impeller sizes. There are pumps of same specific
speed, suction specific speed and impeller inlet design features (NPSH).

3. Relevant Operating Experience of Similar Pumps at Minimum NPSH
Operating conditions at various nuclear stations vary, however similar units to those

furnished have been supplied to other installations with similar reduced NPSH levels
during a nuclear incident. Similar reviews have been conducted for them.

kenny/misc/f97-10782b
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Specified "normal” operating conditions (NPSHA) are not that close to NPSHR-3% or
NPSHR-6%. ' .

Operating for short durations at NPSHR-3% to NPSHR-6% should not be detrimental
to the pump life in this service.

. Cavitation-Tests performed on same or similar pumps and conclusion from those

tests.

Cavitation (NPSH) - Tests have been performed on same pumps or similar pumps that
have been used on the NPSH-study for Vermont Yankee.

NPSH-Test on same pumps is T-270840-A (RHR-Pump) and T-176101-D/G (CS-
Pump) for discussion and conclusion see IIIB.

NPSH - Tests on similar pumps are used to establish tendencies and extrapolation of
NPSH-Curves. (See SBPI Curve No. Id & IId). Similar pumps are of same suction
specific speed, number of vanes and suction vane inlet angles.

. Acceptability of the units in their specified services.

RHR - Pumps:

When operating for seven (7) hours at 7000 GPM with NPSHA of 23 to 24 feet, the
pumps will be in the cavitation mode. The head-drop will be above 6% but the NPSHA
is still greater than the original minimum operational NPSH (See SBPI Curve No. Ic
and Id). The pumps, if operated with the minimum NPSH, are within acceptable limits
of the NPSH "knee".

The pumps will remain acceptable following the "Postulated Accident Scenario" and
operation under reduce NPSH conditions, providing NPSHA > NPSHR-3%.

CS - Pumps:

When operating for seven (7) hours at 3000 GPM with NPSHA of 24 to 25 feet, the
pumps will be in the cavitation mode. The head-drop however will be less than 3% (see
SBPI Curve No. IIc and IId). The pumps, if operated with the minimum NPSH limits,
have adequate margin prior to the NPSH "knee".

The pumps will remain acceptable following the "Postulated Accident Scenrio” and
operation under minimum NPSH conditions, providing NPSHA > NPSHR-3%.

kenny/misc/f97-10782b
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1. Technical Basis for Extrapolation

When pumps have been NPSH-tested for a small flow-range only (Vermont Yankee)
and NPSH-data are required outside this flow-range, the NPSH-curves have to be
extrapolated. Only NPSH-tests of pumps of similar style, design, specific speed,
suction specific speed, impeller number of vanes and suction vane angles can be used
for this purpose.

. Pump data selected and similarity to Vermont Yankee pumps

A

RHR - Pumps:

Following pump sizes have been used to extend NPSHR to lower flows (see SBPI
curve No. Ia):

18x24x28 CVIC
8x10x21 CVIC

CS - Pumps:

Following pump sizes have been used to extend NPSHR to lower flows (see SBPI
curve No. Tla):

12 x 14x 14",CVDS
14x16x23 CVDS

. Predicted NPSH at lower/higher flow rates as extrapolations of original test data

In this case, the minimum flow rates are extremely low:

]

RHR-Pumps: 350 GPM 330 x100 = 5.6% ofB.E.P. Flow

“6200
300

CS-Pumps: 300 GPM _ 3750

x100

8.0% of B.E.P. Flow

No NPSH-tests of same or similar pumps are available at these low percentages of
B.E.P. flow.

Extrapolation to these low flow rates based only on estimation and experience of
NPSH-tests on other style of pumps. Experience comes from NPSH-tests which have
been performed in recent years, when more detailed NPSH-tests were required.

Extrapolation for higher flow rate NPSHR is not necessary since sufficient test data
exists for these flow rates. If extrapolation for higher flow rates is necessary a similar
method will be used.
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D. Basis for Minimum NPSH Recommendations
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1. No Permanent Pump Damage Due to Cavitation

Depending on water temperature and water chemistry there can be some 'frosting' (e.g.
light pitting) on the impeller suction vanes, but there will be no detrimental pump
damage due to cavitation when operating at minimum NPSH for the specified hours of
operation.

This applies mainly to the RHR-pumps when operating for seven (7) hours at 7000
GPM with NPSHA of 23 to 24 feet. It will apply to a lesser degree to the CS-pumps
when operating for seven (7) hours at 3000 GPM with NPSHA of 24 to 25 feet.

. Operation above the "Knee" of the Pump Curve

Maintaining the minimum NPSH values is a "must" when operating near or at the
NPSHR knee. For continuous operation this is essential, since small variances in
product temperature can suddenly reduce the NPSHA. Provided the NPSH values are
supplied for the RHR and CS services and durations, at these values limited, operation
at the NPSHR "knees" are acceptable.

Short-Term Operation at the "Knee" is acceptable providing temperature is controlled.

. Conformance to Original Pump Requirements and Extrapolated Requirements, as

defined herein

These pumps meet the original NPSHR requirements as specified. The original pump
NPSH requirements were not well defined. The result was only two (2) NPSH-Test
points for each capacity were measured. From two (2) NPSH-test points it is not
possible to establish the "knee". At each NPSH-test point (during witness tests) the
pumps were operating only a few minutes and the capacity-range was limited. This was
not considered critical since similar pumps of the same hydraulics had been '
comprehensively tested. . '

The extrapolated NPSH requirements apply mainly to a flow regime of 350 and 2700
GPM for the RHR-pumps and 300 and 1250 GPM for the CS-pumps as described under
I.c.3. Due to unknown suction vane profile and clean-up on NPSH-margin as
described under II.d is required.
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E. Recommended Minimum NPSH Requirements
1. Acceptable durations of operation:
S RHR-Pumps:
D O
S At minimum flow of 350 and 2700 GPM: as described under I1.d and IL.e.
&
. u At 7000 GPM: as shown on SBPI Curve No. E12.5.522-2B
§ ; CS-Pumps:
=) :
EEX At minimum flow of 300 and 1250 GPM: as described under IId and IL.e.
3 § w At 3000 and 4600GPM: as shown on SBPI Curve No. E12.5.522-1B
ZEZ e o
1 < a 2. Purpose of this report:

This report and review was conducted to clarify test results taken approximately thirty
(30) years earlier. It is also intended to provide additional understanding regarding the
limits of these machines both hydraulically and mechanically. These machines are
suitable for the services they were originally supplied to, however they must operated
within the agreed limits.

kenny/misc/(97-10782b
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V)’C-808. Revision 6, Attachment 6
9 Page 1 of 4

YANKEE ATOMIC ELECTRIC COMPANY

SUBJECT Core Spray NPSH Evaluation

PREPARED BY, DATE_ REVIEWED BY, DATE, WORKORDER NO. 4922

5.0 Referencea'
A2} Draving, G-191168, Flow Diagrem——Core Spray—System— ST - @d “L/ ’f/ ¢0
(b) Drawing, 5920-9209, Core Spray (CS) Part 3
+« (c) Technical Paper No. 410, Flow of Fluids Through Valves Fittings and Pipe, érane
Co., 24%P printing, 1988
4{d) Goulds Pump Manual, uld Pumps Inc., Sehega Falls N.Y., 1973

Bingham Pump Co., rve Nos.,

7

(m) Hydraulic Institute Engineering Data Book, 13t Ed.
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' , vcror,w,f,,q/ﬂ@w# /9 S
YANKEE ATOMIC ELECTRIC COMPANY = TALCOATION NO %wﬁ q:__._.._
SUBKECT Core Spray NPSH Evaluation 7‘4‘ Zot& )i >

PREPARED BY DATE, REVEWED BY, DATE______ WORKORDERNO, 4922

6.0 Calculation:
6.1 Suction Piping Lengths

Each Core Spray pump takes suction from its own Torus penetration. The two suction
piping paths are essentially "mirror images™.

6.1.1 Torus to CS Pump piping:

Pipe size = 12" STD (Ref. (a)]
Piping Lengths . [Ref. (b)]
Feet Inches

3 0.0

3 2.5

3 1.5

1 9.0

7 6.0

4 3.0

0 3.5

1l 0.5

1l 6.0

2 4.0

3 6.0

2 5.0

0 ' ) 11.5
Total 30 8.5 or 34.875', say 35°



VYC-808 Revision 6, Attachment 6
Page 3 of 4

YANKEE ATOMIC ELECTRIC COMPANY.-

SUBJECT Core Spray NPSH Evaluation

PREPARED BY, _ DATE______REVIEWEDBY, DATE, WORK ORDER NO. 4922
6.1.2 Fittings o [Ref. (b))
' L/D [Ref. (c))
90° LR 16"x12" Red. Elbow 14 (Note 1)
45° LR Elbow ) 11 - [Ref. (m)]
67 1/2° LR Elbow 14 {Note 1)
90° LR Elbow 14
90° LR Elbow . 14
TEE (Str. Run) : 20
16"x12™ Reducer (Exp.) 7
Valve, Gate (CS-7Rp) . 8
Gt-ta&ae:-—!a- 63 39 Ref—H

AED 1
Total equivalent length (12%) pipe = 35 .’./Lf/ o0

Note 1: Conservatively assumed same as 90° LR Elbow.



VYC-808, Revision 6, Attachment 6
A : Page 4 of 4

YANKEE ATOMIC ELECTRIC COMPANY

SUBJECT Core Spray NPSH Evaluation

PREPARED BY, DATE, REVIEWED BY, DATE,

:WORK ORDER NO. 4922

6.1.3 Correction to Sched. 40 [Ref. (c)]
12" STD  : I.D. = 12.00"
12" SCH 40 : 1.D. = 11.938"
dp, = dPyq ( Dgg° / D5 ) {Ref.(c), @ B-15]
Therefore,

dPgrp = dPgp ( 11.938% / 12,005 ) = dpgo (0.974)

Equivalent length Sched. 40:

. Lgp = Lgpp ( 0.974)
=(0.974) = ' A

6.2 Friction loss:

He = (L) (hg) [Ref. (c)]

@ 3000 gpm, h¢ = 0.731 psi/100°*, {60 OF wate ) N
Hea3000 -ft.)( 0.731 psi/100 ft.)( 2.31 ft./psi ) fc. e
For other flow rates: )

Hey = Heo ( 032 7 Qg2 )

Note: This is slightly conservative for Q; > Qg , but difference is i'nsignificant

in the range of interest.



VYC-808, Reviston 6, Attachment 7
. Page 1 of 12
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YANKEE ATOMIC ELECTRIC COMPANY CALCULATION NO, WY e-3365_—FAl
SUBJXCT Realdual Reat Removal (LPCI) NPSH Evaluation
PREPARED BY, DATE, REVIEWED BY, ‘DATE WORK ORDER NO. 4922

5.(; References:

v (a) Drawing, G~191172, Flow Diagram - Residual Heat Removal System

v (b) Drawing, 5920-9284, Residual Heat Removal (RAR) Part 5 °

vV (c) Technical Paper No. 410, Flow of Fluids Through Valves Fittings and ‘Pipe, Crane
Co., 24D printing, 1988

(d) Goulds Pump Manud}, Gould Pumps Inc.) Seneca Falls NNX., 1973

(e)\Pump Curve for RHR §270841, Binghak Pump Co., Curve\No. 28469

(£) Driying (CB & Y0, 62024233, Torus Penetra ons
(g) VYNPS\TSAR Fig. 5.2-1
) Drawing, G-191211, RHR Systeég Piping Sections
(1)\Drawing G-192210, RHR 3yat_:em Piding Plan
(3) "Thermodynamic P2gperties of Steam™, Keenan and Keyes, John Wiley and Sordg, New
York, 1459 \
Vv (k) Bandbook of Hy'draulic' Resistance, I.E.Xdelchik, 2"¢ Ed., Hemisphore Publishing

Co., New York, 1986

V4 (1) Hydraulic Institute Engineering Data Book, 18t pa,



VYC-808, Revision 6, Attachment 7
: Page 2 of 12

VERMONT YANKEE DESIGN ENGINEERING
CACURIONNO.VYe. 89F
REVSIONNQ. _ 5

HTAGRUENT_7_PAGE_2.0F./2
¢ - . . i
YANKEE ATOMIC ELECTRIC COMPANY - CALCULATION N0, VY E =3 389~~~ PAGE_5 —OF——
SUBXECT Residual Heat Removal {LPCI) NPSH Evaluation
PREPARED BY, DATE__ REVEWDD BY, DATE_ WORK ORDER NO. 4922

6.0 Calculation:

6.1 Suction Piping Lengths

Two RHR pumps take suction from one Torus penetration therefore n' portion of
suction piping i3 common to both pumps t;:om the Torus to a Tee at which point
t;xete ;.: a single branch to each pump. Both the A and B RHR loops are mirror
imaga s0 the calculation need be done for only one loop. (A and C pump loop.)
By inspection of the piping isometric drawings it is noted that there are scme
small differences in the single suction lines the most significant of which is
that one .bas a straight run at the Tee while the other is a branch run. The xun
with the greater loss will be used for consexvative results,

6.1.1 Common piping Torus to Tee 24" pipe.

Pipe size = 24%, 0.375 wall. I.D. = 23,25 (5TD.) (Ret. (a)}
Piping Lengths " [Ref. (b))
Feot Inches .
1 2.625
3 " 6.125
s 0.0
Total 8 8.75 or 8.73 ft.‘



VYC-808, Revision 6, Attachment 7
' Page 3 of 12

VERMONT YANKEE DESIGN ENGINEERING
cuoumonmowve. 5040
FENSONNG, S
KU 7 e 7 ORI L
YANKEE ATOMIC ELECTRIC COMPANY CALCULATION NO, 1/ €~1 38 5 ————PRGE 6 —0F——
SUBKCT_Residual Heat Removal (LPCI) NPSH_Evaluation
PREPAFED BY DATE_ REVIEWED BY, DATE WORK ORDER NO, 4922
6.1.2 Fittings
L/D ' [Ref. ()]
33° LR Elbow 7 (estimated)
90° SR Elbow 20
26"x24" Reducer (Exp.) 1
Wmcm\x Lee 110 - £RoEfi}}
24224 pitre—pend —t~

- Total or 6 ft. equivalent

6.1.3 Correction to Sched. 40 ( 20% )

24" ST : I.D. = 23,25"

20" SCH 40 : I.D. = 18,814

dPa‘ =degg (Dyp 5 /1D, 5 (Ref. (c) € B-15)
Therefore,

dPgrp = dPgp ( 18.814 5 7 23.25 5 ) = dryq (0.347)

Equivalent length Sched. 40:

Lyg ™ Lgpp 10.3a717
Qres
= ( 8,73 4$29 ) (0.347) =(305:69




YANKEE ATOMIC ELECTRIC COMPANY

SUBKECT Residual Heat Removal (ipct) NPSH Evaluation

VYC-808, Revision 6, Attachment 7
) Page 4 of 12

VERMONT YANKEE DESIGN ENGINEERING
CALCUATIONNO, VYG. ¥O3
REVISONNO, 5~
FITACHMENT 7 PAGE - OF (2

CALCULATION NO._3r¥C~1385————PAE—T—OF ——

PREPARED BY, DATE _

REVIEWED BY, DATE, WORK ORDER NO. 4922
6.1.4 Comnon piping Torus to Tee 26" pipa.
Pipe slze = 26", 0.375 wall, IX.D. = 25,25" {Ref. (2)]
Piping Lengths [Ref. (b)]
Feet Inches
1 4.125
2 8.25
17 10,125
5 5.5
2 " 2.0
6 0.0
4 3.0
2 0.0
1 3.0
Total 40 36 or 43.00 ft.
6.1.5 Fittings
L/D (Ref. {c)]
45° IR Elbow 11 tRef. (1))
45° LR Elbow 1 (Ref. (1))
90° SR Elbow 20
90° SR Elbow 20
Total 62 or 130.46 ft. equivalent



VYC-808 Revision 6, Attachment 7
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VERMONT YANKEE DESIGN ENGINEERING
cacmonnove. 08

REVISONNO. __ 5

NTACHMENT 7_PAGES OF /Y

YANKEE ATOMIC ELECTRIC COMPANY CALCULATION NO. -V¥G—1380—— PAGE—§—0F ———

SUBECT Residual Heat Removal (LPCY) ‘NPSH Evaluation

PREPARED BY, DATE_ REVEWED BY, DATE_ WORK ORDER NO. 4922

6.1.6 Correction to Sched. 40 ( 20" )
26 STD : 1.D. = 25.25%
20" SCH 40 : I.D. = 1B.814"
dp, = dPgq ( Dgg ®> / D, 5 : [Ref. (c) € B-15)
Therefore,
dPgyp ™ dPgq ( 18,814 5/ 25.25 5 ) = dpgo (0.230)
Equivalent length -Sched. 40:
Lgg ™ Lsrp (0.230)
"= (43.00 + 130.46 ) (0.230) = 39.90°

6.1, ‘l Totp ommon piping ched.. 40 equ.ivalent
6/.75 -
Lw{ + 39 90 = (20%,Sch.40)

6.1.8 Single piping Tee to Pump A 26"

Pipa size = 26", 0,375 wall. X.D. m 25.25‘: . [Ret. (a)])
Piping Lengths : (Ref. (b))
" Feot Inches
3 10.0
2 5.5
2 3.5
‘Total 7 19 or 8.58 ft.
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VERMONT YANKEE DESIGN ENGINEERING

CACUIONSO.we. 80 8
REVISIONNG, __ & '
RTACHMENT 2 Pace_{ OF 1L

YANKEE ATOMIC ELECTRIC COMPANY

SUBJECT Residual Heat Removal (LPCI) NPSH Evaluation

CALCWATION NO, +¥¥ 8«1 389 ——PAE~§—OF——

PREPARED BY, DATE_ REVIEWED BY. DATL WORK ORDER NQ. 4922

6.1.9 Fittings

L/o
Tee {(Str. Run) 20
90° SR Elbow 20
10° LR Elbow 1 {estimated)
26*x20" Reducer 17
Total 58 or 122.04 ft. equivalent

6.1.10 Correction to Sched. 40 ( 20% )

26" STD : X.D. = 25.25%

20% 5CH 40 :I.D. = 18.514"

e, = dpyo (Dgo 5 /Dy 5) [Ref.(c) € B-15)
Therefore, , .

dPgrp ™ dP4o ( 18.814 5 / 25.25 5 ) = dpyp (0.230)

Equivalent length Sched. 40:

L4 = Lstp (0.230)

= ( 8.58 + 122.04 ) (0.230) = 30.04°
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Page 7 of 12
VERMONT YANKEE DESGNENGINEERIIG.
CRCUAIONNO. vve. 808
REUSONML 5
ﬂmmxrj_m@ A1
YANKEE ATOMIC ELECTRIC COMPANY CALCUATION NO, 1Y Co1 ARG _——PAOE—$0—— e OR
SURECT_Residual Heat Removal (wcn NPSH Evaluation -
PREPAFED BY, DATE, REVIEWEDBY, DATE, WORK ORDER NO, 4922
6.1.11 Single piping Tee to Pump A 20¢
Pipe size = 20%, 0.375 wall. I.D. = 19,25% (Ret. (2))
Piping Lengths ’ ) (Ref. (b))
Feet Inches
1 8.0
3 7.0
3 5.0
2 11.0
2 7.0
3 5.0
Total 14 43 or  17.58 ft.
6.1.12 Fittings -
L/p (Ref. (c))
90° SR Elbow . 20
Valve (10-13A),Gate . 8
90° SR Elbow 20
Tee (20x20x20,Str. Run) 20
Tee (20x4x20,Str. Run) 1 {Ref. (k)
20"x18*" Reducer 2 (estimte;i)
Total n or 113.90 ft. equivalent
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VERMONT YANKEE DESIGN ENGINEERING .
cacomonno.vve. 998
REVISIONNO. __ 5
ATACHMENT _PAGE £ OF L2

YANKEE ATOMIC ELECTRIC COMPANY CALCULATION HO, ¥0-3 389———PAOE—1t————0F_—

SUBECT Residual Heat Removal (LPCI) NPSH Bvaluation

PREPARED BY,

DATE_ REVEWED BY, DATE_ WORK ORDER NO, 4922

.

6.1.13 Correction to Sched. 40 ( 20" )

20" STD° : I.D, = 19.25"

20" SCH 40 : I.D. = 18.814"

dP, = dPgg ( Dgo 5 /Dy 5 ) . [Ref. (c) € B-15]).
Thexefore,

dPgyp ™ dPgo ( 18.814 5 / 19.25 5 ) = dpyq (0.852)

Equivalent length Sched. 40:

Lgg = Lgrp (0.892)

= { 17.58 + 113.%0 ) (0.892) = 117.28*

6.1.14 Total single piping Tee to Pump A 20" Sched. 40 equivalent .
Lo_p ™ 30.04 4 117.28 = 147.32°



VYC-808, Revision 6, Attachment 7

’ Page 9 of 12
;.; ‘
F VERMONT YANKEE DESIGN ENGINEERING
f, ; CALCWATIONNO,vYC. £0F
REVISIONNG, 5
AcHeT_ PE_qoriy
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PREPARED BY DATE REVIEWED BY, DATE. WORK ORDER NO. 4922
6.1.15 Single piping Tee to Pump C 20%
Pipe size = 20", 0.375 wall. I.D. = 19.25% . {Ref. (2)]
E;.lping Lengths [Ref.(b)] .
Feet Inches
2 3.5
0 " 9.5 -
2 10.0
3 4.0
3 ‘4.0
3 0.0
1 1.6.5
2 9.0
Total 16 $0.5  or  20.21 ft.
c.1.;c'r1cc1nga .
L/p [Ref. (c)]
Tee (Br. Run) 60
90° SR Elbow 20
Valve ilO-lSC),Gate . 8
" 90° SR E1bow 20
Tee (20x20x20,Str. Run) 20
Tee (20x4x20,S5tr. Run) 1 (Ref. (k)]
20"x18" Reducer 2 (estimated)
10° LR Elbow . ' 1
Total 152 or 211.75 ft. equivalent
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REVISIONNO, 5
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YANKEE ATOMIC ELECTRIC COMPANY

SUBXECT_Residual Heat Removal (LPCI) NPSH Evaluation

CALCULATION O, "WYX €= 38 9——PAGE—T3————6F—

. PREPAREDBY, DATE__ REVIEWED BY, DATE_ WORK ORDER NO. 4922 -

6.1.17 Correction to Sched. 40 ( 20~ )
‘20" STD : I.D, = 19.25"
20" SCH 40 :I.D, = 18,.814"

dp, = dPgg ( Dgg 5 / D, 5 ) {Ref. (c) € B-15]

Therefore,

dPgep ™ APy { 18.814 5 7 19,25 5 ) w dr,y (0.892)
Equivalent length Sched. 40: )
Lgo = Lgp (0.892)

= ( 20.21 + 211.75 ) (0.892) = 206.91°

6.1.18 Total single piping Tea to Pump C 20% Sched. 40 equivalent
Lp.c ™ 206.91°

6.1.19 Piping Summary - Equivalent Feet 20"- Sched. 40

Torus to Tee (Common), {(Logy) =

Tee to Pump A, (Lyp.p) ™ 147.32° |
Tee to Pump C, (Ly._c) = 206.91° R

Pump C has the longer run ; use for conserxvative result.

6.2 Friction Loss

He = Hecommon + HE single
Head lo03s in common line will depend on pumber of puxps operating. Assume that

if both pumps are operating they are oporating at the same flow rate.

Consider two conflgurations : One pump operation (Case I), and two pump

[ Y
i
L

"operation (Case II).
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SUBXECT Residual Heat Removal (LPCI) NPSH Evaluation
PREPARED BY, DA REVEEWED BY, DATE, WORK ORDER NO. 4922
Case I Friction loss :
Be = Be common + Bf single ®
and Hep = Hep ( 0,2 / 02 ) [Ref. (c))

a3 a function of flow where Qcommon ™ Qsingle for Case I.
(Note: This is slightly conservative for Q, < ), , but difference is not
significant in range of interest.)
Hey = Heop (02/602)4’!!:,0 (02/002)
where Heoo = friction loss at Qy for the common piping
and Reyo = friction loss at Qg for the a.lnglo piping
For Qg = 7000 gpm, friction 103: for 20" Sched. 40 pipe is 0.376 psi per 100°,
B . (Ref. (c)]
Heeo ™ Toow (Reg - '
1,15 ‘

-( 0.376 / 100 ) (2.31 ft!psi) —
Beso = Lrc (Hgo) ' '
= { 206. 91 ) € 0.376 /7 100 ) (2.31 ﬂ:lpal) = 1.,80°

Heoy = Heep + Hegp = 7266 1.80 = 3,066 € 7000gpem * 7 .33¢
. 0.536

therefore, -
Rey 066 X Q2 / 70002 ) -@10'9 o?
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Case II Friction Loss :
Re = Bf common + He single
and Hey = Hepy € 0,2 7 02) [Ref. (c)]

as a function of flow where Qcommon ™ 2 Qsingle £oF Case II.

Hery = Beep ( @2 7 Qo2 ) + Hego € @2 / Q2 )

where Heco = friction loss at Qg for the common piping

and Hesp = friction loss at Qg for the single piping

For Q¢ = 7000 gpm (one pump flow), friction loss for 20" Sched. 40 pipe 1is 0.376
psi per 100° . ' - [Ref. (€)1

For Qg = 14060 gpu {two pump. flow), !riétion loss .to_x' 1;0' Sched. 40 pipe 1is 1.43
psi per 100° . : . [Ref. {c)]

Heco ™ Loy (H 2
' -
= (3455952170 1.43 / 100 ) (2.31 fe/psl) =

Beso ™ Ly (Hgp) b

= ( 206.91 ) ¢ 0.376 /7 100 ) (2.3 /psi) = 1.80°
z.0¢s ‘
Heoxr ™ Beeo + Heqo = 4?8'1‘6.‘4' 1.80

there

fore
z.0h )
Heyy =A016-A 0c2 / 140002 ) + 2.80 ( @52 / 70002 )

and for = 20¢

o 2 2 2 2,
Hepp =4<836J(( 205 12 /7 140002 ) + 1.80 ( Qg2 / 70002 )

7,936 x10~°
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1.0 Introduction

This purposé of this CCN is to add an evaluation of RHR pump NPSH margin while in the
shutdown cooling (SDC) mode of operation. Several modes are evaluated:

. one RHR train in service with one pump operating
. two RHR trains in service with one pump operating per train
. two RHR trains in service with two pumps operating per train

2.0 Methodology

Available NPSH is calculated using the equation:

NPSH,; = (pPvesset — pv)(144)v + Z - H; [Ref. 3, pg. 13]
where: pvesser = Reactor vessel pressure, psia-

Py = vapor pressure of pumped fluid, psia

v = specific volume of pumped fluid, ft*/lbm

Z = height of fluid above pump suction, ft

H, = friction head loss in suction line, ft

For this particular case, the conservative assumption is Pyesser = py based on the highest possible
fluid temperature conditions in the vessel, saturated liquid. Therefore, the NPSH, is simply the
difference between the elevation head and the friction loss to the pump suction.

From the shutdown cooling connection on recirculation loop “A” to the RHR pump suction, the
friction losses will be calculated by summing the components and pipe lengths from piping
isometrics. Simplifying (and conservative) assumptions regarding certain component form losses
will be made to simplify the calculation. The total L/D for this section will be determined for
each pump. The friction loss for the pump with the highest L/D will be used for the NPSH
calculation.

From the water source (reactor vessel) down through the downcomer outside the core shroud,
past the jet pumps and into the recirculation suction nozzle at the reactor vessel and through
recirculation loop “A” to the shutdown cooling connection, the friction losses will be calculated
based on the results from an existing detailed, steady-state RELAP model of the reactor vessel.

The total head loss is calculated as follows:
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L Ot
h, =0.00259- f = , PE.
L f Dat [9. pg. 34]

where: h; = head loss, ft
f = friction factor, nominally 0.012 for the pipe sizes relevant to this
calculation {9, pg. A-26]

= equivalent length-to-diameter ratio

= flow rate, gpm
= pipe inside diameter, inches

Available and required NPSH for the RHR pumps has previously been calculated in VYC-808
Rev. 6 [3] when taking suction on the torus.

3.0

Assumptions

The following assumptions are made to facilitate a simple calculation of NPSH during SDC. The
assumed conditions are chosen to bound potential SDC operations when in hot shutdown
(>212°F).

1.

2.

The pumped liquid is at saturated conditions (i.e. Ty = T,). This minimizes the NPSH,
which is conservative.
Maximum single pump flow of 7600 gpm based on the Technical Specification vessel-to-
vessel requirement for RHR pump flow (7450 gpm +/- 150 gpm) (4.5.A.1.c) [4].
Maximum two pump flow (in one loop) of 14,600 gpm based on:
. single pump, vessel-to-vessel is 7600 gpm (above) and torus-to-torus is 7400
gpm [17] for a difference of 200 gpm
two pump, torus-to-torus is 14,200 gpm {17]
therefore, maximum flow for two pump, vessel-to-vessel is 14,200 + 200 gpm *2
= 14,600 gpm
Reactor vessel water level is assumed to be at least 155 inches above TAF. This
represents a “minimum” water level needed to preserve the NPSH margins calculated
herein.
In calculating the system L/D, all 90° elbows are assumed to be short-radius (r/d = 1)
elbows vice long-radius elbows. This is a simplifying assumption that maximizes the
head loss and minimizes the NPSH,.
Component L/D values (used in Tables 1 through 4) are obtained from previously
determined values in VYC-0808 Rev. 6, Attachment 7. Also, all valves in the analyzed
flow paths are gate valves. [5] ‘
Branch lines of a diameter less than half of the main run diameter will be ignored (i.e.
treated as straight pipe). The losses from such a branch line are not significant when
compared to the total system losses.
Fluid viscosity is taken at standard temperature and pressure. Actual viscosity at the
higher temperature will be lower than at standard temperature. Therefore, the form losses
are overestimated (conservative).
RWCU flow is assumed to be 130 gpm (65 gpm for each filter demineralizer unit) [19].
The head loss through the portion of the vessel downcomer above the jet pump nozzles is
negligible. This head loss component is very small when compared with the overall head
loss and other conservative treatments in the calculation.
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4.0  Analysis

o Elevation Head

The elevation head is simply the difference between the water level in the vessel, assumed to be
at 155” above TAF and the elevation of the RHR pump suction.

TAF is defined as 351.5" above the vessel invert [6]. The vessel invert is at elevation
266°-11" [7]. Therefore, the water elevation at 266°-11" 4+ 351.5” + 155" = 309.125 ft.

The elevation of the RHR pump suction is 215°-11" [8] (213°-9" +2°-2")..

Therefore, the total fluid elevation head is at least 93.2 ft (309.125 ft - 215.917 ft).

¢ Limiting Pump L/D

The total L/D for each pump is calculated using a summary of piping lengths and components.
The summary for each pump is provided on Tables 1 through 4. Included in these tables are
component L/D values per Assumption #6.

By inspection, the limiting line-up is SDC using the “D” RHR pump with a total suction-side L/D
of 712.1.

¢ Reactor Vessel and Recirculation Line Losses

The previously calculated L/D does not include any losses in the reactor vessel or recirculation
lines. Due to the complex nature of the geometry, the losses are not readily calculated using the
standard methods presented in Crane [9]. However, a detailed RELAP model of the reactor
vessel and recirculation loops has been previously developed and used for detailed VY LOCA
analyses. The model is of sufficient detail that the pressure drop from some arbitrary point in the
vessel to some point in the “A” recirculation loop can be approximated based on a steady-state
RELAP solution. The static head difference can then be determined and subtracted leaving the
unrecoverable form losses for a given flow. The losses can then be scaled to the flow rates of
interest and added to the total losses for determining the NPSH.

The steady state run from VYC-1628 Rev, 0 [15] will be used as the baseline case for
determining pressure drop. Figure 2.2 from VYC-1628 provides the RELAP nodalization for the
baseline case. For convenience, node 274, corresponding to the top of the jet pump will be taken
as the upstream location. The SDC suction is nine feet below the recirculation suction nozzle
{16]. Therefore, node 314, extending 11.4198 ft below the recirculation suction nozzle (see
Table 5), will be the endpoint for the vessel pressure drop calculation. It is noted that the
pressures reported in RELAP5SYA output correspond to the center of the given node. Therefore,
the total pressure drop and head loss do not correspond exactly to the SDC connection. However,
the difference, 2.4198 ft of 28-inch pipe represents a negligible head loss when compared with
the total head loss (and the total head loss in the vessel is small to begin with) and can be safely
ignored.

The nodalization summary and results are shown in Table 5. The node data (pressure,
temperature, flow, elevation) are taken from the last major edit of the RELAP output file labeled
“rSbavss1.0"” contained on microfiche “028YQ"”. Nodes with a zero elevation difference are not
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included in the summary (but their effect on form loss is included in the calculated pressures from
RELAP).

The pressure due to static head is calculated from the equation:
Z,/ .2,
=P+ =
( / / ) 144 g,

where P = pressure at the node center, psi
Z = node elevation difference, ft
p = fluid density, lbm/ft3
g= gravxtanonal acceleration constant, 32. 2 fus*
g. = conversion constant, 32.2 ft-1bm/Ibf-s?

The flow loss is calculated from the equation:
144
= (Pmm- ‘Pn:ur)"p—

The resultant flow loss from the top of the jet pumps to the SDC connecuon is taken as 9.5 ft fora
flow of 7201.6 Ibm/sec or 68310.5 gpm at a density of 47.318 Ibnvf¢’.

Table 5 - RELAP Summary of Vessel Downcomer and Recirculation Line Losses

Density = 47.318 1b/ftr3 Flow = 7201.6 Ibm/sec
RELAP | Height Head Pressure, [Flow Loss
Node ft psi ft | static only fit

274 3.796] 1051.9( 32012 1051.9 0.00

276 3.6417 1053.1

278 3.8542 1054.4

280 2.58| 1053.2| 3205.1 1055.4 6.73

314 11.4198| 1054.6] 32094 1057.7 9.47

e Single-Train Head Loss

The resulting maximum suction head loss during SDC using one RHR pump (without RWCU) is:

2
=0.00259-0.012-712.1. 7600 +9.5 (

68310.5

7600 Y
19.25*

=94 fr
The resultant NPSH, would be 83.8 ft (93.2 ft - 9.4 ft).
¢ Dual-Train Head Loss —~ One Pump per Train
For the shutdown cooling with two trains of RHR in operation and one pump operating in each
train (without RWCU flow), the NPSH margin is calculated based on double the RHR flow rate

for the combined suction portion of the piping. Table 6 provides the take-off summary
differentiating between the common suction and the separate loops. For conservatism, the branch
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connection where the flow separates is assumed to see full flow. The L/D for the combined
suction is 311.4 and the L/D to the pump from the combined suction is 400.7.

The head loss is calculated as follows:

2 ] 2
hy =000259-0012:311.4- L5920, 00959.0.012.400.7. 7820 4 9 5. (7600-2)
1925 1925 683105

=22011
The resultant NPSH, would be 71.2 ft (93.2 ft — 22.0 ft).

¢ Dual-Train Head Loss — Two Pumps Per Train

For the shutdown cooling with two trains of RHR in operation and two pumps operating in each
train (without RWCU flow), the NPSH margin is calculated based on a maximum of 14,600 gpm
per train or 7300 gpm per pump (see Assumption 3).

Table 7 provides the take-off summary differentiating between the common suction and the
separate loops. For conservatism, the branch connection where the flow separates is assumed to
see the maximum flow. The L/D for the combined train suction is 311.4 and the L/D for the

combined pump suction is 277.3 and the L/D to the pump from the combined pump suction is
123.4.

The head loss is calculated as follows:

2
h, = 0_00259.%.(31 1.4-(14600-2)? +277.3- (14600)° +123.4-(7300)’ )+9_5.( (1622(1%.:))

=761 fi
The resultant NPSH, would be 16.5 ft (93.2 ft - 76.7 ft).

It is noted that RWCU takes suction off the SDC header inside the drywell [5]. Adding this 130
gpm flow (see Assumption 9) into the combined train suction and vessel and recirculation loop
flow yields a head loss of: )

hy = 0.00259--1(307152-(31 1.4-(14600-2+130)" +277.3-(14600)} +123.4-(7300)" )+9.5-(

4

(14600-2+130) Y
68310.5
=712 ft

The resultant NPSH, would be 16.0 ft (93.2 ft — 77.2 ft).
¢ Dual-Train Head Loss — Two Pumps Per Train — Throttled Condition

Based on the results to be presented, it will be noted that the above NPSHa is inadequate to
maintain a positive NPSH margin to the RHR pumps. Therefore, a throttled condition will be
examined that does provide adequate NPSH margin. It will be assumed that the throttled
condition results in RHR pump flows of 6625 gpm per pump or 13,250 gpm per train and
including RWCU flow.



VYC-0808 Rev. 6
CCN #1
Pg. 10
The head loss is calculated as follows:

0.012

h, =0.00259-———.
t 19.25*

2
(311.4 -(13250-2+130)" +277.3-(13250)" +123.4.(6625) )+ 9.5 [ 9-3—250'2_”30)]

68310.5
=637 fi

The resultant NPSH, would be 29.5 ft (93.2 ft — 63.7 ft).
¢ NPSH Margin

The RHR pump required NPSH for unlimited operation at 7600 gpm is 33 ft, at 7400 gpm is 32
ft, at 7000 gpm is 29.5 ft and at 6400 gpm is 28.5 ft [VYC-0808 Rev. 6, Att. 3 pg. 5].

The minimum NPSH margin for each of the combinations analyzed above is summarized as
follows:

Description NPSH,.ft NPSH,, ft NPSH Margin, ft

SDC, One Train, One Pump 83.8 33 50.8
SDC, Two Trains, One Pump

) 712 33 38.2
per Train

SDC, T.wo Trains, Two Pumps 16.5 32 -15.5
per Train, max. flow

SDC, Two Trains, Two Pumps

per Train, max. flow w/ RWCU 160 32 160
SDC, Two Trains, Two Pumps 20.5 29 0.5

per Train, throttled w/ RWCU
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Table 1 — From Recirc Loop "A" to RHR Pump "A" Suction
Reference Length | Valves Elbows Tee Misc
ft | in | Gate |90°SR[45°LR | Run | Branch |20-18 Red.
Component L/D < 8 20 11 20 60
5920-6637 Rev. 0 [10] 10.5 2 2 1
63
3.57
G191210 Rev. 18 [18] 2 6 2
& G191211 Rev. 16 [8)] 10 3
8 7
S| 5
5920-9283 Rev. 4 [11] 5 6 1 1 2 1
2| 85
3] 65
2 1
2
2] 11
8
3] 8
9 2
1 6
9] 4.5
6 7
5/ 1
2] 9.5
14 7
4 3
5920-9284 Rev. 3 [12] 8 6 1 2 1 1 2
1 6
71 2|
2 6
3] 4
9 6
2 7
31 5
Total L/D -»|85.4| 11.5 32 200 22 20 180 2 552.9]




Table 2 - From Recirc Loop "A" to RHR Pump "B" Suction

. |Reference

Length

Valves

Elbows

Tee

Misc

ft | in

Gate

90° SR

45°LR

Run

Branch

20-18 Red.

Component L/D =

8

20

11

20

60

5920-6637 Rev. 0 [10]

10.5

2

2

63

3.57

G191210 Rev. 18 [18]
& G191211 Rev. 16 [8)

6

3

5920-9283 Rev. 4 [11]

(o) K-

—linlnjan| ]

5920-9286 Rev. 4 [13]

W]~V oo

—

1.5

4.5

Sl =jn|oiN] iSOV sibDWINIVWVEIOIN

5920-9285 Rev. 4 [14]

(S

VYC-0808 Rev. 6

Total L/D =

nl o wlolwl=| vl s
[ JES

ol
(2]

12.1

32

280

33

40

180

L)

677.6]

CCN #1
Pg. 12



VYC-0808 Rev. 6

CCN #1
Pg. 13
Table 3 - From Recirc Loop "A" to RHR Pump "C" Suction
Length | Valves Elbows Tee Misc
Reference . ft | in | Gate |90°SR|45°LR| Run | Branch | 20-18 Red.
Component L/D => 8 20 11 20 60
5920-6637 Rev. 0[10] 10.5 2 2 1
63
3.57
-(G191210 Rev. 18 [18] 2 6 2
& G191211 Rev. 16 [8]{ 10 3
8 7
) 51 5
5920-9283 Rev. 4 [11] 5 6 1 1 2 1
2] 85 3
3] 65
2 1
2
21 11
8
3 8
9] 2
1 6
9] 4.5
6 7
S 1
2| 95
14 7
4 3
5920-9284 Rev. 3 [12] 8 6 1 2 2 2
5] 10
3 5
9] 6
1{ 10.5
2 9
Total L/D ->| 81.0] 11.7 32 200 22 0 240 2| 588.8]
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Table 4 - From Recirc Loop "A" to RHR Pump "D" Suction

Length |Valves Elbows Tee Misc
ft | in | Gate |90° SR [45°LR| Run | Branch |20-18 Red.
Component L/D < 8 20 11 20 60
5920-6637 Rev. 0[10] 10.5 2 2 1

Reference

63

w
o
~J

G191210 Rev. 18 [18]
& GI91211 Rev. 16 [8]| 1

5920-9283 Rev. 4 [11]

o oo
wlninlnjniw|wlon
b
—
[
Pt

st
—

W N[V 0

G wlw]|=]al=lulBlol alv] alvluw]olvv|vlwliv]nln]lelol

5920-9286 Rev. 4 [13)

1.5
4.5

5920-9285 Rev. 4 [14)

nl—=|~lvlwla]snlwla
[ B

Total L/D 2 11.6 32 280 33 20 240

O
w
N

712.1]
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Table 6 - From Recirc Loop "A" to RHR Pump "D" Suction
Length |Valves Elbows Tee Misc
Reference ft | in | Gate |90°SR|45°LR| Run | Branch |20-18 Red.
Component L/D => 8 20 11 20 60
5920-6637 Rev. 0[10] 10.5 2 2 1
63
3.57
G191210 Rev. 18 [18] 2 6 2
& G191211 Rev. 16 [8B]] 10 3
g 7
5 )
59209283 Rev. 4111 | 5[ 6 1 1 2 1
2| 85
3] 65
2 1
2
2 11
8
3 8
9 2
Full Flow L/D 2{38.0] 7.3 24 100 22 0 120 o] 3114
4 2 3
2 9
4l 7
2 7
5920-9286 Rev. 4 [13] 19 3 4 1
5
1 3
7 15
1| 45
3
3
7 6
15
5920-9285Rev. 4 [14] [ 4 3 1 1
3] 10.5
4 6
6 1 1 1 1 2
3 4
9 1
1] 8
1] 45
Half Flow L/D >[55.5] 42 8 180 11| 20 120 2 400.7]
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Table 7 - From Recirc Loop "A" to RHR Pump "D" Suction
Reference Length |Valves Elbows Tee Misc
ft | in | Gate [90°SR|45°LR| Run | Branch |20-18 Red.
Component L/D > 8 20 11 20 60
5920-6637 Rev. 0[10] 10.5 2 2 1
63
3.57
G191210 Rev. 18 [18] 2 6 2
& G191211 Rev. 16 [8] 10| 3
8 7
5] 5
5920-9283 Rev. 4 [11] 5 6 1 1 2 1
2| 85
3] 65
2] 1
2
2| 11
8
3] 8
9] 2 .
* Full Flow L/D ={38.0] 7.3 24 100 22 0 120 0 311.4]
4 2 3
2l 9
4 7
2| 7
5920-9286 Rev.4[13] | 19] 3 4 1
5
1] 3
71 1.5
1| 4.5
3
3
N 6
1.5
5920-9285 Rev. 4 {14] 4 3 1 1
3| 105
4 6
Half Flow L/D <|43.0] 3.3 0 160 11 0 60| 0 277.3|
6 1 1 1 1 2
3 4
9f 1
1 8
11 45
Quarter Flow L/D 2| 12.5| 0.9 8 20 0 20 60 2 123.4|

CCN #1
Pg. 16



VY CALCULATION CHANGE NOTICE (CCN)
!

CCN Number:_ 03 Calculation Number  VYC-0808 Rev. No. -;6

Calculation Title;_Core Spray and Residual Heat removal Pump Net Positive Suction Head Margin Following a Loss
of Coolant Accident”

Initiating Document:___ VYC-1924 Rev 0 CCN#2 and VYC-1677 RevOCCN #3
VYDC/MM/TM/Spec. NoJ/ other

Safety Evaluation Number: NA

Superseded Calculation: VYC-0808 R6 CCN2 Superceded by: NA
Implementation Required: D Yes @ No

Computer Codes:

Reason for Change:

VYC-1677 Rev. 0 CCN#3 (Ref 2) identifies up-to-date debris source term information for both the RHR and CS suction
strainers. This CCN is written to update the limiting head loss for these suction strainers previously calculated in VYC-1924
Rev 0 CCN2 (Ref'1).

Description of Change:

The limiting head loss for the RHR and CS ECCS suction strainers is calculated in VYC-1924 Rev 0 CCN#2 (Ref 1) using
HLOSS 1.0. The sludge debris loading has been increased in VYC-1677 Rev 0 CCN #3 (Ref 2) by increasing the yearly
sludge generation from 53 lbm/yr for 3 cycles (4.5 yrs) to 88 lbm/yr for 4 cycles (6 yrs). The sensitivity study has been
meodified to determine the head loss with a fiber loading that will result in 2 uncompressed debris bed thickness equal to the
strainer hole diameter of 0.125™ as identified in Ref #6 of VYC-1924 RO CCN #1. This is the limiting head loss.

Rerun the Table 1 of VYC-808 Rev 6 to determine the revised margm with debris as a function of suppression pool
temperature and the revised strainer debris loading.

Technical Justification for Change:

NPSH available has been evaluated based on the impact of a rise in torus sludge generation from 53 1bm/yr to 88 lbm/yr
(~67%) concurrently with an expansion in the period of torus desludge from 4.5 years (3 cycles) to 6 years (4 cycles). These
increases, as a result of more accurate calculation of strainer head loss in VYC-1924, result in essentially no impact on
calculated NPSH margin. In addition, calculation of NPSH margin remains conservative in that the maximum torus
temperature of record for this analysis is 182.6°F. This temperature is 0.9°F higher than maximum long-term LOCA
temperature analyzed in VYC-1628F (181.7°F). This temperature differential provides additional conservansm to NPSH
available.

Conclusions:

The sensitivity study in Ref 1 shows that the revised limiting debris head loss for a RHR strainer is 0.24 ft, and for a CS
strainer is 0.19 ft. These limiting head loss values, based on additional debris loading and an additional operating cycle, are
greater than the previously calculation limiting debris loading head losses of 0.13 ft for RHR or 0.09 ft for CS identified in
VYC-1924 CCNO1. The revised limiting head loss, will encroach on, yet not exceed, the head loss margin (h_d) as identified
in VYC-0808 Table 1. These limiting head loss values are less the head loss values currently used in the ECCS pump NPSH
analyses in VYC-0808 Rev 6.

Note:  VYAPF 0017.07 should be included immediately following this form. VYAPF 0017.08
AP 0017 Rev. 8
Page 1-GE1



VYC-0808 Rev 6 Table 1 calculates Margin with Debris as a function of temperature. In VYC-0808 Rev 6 CCN #2, the RHR
and CS debris head loss are bounded by the values in VYC-0808 Rev 6 Table 1. The Margin with Debris value is actually
higher than the limiting debris head loss that was determined by the sensitivity study in Ref 1. The revise Table 1 shows the
limiting debris head loss for RHR (0.24 ft ) and CS (0.19) and the Margin with Debris calculated at both 182.6° F and 181.7°
F (Ref 3) . The margin debris is determined by subtracting the actual calculated debris head loss from the “Clean” Margin.
The NSPHA was also calculated at 182.6° F and 181.7° to demonstrate the affect temperature has on NPSHA.

Additional conservatism in NPSH margin is a result of a conservative estimates in yearly sludge load generation from 53
1bm/yr to 88 1bm/yr and maintaining the sludge generated for an operating cycle of 24 months opposed to the 18 month cycle.
Torus desludging was performed during RFO20. Based on the revised debris loading, the Torus desludging is not required
until RFO 24 with the limiting head loss margin being on the Core Spray Pump. A 0028 commitment has been generated to
track desludging the Torus.

No change to DBDs ot FSAR is required. The 50.59 Screen indicates that no safety evaluation is required. The net impact of
the revised sludge loading is that sufficient NPSH is available to thc RHR and CS ECCS pumps and there is no negative
impact on the pumps or post accident RHR or CS operation / capabilities.

Are there any open items in this CCN? Yes [ JNo

Prepared By/Date Interdiscipline Review By/Date | Independent Review By/Date | A Apppgved By/Date

%15 Bede. icf2cfor N ( Z& Z‘gﬁg Io[.;nloaz Eé; é Flfer

Final Tumover to DCC (Section 2):

1) All open items, if any, have been closed.
2) Implementation Confirmation (Section 2.3.4)

B Calculation accurately reflects existing plant conﬁgurauon,
p
(confirmation method indicated below)

[ watkdown  [X] As-Build inputreview  [_] Discussion with
OR - (print name)
[ N/A, caleulation does not reflect existing plant configuration

3) Resolution of documents identified in the Design Output Documents Section of VY APF 0017.07 has been

initiated as required (Scction 2.3.6, 2.3.
Greq Brede %ﬂq Paele. ) 10f20/02

Print Name Kignature Date

Total number of pages in package including all attachments _8-

V- 608 RG
CcNES

Note:  VYAPF 0017.07 should be included immediately following this form. VYAPF 0017.08
AP 0017 Rev. 8
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VY CALCULATION DATABASE INPUT FORM

Place this form in the calculation package immediately following the Title page or CCN form.

NA

___VYC-0808/03 6
Revision Number

VY Calculation/CCN Number Revision Number
Vendor Name: NA

Originating Department: FLUIDS SYSTEMS . .
Critical References Impacted: [] UFSAR [[] DBD [J Reload. "Check" the appropriate box if any critical document is identified in the tables below.
EMPAC Asset/Equipment ID Number(s): _P-10] A/B/C/D

EMPAC Assct/System ID Number(s):___10 (RHR), 14 (CS)
Keywords:_Shut Down Cooling, Net Positive Suction Head (NPSH), Residual Heat Removal (RHR ay (CS

For Revision/CCN only: Are deletions to General References, Design Input Documents or Design Output Documents required? [ Yest I No

Vendor Calculation Number
PO Number:___NA

Design Input Documents and General References - The following documents provide design input or supporting information to this calculation. (Refer to Appendix A,

sections 3.2.7 and séction 4)

Significant bk Critical
Difference | Affected Reference
* Reference ## | **DOC# | REV # **+*Document Title (including Date, if applicable) Review 1+ | Program P
| vYC- 0/CCN | DE&S Calc. DC-A34600-006, “Vermont Yankee ECCS Suction
1924 2 Strainer Head Loss Performance Assesgmént. RHR and CS
) . Debris Head Loss Calculations”
2 VYC-1677 | 0/CCN | Debris Source Terms for Sizing of Replacement Residual Heat Removal
03 and Core Spray Strainers
3 VYC- Rev0 | Limiting Torus temperature Response, Million Second Run
1628F
4 S"ED ASTM Steam Tables
- VYAPF 0017.07
=n AP 0017 Rev. 8
\A) Page 1 of 2




VY CALCULATION DATABASE INPUT FORM (Continued)
Design Output Documents - This calculation provides output to the following documents. (Refer to Appendix A, section 5)

b $11Critical Y
Affected Reference
* Reference # | **DOC# | REV# Document Title (including Date, if applicable) Program )
* Reference # - Assigned by preparer to identify the reference in the body of the calculation.
** Doc # - Identifying number on the document, if any (e.g., 5920-0264, G191172, VYC-1286)
*#* Document Title - List the specific documentation in this column, "See attached list" is not acceptable, Design Input/Output Documents should identify

the specific design input document used in the calculation or the specific document affected by the calculation and not simply reference
the document (e.g., VYDC, MM) that the calculation was written to support. If a DBD is used as a general reference, include the most
current interim change number after the title.

***% Affected Program - List the affected program or the program that reference is related to or part of.

t If "yes," attach a copy of "VY Calculation Data" marked-up to reflect deletion (See Section 3.1.8 for Revision and 5.2.3.18 for CCNs),

+t If the listed input is a calculation listed in the calculation database that is not a calculation of record (see definition), place a check mark
in this space to indicate completion of the required significant difference review, (see Appendix A, section 4,1.4.4.3), Otherwise, enter
"N/A‘"

1ttt If the reference is UFSAR, DBD or Reload (JASD or OPL), check Critical Reference column and check UFSAR, DBD or Reload, as

appropriate, on this form (above).

n <
-
2 4
< | VYAPF 0017.07
e AP 0017 Rev. 8
w o Page 2 of 2
)
()




VYC-208, Rovision 6

NPSHA = (14.7 - P_gX144Xv.) + Z- b -t s -h d

TABLE 1

1RHR = 4770800 cs RS =25eTD2
2RHA  Ri= 7340800202
. 1RHR  ha=033 cs L= 0.51 for 04800 gom
; 2RHR  ha=122 cs B3 = 0.384{QV4000y2 for Q<4000 gorn
. TRHR = 033 iy €5 hdw021 (uimm 04000 goy
: 2RHR I d = 048 frmaxkmum) cs h_d = 0.32 {maxinum G 4900 gom)
RHR  NPSHA=23+(Q8400¥1200 €S NPSHA = 26.4 - 2.085¢-3°Q 47.1916- 702
. “Cloar™ “Clearr Margin o
Q T Pg- vd 4 g hs Rd- NPSHA NPSHR Magh hd  Debrs
fgpm) 3] fpsia) _ fowml @ () ™ m ) (1)} [ ) ®)
168 4500 0 0689613 001800 1249 529 [-¥3] [) 0.1 80 12
shotemn 4500 120 167 0016204 1249 529 oSt 0 370 280 B
4600 150 7184 018343 1249 29 3.51 ) s 280 4.8 |
| ) 184 5212 un@ 1249 &2 151 _2&1 280 1.1 032 os |
4800 128 7854 1016530 12.49 529 2. - 227 28.0 <52 .
4800 1% 034 0016572 1249 529 051 ° -105 220 25
1cs 8500 $ 060813 Q016000 1259 A0 029 0 a7 248 169
longemn 3500 120 1607 002K 12% 2306 029 8 28 48 us
8500 150 37184 001643 125 308 029 ° =1 248 102
2500 184 5212 0016410 1250 808 029 D 3.7 248 &5
| ECT LY ) 7954 0.0185% 1250 1.06. - 029 ] 5.3 248 05 [X3] os |
3500 14 3203 0016535 1250 .05 029 D 4.7 4.8 Q.
3500 1S 8384 00ISH 1259 306 020 o %S 248 06
2RHR 100 S0 Qeeell 00160 232 885 122 0 28 26 180
shotteon 14200 120 16927 001204 122 395 12 0 w8 238 129
} 2200 150 A7I84 001830 1232 185 22 ' 320 216 DA
Um 184 5212 Q018410 .32 .95 122 -7} ne ] 048 65 |
4200 Rt -T ] 7954 Q01850 1232 L85 1 22 232 3.8 =04
w200 190 o3¢ 001852 122 s 12 0 09 28 28
1 1RHR 7400 90 060613 001800 122 261 03 [ 18 28 180
shorttemn 7400 120 1657 00182 12% 281 o3 0 »7 23 189
T400 130 S7I84 Q0183 1232 261 - 03 D 352 238 114
| ) 164 5212 OOIS410 1232 .81 [X1) 0 38 =T 8.0 633 78 |
7400 V628 7054 00053 12 Y]] (3] 0 Y] =T 16
7400 190 934 001?12 28t 'y 0 22 28 a7
1RHR 7400 $0  0E9813 001608 122 261 o [ 418 28 181
knglem 7400 120 18527 00182X 1282 261 o ¢ xs 28 180
. 740 150 37Isd ODISMD 1282 281 oss ° B3 28 ns
‘7400 164 L 212 LO184%0. 124 ' 81 133 ) 31 » QUL 8.3
7400 1828 7954 018SX% 1242 3 XIND 56 33 k3 033 4|
7400 185 3 304 L0154 e 28 <) ] 45 -A¥ (%] N
7400 190 o3¢ oo e 281 03 0 23 28 -5
Q Temp |P_gq v_f Z hit |[hs h_d (clean HPSHR |[clean calc margin
F NPSHA margin| {h_d Debiris
(ft) () | (1) ) (1
Ref3 |Ref4 [Ref4 Ref 1
1CS 3500| 182.6| 7.9540| 0.016530]12.59] 3.08 0.29 o] 2530] 2480] 050 0.19 0.31
long term 3500] 181.7] 7.7987] 0.016520]12.59] 3.06 0.29 0] 2s566| 2480 0.86 0.19 0.67
Q Temp IP.g vt z Inf Inhs Inhd ldean |HPSHR |clean calc - | |margin
F ’ NPSHA] margin{ |h d Debris
(ft) () (ft) (ft) (ft)
Ret3 |Ref4 |Rel4 Ref1
1 RHR 7400] 182.6] 7.8540] 0.016530]12.42| 2.61 0.33 o] 2550 2380 1.70 0.24 1.46
long term 7400] 181.7] 7.7987| 0.016520]12.42| 2.61 0.33 o] 2590} 23.80 2.10 0.24 1.86
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HI

50.59 SCREEN

Activity/Document Number: VYC-1677R0 CCN3, VYC-1924R0 }ICNZ, Revision Number: 0
VYC-0808 R6 CCN&’3 3 19figfon

Title: _Torus Debris loading generation, head loss determination and effects on CS & RHR Suction Strainers after a LOCA

Provide or attach a brief description of activities (section 6.3 of RM)

VYC-1677 CCN 3 changes the current debris source term calculation is based on a three-cycle (4.5 year) interval and 2 53
Ibm/year sludge generation for Torus desludging. It is desired to determine the acceptability of Torus desludging on a four-
cycle (6 year) interval with a debris generation of 88 Ibm/year typical of the industry average.

VYC-1924 Rev 0 CCN2 updates the limiting head loss for the ECCS RHR and CS suction strainers and used the new debris

loading determined in W?&ﬁg% %

VYC-0808 Rev 6 CCN4 updates the NPSHA based on the limiting head loss for the ECCS RHR and CS suction strainers
determined in VYC-1924 Rev 0 CCN2.

The revised limiting head loss, will encroach on, yet not exceed, the head loss margin (h_d) as identified in VY C-0808 Rev 6
Table 1. These limiting head loss values are less the head loss values currently used in the ECCS pump Net Positive Suction
Head Available (NPSHA) analyses in VYC-0808

- Applicability Determination

Other applicable processes identified during the applicability determination:
NONE

5059 Screening Questions (Section 5.2.2 of the 50.59 Resource Manual (RM) provides additional guidance) (Check correct

response and provide a brief response to each question answered “No”. If “YES” is checked for any question, the 50.59 Screen
does not need to be completed since a 50.59 Evaluation is required):

1. Does the proposed activity involve a change to an SSC that adversely affects an UFSAR
described design function? (Section 5.2.2.1 of the RM) Oves [KKINo

Increasing the debris loading on the ECCS suction strainers, determining the limiting head loss and NPSHA does not
adversely affect an UFSAR described design function.

2. Does the proposed activity involve a change to a procedure that adversely affects how UFSAR
described SSC design functions are performed or controlled? (Section 5.2.2.2 of the RM) Oves [nNo

Increasing the debris loading on the ECCS suction strainers, determining the limiting head loss and NPSHA does not
change a procedure that adversely affects how UFSAR described design function is performed. The new limiting debris
head loss and NPSHA do not affect how the ECCS RHR and CS pumps perform their function.

3. Does the proposed activity involve revising or replacing an UFSAR described evaluation
methodology that is used in establishing the design bases or used in the safety analyses?
(Section 5.2.2.3 of the RM) O YES XINo

Increasing the debris Joading on the ECCS suction strainers, determining the limiting head loss and NPSHA does not B 4 ne
revising an UFSAR described evaluation methodology that is used in establishing the design bases. VY- 0 8

VYAPF 00204 CC N3
AP 6002 Rev. 8
Page 1 of 2 P ﬁ G



50.59 SCREEN (Continued)

4. Does the proposed activity involve a test or experiment not described in the UFSAR, where an
SSCis utilized or controlled in a manner that is outside the reference bounds of the design for
that SSC or is inconsistent with analyses or descriptions in the UFSAR? (Section 5.2.2.4 of the

RM) [JYES XK No
Increasing the debris loading on the ECCS suction strainers, determining the limiting head loss and NPSHA does not
involve a special test.

5. Does the proposed activity require a change to the Technical Specifications? (Section 5.2.2.5 of
the RM) CJYES XINo

Increasing the debris loading on the ECCS suction strainers, determining the limiting head loss and NPSHA does not
require a change to Tech Specs

IV.  Ifall questions are answered NO, then implement the activity per the applicable plant procedure for the type of activity
without obtaining a License Amendment.
If screen question 5 is answered YES, then request and receive a License Amendment to support the activity.
If screen question 5 is answered NO and question 1, 2, 3 or 4 is answered YES, then a 50.59 Evaluation shall be performed.
If only question 3 is answered YES, then only question 8 of the 10CFR50.59 Evaluation needs to be answered.

V.  Listthe documents reviewed including section numbers and key words (UFSAR, Technical Specifications and associated
bases, TRM and associated bases, DBDs and other controlled documents) where related information was found. If changes to
controlled documents, including plant procedures, are identified, ensure that changes are initiated in accordance with the
controlling plant procedurcs (e.g. FSAR changes are initiated per AP 6036, DBD changes per AP 6007). (ER960591_02)

Searched on the words HEAD LOSS, SUCTION STRAINERS, DEBRIS LOADING AND NPSH

UFSAR-. Sections 6.6.2 (CS) and 6.4.4 (LPCI) discussed the debris loading and NPSH. The CCN do not affect these
sections in the UFSAR.

Tech Spec-No discussion on requirements

Residual Heat Removal DBD

Sections 2.3.4 Suction Strainer Blockage and 3.21.1 RHR Suppression Pool Suction Strainers discussed head loss and
the NPSHA requirement. The reference section included VYC-808. The CCNs do not affect any of these sections in the
DBD.

Core Spray DBD .

Sections 2.2.4.7,8,9 referenced Suction Strainers. Section 2.3.4 discussed head loss and the NPSHA requirement. The
reference section included VYC-808. The CCNs do not affect any of these sections in the DBD,
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VY CALCULATION CHANGE NOTICE (CCN)

CCN Number:_ 4 Calculation Number:__ VY C-0808 : Rev.No._6

Calculation Title: Core Spray and Residual Heat Removal Pump Net Positive Suction Head Margin Following a Loss of
Coolant Accident or Anticipated Transients Without Scram

Initiating Document: VYDC 2003-008
VYDC/MM/TM/Spec. No./ other

Safety Evaluation Number:_N/A

Superseded Calculation:_N/A Superceded by:_N/A

Implementation Required: [X] Yes []No

Computer Codes: N/A

Reason for Change: .
Residual Heat Removal (RHR) and Core Spray (CS) Pump NPSH must be evaluated for the affect of increased suppression
pool temperatures, resulting from the Extended Power Uprate (EPU).

Description of Change:

NPSH evaluation of the RHR and CS pumps is performed for the following events for which EPU suppression pool
temperature/pressure data is presently available.

o DBA-Loss of Coolant Accident (LOCA), short term and long term

¢ Anticipated Transients Without Scram (ATWS)

Technical Justification for Change:

The reactor core decay heat increases as core power in increased. This heat is transferred to the suppression pool during
accidents, transients and other events, which result in peak suppression pool temperatures that are higher than at the existing -
(pre-EPU) power level. Since increased pool temperature reduces available NPSH, the adequacy of available NPSH must be
demonstrated for each event that credits pumping suppression pool water at elevated temperatures. 1f available NPSH is
inadequate, then torus overpressure must be credited.

Conclusions:
There is adequate NPSH available for operating the RHR and CS pumps at EPU conditions for the DBA-Loss of Coolant
Accident (LOCA), short term, without crediting torus overpressure.

Torus overpressure must be credited for operating the RHR and CS pumps at EPU conditions for the following events in order
to achieve adequate NPSH available:

e DBA-Loss of Coolant Accident (LOCA), long term

e Anticipated Transients Without Scram (ATWS)

The overpressure credit required for LOCA bounds that required for ATWS.

The results of this CCN will provide input to the PUSAR (Ref: 12) for the RHR and CS NPSH evaluation and will alter input
to calculation VYC-1628 (Ref: 13) to address the need for crediting torus overpressure in the calculation of NPSH available.
Note that calculation VYC-1628 may be superseded by GE EPU Analysis. The need for crediting torus overpressure in the
RHR and CS NPSH evaluation, shall also be addressed in the SADBD (Ref: 14), UFSAR (Ref: 15), and system DBDs RHR
(Ref: 16) and CS (Ref: 17).

Note that use of overpressure credit must be approved by the NRC as part of EPU.

No specific 50.59 Screening/Evaluation is required for this CCN since all EPU design changes and associated 50.59
documentation will be part of VYDC-2003-008.

See Section 5.0 for Summary of Results

Note:  VYAPF 0017.07 should be included immediately following this form. VYAPF 0017.08
AP 0017 Rev. 8
Page 1
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1) All open items, if any, have been closed.

2) Implementation Confirmation (Section 2.3.4)

] Calculation accurately reflects existing plant configuration,
(confirmation method indicated below)
[ walkdown [] As-Build inputreview  [_] Discussion with

OR (print name)
[ N/A, calculation does not reflect existing plant configuration

3) Resolution of documents identified in the Design Output Documents Section of VYAPF 0017.07 has been
initiated as required (Section 2.3.6, 2.3.7)

/ /
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. Total number of pages in package including all attachments __ 53
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Place this form in the calculation package immediately following the Title page or CCN form.
VYC-0808 /04 6 N/A N/A
VY Calculation/CCN Number Revision Number Vendor Calculation Number Revision Number
Vendor Name:__ N/A PO Number: N/A

Originating Department:__Fluid Systems

Critical References Impacted: P UFSAR [X] DBD [CJ Reload. "Check"” the appropriate box if any critical document is identified in the tables below.

EMPAC Asset/Equipment ID Number(s):__P-10-1A/B/C/D, P-46-1A/B

EMPAC Asset/System ID Number(s): 10, 14

Keywords:__Residual Heat Removal (RHR), Core Spray (CS), Net Positive Suction Head (NPSH), Loss of Coolant Accident (LOCA), Extended Power Uprate (EPU)
Anticipated Transients Without Scram (ATWS)

For Revision/CCN only: Are deletions to General References, Design Input Documents or Design Output Documents required? (O Yest X No

Design Input Documents and General References - The following documents provide design input or supporting information to this calculation. (Refer to Appendix A,
sections 3.2.7 and section 4)

Significant Critical
* Reference REV Difference | **** Affected | Reference

# *DOC# # **+Document Title (including Date, if applicable) Review {1 Program ™)
1 GE-VYNPS-AEP-177 N/A | VYNPS EPU T0400: Suppression Pool Temperature/Pressure Response to DBA-LOCA (4/5/030)
2 VYC-1924 0 DE&S Calc. DC-A34600-006. Vermont Yankee ECCS Suction Strainer Head Loss Performance

Assessment, RHR and CS Debris Head Loss Calculations
3 VYC-0808 /CCN 03 6 Core Spray and Residual Heat Removal Pump Net Positive Suction Head Margin Following a

Loss of Coolant Accident
4 VYC-0808 6 Core Spray and Residual Heat Removal Pump Net Positive Suction Head Margin Following a

Loss of Cootant Accident
) GE-NE-0000-0016- 0 © | YYNPS EPU Task T0902: Anticipated Transients Without Scram

3831-01

6 NOT USED
7 ASME Steam Tables, 1967 IFC Formulation for Industrial Use
8 ERC No. 2003-027 N/A Debris Source Terms Appropriate for Power Uprate Evaluations of ECCS NPSH (5/13/03)
9 RHR 1/1C16 | Design Basis Document for Residual Heat Removal System v
10 VYC-1924 / CCN 02 0 DE&S Cale. DC-A34600-006. Vermont Yankee ECCS Suction Strainer Head Loss Performance

Assessment, RHR and CS Debris Head Loss Calculations
1 VYC-1524 3 Containment and RPV Volume Calculations
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Design Output Documents - This calculation provides output to the following documents. (Refer to Appendix A, section 5)

VYC-0808 Revision 6

CCN #4
Page 4 of 42
b +11Critical
* Reference REV Affected Reference
# *DOC# # Document Title (including Date, if applicable) Program ™
12 NEDC-33090P Safety Analysis Report For VYNPS Constant Pressure Power Uprate (PUSAR)
13 VYC-1628 Torus Temperature and Pressure Response to Large Break LOCA and MSLB Accident Scenarios
{may be superseded be GE EPU analysis)
14 SADBD 2/1C2 | Topical Design Basis Document for Safety Analysis v
15 UFSAR 17 Updated Final Safety Analysis Report v
16 RHR 1/1C16 | Design Basis Document for Residual Heat Removal System v
17 cs 0/1C10 | Design Basis Documnent for Core Spray System v

* Reference # -
**Doc # -

*** Document Title -

*#** Affected Program -

1-
tt

1t

Assigned by preparer to identify the reference in the body of the calculation.
Identifying number on the document, if any (e.g., 5920-0264, G191172, VYC-1286)

List the specific documentation in this column. "See attached list” is not acceptable. Design Input/Qutput Documents should identify the

specific design input document used in the calculation or the specific document affected by the calculation and not simply reference the
document (e.g., VYDC, MM) that the calculation was written to support. If a DBD is used as a general reference, include the most
current interim change number after the title.

List the affected program or the program that reference is related to or part of.

If "yes," attach a copy of "VY Calculation Data" marked-up to reflect deletion (See Section 3.1.8 for Revision and 5.2.3.18 for CCN).

If the listed input is a calculation listed in the calculation database that is not a calculation of record (see definition), place a check mark
in this space to indicate completion of the required significant difference review. (see Appendix A, section 4.1.4.4.3). Otherwise, enter

"N/Aa "

If the reference is UFSAR, DBD or Reload (IASD or OPL), check Critical Reference column and check UFSAR, DBD or Reload, as
appropriate, on this form (above).
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1.0  Objective

The objective of this CCN is to evaluate the adequacy of the available NPSH for the Residual
Heat Removal (RHR) and Core Spray (CS) pumps to operate at Extended Power Uprate (EPU)
conditions. This includes identification of the amount of suppression pool (torus) overpressure
required, if any, to maintain adequate NPSH.

The reactor core decay heat increases as core power in increased. This heat is transferred to the
suppression pool during accidents, transients and other events, which result in peak suppression
pool temperatures that are higher than at the existing (pre-EPU) power level. Since increased
pool temperature reduces available NPSH, the adequacy of available NPSH must be
demonstrated for each event that credits pumping suppression pool water at elevated
temperatures.

EPU data is presently available for the following events, and as such the EPU impact of these
events on NPSH is included in this CCN.

e DBA-Loss of Coolant Accident (LOCA), short term and long term
o Anticipated Transients Without Scram (ATWS) which include:
* Main Steam Isolation Valve Closure (MSIVC)
* Pressure Regulator Fail Open — Maximum Steam Demand (PRFO)

Additionally, a basis for readily determining overpressure requirements, when performing RHR
and CS pump NPSH evaluation for any other events which cause elevated suppression pool
temperatures, will be provided. This will be in the form of a family of curves profiling
overpressure required vs. pool temperature.

2.0 Methodology

General

The methodology for determining the NPSH available (NPSHa) for a given event and
temperature is the same as that developed in VYC-0808 Rev 6 and presented in Table 1 of that
calculation (Ref: 4). The NPSH required (NPSHr) is also per VYC- 0808 Rev 6 and is discussed
in detail in Section 4.0 of this CCN.

Note that prior revisions and CCNs of this calculation have considered torus pressure to remain
at atmospheric pressure in the evaluation of NPSHa. However, because of the increased pool
temperature and resulting increased vapor pressure, there will not be adequate NPSHa for some
events without taking credit for some torus air space pressure. If NPSHa is inadequate, then the
necessary torus air space pressure, above atmospheric pressure, (overpressure) will be calculated
to yield adequate NPSHa.
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For a high temperature, time dependent event, such as a LOCA, the NPSH will be evaluated over
the time-temperature profile of the event in lieu of just at the maximum temperature. This will
allow development of a time dependent profile for required overpressure.

Pump Suction Strainer Head Loss during a LOCA

As documented in ERC No. 2003-027 (Ref: 8), EPU does not affect the debris source terms
developed in VYC-1677. Therefore the limiting head loss due to debris loading on the RHR and
CS suction strainers remains the same as addressed in VYC-0808 Rev 6 including CCN #3

(Ref: 3).

CCN #3 dispositions the up-to-date suction strainer head loss calculated in CCN #2 of VYC-
1924 Rev 0 (Ref: 10) which in turn is based on the up-to-date debris source term information per
VYC-1677 Rev 0 CCN #3. Note that the debris loading from calc VYC-0808 Rev 6, as extracted
from calc VYC-1924 Rev 0 (Ref: 2), is slightly larger than that documented in CCN #3. For
conservatism, the larger debris loading is used.

It should be noted that the limiting head loss due to debris loading on the RHR and CS suction
strainers is calculated at a specific temperature. Strainer head loss is essentially inversely
proportional to fluid temperature as documented in the sensitivity evaluation in VYC-1924 Rev 0
(Ref: 2). Therefore the calculated limiting head loss, described above, will be conservatively
used for all fluid temperatures greater than or equal to that used in the calculation of the limiting
head loss. For lower temperatures, the head loss will be increased in proportion to the decrease
in temperature.

General Profile — Overpressure Required vs. Pool Temperature

In addition to specifically addressing the LOCA and ATWS events, a general profile of
Overpressure Required vs. Pool Temperature, for both the RHR and CS pumps, is provided.
This profile is intended to serve as the basis for determining overpressure requirements when
performing RHR and CS pump NPSH evaluation for any other events, which cause elevated
suppression pool temperatures, without strainer debris loading.

This profile is provided for a range of pump flows consistent with the maximum flows evaluated
for LOCA and the flows for which NPSH data is provided by the pump vendor.

Only the clean strainer loss is accounted for in the profile, as debris loadmg on the pump suction
strainer is not postulated.

The suppression pool volume is conservatively taken to be at its minimum volume (68,000 ft*3),
as addressed in Section 2.4 of Calc VYC-0808 (Ref: 4). This conservatively minimizes the

suction elevation head.

There is no additional NPSH margin included in this evaluation.
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3.0  Assumptions

1. The RHR flow rate evaluated for ATWS is not specified in GE Task Report T0902 (Ref: 5).
Therefore, based on the system design basis provided in Section 2.3.2 of the RHR DBD
(Ref: 9) the analyzed flow rates are conservatively taken as 7400 gpm for one RHR pump and
14,200 gpm for two RHR pumps (DBD Section 2.3.2.1.2). These are the same flows rates
used for the LOCA evaluation and are greater than the 6400 gpm (minimum) specified in
DBD Section 2.3.2 for suppression pool cooling. Suctions losses and strainer losses are
conservatively larger with larger flow rates.

2. The torus is considered to be at atmospheric pressure for the purpose of calculating the
specific volume of the pool water in the evaluation performed in Section 4.4, General Profile
— Overpressure Required vs Pool Temperature. The impact of small variations in pressure is
insignificant. An example follows:
v @ 180°F/14.7 psia = .016510 ft*3/lb
v @ 180°F/20.7 psia = .016509 ft*3/Ib
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4.0  Analysis

As stated in Section 2.0, the methodology for determining the NPSHa is the same as that
developed in VYC-0808 Rev 6 and presented in Table 1 of that calculation (Ref: 4). The
following terms are used in the evaluation.

NPSHa (ft) = net positive suction head available without overpressure credit
(14.7-Pg)(144vf)+Z-hf-hs-hd

where:

Z (ft) = suction elevation head

hf (ft) = suction line losses

hs (ft) = clean strainer losses

hd(fty= _  strainer debris losses

Pg (psia)=  vapor pressure @ torus temperature

v (ftA3/1b) = specific volume @ torus temperature and pressure
Pg and vf are obtained from ASME Steam Tables 1967 Formulation (Ref: 7)

NPSHr (ft) = net positive suction head required. -
It should be noted that the NPSH required data provided by the pump vendor, as documented
in Figures 2.1-1 and 2.2-1 of Attachment 3 to calculation VYC-0808, is actually Allowable
Operating Periods @ NPSHa Specified. Allowable hours of operation at specified NPSHa
values are identified for a range of flows. For this CCN, the NPSHa specified in these
Figures is taken as the NPSHr at a given operating time.

Q(gpm)=  pump flow rate

OPR (psig) = Overpressure Required

(NPSHr ~ NPSHa)/(144*Vf)
For those profile points where there is inadequate NPSH, when considering the suppression pool
pressure to be atmospheric (14.7 psia), OPR is the amount of suppression pool pressure required
to make NPSHa (ft) equal to NPSHr (ft).

OPA (psig)- Overpressure Available
The suppression pool pressure available, above atmospheric, for a given event and time.

OPC (psig)— Overpressure Credit Taken
The overpressure credited in the evaluation of NPSH. Engincering judgement is used to select
the credit to be greater than the OPR, by a reasonable amount, and less than the OPA.

Detailed discussion of the above terms, as applicable for each event, is provided in the
subsections that follow.
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4.1 LOCA - Short Term

The temperatyre and pressure (T/P) profile for the suppression pool during a LOCA is developed
in GE-VYNPS-AEP-177 (Ref: 1). The short term data is provided from 0-600 seconds.

The evaluation of NPSH is documented in Table 4.1 using the peak pool temperature of 165.1°F
which occurs at 600 seconds with a corresponding pool pressure of 17.75 psia. The peak
temperature results in the largest vapor pressure and lowest NPSHa. Note that the temperature at
lowest pool pressure is.162.5°F / 17.56psia. At this temperature the gain in vapor pressure more
than offsets the reduction in pool pressure, therefore the 165.1°F case governs. The details of the
evaluation are presented at the top of the Table followed by a matrix of the NPSH results for CS
and RHR. Further discussion of selected terms is presented below.

Suction Elevation Head, Z

The values of Z for RHR and CS (12.30’ and 12.47’respectively) as calculated in Section 3.5 of
VYC-0808 are conservatively used in this evaluation. The suction elevation head is based on the
water elevation in the torus. The EPU suppression pool water volume is slightly larger than the
“existing value used in VYC-0808, which would result in a slight increase in water elevation, and
therefore Z.

A water volume comparison at maximum pool temperature is provided below:

Pre-EPU EPU
Ref: (VYC-0808 Rev 6 Section 3.5) (GE-VYNPS-AEP-177)
Short Term 76,800 cuft 79,370 cuft

Maximum Debris Losses (hd)
1 RHR: CCN #3 (Ref: 3) calculated the limiting head loss as 0.24 ft at 181.7°F and 7400 gpm.
Note that this is a slight reduction from the head loss (0.33 ft) addressed in Section 3.2

of VYC-0808 Rev 6 (Ref: 4). For conservatism, 0.33 ft at 173°F is used. (Case 1 of
Tables 2 and 8 of Ref: 2).

2 RHR: The head loss is taken as .48 ft (Ref: 4) at 170°F (Case 2b of Tables 2 and 8 of Ref: 2)
and 14200 gpm.

CS The head loss is conservatively taken as .32 ft (Ref: 4) at 173°F (Case 3d of Tables 2
and 8 of Ref: 2) and 4600 gpm.

Refer to Section 2.0 for application of head loss at temperatures other than those used in its
calculation.
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NPRHr - CS
Figure 2.2-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 4600 gpm an
allowable NPSH of 28.0 ft is acceptable between 0 and 7 hrs of operation.

NPRHr - 1 RHR

Figure 2.1-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 7400 gpm an
allowable NPSH of 23.8 ft is acceptable between 0 and 7 hrs of operation.

NPRHr - 2 RHR

With two RHR pumps operating at a total flow of 14,200 gpm this yields a flow of 7100 gpm per
pump.

Also per Figure 2.1-1, the plot shows that at between 0 and 7 hrs of operation, an allowable
NPSH of 23.5 ft is acceptable at 7000 gpm and 24.0 ft is acceptable at 7600 gpm.

Interpolatihg between plotted NPSH values of 23.5 ft @ 7000 gpm and 24.0 ft @ 7600 gpm
yields 23.6 ft @ 7100 gpm.

" The interpolation equation is developed as documented Section 2.2.2 of VYC-0808 Rev 6 and is
23.0+(Q-6400)/1200

4.1.1 Evaluation
As can been seen from Table 4.1, there is adequate NPSHa and overpressure is not required.

42 LOCA -Long Term

The temperature and pressure (T/P) profile for the suppression pool during a LOCA is developed
in GE-VYNPS-AEP-177 (Ref: 1). The long term data is provided from 0-172,800 seconds.

The evaluation of NPSH is documented in Table 4.2 using a selected T/P points representing the
long term profile of the suppression pool. The details of the evaluation are presented at the top
of the Table followed by a matrix of the NPSH results for the T/P profile of CS and RHR. The
evaluated long term flow rates of 7400 gpm (RHR) and 3500 gpm (CS) are consistent with
calculation VYC-0808 Rev 6 (Ref: 4). Further discussion of selected terms is presented below.

Suction Elevation Head, Z ,

The values of Z for RHR and CS (12.40’ and 12.57’ respectively) as calculated in Section 3.5 of
VYC-0808 are conservatively used in the evaluation. The suction elevation head is based on the
water elevation in the torus. The EPU suppression pool water volume is slightly larger than the
existing value used in VYC-0808, which would result in a slight increase in water elevation, and
therefore Z.
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A water volume comparison at maximum pool temperature is provided below:
Pre-EPU EPU
Ref: (VYC-0808 Rev 6 Section 3.5) (GE-VYNPS-AEP-177)
Long term 77,640 cuft 79,470 cuft

Maximum Debris Losses (hd)
1 RHR: Referto Section 4.1

CS Note that CCN #3 (Ref: 3) documents the up-to-date limiting head loss as 0.19 ft at
181.7°F and 3500 gpm. This is a slight reduction from the head loss (0.21 ft) addressed
in Section 3.2 of VYC-0808 Rev 6 (Ref: 4). For conservatism, 0.21 ft at 173°F is used.
This is based on a conservative CS flow rate of 4000 gpm. (Case 3b of Tables 2 and 8
of Ref: 2).

NPRHr - CS

" Figure 2.2-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 3500 gpm the
allowable NPSH increases between 7 and 20 hrs of operation and a value of 29.6 ft is acceptable

beyond 20 hrs of operation. This maximum value is conservatively used for the entire long term
period (>600 sec).

NPRHr - RHR

Figure 2.1-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 7400 gpm the
allowable NPSH increases between 7 and 100 hrs of operation and a value of 31.7 ft is
acceptable beyond 100 hrs of operation. This maximum value is conservatively used for the
entire long term period (>600 sec).

4.2.1 Evaluation

As can been seen from Figure 4.2 the overpressure required for RHR envelopes that required for
CS and the overpressure varies continuously over time. In order to facilitate reporting and
presentation of the overpressure required, an enveloping, stepped, overpressure credit is overlaid
on Figure 4.2. Refer to Section 4.0 for discussion on selection of overpressure credit.

Though the long term flow rates are postulated at time 600 seconds (e.g. CS throttled down from
4600gpm to 3500gpm), it is not the intent of this calculation to imply at what time throttling
should commence or how much throttling is requircd. This is a function of the time dependent
NPSHr and pool temperature. This calculation conservatively evaluates the maximum NPSHr as
occurring over the entire operating period (>600 sec). The actual NPSHr is lower between 0-7
hrs and increases after 7 hrs. '

Note that Section 4.4 develops required overpressure for both the CS and RHR pumps as a
function of flow, temperature and NPSHr without any debris loading. Refer to Table 4.4 and
Figures 4.4-110 4.4-4. '
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43 ATWS

Note that NPSH evaluation of the ATWS event was not previously addressed by calculation
VYC-0808. The temperature and pressure (T/P) profile for the suppression pool during the
ATWS events is developed in GE-Task Report T0902 (Ref: 5).

The evaluated events are MSIVC and PRFO with the peak temperatures and corresponding
pressures tabulated by GE in Section 3.3.1.2 of the Task Report. Selected data points are
extracted from the included T/P profile plots, Figures 3-10 and 3-12 of the Task Report, and are
shown below. The two ecvents have essentially the same temperature pressure profile. For
convenience, these are combined into one enveloping event with maximum temperatures and
minimum pressure at each time step.

MSIVC PRFO Combined

Time, Temp, | Press, Time, Temp, | Press, Time, Temp, | Press,
sec °F psig sec °F psig sec °F psig
0 90 0 0 90 0 0 90 0

300 160 6.3 300. 157 6.3 300 160 6.3
600 175 8.8 600 168 8.2 600 175 8.2

1000 182 11.2 1000 180 10.7 1000 182 10.7
1300 187 11.5 1300 187 11.8 1300 187 11.5
1724 189 12.3 1838 190 12.5 1838 190 12.3
3000 186 11.9 3000 187 12.1 3000 187 11.9
5000 182 11.2 5000 182 11.3 5000 182 11.2
6000 180 10.8 6000 180 11.0 6000 180 10.8
8000 175 10.0 8000 175 10.2 8000 175 10.0

As documented in T0902, Section 3.2.11 and 3.2.2.2, the suppression pool cooling is based on
two loops of RHR operating and an initial pool volume of 68,000 cuft. Note that CS does not
operate for ATWS events.

The evaluation of RHR pump NPSH is documented in Table 4.3 for the reduced NPSHr (0-7 hrs)
The details of the evaluation are presented at the top of the Table followed by a matrix of the
NPSH results for RHR. Further discussion of selected terms is presented below.

Since there are no data points available beyond 8000 seconds. Evaluation of intermediate NPSHr
(7hrs — 20hrs) and maximum NPSHr (20hrs —~ 100hrs) are addressed individually below.

Flow rate — Q (gpm)

The RHR flow rate that was evaluated is not specified in T0902. The flow rates are assumed to
be 7400 gpm for one RHR pump and 14,200 gpm for two RHR pumps. Refer to Assumption
No. 1 of this CCN.

Evaluation will be performed for both 1 and 2 RHR pump operation.
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Suction Elevation Head, Z
The suppression pool volume addressed in the GE report is 68,000 ft*3. As noted in Section 3.5
of Calc VYC-808 the relationship between suppression pool volume and level is documented in
Table 4.3-1 of Calc VYC-1254 Rev 3 (Ref: 11). The suppression pool level corresponding to
68,000 ft*3 is 10.88’from VYC-1254.

This water level is 1.05° less than (11.93°-10.88") that used for calculating the RHR short term Z
(12.30’) in calc VYC-0808. Therefore the adjusted Z for the ATWS evaluation is 12.3’-1.05’ =
11.25°.

Maximum Debris Losses (hd)
This term is not applicable for ATWS since there is no high-energy line break (HELB) to

dislodge insulation and create debris in the suppression pool.

Minimum NPRHr - 1 RHR (<7hrs)
Refer to Section 4.1

Minimum NPRHr - 2 RHR (<7hrs)
Refer to Section 4.1

Intermediate NPRHr- 1 RHR (20 hrs)
Figure 2.1-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating

Periods @ NPSHa Specified values for various flow rates. There is an intermediate peak at 20
hrs. This plot shows that at 7400 gpm the allowable NPSH increases between 7 and 20 hrs of
operation and a value of 30.5 ft is acceptable at 20 hrs of operation.

Intermediate NPRHr - 2 RHR (20 hrs)

With two RHR pumps operating at a total flow of 14,200 gpm this yields a flow of 7100 gpm per
pump.

Also per Figure 2.1-1, the plot shows that the allowable NPSH increases between 7 and 20 hours
of operation. At 20 hrs of operation an allowable NPSH of 28.5 ft is acceptable at 7000 gpm and
31.6 ft is acceptable at 7600 gpm.

Interpolating between these NPSH values, at a flow of 7100 gpm, yields 29.0ft @ 7100 gpm

Maximum NPRHr - 1 RHR
Refer to Section 4.2

Maximum NPRHr - 2 RHR

With two RHR pumps operating at a total flow of 14,200 gpm this yields a flow of 7100 gpm per
pump.

Also per Figure 2.1-1, the plot shows that an allowable NPSH of 29.5 ft @ 7000 gpm and 32.75
ft @ 7600 gpm is acceptable between 100 and 8000 hrs of operation.

Interpolating between these NPSH values, at a flow of 7100 gpm, yields 30.0 ft @ 7100 gpm.
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4.3.1 Evaluation Minimum NPSHr (<7 hrs)

As can been seen from Table 4.3, the results for 2 RHR pump operation provide lower NPSHa
than for 1 pump operation and overpressure is required from about 600 to 6000 seconds. An
overpressure of 2.4 psig is required to accommodate the peak pool temperature of 190°F at 1828
seconds. A plot of the overpressure required is shown in Figure 4.3. Refer to Section 4.0 for
discussion on selection of overpressure credit.

Note that for the same time period, this overpressure credit (2.4 psig) is bounded by that required
for LOCA (2.4 to 4.4 psig). '

4.3.2 Evaluation of Intermediate and Maximum NPSHr (>7 hrs)

As seen from Figures 3-10 and 3-12 of the Task Report and the data tabulated above, the
temperature and pressure profiles decay linearly between 3000 — 8000 seconds at the rate of
about 2.4°F and 0.4 psig per 1000 seconds. The available data ends at 8000 seconds
(175°F/10.0psig). However the temperature will continue to decay though the rate of decay will
decrease as the pool cools.

Included, as part of Table 4.3, is a tabulation of “NPSHa vs. decreasing pool temperature” for 1
and 2 RHR pump operation. Two pump operation is selected for detailed evaluation as it yields
an NPSHa about 2.2’ less than one pump operation. Since pool pressure has a negligible affect
upon the specific volume of the water, pool pressure is taken as atmospheric.

Intermediate NPSHr :

Between 7-20 hrs, the NPSHr for 2 RHR pump operation increases from 23.6 to 29.0°.
Conservatively ignoring this ramp up, the NPSHr at 7 hrs (25,200 seconds) is taken as 29.0°. As
can be inferred from Table 4.3 “NPSHa vs. decreasing pool temperature” the pool only needs to
cool about 13°F to 162°F over 17,200 seconds, to achieve an adequate NPSHa of about 29.0°
without crediting any overpressure. This equates to a cooldown rate of about 0.8°F/1000
seconds, which is much less than the exhibited cooldown rate between 3000-8000 seconds.
(Note that if the 20 hour (72,000 sec) time is used, then the required cooldown rate becomes
13°F over 64,000 sec or about 0.2°F/1000 sec.)

In consideration of the conservative selection of NPSHr (@ 7 hrs) and the minimal cooldown
rate requircd, there is adequate NPSHa without crediting overpressure.
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Maximum NPSHr
Between 20-100 hrs, the NPSHr for 2 RHR pump operation increases from 29.0” to 30.0’.
Conservatively ignoring this ramp up, the NPSHr at 20 hrs (72,000 seconds) is taken as 30.0°.
As can be inferred from Table 4.3 “NPSHa vs. decreasing pool temperature” the pool only needs
to cool about 4°F to 158°F between 7hrs and 20 hrs (46,800 seconds), to achieve an adequate
NPSHa of about 30.0° without crediting any overpressure. This equates to a cooldown rate of
about 0.1°F/1000 seconds.

In consideration of the conservative selection of NPSHr (@ 20 hrs) and the minimal cooldown
rate required, there is adequate NPSHa without crediting overpressure.

Suppression Pool Cooldown Comparison to LOCA
The temperature profile for the suppression pool during a LOCA is developed in GE-VYNPS-
AEP-177 (Ref: 1). The pool temperature rises until about 24,000 seconds (~7 hrs).

Shortly after peaking, there is essentially a uniform decrease in temperature between ~Shrs
(194.1°F) and 30hrs (174.4°F) of about 0.2°F/1000 sec. Between ~30hrs (174.4°F) and the end
of the tabulated data at ~48hrs (166.2°F), the uniform decrease in temperature is about
0.1°F/1000sec.

The required suppression pool cooldown rates, projected above for ATWS, are similar to the
suppression pool cooldown rates developed for LOCA.

44  General Profile - Overpressure Required vs Pool Temperature

A wide temperature range is evaluated, up to 205°F, which is about 10°F more than the peak
LOCA temperature addressed by GE-VYNPS-AEP-177 (Ref: 1).

The NPSH evaluation of general overpressure requirements for the RHR and CS pumps is
documented in Table 4.4 for the minimum NPSHr (0-7 hours of operation) and maximum
NPSHr (>7 hours of operation). The details of the evaluation are presented at the top of the
Table followed by a matrix of the NPSH results. Further discussion of selected terms is
presented below.

Flow rates — Q (gpm) - RHR

1 RHR: 7400 and 7000*gpm

2RHR: 14,200 gpm (7100 gpm each) and 12,800 gpm (6400* gpm each)

* these values are conveniently selected, based upon the pump vendor’s data, for the purpose of
establishing a profile range.

Flow rates — Q (gpm) - CS
CS: 4600 gpm and 3500 gpm
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Suction Elevation Head, Z
Based on a minimum suppression pool volume of 68,000 ft/3.
RHR: 11.25’ as calculated in Section 4.3
CS:  11.42° based on the evaluation documented in Section 4.3 of this CCN and adjusting for
the CS short term Z (12.47"). Therefore the adjusted Z is 12.47°-1.05’ = 11.42’.

Clean Strainer Losses (hs)
Refer to Section 3.6 of VYC-0808 (Ref: 4)

1 RHR @ 7400 gpm = 0.33’
1 RHR @ 7000 gpm = 0.30° = 0.33*(Q/7400)"2**

2RHR .@ 14,200 gpm (7100 each) = 1.22’
2RHR @ 12,800 gpm (6400 each) = 0.99’ = 1.22*%(Q/14200)"2**

** head loss at other than the reference flow rate is proportional to the square of the flow ratio

CS @ 4600 gpm = 0.51
CS @ 3500 gpm = 0.29 = 0.38%(Q/4000)*2

Maximum Debris Losses (hd)

This term is not applicable since no high-energy line break (HELB) is postulated to dislodge
insulation and create debris in the suppression pool.

Minimum NPRHr

1 RHR @ 7400 gpm = 23.8’ Refer to Section 4.1

1 RHR @ 7000 gpm = 23.5" Refer to Section 4.1

2RHR @ 7100 gpm (each) = 23.6" Refer to Section 4.1
2RHR @ 6400 gpm (cach) = 23.0’ (see below)

Figure 2.1-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 6400 gpm an
allowable NPSH of 23.0 ft is acceptable for less than 7 hrs of operation.

CS @ 4600 gpm = 28.0’ Refer to Section 4.1
CS @ 3500 gpm = 24.8’ (see below)

Figure 2.2-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 3500 gpm an
allowable NPSH of 24.8 ft is acceptable for less than 7 hrs of operation.



VYC-0808 Revision 6
CCN#4
Page 19 of 42
Maximum NPRHr
1 RHR @ 7400 gpm = 31.7" Refer to Section 4.2
1 RHR @ 7000 gpm = 29.5” Refer to Section 4.3

2 RHR @ 7100 gpm (each) = 30.0’ Refer to Section 4.3
2 RHR @ 6400 gpm (each) = 28.5’ (see below)

Figure 2.1-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 6400 gpm an
allowable NPSH of 28.5 ft is acceptable at greater than 100 hrs of operation.

CS @ 4600 gpm = 35.0° (see below)
CS @ 3500 gpm = 29.6’ Refer to Section 4.2

Figure 2.2-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 4600 gpman
allowable NPSH of 35.0 ft is acceptable at greater than 100 hrs of operation.
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5.0 Summary of Results

NPSHa is rounded to the nearest 0.1ft and OPR, OPC, and OPA are rounded to the nearest
0.1psig.

5.1 LOCA - Short Term (0-600 sec):
NPSHa is adequate for both CS and RHR pumps without crediting overpressure. NPSHa shown

below is at the peak temperature.

Pump | Total flow, gpm | NPSHr, ft NPSHa, ft
CS 4,600 28.0 28.4
IRHR {7,400 23.8 31.1
2RHR | 14,200 23.6 28.8

5.2 LOCA - Long Term (>600 sec):

NPSHa is adequate for both CS and RHR pumps with an overpressure credit that varies over
time, as shown in Fig. 4.2. NPSHa, OPR, OPC, OPA are shown below, at the peak temperature

Pump | Total flow, gpm | NPSHr, ft NPSHa, ft | OPR, psig OPC, psig | OPA, psig
CS 3,500 29.6 19.5 4.2 6.1 8.1

1RHR | 7,400 31.7 19.6 5.1 6.1 8.1

53 ATWS -(<7hrs):

NPSHa is adequate for RHR pumps with an overpressure credit of 2.4 psig required between
600-6000 seconds, as shown in Fig. 4.3. NPSHa, OPR, OPC, OPA are shown below, at the peak

temperature.

Pump Total flow, gpm | NPSHr, ft NPSHa, ft | OPR, psig OPC, psig | OPA, psig
1RHR | 7,400 23.8 21.1 1.1 24 12.3
2RHR | 14,200 23.6 18.9 2.0 2.4 12.3

Note that for the same time period, this overpressure credit (2.4 psig) is bounded by that required
for LOCA Long Term (2.4 to 4.4 psig).
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54  ATWS - (>7hrs):
NPSHa is adequate for the RHR pumps without crediting overpressure. This is due to the
significant rate of reduction of the suppression pool temperature over time. The reduction in
temperature, and associated vapor pressure, will more than offset increases in NPHr at extended
operating times. Note that between 3000 —8000 seconds (the end of tabulated data provided by
GE) the pool temperature decreases to 175°F, at the substantial uniform rate of about
2.4°F/1000sec. The increased NPSH, at significant time intervals, is shown below along with
the approximate pool temp, in parentheses, at or below which, over pressure credit is not
required.

Pump | Total flow, gpm | 0-7 hr NPSH, ft 20 hr NPSHr, ft | >100 hr NPSH, ft

IRHR | 7,400 23.8 30.5 (164°F) 31.7 (160°F)

2RHR | 14,200 23.6 29.0 (162 °F) 30.0 (158°F)

55  General Profile - Overpressure Required vs. Pool Temperature

General profiles of “Overpressure Required vs. Pool Temperature”, for the scenarios listed below
are provided in Figures 4.4-1 through 4.4-4. The profiles are intended to serve as the basis for
determining overpressure requirements when performing RHR and CS pump NPSH evaluation
for any other events, which cause elevated suppression pool temperatures, without strainer debris
loading. A representative flow range is presented based on available vendor data for NPSH.

Profiles

Figure Pumps operating | Flow range, gpm | NPSHr

44-1 1 RHR 7000-7400 Minimum (0-7 hrs of operation)
44-1 1 RHR 7000-7400 Maximum (>7 hrs of operation)
44-2 2RHR 12,800-14,200 Minimum (0-7 hrs of operation)
4.4-2 2 RHR 12,800-14,200 Maximum (>7 hrs of operation)
44-3 1CS 3500-4600 Minimum (0-7 hrs of operation)
44-4 1CS 3500-4600 Maximum (>7 hrs of operation)
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6.0  Conclusions

There is adequate NPSH available for operating the RHR and CS pumps at EPU conditions for
the DBA-Loss of Coolant Accident (LOCA), short term, without crediting torus overpressure.

Torus overpressure must be credited for operating the RHR and CS pumps at EPU conditions for
the following events in order to achieve adequate NPSH available:

e DBA-Loss of Coolant Accident (LOCA), long term

e Anticipated Transients Without Scram (ATWS)

The overpressure credit required for LOCA bounds that required for ATWS.

A basis for readily determining overpressure requirements, when performing RHR and CS pump
NPSH evaluation for any other events which cause elevated suppression pool temperatures has
provided in the form of a family of curves profiling overpressure required vs. pool temperature.

The results of this CCN will provide input to the PUSAR (Ref: 12) for the RHR and CS NPSH
evaluation and will alter input to calculation VYC-1628 (Ref: 13) to address the need for
crediting torus overpressure in the calculation of NPSH available. Note that calculation VYC-
1628 may be superseded by GE EPU Analysis. The need for crediting torus overpressure in the
RHR and CS NPSH evaluation, shall also be addressed in the SADBD (Ref: 14), UFSAR (Ref:
15), and system DBDs RHR (Ref: 16) and CS (Ref: 17).

Note that use of overpressure credit must be approved by the NRC as part of EPU.

No specific 50.59 Screening/Evaluation is required for this CCN since all EPU design changes
and associated 50.59 documentation will be part of VYDC-2003-008.



LOCA - Short Term

NPSHa=  (14.7-Pg)(144Vf)+Z-hf-hs-hd
OPR = (NPSHr - NPSHa)/(144*Vf)
OPA = Over pressure available
OPC = Over pressure credited

Shont Term Flow Rate (gpm)
1 RHR Q= 7400

2 RHR Q= 14200

Suction Line Losses (ft)

1 RHR hf= 4.77E-8*'Q"2

2 RHR hf= 7.84E-8*(Q/2)A2
Clean Strainer Losses (it}

1 RHR hs= 0.33

2 RHR hs= 1.22

CS Q= 4600

CS hf= 2.5E-7°Q"2

Cs hs= 0.51

Maximum Debris Losses (ft) @ >=base temperature

1 RHR
2 RHR

hd= 0.33@173F
hd= 0.48@170F

Ccs hd= 0.32@173F

Maximum Debris Losses (ft) @ < base temperature .
CS hd = .32*(173/T)

1 RHR hd = ,33*(173/T)
2 RHR hd = .48*(170/T)
where T = suppression pool temperature, F

Elevation Head (ft)
RHR

NPSHr (ft)
1 RHR NPSHr= 23.8
2RHR NPSHr= 23.6

Z=123

CS Z=1247-

CS NPSHr= 28.0

Short Term (After EPU) - Peak Torus Temperature

Table 4.1

LOCA - Short term

Cross references:

Section 2.3 of VYC-0808 Rev 6 (Ref: 4)
See Discussion in Section 4.0 of this CCN

Table of 1 calc VYC-0808 Rev 6 (Ref: 4)

Section 3.7 of VYC-0808 Rev 6 (Ref: 4)

Section 3.6 of VYC-0808 Rev 6 (Ref: 4)

See discussion in Section 4.1 of this CCN

Ref: 2, 3,4
Ref: 2, 4

See discussion in Section 2.0 of this CCN

See discussion in Section 4.1 of this CCN for conservatism.

See discussion in Section 4.1 of this CCN

VYC-0808 Rev 6

CCN #4
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GE Pool GE Pool
Pump(s).| Time Temp Pressure Pg vt Y4 hf hs hd NPSHa | NPSHr | OPR| OPA | OPC
(sec) (F) psia (psia) | (ft"3/b) () (tt) (1) (1) (1) () __jl(psig)| (psig) ||(psig)
CS 600 165.1 17.75 5.349 | 0.016423 || 12.47 5.29 0.51 0.34 28.44 28.00 | 0.00§ 3.05 [ 0.00
1 RHR 600 165.1 17.75 5.349 | 0.016423 || 12.30 2.61 0.33 0.35 31.12 23.80 [ 0.00 | 3.05 |l 0.00
2 RHR 600 165.1 17.75 5.349 0.016423 12.30 3.95 1.22 0.49 28.75 23.60 0.00 3.05 0.00
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LOCA - Long Term Cross references:

NPSHa= (14.7-Pg)(144Vf)+Z-hf-hs-hd Section 2.3 of VYC-0808 Rev 6 (Ref: 4)
OPR= Over prossure required (NPSHr — NPSHa)/(144*Vf) See Discussion in Section 4.1 of this CCN
OPA = Over pressure available

OPC = Over pressure credited

Long Term Flow Rate {gpm

1 RHR Q= 7400 CS Q= 3500 Table of 1 calc VYC-0808 Rev 6 (Ref: 4)
Suction Line Losses (ft) .

1 RHR hi= 4.77E.8'QA2 CS ht= 2.5E-7°Q"2 Section 3.7 of VYC-0808 Rev 6 (Ref: 4)
Clean Strainer Losses (ft)

1 RHR hs= 0.33 - CS hs = .38*(Q/4000)*2 Section 3.6 of VYC-0808 Rev 6 (Ref: 4)

for Q<= 4000

Maximum Debris Losses (ft) @ >= 173F

1RHR  hd= 033 CcS hd = 0.21 See discussion in Section 4.2 of this CCN
Maximum Debris Losses (ft) @ < 181.7F

1 RHR hd = .33*(173/T) CS hd = .21*(173/T) See discussion in Section 2.0 of this CCN

where T = suppression pool temperature, F

Elevation Head (ft)
RHR Z2=124 CS Z=1257 See discussion in Section 4.2 of this CCN for conservatism.

NPSHr (f1) .
1 RHR NPSHr= 31.7 CS NPSHr= 296 See discussion in Section 4.2 of this CCN
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CS - Long Term (After EPU)
GE Pool | GE Pool cs cs 1%
Time Temp Pressure Pg vi Z ht hs hd NPSHa | NPSHr || OPR OPA opPC
(sec) (F) psla (psia) | (ranb) || (1) (ft) (ft) (ft) (ft () | (psig) | (psig) || (pstg)
779 169.6 17.88 5.938 | 0.016448[ 1257 3.06 0.29 0.21 29.76 29.60 0.00 3.18 2.40
1,400 173.6 18.34 6.506 | 0.016471 12.57 3.06 0.29 0.21 28.44 29.60 0.49 3.64 2.40
1,711 175.2 18.51 6.746 | 0.016481 12.57 3.06 0.29 0.21 27.88 29.60 0.72 3.81 2.40
2,022 176.6 18.72 6.962 | 0.016489 12.57 3.06 0.29 0.21 27.38 29.60 0.94 4.02 3.40
2,951 180.0 19.30 7.511 0.016509 12.57 3.06 0.29 0.21 26.10 29.60 -|| 1.47 4.60 3.40
3,876 182.6 19.90 7.955 | 0.016525 12.57 3.06 0.29 0.21 25.06 29.60 1.91 5.20 3.40
4,185 183.3 20.07 8.078 | 0.016529 12.57 3.06 0.29 0.21 24.77 29.60 2.03 5.37 4.40
5,109 185.1 20.51 8.402 | 0.016541 12.57 3.06 0.29 0.21 24.01 29.60 2.35 5.81 4.40
5,997 186.6 20.93 8.680 | 0.016550 12.57 3.06 0.29 0.21 23.35 29.60 2.62 6.23 4.40
7,121 188.1 21.42 8.966 | 0.016559 12.57 3.06 0.29 0.21 22.68 29.60 2.90 6.72 5.10
8,035 189.1 21.73 9.161 0.016566 12.57 3.06 0.29 0.21 22.22 29.60 3.09 7.03 5.10
8,970 190.0 21.92 9.340 | 0.016571 12.57 3.08 0.29 0.21 21.80 29.60 3.27 7.22 5.10
10,191 191.0 22.10 9.541 0.016578 12.57 3.06 0.29 0.21 21.32 29.60 3.47 7.40 6.10
12,040 192.1 22.31 9.767 | 0.016585 12.57 3.06 0.29 0.21 20.79 29.60 3.69 7.61 6.10
13,915 193.1 22.47 9.977 | 0.016591 12.57 3.06 0.29 0.21 20.29 29.60 3.90 7.77 6.10
16,375 194.0 22.63 10.168 | 0.016597 12.57 3.06 0.29 0.21 19.84 29.60 4.08 7.93 6.10
20,064 194.6 22,74 10.298 | 0.016601 12.57 3.06 0.29 0.21 19.53 29.60 4.21 8.04 6.10 0
24,094 194.7 22.77 10.320 | 0.016601 12.57 3.06 0.29 0.21 19.48 29.60 4.23 8.07 6.10
30,391 194.4 22.73 10.255 | 0.016599 12.57 3.06 0.29 0.21 19.63 29.60 417 8.03 6.10
40,033 192.5 22.36 9.851 0.016587 )| 12.57 3.06 0.29 0.21 20.59 29.60 3.77 7.66 5.60
51,025 189.5 21,77 9.240 | 0.016568|f 12.57 3.06 0.29 0.21 22,03 29.60 3.17 7.07 5.10
61,023 186.7 21.29 8.699 | 0.016550 12.57 3.06 0.29 0.21 23.31 29.60 2.64 6.59 4.60
70,699 183.9 20.82 8.185 | 0.016533 12.67 3.06 0.29 0.21 24.52 29.60 2.13 6.12 4.10
80,699 181.3 20.40 7.730 | 0.016517| 12.57 3.06 0.29 0.21 25.58 29.60 1.69 5.70 3.60
90,697 178.8 20.03 7.313 | 0.016502 | 12.57 3.06 0.29 0.21 26.56 29.60 1.28 5.33 3.10
100,697 176.4 19.68 6.931 0.016488 12.57 3.06 - 0.29 0.21 27.45 29.60 0.90 4.98 3.10
110,697 174.4 19.39 6.625 | 0.016476 12.57 3.08 0.29 0.21 28.16 29.60 0.60 4.69 2.60
120,697 172.9 19.14 6.404 | 0.016467 || 12.57 3.08 0.29 0.21 28.68 29.60 0.39 4.44 2.60
130,685 171.5 18.92 6.202 | 0.016459 12.57 3.06 0.29 0.21 29.15 29.60 0.19 4.22 210
140,685 170.2 18.72 6.020 | 0.016452| 12.57 3.06 0.29 0.21 29.57 29.60 0.01 4.02 2.10
150,685 169.0 18.53 5.856 ] 0.016445 12.57 | 3.06 0.29 0.21 29.95 29.60 0.00 3.83 1.70
160,685 167.7 18.35 5.683 | 0.016437|| 12.57 3.06 0.29 0.22 30.34 29.60 0.00 3.65 1.70
170,685 166.5 18.20 5.526 | 0.016431 12.57 3.06 0.29 0.22 30.70 29.60 0.00 3.50 1.30
172,800 166.2 18.16 5488 | 0.016429| 12.57 3.06 0.29 0.22 30.79 29.60 0.00 3.46 1.30




RHR - Long Term (After EPU)

Table 4.2

LOCA - Long term

VYC-0808 Rev 6
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GE Pool [ GE Pool . RHR RHR RHR

Time Temp Pressure Pg vf Z hf hs hd NPSHa | NPSHr || OPR OPA oPC

(sec) (F) psia (psia) | (ft*3/1b) (ft) (ft) (ft) (ft) () (f) Il (psia) | (psta) |f (psi
779 169.6 17.88 5.938 | 0.016448 12.40 2.61 0.33 0.34 29.87 31.70 0.77 3.18 2.40
1,400 173.6 18.34 6.506 | 0.016471 12.40 2.61 0.33 0.33 28.56 31.70 1.32 3.64 2.40
1,711 175.2 18.51 6.746 1 0.016481 12.40 2.61 0.33 0.33 28.00 31.70 1.56 3.81 2.40
2,022 176.6 18.72 6.962 | 0.016489 12.40 2.61 0.33 0.33 27.50 31.70 1.77 4.02 3.40
2,951 180.0 19.30 7.511 0.016509 12.40 2.61 0.33 0.33 26.22 31.70 2.31 4.60 3.40
3,876 182.6 19.90 7.955 ] 0.016525 12.40 2.61 0.33 0.33 25.18 31.70 2.74 5.20 3.40
4,185 183.3 20.07 8.078 {0.016529) 12.40 2.61 0.33 0.33 24.89 31.70 2.86 5.37 4.40
5,109 185.1 20.51 8.402 | 0.016541 12.40 2.61 0.33 0.33 24.13 31.70 3.18 5.81 4.40
5,997 186.6 20.93 8.680 | 0.016550 12.40 2.61 0.33 0.33 23.47 31.70 3.45 6.23 4.40
7,121 188.1 21.42 8.966 | 0.016559 || 12.40 2.61 0.33 0.33 22.80 31.70 3.73 6.72 5.10
8,035 189.1 21.73 9.161 0.016566 |] 12.40 2.61 0.33 0.33 22,34 31.70 3.92 7.03 5.10
8,970 190.0 -21.92 9.340 | 0.016571 12.40 2.61 0.33 0.33 21.92 31.70 4.10 7.22 5.10
10,191 191.0 22.10 9.541 0.016578 12.40 2.61 0.33 0.33 21.44 31.70 4.30 7.40 6.10
12,040 192.1 22.31 9,767 | 0.016585|| 12.40 2.61 0.33 0.33 20.91 31.70 4.52 7.61 6.10
13,915 193.1 22.47 9.977 | 0.016591 12.40 2.61 0.33 0.33 20.41 31.70 4.72 7.77 6.10
16,375 194.0 22.63 10.168 | 0.016597 || 12.40 2.61 0.33 0.33 19.96 31.70 4.91 7.93 6.10
20,064 194.6 22.74 10.298 | 0.016601 12.40 2.61 0.33 0.33 19.65 31.70 5.04 8.04 6.10
24,094 194.7 22.77 10.320. | 0.016601 12.40 2.61 0.33 0.33 19.60 31.70 5.06 8.07 6.10
30,391 194.4 22.73 10.255 | 0.016599 || 12.40 2.61 0.33 0.33 19.75 31.70 5.00 8.03 6.10
40,033 192.5 22.36 9.851 0.016587{] 12.40 2.61 0.33 0.33 20.71 31.70 4.60 7.66 5.60
51,025 189.5 21,77 9.240 | 0.016568( 12.40 2.61 0.33 033 |i. 22.15 31.70 4.00 7.07 5.10
61,023 186.7 21.29 8.699 | 0.016550( 12.40 2.61 0.33 0.33 23.43 31.70 3.47 6.59 4.60
70,699 183.9 20.82 8.185 ] 0.016533 || 12.40 2.61 0.33 0.33 24.64 31.70 2.97 6.12 4.10
80,699 181.3 20.40 7.730 | 0.016517{f 12.40 2.61 0.33 0.33 25.71 31.70 2.52 5.70 3.60
90,697 178.8 20.03 7.313 | 0.016502 || 12.40 2.61 0.33 0.33 26.68 31.70 211 5.33 3.10
100,697 176.4 19.68 6.931 0.016488 12.40 2.61 0.33 0.33 27.57 31.70 1.74 4.98 3.10
110,697 174.4 19.39 6.625 | 0.016476| 12.40 2.61 0.33 0.33 28.29 31.70 1.44 4.69 2.60
120,697 172.9 19.14 6.404 ] 0.016467 | 12.40 2.61 0.33 0.33 28.80 31.70 1.22 4.44 - || 2.60
130,685 171.5 18.92 6.202 ] 0.016459| 12.40 2.61 0.33 0.33 29.27 31.70 1.03 4.22 2.10
140,685 170.2 18.72 6.020 | 0.016452| 12.40 2.61 0.33 0.34 29.68 31.70 0.85 4.02 2.10
150,685 169.0 18.53 5.856 ] 0.016445| 12.40 2.61 0.33 0.34 30.06 31.70 0.69 3.83 1.70
160,685 167.7 18.35 5.683 ' 1.0,016437 || 12.40 2.61 0.33 0.34 30.46 31.70 0.52 3.65 1.70
170,685 166.5 18.20 5.526 | 0.016431 12.40 2.61 0.33 0.34 30.82 31.70 0.37 3.50 1.30
172,800 166.2 18.16 - 5.488 | 0.016429 12.40 2.61 0.33 0.34 30.91 31.70 ‘jJ] 0.33 3.46 1.30




Table 4.3
ATWS
ATWS Cross references:
NPSHa=  (14.7-Pg)(144Vf)+Z-hf-hs-hd Section 2.3 of VYC-0808 Rev 6 (Ref: 4)
OPR= (NPSHr — NPSHa)/(144* Vi) See Discussion in Section 4.0 of this CCN
OPA = Over pressure available
OPC = Over pressure credited
NPSHem = NPSH credited margin (NPSHa+OPC(144*vf) -NPSH)
Flow Rate (apm)
1 RHR Q= 7400 2RHR Q= 14200 Table of 1 calc VYC-0808 Rev 6 (Ref: 4)

Suction Line Losses (ft)
1 RHR hf= 4.77E-8*Q2 2 RHR ht= 7.84E-8*(Q/2)A2

Clean Stralner Losses (ft)
1 RHR hs= 0.33 2 RHR hs= 1.22

Maximum Debrs Losses {ft)
1 RHR hd= 0 2 RHR hd= 0

Elevation Head (ft)
RHR Z=11.25

NPSHr (ft) 0-7 hrs >7 hrs >20 hrs
1 RHR NPSHr= 23.8 30.5 31.7
2RHR NPSHr= 23.6 29.0 30.0

Section 3.7 of VYC-0808 Rev 6 (Ref: 4)
Section 3.6 of VYC-0808 Rev 6 (Ref: 4)
See discussion in Section 4.3 of this CCN
See discussion in Sectlon 4.3 of this CCN

See discussion in Section 4.3 of this CCN

VYC-0808 Rev 6
CCN #4
Page 27 of 42
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Minimum NPSHr (0-7 hrs of operation)
GE Pool GE Pool
Pump(s) Time Temp Pressure Pg A" Z hf hs hd NPSHa | NPSHr {| OPR | OPA || OPC
(sec) (F) psia (psta) | (ft*31b) (f) (ft) (ft) (ft) (ft) (f1) || (psig) | (pslg)][{psia)]
1 RHR 300 160.0 21.00 Jf 4741 [ 0.016394 |[ 1125 | 261 0.33 0.00 3182 | 23.80 | -3.40 [ 6.30 J[ 0.00
1 RHR 600 175.0 2290 || 6.716 | 0.016479 || 11.25 | 2.61 0.33 0.00 27.25 | 23.80 || -1.46 | 8.20 || 0.00
1 RHR 1,000 182.0 2540 || 7.850 | 0.016521 || 11.25 | 2.61 0.33 0.00 2460 | 23.80 |l -0.34 | 10.70] 2.40
1 RHR 1,300 187.0 2620 || 8756 | 0.016552 || 11.25 | 2.61 0.33 0.00 22,48 23.80 || 0.56 | 11.50] 2.40
1 RHR 1,838 190.0 27.00 || 9.340 | 0.016571 || 11.25 | 2.61 0.33 0.00 21,10 | 23.80 | 1.13 {12.30} 2.40
1 RHR 3,000 187.0 2660 || 8.756 | 0.016552 || 11.25 | 2.61 0.33 0.00 22.48 23.80 || 0.56 |11.90]f 2.40
1 RHR 5,000 182.0 2590 || 7.850 | 0.016521 || 11.25 | 2.61 0.33 0.00 2460 | 23.80 |l -0.34 | 11.20] 2.40
1 RHR 6,000 180.0 2550 || 7.511 | 0.016509 || 11.25 | 2.61 0.33 0.00 25.40 | 23.80 | -0.67 | 10.80]| 0.00
1 RHR 8,000 175.0 2470 || 6.716 | 0.016479 || 11.25 | 2.61 0.33 0.00 27.25 | 23.80 || -1.46 | 10.00]| 0.00
2 RHR 300 160.0 21.00 || 4741 ] 0016394 || 11.25 | 3.95 1.22 0.00 29.59 | 23.60 || -2.54 | 6.30 || 0.00
2 RHR 600 175.0 2290 || 6.716 | 0.016479 || 11.25 | 3.95 1.22 0.00 2502 | 2360 | -0.60 | 8.20 || 2.40
2 RHR 1,000 182.0 2540 JI 7.850 | 0.016521 || 11.25 | 3.95 1.22 0.00 2237 | 23.60. || 0.52 | 10.70]{ 2.40
2 RHR 1,300 187.0 2620 || 8756 | 0.016552 || 11.25 | 3.95 1.22 0.00 2025 | 23.60 || 1.41 | 11.50f 2.40
2 RHR 1,838 190.0 27.00 || 9.3¢0 | 0.016571 || 11.25 | 3.95 1.22 0.00 18.87 | 2360 || 1.98 |12.30{ 2.40
2 RHR 3,000 187.0 2660 || 8.756 | 0.016552 |[ 11.25 | 3.95 1.22 0.00 20.25 | 2360 || 1.41 |11.90] 2.40
2RHR 5,000 182.0 2590 || 7.850 | 0.016521 || 11.25 | 3.95 1.22 0.00 2237 | 2360 || 0.52 | 11.20] 2.40
2 RHR 6,000 180.0 2550 || 7.511 | 0.016509 || 11.25 | 3.95 1.22 0.00 23.17 | 2360 || 0.18 | 10.80] 2.40
2 RHR 8,000 175.0 2470 || 6.716 | 0.016479 || 11.25 | 3.95 1.22 0.00 2502 | 2360 |{ -0.60 | 10.00]| 0.00
NPSHa vs decreasing pool temperature

1 RHR 166.0 1470 || 5462 | 0.016428 || 11.25 | 2.61 0.33 0.00 30.16

1 RHR 164.0 14.70 |l 5.212 | 0.016417 || 11.25 | 2.61 0.33 0.00 30.74

1 RHR 162.0 1470 || 4.972 | 0.016406 || 11.25 | 2.61 0.33 0.00 31.29

1 RHR 160.0 1470 || 4741 | 0016395 || 1125 | 2.61 0.33 0.00 31.82

1 RHR 158.0 1470 || 4.520 | 0.016384 || 11.25 | 2.61 0.33 0.00 32.33

1 RHR 156.0 1470 || 4.307 | 0.016373 }f 11.25 | 2.61 0.33 0.00 32.81

2RHR 166.0 1470 || 5.462 | 0.016428 || 11.25 | 3.95 1.22 0.00 27.93

2 RHR 164.0 1470 || 5212 | 0.016417 |[ 1125 | 395 1.22 0.00 28.51

2 RHR 162.0 14.70 || 4.972 | 0.016406 | 11.25 | 3.95 1.22 0.00 29,06

2RHR 160.0 1470 || 4741 | 0.016395 || 11.25 [ 395 1.22 0.00 - || 29.59

2RHR 158.0 14.70 || 4.520 | 0.016384 || 11.25 | 3.95 1.22 0.00 30.10

2 RHR 156.0 14.70 || 4.307 | 0.016373 || 11.25 | 3.95 1.22 0.00 30.58
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- General Profile — Overpressure Required vs Pool Temperature Cross references:
NPSHa = (14.7-Pg)(144Vf)+Z-hf-hs-hd Section 2.3 of VYC-0808 Rev 6 (Ref: 4)
OPR = (NPSHr ~ NPSHa)/(144*Vf) See Discussion in Section 4.0 and 3.0 of this CCN
Elow Rate (gpm)
1 RHR 2 RHR CS See discussion In Section 4.4 of this CCN
highQ 7400 - 14200 4600
low Q 7000 12800 3500
Suction Line Losses (ft)
1 RHR 2 RHR CS Section 3.7 of VYC-0808 Rev 6 (Ref: 4)
hf = 4.77E-8*QA2 7.84E-8*(Q/2)"2 2.58E-7'Q"2
Clean Strainer Losses (ft) @ flow rates tabulated above
1 RHR 2 RHR Ccs See discussion in Section 4.4 of this CCN
(high Q) hs 0.33 1.22 0.51
(low Q) hs .33*(Q/7400)A2 1.22°(Q/142002 .38*(Q/4000)"2
Maximum Debris Losses (ft) See discussion in Section 4.4 of this CCN
1 RHR 2 RHR CcS )
hd 0 0 0
Elevation Head (ft}
RHR CS See discussion in Section 4.4 of this CCN
z 11.25 11.42
Minimum NPSHr (ft) @ flow rates tabulated above
1 RHR 2 RHR CS See discussion in Section 4.4 of this CCN
(High Q) NPSHr 23.8 23.6 28.0
{Low Q) NPSHr 23.5 23.0 24.8
Maximum NPSHr (ft) @ flow rates tabulated above
1 RHR 2 RHR CS See discussion in Sectlon 4.4 of this CCN
{High Q) NPSHr 31.7 30.0 35.0

(Low Q) NPSHr 29.5 28.5 29.6
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General Profile - Overpressure vs Pool Temperature

General Profile — Overpressure Required vs Pool Temperature
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1 RHR @ Min NPSHr  (0-7 hrs of operation)
Pool Pool

Pump(s) Flow, Q Temp Pressure Pg vt Z ht hs hd NPSHa | NPSHr || OPR

_(gpm) (F) psia (psta) | _ (ft*3/b) (ft) (ft) L) 1)) (ft) () _ll(pslg)

1RHR —7:400 175.0 14.70 6.716 0.016480 11.25 2.61 0.33 0.00 27.25 23.80 ! -1.46
1RHR 7,400 180.0 14.70 7.511 0.016510 11.25 2.61 0.33 0.00 25.40 23.80 [ -0.67
1RHR 7,400 185.0 14.70 8.384 0.016540 11.25 2.61 0.33 0.00 23.35 23.80 0.19
1RHR 7,400 190.0 14.70 9.340 0.016572 11.25 2.61 0.33 0.00 21.10 23.80 | 1.13
1RHR 7,400 195.0 14,70 10.385 | 0.016604 11.25 2.61 0.33 0.00 18.63 23.30 2.16
1RHR 7,400 200.0 14.70 11.526 | 0.016637 11.25 2.61 0.33 0.00 15.91 23.80 3.29
1RHR 7,400 205.0 14.70 12,770 | 0.016670 11.25 2.61 0.33 0.00 12.94 23.80 4.52
1RHR 7,000 175.0 14.70 6.716 0.016480 11.25 2.34 0.30 0.00 27.56 23.50 | -1.71
1RHR 7,000 180.0 14.70 7.511 0.016510 11.25 2.34 0.30 0.00 25.70 23.50 || -0.93
1RHR 7,000 185.0 14.70 8.384 0.016540 11.256 | 2.34- 0.30 0.00 23.66 23.50 | -0.07
1RHR 7,000 190.0 14.70 9.340 0.016572 11.25 2.34 0.30 0.00 21.40 23.50 || 0.88
1RHA 7,000 195.0 14.70 10.385 | 0.016604 11.25 2.34 0.30 0.00 18.93 23.50 1.91
1RHR 7,000 200.0 14.70 11.526 0.016637 11.25 2.34 0.30 0.00 16.22 23:50 3.04
18HR 7.000 205.0 14.70 12,770 0.016670 11.25 2.34 0.30 0.00 13.25 23.50 4.27
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General Profile - Overpressure vs Pool Temperature
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General Profile - Overpressure Required vs Pool Temperature 2 RHR @ Min NPSHr  (0-7 hrs of operation)
Pool Pool
Pump(s) Flow, Q Temp Pressure Pg vt Z ht hs hd NPSHa | NPSHr || OPR
(gpm) (F) psia (psla) | (ftr31b) (ft) (ft) (ft) (ft) (ft) () _[|(pslg)]
2RHR 14,200 170.0 1470 || 5993 | 0.016451 11.25 3.95 1.22 0.00 26.70 | 23.60 |f-1.31
2RHR 14,200 175.0 1470 || 6.716 | 0.016480 || 11.25 3.95 1.22 0.00 25.02 | 23.60 }]|-0.60
2RHR 14,200 180.0 1470 [ 7.511 | 0.016510 || 11.25 3.95 1.22 0.00 23.17 | 2360 || 0.18
2RHR 14,200 185.0 1470 || 8.384 | 0.016540 [i 11.25 3.95 1.22 0.00 2112 | 2360 || 1.04
2RHR 14,200 190.0 14.70 || 9.340 | o.016572 || 11.25 3.95 1.22 0.00 18.87 | 2360 || 1.98
2RHR 14,200 195.0 14.70 || 10.385 | 0.016604 || 11.25 3.95 1.22 0.00 16.39 | 23.60 || 3.01
2RHR 14,200 200.0 1470 || 11.526 | 0.016637 || 11.25 3.95 1.22 0.00 13.68 | 2360 | 4.14
2RHR 14,200 205.0 14.70 || 12.770 | 0.016670 || 11.25 3.95 1.22 0.00 1071 | 2360 || 5.37
2RHR 12,800 170.0 14.70 {| 5993 | 0.016451 11.25 3.21 0.99 0.00 2768 | 23.00 | -1.97
2RHR 12,800 175.0 1470 || 6.716 | 0.016480 || 11.25 3.21 0.99 0.00 26.00 | 23.00 ||-1.26
2RHR 12,800 180.0 1470 || 7.511 | 0.016510 || 11.25 3.21 0.99 0.00 2414 | 23.00 |f-0.48
2RHR 12,800 185.0 14.70 [i 8.384 | 0.016540 || 11.25 3.21 0.99 0.00 22,09 | 23.00 || 0.38
2RHR 12,800 190.0 14.70 || 9.340 | 0.016572 || 11.25 3.21 0.99 0.00 19.84 | 23.00 || 1.32
2RHR 12,800 195.0 14.70 || 10.385 | 0.016604 || 11.25 3.21 0.99 0.00 17.37 | 23.00 || 2.36
2RHR 12,800 200.0 14.70 |l 11.526 | 0.016637 || 11.25 3.21 0.99 0.00 14.65 | 23.00 | 3.48
2RHR 12,800 205.0 1470 || 12.770 | 0.016670 || 11.25 3.21 0.99 0.00 11.68 | 23.00 || 4.72
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General Profile — Overpressure Required vs Pool Temperature CS Min NPSHr (0-7 hrs of operation)
Poo! Pool :
Pump(s) Flow, Q Temp Pressure Pg vi z hf hs hd NPSHa | NPSHr || OPR
(gpm) (F) psla (psia) | (ft"3/ib) (ft) (ft) (ft) (ft) (ft) (f) _Ji(psig)
CS 4,600 155.0 1470 || 4.204 | 0.016368 || 11.42 5.29 0.51 0.00 30.36 28.00 |f -1.00
CS 4,600 160.0 1470 || 4.741 | 0.016395 || 11.42 5.29 0.51 0.00 29.13 28.00 [i-0.48
CS 4,600 165.0 1470 || 5.336 | 0.016422 || 11.42 5.29 0.51 0.00 27.76 28.00 || 0.10
(o] 4,600 170.0 1470 || 5.993 | 0.016451 11.42 5.29 0.51 0.00 2625 | 28.00 || 0.74
CS 4,600 175.0 1470 || 6.716 | 0.016480 || 11.42 5.29 0.51 0.00 2457 | 28.00 || 1.45
CS 4,600 180.0 1470 || 7.511 | 0.016510 || 11.42 5.29 0.51 0.00 22.71 28.00 || 2.22
CS 4,600 185.0 1470 || 8.384 | 0.016540 || 11.42 5.29 0.51 0.00 2066 | 2800 |l 3.08
CS 4,600 190.0 1470 || 9.340 | 0.016572 || 11.42 5.29 0.51 0.00 18.41 28.00 || 4.02
CS 4,600 195.0 14.70 || 10.385 | 0.016604 || 11.42 5.29 0.51 0.00 15.94 | 28.00 || 5.05
(of5] 4,600 200.0 1470 || 11.526 | 0.016637 || 11.42 5.29 0.51 0.00 1322 | 28.00 | 6.17
cS 4,600 205.0 1470 {| 12.770 | 0.016670 || 11.42 5.29 0.51 0.00 10.25 28.00 || 7.39
cS 3,500 155.0 14.70 || 4.204 | 0.016368 || 11.42 3.06 0.29 0.00 32.81 24.80 || -3.40
cs 3,500 160.0 1470 || 4.741 | 0.016305 || 11.42 3.06 0.29 0.00 31.58 | 24.80 | -2.87
cs 3,500 165.0 1470 || 5.336 | 0.016422 || 11.42 3.06 0.29 0.00 30.21 24.80 || -2.29
CS 3,500 170.0 1470 || 5.993 | 0.016451 11.42 3.06 0.29 0.00 28.69 24.80 |l -1.64
CS 3,500 175.0 1470 |t 6.716 | 0.016480 || 11.42 3.06 0.29 0.00 27.01 24.80 || -0.93
CS 3,500 180.0 1470 || 7.511 | 0.016510 || 11.42 3.06 0.29 0.00 25,16 | 24.80 | -0.15
cS 3,500 185.0 1470 || 8.384 | 0.016540 || 11.42 3.06 0.29 0.00 23.11 24.80 || 0.71
CS 3,500 190.0 14.70 || 9.340 | 0.016572 || 11.42 3.06 0.29 0.00 2086 | 24.80 |l 1.65
cS 3,500 195.0 1470 || 10.385 | 0.016604 || 11.42 3.06 0.29 0.00 18.38 | 24.80 || 2.68
cs 3,500 200.0 14.70 || 11.526 | 0.016637 || 11.42 3.06 0.29 0.00 15.67 | 24.80 || 3.81
cS 3,500 205.0 1470 || 12.770 | 0.016670 || 11.42 3.06 0.29 0.00 12.70 | 24.80 || 5.04
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General Profile - Overpressure vs Pool Temperature Page ggg‘: ﬁ‘;
General Profile — Overpressure Required vs Pool Temperature 1 RHR @ Max NPSHr (57 hrs of operation)
Pool Pool
Pump(s) Flow, Q Temp Pressure Pg \'}) Z ht hs hd NPSHa | NPSHr || OPR
(gpm) (F) psia_ || (psla) | (ft"3Mb) (1) () (ft) (1) () 1 __li(psig)
1RHR 7,400 155.0 1470 || 4.204 | 0.016368 [| 11.25 2.61 0.33 0.00 3305 | 3170 [ -0.57
1RHR 7,400 160.0 1470 || 4.741 | 0.016395 || 11.25 2,61 0.33 0.00 31.82 | 31.70 [ -0.05 ]
1RHR 7,400 165.0 1470 || 5.336 | 0.016422 | 11.25 2.61 0.33 0.00 3045 | 31.70 | 053
1RHR __|. 7.400 170.0 1470 || 5993 | 0.016451 || 11.25 2.61 0.33 0.00 28.93 | 3170 |l 1.17
1RHR 7,400 175.0 1470 (| 6.716 | 0.016480 || 11.25 2.61 0.33 0.00 27.25 | 3170 |l 1.87
1RHR 7,400 180.0 1470 || 7.511 | 0.016510 || 11.25 2.61 0.33 0.00 25.40 | 31.70 || 2.65
1RHR 7,400 185.0 14.70 || 8.384 | 0.016540 || 11.25 2.61 0.33 0.00 23.35 | 31.70 | 3.51
1RHR 7,400 190.0 1470 || 9340 | o.ote572 || 11.25 2,61 0.33 0.00 21.10 | 31.70 || 4.44
1RHR 7,400 195.0 14.70 || 10.385 | 0.016604 f| 11.25 2.61 0.33 0.00 1863 | 31.70 |l 547
1RHR 7,400 200.0 1470 || 11.526 | 0.016637 || 11.25 2.61 0.33 0.00 15.91 31.70 | 6.59
1RHR 7,400 205.0 14.70 || 12.770 | 0.016670 || 11.25 2.61 0.33 0.00 1294 | 3170 | 7.81
1RHR 7,000 155.0 1470 || 4204 | o0.016368 || 11.25 2.34 0.30 0.00 33.35 | 29.50 [ -1.63
1RHR 7,000 160.0 1470 || 4741 | 0.016395 || 11.25 2.34 0.30 0.00 32.12 | 2950 [ -1.11
1RHR 7,000 165.0 1470 || 5336 | 0.016422 || 11.25 2.34 0.30 0.00 30.76 | 29.50 [l-0.53
1RHR 7,000 170.0 14.70 || 5993 | o.016451 || 11.25 2.34 0.30 0.00° | 2924 | 29.50 |f 0.11
1RHR 7,000 175.0 1470 || 6.716 | 0.016480 || 11.25 2.34 0.30 0.00 27.56 | 29.50 |l 0.82
1RHR 7,000 180.0 1470 || 7.511 | 0.016510 || 11.25 2.34 0.30 0.00 2570 | 29.50 || 1.60
1RHR 7,000 185.0 1470 || 8.384 | 0.016540 || 11.25 2.34 0.30 0.00 2366 | 29.50 | 2.45
1RHR 7,000 190.0 1470 || 9.340 | o.016572 || 11.25 2.34 0.30 0.00 21.40 | 29.50 || 3.39
1RHR 7,000 195.0 14.70 || 10.385 | 0.016604 || 11.25 2.34 0.30 0.00 18.93 | 29.50 || 4.42
1RHR 7,000 200.0 1470 || 11.526 | 0.016637 || 11.25 2.34 0.30 0.00 1622 | 29.50 | 5.54
1RHR 7,000 205.0 1470 || 12.770 | 0.016670 || 11.25 2.34 0.30 0.00 1325 | 29.50 || 6.77
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General Profile - Overpressure Required vs Pool Temperature

2 RHR @ Max NPSHr

VYC-0808 Rev 6

CCN #4
Page 34 of 42

(>7 hrs of operation)

Pool Pool
Pump(s) Flow, Q Temp Pressure Pg \' Z hf hs hd NPSHa | NPSHr || OPR
(gpm) (F) psia (psla) | (ftA3/ib) (ft) (1) (ft) (f) (ft) () __Il(pslg)
2RHR 14,200 1565.0 14.70 4.204 0.016368 11.25 3.95 1.22 0.00 30.82 30.00 || -0.35
2RHR 14,200 160.0 14,70 4.741 0.016395 11.25 3.95 1.22 0.00 29.59 30.00 0.17
2RHR 14,200 165.0 14.70 5.336 0.016422 11.25 3.95 1.22 0.00 28.22 30.00 0.75
2RHR 14,200 170.0 14.70 5.993 0.016451 11.25 3.95 1.22 0.00 26.70 30.00 1.39
2RHR 14,200 175.0 14,70 6.716 0.016480 14.25 3.95 1.22 0.00 25.02 30.00 || 2.10
2RHR 14,200 180.0 14.70 7.511 0.016510 11.25 3.95 1.22 0.00 23.17 30.00 |l 2.87
2RHR 14,200 185.0 14,70 8.384 0.016540 11.25 3.95 1.22 0.00 21,12 30.00 |l 3.73
2RHR 14,200 190.0 14.70 9.340 0.016572 11.25. 3.95 1.22 0.00 18.87 30.00 4.66
2RHR 14,200 195.0 14.70 10.385 | 0.016604 11.25 3.95 1.22 0.00 16.39 30.00 || 5.69
2RHR 14,200 200.0 14.70 11.526 | 0.016637 11.25 3.95 1.22 0.00 13.68 30.00 || 6.81
2RHR 14,200 205.0 14,70 12,770 | 0.016670 11.25 3.95 1.22 0.00 10.71 30.00 | 8.04
2RHR 12,800 155.0 14.70 4.204 0.016368 11.25 3.21 0.99 0.00 31.79 28.50 || -1.39
2RHR 12,800 160.0 14,70 4,741 0.016395 11.25 3.21 0.99 0.00 30.56 28.50 || -0.87
2RHR 12,800 165.0 14,70 5.336 0.016422 11.25 3.21 0.99 0.00 29.19 28.50 |l -0.29
2RHR 12,800 170.0 - 14,70 5.993 0.016451 11.25 3.21 0.99 0.00 27.68 28.50 0.35
2RHR 12,800 175.0 14,70 6.716 0.016480 11.25 3.21 0.99 0.00 26.00 28.50 1.06
2RHR 12,800 180.0 14,70 7.511 0.016510 11.25 3.21 0.99 0.00 2414 28.50 1.83
2RHR 12,800 185.0 14.70 8.384 0.016540 11.25 3.21 0.99 0.00 22.09 28.50 2.69
2RHR 12,800 190.0 14,70 9.340 0.016572 11.25 3.21 0.99 0.00 19.84 28.50 || 3.63
2RHA 12,800 195.0 14,70 10.385 0.016604 11.25 3.21 0.99 0.00 17.37 28.50 4.66
2RHR 12,800 200.0 14,70 11,526 | 0.016637 11.25 3.21 0.99 0.00 14.65 28.50 |l 5.78
2RHR 12,800 205.0 14.70 12.770 0.016670 11.25 3.21 0.99 0.00 11.68 28.50 7.01
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General Profile — Overpressure Required vs Pool Temperature CS Max NPSHr (>7 hrs of operation)
Pool Pool
Pump(s) Flow, Q Temp Pressure Pg vt Z ht hs hd NPSHa | NPSHr || OPR
(gpm) (F) psia_|| (psia) | (ft*3Nb) (ft) (tt) (ft) (ft) (ft) () _||(psig)]
CS 4,600 125.0 1470 || 1.942 | 0.016225 || 11.42 5.29 0.51 0.00 3543 | 3500 [l-0.18
CS 4,600 130.0 1470 || 2223 | 0016246 || 11.42 5.29 0.51 0.00 34.81 35.00 | 0.08
(o] 4,600 135.0 14.70 || 2.537 | 0.016269 {| 11.42 5.29 0.51 0.00 34.11 35.00 |l 0.38
CS 4,600 140.0 1470 || 2.889 | 0.016293 || 11.42 5.29 0.51 0.00 33.33 | 3500 |l 0.71
cS 4,600 145.0 1470 || 3.282 | o.016317 || 11.42 5.29 0.51 0.00 3245 | 3500 | 1.09
cs 4,600 150.0 14.70 || 3.718 | 0.016342 | 11.42 5.29 0.51 0.00 3146 | 35.00 ][ 1.50
CS 4,600 155.0 1470 || 4.204 | 0.016368 || 11.42 5.29 0.51 0.00 30.36 | 35.00 | 1.97
cs 4,600 160.0 14.70 || 4741 | 0.016395 || 11.42 5.29 0.51 0.00 29.13 | 35.00 | 2.49
cS 4,600 165.0 1470 || 5336 | 0.016422 || 11.42 5.29 0.51 0.00 27.76 | 35.00 [ 3.06
CS 4,600 170.0 14.70 || 5.993 | 0.016451 11.42 5.29 0.51 0.00 2625 | 35.00 |l 3.70
CS 4,600 175.0 14.70 || - 6.716 | 0.016480 || 11.42 5.29 0.51 0.00 24,57 | 35.00 | 4.40
CS 4,600 180.0 14.70 || 7.511 | 0.016510 || 11.42 5.29 0.51 0.00 22.71 35.00 |l 5.17
cS 4,600 185.0 14.70 || 8.384 | 0.016540 || 11.42 5.29 0.51 0.00 2066 | 35.00 |f 6.02
cS 4,600 190.0 14.70 || 9.340 | 0.016572 || 11.42 5.29 0.51 0.00 18.41 35.00 | 6.95
CS 4,600 195.0 14.70 || 10.385 | 0.016604 | 11.42 5.29 0.51 0.00 15.94 | 3500 || 7.97
CcS 4,600 200.0 14.70 || 11.526 | 0.016637 || 11.42 5.29 0.51 0.00 13.22 | 35.00 |l 9.09
CS 4,600 205.0 14.70 || 12.770 | 0.016670 || 11.42 5.29 0.51 0.00 1025 | 3500 {]10.31
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General Profile — Overpressure Required vs Pool Temperature CS Max NPSHr (>7 hrs of operation)
Poot Pool
Pump(s) Flow, Q Temp Pressure Pg vt Z ht hs hd NPSHa | NPSHr || OPR
| (gpm) (F) psia (psta) | (ft*3/b) (ft) (ft) (ft) (1) (f1) () _li(psig)
CS 3,500 125.0 14.70 || 1.942 | 0016225 || 11.42 3.06 0.29 0.00 3788 | 29.60 | -3.54
cS 3,500 130.0 1470 || 2.223 | 0.016246 [| 11.42 3.06 0.29 0.00 3726 | 29.60 | -3.27
CS 3,500 135.0 1470 || 2537 | 0.016269 || 11.42 3.06 0.29 0.00 3656 | 2060 |l -2.97
CS . 3,500 140.0 1470 || 2.889 | 0.016293 || 11.42 3.06 0.29 0.00 3578 | 29.60 |l-2.63
CS 3,500 145.0 1470 || 3.282 | 0.016317 || 11.42 3.06 0.29 0.00 3490 | 29.60 |[-2.25
cs 3,500 150.0 1470 || 3.718 | 0.016342 || 11.42 3.06 0.29 0.00 33.91 20.60 | -1.83
(o] 3,500 155.0 1470 | 4.204 | 0.016368 || 11.42 3.06 0.29 0.00 32.81 20.60 | -1.36
CS 3,500 160.0 1470 || 4741 | 0.016395 || 11.42 3.06 0.29 0.00 3158 | 29.60 |(-0.84
CS 3,500 165.0 14,70 || 5336 | 0016422 || 11.42 3.06 0.29 0.00 30.21 20.60 | -0.26
CS 3,500 170.0 1470 || 5.993 | o0.016451 || 11.42 3.06 0.29 0.00 28.69 | 29.60 |l 0.38
cS 3,500 175.0 1470 || 6716 | 0.016480 || 11.42 3.06 0.29 0.00 27.01 29.60 | 1.09
CS 3,500 180.0 14.70 || 7.511 | 0.016510 || 11.42 3.06 0.29 0.00 25.16 | 29.60 | 1.87
CS 3,500 185.0 14.70 || 8.384 | 0.016540 {| 11.42 3.06 0.29 0.00 23.11 20.60 | 2.72
cS 3,500 190.0 14.70 || 9.340 | 0.016572 || 11.42 3.06 0.29 0.00 2086 | 29.60 |l 3.66
CS 3,500 195.0 14.70 || 10.385 | 0.016604 || 11.42 3.06 0.29 0.00 18.38 | 29.60 || 4.69
CS 3,500 200.0 1470 || 11.526 | 0.016637 || 11.42 3.06 0.29 0.00 15.67 | 29.60 || 5.81
CS 3,500 205.0 14.70 || 12.770 | 0.016670 || 11.42 3.06 0.29 0.00 1270 | 29.60 || 7.04
I
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General Profile — Overpressure Required vs Pool Temperature
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General Profile - Overpressure Required vs Pool Temperature
2 RHR pumps - Min & Max NPSHr
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Overpressure Required (psig)

General Profile — Overpressure Required vs Pool Temperature
CS pump - Minimum NPSHr (0-7hrs of operation)
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General Profile — Overpressure Required vs Pool Temperature
CS pump - Maximum NPSHr (>7 hrs of operation)
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Attachment A

Page 1 of 2.
VY CALCULATION REVIEW FORM

Calculation Number: VYC-0808 Revision Number: 6 CCN Number:_4

Title: Core Spray and Residual Heat Removal Pump Net Positive Suction Head Margin Following a Loss of Coolant Accident or Anticipated Transients

Without Scram

Reviewer Assigned:___Edward Lind Required Date_8-12-03

[ Interdiscipline Review B< Independent Review

Comments* Resolution

Section 2 —Identify that previous revisions and CCNs of Calculation Section 2: 2™ paragraph revised as requested.
VYC-0808 had not not taken credit for torus air space pressure,

Section 4- Revise text referencing Figure 2.1-1 and 2.1.2

of Attachment 3 to calculation VYC-0808 to state that Section 4.0, 4.1, 4.2, and 4.3 revised as requested.
figures provide a plot of Allowable Operating Periods @

NPSHa Specified values for various flow rates not NPSHr

Calculation Title - Since this calc now addresses ATWS, in
addition to LOCA, revise title to reflect ATWS. Title on cover page and Attachment A revised to add ATWS.

VYAPF 0017.04
AP 0017 Rev. 8
Page 1




Attachment A

Page 2 _of 2 .
Edward Lind ' 8-12-03 Frank Capuano - g‘ 8-12-03
4:—»'/ Aﬂa/ / ?— /
Reviewer Signature Date Calculation Preparer (Comments Resolved) Date
Method of Review: X Calculation/AnaIysis Review Edward Lind 8-12-03
] Alternative Calculation M Aﬂ-/ /
[J Qualification Testing Reviewer Signature (Comments Resolved) Date

*Comments shall be specific, not general. Do not list questions or suggestions unless suggesting wording to ensure the correct interpretation of issues.

Questions should be asked of the preparer directly.

VYAPF 0017.04
AP 0017 Rev. 8
Page 2




Attachment B Page 1 of 1
DOCUMENTATION OF COMPUTER RESOURCE USE

CALCULATION NO.: _VYC-0808 REVISION NO.:_6 CCNNo.:_4

Computer Used (include manufacturer, CPU Type, and operating system version and level):

Not Applicable - See Below

Computer Input Attached*? []Yes [JNo

Location/Identifier:

Computer Output Attached*? [ ]Yes [JNo

Location/Identifier:

* Large volume input/output should be provided on CD. See Appendix E for format requirements.

List the computer codes used, and complete the following:

Approved per | Appropriateness |Outstanding SPRs
PP 7800 Verified or Code Errors'

Code Name/Version and/or Script File Yes® No Yes No Yes® No
NONE

Only Microsoft Office software used,
Word 97 SR-2 and Excel 97 SR-2

! Software Problem Report (SPR), does not exist as a reporting method in PP 7800 and AP 6030. Contact
the Code sponsor and review any outstanding SPRs or Code errors. [ER2000805]

% If yes, fill out information below.

? If yes, include the Code name on the Computer Code line of the title page, VYAPF 0017.01.

If a computer code was not verified in accordance with PP 7800 and AP 6030, or if there are outstanding SPRs, .
state below why it is appropriate.

Code Name/Script File Appropriateness

VYAPF 0017.06
AP 0017 Rev. 8
Page 1 of 1



VY - Dispositioned Comments

Attachment C

‘F"""!'W

VYC-0808 Revision 6
CCN#4

COmMENT NG [T SR UTABeT [P eV WO [ R D e R e, R S T % T R
CCN cover sheet, Concluslon Add word requured" Resolution
1843 |VYC-0808 |Paul Rainey |after words “The overpressure credit” afier 2nd "required” Incorporated on Cover sheet and in Section 6.0 accepted. B.
bultet. Slifer 8/12/03
. Typo corrected: text revised to read Resolution
1844  |VYC-0808 |Paul Rainey §e°:5°" 2,p8,yponedtolast paragraph after oo oy 2 gofcare.... vs accepted. B.
ection. Section .4 of Calc.... Stifer 8/12/03
!
; Section 4.0: Added discussion about selection of OPC, excerpt follows:
' OPC (psig)- Overpressure Credit Taken
: The overpressure credited in the evaluation of NPSH. Engineening Resolution
: . Section 4, What is bases for determining OPC? judgement is used to select the credit fo be greater than the OPR, by a
;1845 |V¥C-0808 |Paul Rainey Why isn’t margin OPA-OPR? reasonable amount, and less than the OPA. aqcepted. B.
i Slifer 8/12/03
While OPC-OPR is a simpler form of defining margin (NPSHem), all
discussion of NPSHcm is deleted throughout calc, as agreed on 8/7/03
tel-con discussion.
Section 4.1, 2nd paragraph, discussion would lead |Short Term Evaluation Section 4.1.1 concludes that overpressure is not Resolution
1846  I\vyc-0808 |Paut Rainey [YOY to believe that overpressure is required in short [required. The conclusion on the Cover sheet and Section 6.0 for Short accepted. B
¥ term. Add statement that overpressure is not Term LOCA is revised to state that overpressure is not required for the Sliferpa " 2 IO:;
required in short term, short term,
] As agreed to by tel-con on 8/7/03, analysis of two RHR pumps is
maintained in the calculation for conservatism. However, Figure 4.3 is
. . : revised to add the 1 RHR pump OPR. This then clearly shows that
Section 4.3, governing analysis should be based on A - H .
i 1 RHR pump in each foop, Plant doesn't run 2 RHR g}eFr% |: gdg;t'fvr;al NPSH margin for one pump operation. See excerpt Resolution
1847 VYC-0808 |Paul Rainey pumps in 1 loop while in torus cooling. NPSH accepted. B.

e —————

required should be 23.8 ft since analysis is only run
for 8000 seconds. With 1 pump per loop OPR is
less than 2.4 psig.

Since selection of OPC is somewhat arbitrary, see response to
comment 1845, use of an OPC of 2.4 is appropriate. It is consistent
with the limit used for LOCA (up to 2000 seconds) while enveloping for
both 1 RHR and 2RHR pump operation.

Slifer 8/12/03

Page 10of 8




VY - Dispositioned Comments Attachment C VYC-0808 Revision 6
CCN#
Section 5.3 (<7hrs) revised to address NPSHa, OPR, OPC, and OPA
for both 1 RHR and 2 RHR pumps. See excerpt of Section 5.3 below.
. . Resolution
. Section 5.4 (>7hrs) revised fo address both 1RHR and 2RHR pump
1848 |VYC-0808 |Paul Rainey |Section 5.3 and 5.4, revise per comment 1847. operation, citing NPSHr at pertinent time increments and discussing the gtl:itf::rp;géloaé
impact of the substantial rate of decrease of the pool temperature, See
excerpt of Section 5.4 below.
Incorporated words into Section 5.5 and Section 2.0. Excerpt follows:
. . X . , . - Resolution
1849  |V¥C-0808 !Paul Rainey 'Sect-non.s.s, add words *without strainer debris The profiles are intended to serve as the Qas:s for determining accepted. B.
oading” to end of next to last sentence. overpressure requirements when performing RHR and CS pump NPSH Slifer 8/12/03
evaluation for any other events, which cause elevated suppression
pool temperatures, without strainer debris loading.
General comment, unless you're familiar with calc Section 4.2 revised to address flow rates evaluated.
. details the impression is left that you need to cut , . . . Resolution
1850 {VYC-0808 (Paul Rainey |back flow at 10 minutes which Is not the case, It fsrg::ig:::t'kz).r: :insed to discuss throttiing and reference generic profiles accepted. B.
would be helpful to state when we actually need to S o Slifer 8/12/03
cut back flow for the various cases. ee excerpts of Section 4.2 and 4.2.1 below. .
1 RHR pump is added to Table 4.3 “NPSHa vs decreasing poo!
. temperature”. Resolution
1851 |VYC-0808 |Paul Rainey |Table 4.3, see comment 1847, accepted. B.
Refer to response to comments 1847 and 1848 Sifer 8/12/03
.. . As agreed to by tel-con on 8/7/03, OPC is maintained in Fig 4.2 Resolution
. .4.2,perB Tife b . y '
1852 |VYC-0808 |Paul Rainey ;lrgph gnzetrab'r:ce Stifer comment remove OPC however it is revised to be approximately midway between OPA and accepted. B.
’ OPR, where practical. See excerpt of Fig 4.2 below. Slifer 8/12/03
- . Resolution
1853  |VYC-0808 {Paul Rainey |Fig. 4.3, base on 1 RHR pump per loop. Refer to response to comment 1847, accepted. B.

Slifer 8/12/03
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VY - Dispositioned Comments Attachment C VYC-0808 Revision 6
CCN#4
Page 8, the debris head loss from CCNO3 is used injRevised to use conservative debris loading from Rev 6, in lieu of
lieu of the values from Rev. 6. CCNO3 was an loading from CCN#3
assessment of increased sludge. The calculated
head loss was less than the head loss due to debris {CS long term (hd) @ 3500gpm changed to 0.21° Resolution

! 1857 |VYC-0808 iBruce Slifer [assumed in Rev. 6. The intent of CCNO3 was not to{RHR one pump (hd) changed to 0.33' accepted. B.
] replace the debris head loss in Rev. 6. This is Slifer 8/12/03
considered margin that VY may want to reserve for |Sections 2.0, 4.1, 4.2, Tables 4.1 and 4.2, and Fig 4.2 revised
! input to maintenance decisions regarding torus accordingly. See excerpt from Section 2.0 below,
! ' cleaning intervals.
e K Final Task Report T0902 is referenced in lieu of Draft Task Report. All
related Open items and Assumptions removed.
TWS . Reference 5 updated, Resoluticn
1858 VYC-0808 Bruce Slifer :::r%e ?r'hli:et:sr:f:e’\o rtis ;exr;r:z: isted as an open Assumption # 2 of Section 3.0 removed, accepted. B.
: P : Open Item List removed and TOC revised, Slifer 8/12/03
Section 4.3 revised accordingly.
Resolution
. . Page 10, the basis for determining Overpressure
1859  {VYC-0808 |Bruce Slifer Credit Taken needs more discussion. See response to comment 1845, ac_cepted. B.
Stifer 8/12/03
i , Page 11, as noted in comment 1857, the design Resolution
: . values for debris losses should not be changed, i.e.
: 1860 {VYC-0808 !Bruce Slifer use 0.33 ft for 1 RHR and 0.21 i for CS at 2500 See response to comment 1857. acpepted. B.
. Stifer 8/12/03
: gpm.
, Page 13, Section 4.2.1, as noted initem 3, need . . . . : Resoluti
' esolution
1861 VYC-0808 (Bruce Slifer imore discussion on basis for determining §]e°t'°ni4'2'1f g;gv:sosed to refer to discussion in Section 4.0 for accepted. B.
overpressure credi. scussion o . See response to comment 1845 above. Stifer 8/12/03
) . |Page 13, Section 4.3, final task report for ATWS is Resolution
1862 {VYC-0808 |Bruce Slifer available, revise section accordingly. See response to comment 1858, aqcepted. B.
Slifer 8/12/03
Section 4.3.1 is revised fo refer to discussion in Section 4.0 for
. . . discussion of OPC, S i
1863 [VYC.0808 [Bruce Siifer Page 15, Section 4.3.1, expl ain basis for choosing 0 ee response to comment 1845 above. ResolttxtlgnB
2.4 psig for ovepressure credit, accepied. b.

Basis for 2.4 psig credit is discussed in response to comment 1847
above,

Slifer 8/12/03
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VY - Dispositioned Comments Attachment C VVYC-0808 Revision 6
CCN#4
! Page 16, Section 4.3.2, compare the assumptions .
‘ made about cooldown rates between 7 and 20 Resolution
1864 |VYC-0808 {Bruce Slifer hours, and 20 and 100 hours, to the LOCA analysls Section 4.3.2 revised to add LOCA comparison. See excerpt below. ac.cepted. B.
: Slifer 8/12/03
results. The cooldown rates should be similar.
T As agreed to by tel-con on 8/07/03, NPSHcm Is deleted throughout
calc. NPSHa, OPA, OPR, OPC added to Sections 5.2 and 5.3. See
. excerpt of Section 5.2 below.
Page 19, Section 5.0, show COP available, Resolution
. required, and credited in addition to NPSHr and Excerpt of Section 5.3 is provided below, in response to Comment
1865 [VYC-0808 |Bruce Sifer 1\popiem, (NPSHem is difficult to understand. Is {1848, s
this standard for plants crediting COP?)
Excerpt of Section 5.4 is provided below in response to Comment 1848.
(OPA, OPR, OPC not applicable to this Section)
Page 20, Section 5.5, should not have 4 different Resolution
1866 |VYC-0808 |Bruce Slifer |Figure 4s. Eitherlist sequentially, or use 4.4.1, Figures are renumbered 4.4-1 thru 4.4-4 accepted. B.
4.4.2, ete. Slifer 8/12/03
Page 20, Section 6.0, WC-‘I 628 is superceded by - . Resolution
1867 {VYC-0808 |{Bruce Slifer {the GE analysis, therefore revise section C: :‘?rze::etge!tJ’yJelgérégchSg‘/a(‘)‘Sgix;:tlangenggigonh’tgacth\;YCe-1228imgy accepted. B.
accordingly. P y Y quate. nge required. \sjifer 811203
Page 20, provide source of reference to VYDC- As confirmed by emait dated 811/03, YYDC-2003-008 is correct. No Resolution
1868 |VYC-0808 |[Bruce Slifer 2003_005 ! ) accepted, B.

change required.

Slifer 8/12/03
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VY - Di itioned Comments Attachment C VYC-0808 Revision 6
ispositi o o

EXCERPTS FROM CCN #4 of VYC-0808 REFLECTING COMMENT INCORPORATION

Comment # |CCN Section|Excerpt
Over Pressure Required for NPSH - ATWS
{basad on minimum NPSHr) —— O swre avallable (psig)
oo i s b
1200 A —ut— Overpressurs Credit (psig)
100 A e
1000 [ —
voo /
sco}— A
700 /
600 /
1847 Fig 4.3 i so0
400
i
e —
om0 e
ot vl ———
s /4 —
4,
o
4o Q 1,000 2,000 3,000 4,000 5,000 8,000 7.000 8,000 9,000
Time {sso)
ATWS (<7hrs)
NPSHa is adequate for RHR pumps with an overpressure credit of 2.4 psig required between 600-6000 seconds, as shown in
Fig. 4.3. NPSHa, OPR, OPC, OPA are shown below, at the peak temperature.
1848 53 Pump Totalflow,gpm  NPSHr,ft NPSHa, ft OPR,psig OPC, psig OPA, psig
) 1RHR 7,400 238 21.1 1.1 24 12.3
2RHR 14,200 236 18.9 2.0 24 12.3
Note that for the same time period, this overpressure credit (2.4 psig) is bounded by that required for LOCA Long Term (2.4 to
4.4 psig).
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VY - Dispositioned Comments Attachment C VYC-0808 Revision 6
. CCN#4

ATWS (>7hrs)

NPSHa is adequate for the RHR pumps without crediting overpressure. This is due to the significant rate of reduction of the
suppression pool temperature over time. The reduction in temperature, and associated vapor pressure, will more than offset
increases in NPHr at extended operating times. Note that between 3000-8000 seconds (the end of tabulated data provided
by GE) the pool temperature decreases to 175F, at the substantial uniform rate of about 2.4F/1000sec. The increased

1848 54 NPSHEr, at significant time intervals, is shown below along with the approximate pool temp, in parentheses at or below which,
over pressure credit is not required.

Pump  Total flow,gpm  0-7 hr NPSHT, ft 20 hr NPSHI, ft >100 hr NPSHr, ft
1RHR 7,400 238 30.5 (164F) 31.7 (160F)
2RHR 14,200 236 29.0 (162F) 30.0 (158F)

LOCA -Long Term

The evaluation of NPSH is documented in Table 4.2 using a selected T/P points representing the long term profile of the

1850 4,2 suppression pool. The details of the evaluation are presented at the top of the Table followed by a matrix of the NPSH results
for the T/P profile of CS and RHR. The evaluated long term flow rates of 7400 gpm (RHR) and 3500 gpm (CS) are
consistent with calculation VYC-0808 Rev 6 (Ref: 4).

Evaluation

As can been seen from Figure 4.2 the overpressure required for RHR envelopes that required for CS and the overpressure
varies continuously over time. In order to facilitate reporting and presentation of the overpressure required, an enveloping,
stepped, overpressure credit is overlaid on Figure 4.2. Refer to Section 4.0 for discussion on selection of overpressure
credit.

Though the long term flow rates are postulated at time 600 seconds (e.g. CS throttled down from 4600gpm to

1850 4.2.1 |3500gpm), it is not the intent of this calculation to imply at what time throttling should commence or how much
throttling is required. This is a function of the time dependent NPSHr and pool temperature. This calculation
conservatively evaluates the maximum NPSHr as occurring over the entire operating period (>600 sec). The actual
NPSHr Is lower between 0-7 hrs and increases after 7 hrs.

Note that Section 4.4 develops required overpressure for both the CS and RHR pumps as a function of flow,
temperature and NPSHr without any debris loading. Refer to Table 4.4 and Figures 4.4-1 to 4.4-4,
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CCN #4

Over Pressure Required for NPSH - LOCA
(based on Long Term NPSHr data)

*0

A —a— Overpressure available (pslg)

—o— RHR Overpressure Req'd (psig)
—8— CS Overpressure Req'd (pslg) -1
—>— Stepped Overpressure Credit (psig)

\\‘\
\‘%’;—5 '\:\‘\5“‘\‘\“

800

00

e

2
1852 Fig 4.2 'i e
¢ 30 -
'm \\\\‘>AI v\“‘\“ K
°® [} 20.000 40,000 40,000 60,000 100,000 120,000 140,000 40,000 180,004
Time {se0)
Pump Suction Stralner Head Loss during a LOCA
As documented in ERC No. 2003-027 (Ref: 8), EPU does not affect the debris source terms developed in VYC-1677.
Therefore the limiting head loss due to debris loading on the RHR and CS suction strainers remains the same as addressed
in VYC-0808 Rev 6 including CCN #3 (Ref: 3).
1857 2.0

CCN #3 dispositions the up-to-date suction strainer head loss calculated in CCN #2 of VYC-1924 Rev 0 (Ref: 10) which in
turn is based on the up-to-date debris source term information per VYC-1677 Rev 0 CCN #3. Note that the debris loading
from calc VYC-0808 Rev 6, as extracted from calc VYC-1924 Rev 0 (Ref: 2), s slightly larger than that documented in
CCN #3. For conservatism, the larger debris loading is used.
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VY - Dispositioned Comments

VYC-0808 Revision 6
CCN #4

Attachment C

Intermediate NPSHr

about 0.2F/1000 sec.)

NPSHa without crediting overpressure.

Maximum NPSHr

1864 4.32

Between 7-20 hrs, the NPSHr for 2 RHR pump operation increases from 23.6' to 29.0°. Conservatively ignoring this ramp up,
the NPSHr at 7 hrs (25,200 seconds) is taken as 29.0°. As can be inferred from Table 4.3 "NPSHa vs. decreasing pool
temperature” the poot only needs to cool about 13F to 162F over 17,200 seconds, to achieve an adequate NPSHa of about
29.0" without crediting any overpressure. This equates to a cooldown rate of about 0.8F/1000 seconds, which Is much less
than the exhibited cooldown rate hetween 3000-8000 seconds.

(Note that if the 20 hour (72,000 sec) time is used, then the required cooldown rate becomes 13F over 64,000 sec or

In consideration of the conservative selection of NPSHr (@ 7 hrs) and the minimal cooldown rate required, there is adequate

Between 20-100 hrs, the NPSHr for 2 RHR pump operation increases from 29.0' to 30.0". Conservatively ignoring this ramp
up, the NPSHr at 20 hrs (72,000 seconds) is taken as 30.0'. As can be inferred from Table 4.3 "NPSHa vs. decreasing pool
temperature” the pool only needs to cool about 4F to 158F between 7hrs and 20 hrs (46,800 seconds),

to achieve an adequate NPSHa of about 30.0’ without crediting any overpresstire.

This equates to a cooldown rate of about 0.1F/1000 seconds.

Suppression Pool Cooldown Comparison to LOCA O

The temperature profile for the suppression pool during a LOCA is developed in
GE-VYNPS-AEP-177 (Ref: 1). The pool temperature rises until about 24,000 seconds (~7 hrs).
Shortly after peaking, there is essentially a uniform decrease in temperature between

~9hrs (194.1F) and 30hrs (174.4F) of about 0.2F/1000 sec. Between ~30hrs (174.4F) and the

end of the tabulated data at ~48hrs (166.2F), the uniform decrease In temperature is

about 0.1F/1000sec. The required suppression pool cooldown rates, projected above for ATWS, are
similar to the suppression pool cooldown rates developed for LOCA.

LOCA - Long Term (>600 sec):

1865 5.2 Pump Total flow, gpm

Cs 3,500 29.6
1RHR 7,400 KN

NPSHa is adequate for both CS and RHR pumps with an overpressure credit that varies over time, as shown in Fig. 4.2.
NPSHa, OPR, OPC, OPA are shown below, at the peak temperature

NPSHr, ft

NPSHa, ft OPR,psig OPC, psig OPA, psig
19.5 42 6.1 8.1
19.6 51 6.1 8.1
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ENN-DC-128, ATTACHMENT §.8 WNOR CALCULATION CHANGE FORM

MINOR CALCULATION CHANGE FORM (Tracked via DRN In MERLIN)

Calculation No.: VYC-0808

Calculaion Title: Core Spray and Residual Heat Removal Pump Net Positive Revision: 6 _
Suction Head Margin Following a Loss of Coolant Accident or Anticipated
Transient Without Scram

MERLIN DRN No. or Minor Calculation Change No.: 05

Modiication No./Task NoJER No._YYDC-2003-008 ,
Computer Code Used [ |Yes [X] No.

if “Yes™, Code:
1 Purpose of Change: ' Incorporate GE-VYNPS-AEP-346
2 88C affected: See attached VYAPF0017.07
3 Design Input Documents not used in parent
Calculation: See attached VYAPF0017.07
4 Drawings/Procedures/ Calculations / other
Documents affectsd Sce attached VYAPF0017.07
& Description of Change: See attached description
. Revised containment overpressure envelope for
6 Impact on existing calculation conclusion: long term LOCA
7 Impact on DBD’s, UFSAR, Technical S8pecifications: e ey

8. The oxlsﬁng calculation dt (circie one) have a calculation verification
checklist. (See Remarks)

" Remarks: This ENN-DC-126 MCC is to a VY design verificd calculation preparcd under AP-0017, AP-
0017 did not have & “chocklist”, instead design verification was documented on form VYAPF0017.04

NOTE:
A if UFSAR or Technical Specifications need to be revised, Minor Calculation Change Form should
not be used wriless it is an editorial change to the UFSAR or Technical Specifications.

B. Minor Calculstion m‘?w status of the Parent Calcutation Revision.
Preparad by: E.P.O'Brien p( j; ;/p._ Date: 7/[/04~

Reviewed by:* | E.G.Lind //M Date: j:'l///o‘jL
Approved by D.E. Yas| @ 6%‘!- : Date: 7/§ﬁjt

* Where the original caiculation was design vertified, reviewer signature confirms the latest design
verification s still valid.
This 18 a Quailty Record -
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ENN-DC-126, REV. 4, ATTACHMENT 9.8 MINOR CALCULATION CHANGE FORM

5. Description of Change

The NPSH evaluation of the RHR and CS pumps is performed, using the same methodology as
CCNO04, for long term DBA-Loss of Coolant Accident (LOCA) case only. This CCN uses the EPU
suppression pool temperature/pressure data supplied in Reference 1. Note — all References contained
in AP0017.07 (Attachment B)

Reason for Change: .
This CCN provides additional results regarding the Residual Heat Removal (RHR) and Core Spray
(CS) Pump NPSH resulting from the Extended Power Uprate (EPU), which was initially evaluated in
CCNO4.

Specifically, this CCNOS updates the post LOCA results based on revised containment temperature
and pressure profiles provided in Reference 1. The revised containment profiles reflect two changes
from the CCNO4 EPU evaluation: (1) The post LOCA time was extended to 200,000 seconds, beyond
which overpressure is no longer being required, and (2) the containment leakage was increased from
0.8 to 1.5 weight percent per day, to reflect the recently submitted Alternate Source Term (AST)
License Amendment Request (Ref: 5, ERC-2004-024)
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Description of Change..cecieiciiiiieiiiiiiiciiiiieieieccitiicicitcseeciseecasstcessesnssesssssessenrsasessses 2
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1.0  Objective

The objective of this CCN is to update the CCN04 post LOCA Extended Power Uprate (EPU)
evaluation of the adequacy of the available NPSH for the Residual Heat Removal (RHR) and Core
Spray (CS) pumps. This includes identification of any change in the amount and duration of
suppression pool (torus) overpressure required to maintain adequate NPSH.

Specifically, this CCNOS5 updates the post LOCA results based on revised containment temperature
and pressure profiles provided in Reference 1. The revised containment profiles reflect two changes
from the CCN04 EPU evaluation: (1) The post LOCA time was extended to 200,000 seconds, beyond
which overpressure is no longer being required, and (2) the containment leakage was increased from
0.8 to 1.5 weight percent per day, to reflect the recently submitted Alternate Source Term (AST)
License Amendment Request (Ref: 5, ERC-2004-024)

2.0  Mecthodology

General

The methodology for determining the NPSH available (NPSHa) for a given event and temperature is
the same as that developed in VYC-0808 Rev 6 and presented in Table 1 of that calculation (Ref: 4).
The NPSH required (NPSHr) is also per VY C-0808 Rev 6 and is discussed in detail in Section 4.0 of
this CCN. The methodology for determining the pump suction strainer head loss during a LOCA, and
the time dependent profile for required overpressure is the same as that developed in CCN04.

3.0  Assumptions
1. None made

4.0 Analysis

As stated in Section 2.0, the methodology for determining the NPSHa is the same as that developed in
VYC-0808 Rev 6 and presented in Table 1 of that calculation (Ref: 4). The following terms are used
in the evaluation.

NPSHa (ft) = net positive suction head available without overpressure credit
(14.7-Pg)(144vi)+Z-hf-hs-hd -

where:

Z(ft)= suction elevation head

hf (ft) = suction line losses

hs (ft) = clean strainer losses

hd (ft) = strainer debris losses

Pg (psia)=  vapor pressure @ torus temperature

vi (ft*3/lb) = specific volume @ torus temperature and pressure

Pg and vf are obtained from ASME Steam Tables 1967 Formulation (Ref: 7)
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NPSHr (ft) = net positive suction head required.
1t should be noted that the NPSH required data provided by the pump vendor, as documented in
Figures 2.1-1 and 2.2-1 of Attachment 3 to calculation VYC-0808, is actually Allowable Operating
Periods @ NPSHa Specified. Allowable hours of operation at specified NPSHa values are
identified for a range of flows. For this CCN, the NPSHa specified in these Figures is taken as the
NPSHr at a given operating time.

Q(gpm)=  pump flow rate

OPR (psig) = Overpressure Required

(NPSHr — NPSHa)/(144*Vf)
For those profile points where there is inadequate NPSH, when considering the suppression pool
pressure to be atmospheric (14.7 psia), OPR is the amount of suppression pool pressure required to
make NPSHa (ft) equal to NPSHr (ft).

OPA (psig)- Overpressure Available
The suppression pool pressure available, above atmospheric, for a given event and time. .

OPC (psig)- Overpressure Credit Taken
The overpressure credited in the evaluation of NPSH. Engineering judgement is used to select the
credit to be greater than the OPR, by a reasonable amount, and less than the OPA.

Detailed discussion of the above terms is provided in the subsections that follow.

4.1 LOCA - Long Term

The temperature and pressure (T/P) profile for the suppression pool during a LOCA is developed in
GE-VYNPS-AEP-346 (Ref: 1). The long term data is provided from 0-864,000 seconds.

The evaluation of NPSH is documented in Table 4.2 using selected T/P points representing the long
term profile of the suppression pool. The details of the evaluation are presented at the top of the Table
followed by a matrix of the NPSH results for the T/P profile of CS and RHR. The evaluated long term
flow rates of 7400 gpm (RHR) and 3500 gpm (CS) are consistent with calculation VYC-0808 Rev 6
(Ref: 4). Further discussion of selected terms is presented below.

Suction Elevation Head, Z ,

The values of Z for RHR and CS (12.40° and 12.57’ respectively) as calculated in Section 3.5 of VYC-
0808 are conservatively used in the evaluation. The suction elevation head is based on the water
elevation in the torus. The EPU suppression pool water volume is slightly larger than the existing
value used in VYC-0808, which would result in a slight increase in water elevation, and therefore Z.
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A water volume comparison at maximum pool temperature is provided below:

Pre-EPU EPU
Ref: (VYC-0808 Rev 6 Section 3.5) (GE-VYNPS-AEP-346)
Long term 77,640 cuft 79,470 cuft

Maximum Debris Losses (hd)
1 RHR: CCN #3 (Ref: 3) calculated the limiting head loss as 0.24 ft at 181.7°F and 7400 gpm. Note
that this is a slight reduction from the head loss (0.33 ft) addressed in Section 3.2 of VYC-

0808 Rev 6 (Ref: 4). For conservatism, 0.33 ft at 173°F is used. (Case 1 of Tables 2 and 8 of
Ref: 2).

CS: Note that CCN #3 (Ref: 3) documents the up-to-date limiting head loss as 0.19 ft at 181.7°F
and 3500 gpm. This is a slight reduction from the head loss (0.21 ft) addressed in Section 3.2
of VYC-0808 Rev 6 (Ref: 4). For conservatism, 0.21 ft at 173°F is used. This is based on a
conservative CS flow rate of 4000 gpm. (Case 3b of Tables 2 and 8 of Ref: 2).

NPRHr - CS :

Figure 2.2-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 3500 gpm the
allowable NPSH increases between 7 and 20 hrs of operation and a value of 29.6 ft is acceptable
beyond 20 hrs of operation. This maximum value is conservatively used for the entire long term
period (>600 sec).

NPRHr - RHR

Figure 2.1-1 of Attachment 3 to calculation VYC-0808 provides a plot of Allowable Operating
Periods @ NPSHa Specified values for various flow rates. This plot shows that at 7400 gpm the
allowable NPSH increases between 7 and 100 hrs of operation and a value of 31.7 ft is acceptable
beyond 100 hrs of operation. This maximum value is conservatively used for the entire long term
period (>600 sec).

4.1.1 Evaluation

As can been seen from Figure 4.2 the overpressure required for RHR envelopes that required for CS
and the overpressure varies continuously over time. In order to facilitate reporting and presentation of
the overpressure required, an enveloping, stepped, overpressure credit is overlaid on Figure 4.2. Refer
to Section 4.0 for discussion on selection of overpressure credit.

Though the long term flow rates are postulated at time 600 seconds (e.g. CS throttled down from
4600gpm to 3500gpm), it is not the intent of this calculation to imply at what time throttling should
commence or how much throttling is required. This is a function of the time dependent NPSHr and
pool temperature. This calculation conservatively evaluates the maximum NPSHr as occurring over
the entire operating period (>600 sec). The actual NPSHr is lower between 0-7 hrs and increases after
7 hrs.
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5.0 Summary of Results
NPSHa is rounded to the nearest 0.1ft and OPR, OPC, and OPA are rounded to the nearest 0.1psig.

51 LOCA - Long Term (>600 sec):
NPSHa is adequate for both CS and RHR pumps with an overpressure credit that varies over time, as
shown in Fig. 4.2. NPSHa, OPR, OPC, OPA are shown below, at the peak temperature

Pump Total flow, gpm | NPSHr, ft NPSHa, ft | OPR, psig OPC, psig | OPA, psig

CS 3,500 29.6 19.5 4.2 6.1 8.0

IRHR | 7,400 317 19.6 5.1 6.1 8.0

6.0  Conclusions
Torus overpressure must be credited for 200,000 seconds for operating the RHR and CS pumps at

EPU conditions for a long term DBA-Loss of Coolant Accident (LOCA) to achieve adequate NPSH
available.

The results of this CCN will provide input to the PUSAR (Ref: 12) for the RHR and CS NPSH
evaluation and will alter input to calculation VYC-1628 (Ref: 13) to address the need for crediting
torus overpressure in the calculation of NPSH available. Note that calculation VYC-1628 may be
superseded by GE EPU Analysis. The need for crediting torus overpressure in the RHR and CS NPSH
evaluation, shall also be addressed in the SADBD (Ref: 14), UFSAR (Ref: 15), and system DBDs
RHR (Ref: 16) and CS (Ref: 17).

Note that the changes to the UFSAR were originally proposed in CCN04 and are pending
incorporation via the design change and licensing processes. This MCC simply updates the previous
CCNO04 performed under AP-0017. The UFSAR does not currently contain information on
containment overpressure.

Note that use of overpressure credit must be approved by the NRC as part of EPU.

No specific 50.59 Screening/Evaluation is required for this CCN since all EPU design changes and
associated 50.59 documentation will be part of VYDC-2003-008.
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Table 4.2 LOCA - Long Term (1.5 wt. % Containment Leakage)

LOCA -Long
NPSHa = (14.7-Pg)(144V()+Z-hf-hs-hd
OPR = Over pressure required (NPSHr — NPSHa)/(144*Vf)
OPA = Qver pressure available
OPC = Over pressure credited
)
1 RHR Q= 7400 CS Q= 3500
)
1 RHR hf= 4.77E-8°Q*2 Cs hf= 2.5E-7°Q*2
i )
1 RHR hs = 0.33 cs hs = .38*(Q/4000)*2
for Q<= 4000
>= F
1 RHR hd = 0.33 (] hd = 0.21
<173F

1 RHR hd = .33*(173/T) Cs hd = .21*(173/T)
where T = suppression pool temperature, F
Elevation Head (ft)

RHR Z=124 Cs Z2=1257
1 RHR NPSHr= 31.7 CS NPSHr= 29.6

Cross references:
Section 2.3 of VYC-0808 Rev 6 (Ref: 4)
See Discussion in Section 4.0 of this CCN

Table of 1 calc VYC-0808 Rev 6 (Ref: 4)
Section 3.7 of VYC-0808 Rev 6 (Ref: 4)
Section 3.6 of VYC-0808 Rev 6 (Ref: 4)
See discussion in Section 4.1 of this CCN

See discussion in Section 2.6 of VYC-0808 Rev 6 CCN 4 (Ref: 11)

See discussion in Section 4.1 of this CCN for conservatism.

See discussion in Section 4.1 of this CCN
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Table 4.2 LOCA — Long Term (1.5 wt. % Containment Leakage)

CS - Long Term (After EPU) 1.5 wt. % Containment Leakage

GE Pool GE Pool (o] [ cs

Time Temp Pressure Pg vt Z ht hs hd NPSHa | NPSHr || OPR OPA oPC
(sec) (F) psia (psia) | (ft*3nb) (f) {ft) (ft) () (1) (ft) (pstg) | (psig) || (psig) |
778.85 169.6 17.88 5938] 0.016448][ 12.57 3.06 0.29 0.21 2976 | 2960 J[ 000 [ 3.8 ][ 2.40
1088.64 171.7 18.12] 6.231] 0.016460( t2.57 306 0.29 0.21 2908 | 2960 || 022 | 342 [ 240
2022.07 176.6 18.72 6.962| 0016489 1257 3.06 0.29 0.21 2738 | 2960 |{ 094 | 402 || 340
2950.64 180 19.3 7.511} 0.016509| 12.57 3.06 0.29 0.21 26.10 | 2960 {| 147 | 460 || 3.40
4185.2 183.3 20.07 8.078] 0.016529]| 12.57 306 0.29 0.21 2477 | 2960 || 203 | 537 )| 440
5108.82 185.1 20.5) 8.402] 0016541) 1257 3.06 0.29 0.21 24,01 2960 || 235 | 580 )| 4.40
6241.48 186.9 21.05) 8.737] 0.016552|| 1257 306 0.29 0.21 2322 | 2960 || 268 | 635 || 5.10
8035.1 189.1 21.72) 9.161] 0.016566{ 12.57 3.06 0.29 0.21 2222 | 2960 || 309 [ 7.02 {| 5.10
10190.79 191 22.09) 9.541| 0.016578) 12.57 306 0.29 0.21 2132 | 2960 || 347 | 739 | 6.10
12039.95 192.1 22.29 9.767} 0.016585) 12.57 3.06 0.29 0.21 2079 | 2960 || 369 | 759 | 6.10
15125.17 193.6 2255 10.083] 0.016594ff 12.57 3.06 0.29 0.21 2004 | 2960 || 400 | 785 |l 6.10
17625.17 194.3 22671 10.233] 0.016599| 12.57 3.06 0.29 0.21 1968 | 2960 || 415 | 7.97 | 6.10
20063 67 194.6 22.71f1  10.298] 0.016601)1 1257 3.06 0.29 0.21 1953 | 2960 ) 4.21 8.01 || 6.10
23735.2 194.7 22.74  10.320] 0.016601|| 12.57 3.06 0.29 0.21 1948 | 2960 || 423 | 804 | 6.10
24093.8 194.7 22.74  10.320] 0.016601)| 12.57 3.06 0.29 0.21 1948 | 2960 || 423 | 804 | 6.10
24359.79 194.7 2274 10.320{ 0.016601]| 1257 | " 3.06 0.29 0.21 1948 | 2060 || 423 | 804 | 6.10
29855.07 194.4 22.71)|  10.255] 0.016599f 12.57 3.06 0.29 0.21 1963 | 2960 || 417 [ 801 | 6.10
35212.2 193.6 2254 10.083] 0.016594f 12.57 3.06 0.29 0.21 2004 | 2960 || 400 | 784 | 6.10
40032.64 192.5 22.31 9.851] 0.016587]f 12.57 306 0.29 0.21 2059 | 2960 { 3.77 761 _{ 5.60
45400.32 190.9 22.01 9.521] 0.016577)| 12.57 306 0.29 0.21 2137 | 2960 j§ 345 | 7.31 5.60
49775.32 189.8 21.77 9300] 0.016570} 12.57 306 0.29 0.21 2189 | 2960 || 323 | 7.07 || 560
61022.64 186.7 21.22 B.699] 0.016550l 12.57 3.06 0.29 0.21 23.31 2960 || 264 | 652 || 4.60
70699.13 183.9 20.74 8.185| 0.016533) 1257 306 0.29 0.21 2452 | 2960 || 213 | 604 | 4.10
80699.13 181.3 20.3 7.730] 0.016517)f 12.57 306 0.29 0.21 2558 | 2960 J| 169 | 560 || 360
90697.01 178 8 19.93)|  7.313] 0.016502 12.57 3.06 0.29 0.21 2656 | 2960 || 128 | 523 | 3.10
100697.01 176.4 19.56  6931] 0.016488|| 12.57 3.06 0.29 0.21 2745 | 2960 | 090 | 486 | 3.10
110697.01 174.4 19.26||  6.625| 0.016476] 12.57 3.06 0.29 0.21 2816 | 2960 || 060 | 456 || 260
120697.01 172.9 19|  6404] 0.016467|| 12.57 3.06 0.29 0.21 28.68 2960 || 039 | 430 || 260
130684.82 171.5 18.77)l 6.202] 0.016459) 12.57 3.06 0.29 0.21 2915 | 2960 || 0.19 | 407 | 2.10
140684.83 170.2 18.56]| 6020} 0.016452)) 12.57 3.06 0.29 0.21 2957 | 2960 || 001 386 f| 2.10
150684.83 169 18.36 5.856] 0.016445| 12.57 3.06 0.29 0.21 2995 | 2960 || 0.00 | 366 || 1.70
160684.83 167.7 18.17 5.683] _0.016437)| 12.57 3.06 0.29 0.22 3034 | 2960 |t 000 | 347 |f 1.70
170684.83 166.5 18.01 5.526] 0016431) 1257 306 0.29 0.22 3070 | 2960 fI 0.00 | 3.31 1.30
180684.83 165.3 17.83 5374] 0.016424) 1257 3.06 0.29 0.22 3105 | 2960 || 000 | 3.3 || 1.30
190684.83 164.1 17.65 5225] 0.016417)f 12.57 3.06 0.29 0.22 3140 | 2960 || 000 | 295 || 1.30
193184.83 163.8 17.6 5.188] 0.016415|[ 12.57 3.06 0.29 0.22 3148 | 2960 | 000 | 290 || 1.30
195684.83 163.5 17.56 5.151] 0.016414) 1257 3.06 0.29 0.22 3157 | 2960 |[ 000 | 286 | 1.30
198184.83 163.2 17.52 5.115] 0.016412] 12.57 306 0.29 0.22 3165 | 2960 || 000 | 282 | 1.30
200684.83 162.9 17.47 5.079] 0.016410|| 12.57 3.06 0.29 0.22 31.73 | 2960 || 000 | 277 || 0.00
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Table 4.2 - LOCA - Long Term (1.5 wt. % Containment Leakagc)

RHR - Long Term (After EPU) 1.5 wt. % Containment Leakage

GE Pool GE Pool RHR RHR RHR
Time Temp Pressure Pg vt 2 ht hs hd NPSHa | NPSHr || OPR OPA orC
(sec (F) psia (psta) | (ft*3nb) (ft) (ft) {ft) (f) (1) (ft) (psig) | (psig) || (psig)
778.85 169 6 17.88] 5.938] 0.016448| 12.40 261 0.33 0.34 29.87 31.70 0.77 3.18 2.40
1088.64 171.7 18.12 6.231 0‘016460" 12.40 261 0.33 0.33 29.20 31.70 1.05 3.42 2.40
2022.07 176.6 18.72 6.962 0.016489" 12.40 261 0.33 0.33 27.50 31.70 1.77 4.02 3.40
2950.64 180 19.3 7.511] 0.016509{| 12.40 261 0.33 0.33 26.22 31.70 2.31 4.60 3.40
4185.2 183.3 20.07| 8.078| 0.016529]] 12.40 261 0.33 0.33 24.89 31.70 2.86 5.37 4.40
5108.82 185.1 20.5) 8.402| 0.016541j] 12.40 2.61 0.33 0.33 24.13 31.70 3.18 5.80 4.40
6241.48 186.9 21.05| 8.737| 0.016552| 12.40 2.61 0.33 0.33 23.34 31.70 3.51 6.35 5.10
8035.1 189.1 21.72 9.161| 0.016566| 12.40 2.61 0.33 0.33 22.34 31.70 3.92 7.02 5.10
10190.79 191 22.09 9.541] 0.016578|] 12.40 2.61 0.33 0.33 21.44 31.70 4.30 7.39 6.10
12039.95 192.1 22.29] 9.767] 0.016585]] 12.40 2.61 0.33 0.33 20.91 31.70 4.52 7.59 6.10
15125.17 193.6 22.59) 10.083] 0.016594)] 12.40 261 0.33 0.33 20.16 31.70 4.83 7.85 6.10
1762517 194.3 22.67| 10.233] 0016599 12.40 2.61 0.33 0.33 19.81 31.70 4.98 7.97 6.10
20063.67 194 .6 22.71 10.298§ 0.016601|| 12.40 2.61 0.33 0.23 19.65 31.70 5.04 8.01 6.10
23735.2 194.7 22.74 10.320) 0.016601]] 12.40 2.61 0.33 0.33 19.60 31.70 5.06 8.04 6.10
24093.8 184.7 22.74 10.320] 0.016601|1 12.40 2.61 0.33 0.33 19.60 31.70 5.06 8.04 6.10
24359.79 194.7 22.74 10.320] 0016601)1 12.40 2.61 0.33 0.33 19.60 31.70 5.06 8.04 6.10
29855.07 194 .4 22.7% 10.255| 0.016599{ 12.40 261 0.33 0.33 19.75 31.70 5.00 8.01 6.10
35212.2 193.6 22.54 10.0831 0.016594)|| 12.40 2.61 0.33 0.33 20.16 31.70 4.83 7.84 6.10
40032.64 192.5 22.31 9851) 0.016587]] 12.40 2.61 0.33 0.33 20.71 31.70 4.60 7.61 5.60
45400.32 190.9 22.01 9.521] 0.016577|} 12.40 2.61 0.33 0.33 21.49 31.70 4.28 7.31 5.60
49775.32 189.8 21.77 9.300] 0.016570F 12.40 2.61 0.33 0.33 22.01 31.70 4.06 7.07 5.60
61022.64 186.7 21.22] 8.699 0.016550" 12.40 2.61 0.33 0.33 23.43 31.70 3.47 6.52 4.60
70699.13 183.9 20.74 8.185] 0.016533|| 12.40 2.61 0.33 0.33 24.64 31.70 297 6.04 4.10
80699.13 181.3 20.3 7.730] 0.016517|} 12.40 2861 0.33 0.33 25.71 31.70 2.52 5.60 J3.60
90697.01 1788 19.93| 7.313] 0.016502|f 12.40 261 0.33 0.33 26.68 31.70 2.11 5.23 3.10
100697.09 176.4 19.56][ 6.931] 0.016488]] 12.40 2.61 0.33 0.33 21.57 31.70 1.74 4.86 3.10
110697.01 174.4 19.26 6625| 00164761 1240 2.61 0.33 0.33 28.29 31.70 1.44 4.56 2.60
120697.01 172.9 19 6.404{ 0.016467) 12.40 2.61 0.33 0.33 28.80 31.70 1.22 4.30 2.60
130684.82 171.5 18.77 6.202¢ 0.016459)| 12.40 261 0.33 0.33 29.27 31.70 1.03 4.07 2.10
140684 83 170.2 18.56 6.020) 0.016452| 12.40 2.61 0.33 0.34 29.68 31.70 0.85 3.86 2.10
150684 83 169 18.36) 5.856] 0.016445| 12.40 261 0.33 0.34 30.06 31.70 0.69 3 66 1.70
160684.83 167.7 18.17, 5.683]| 00164371 12.40 2.61 0.33 0.34 30.46 31.70 0.52 3.47 1.70
170684.83 166.5 18.01 5526] 0.016431)| 12.40 2.61 0.33 0.34 30.82 31.70 0.37 3.31 1.30
180684.83 165.3 17.83 5.374] 0.016424)| 12.40 2.61 0.33 0.35 31.16 31.70 0.23 3.13 1.30
190684.83 164.1 17.65)| 5.225] 0.016417|| 12.40 2.61 0.33 0.35 31.51 31.70 0.08 2.95 1.30
193184.83 163 8 17.6" 5.188] 0.016415|| 12.40 2.61 0.33 0.35 31.59 31.70 0.05 2.90 1.30
195684.83 163.5 17.56) 5.151] 0.016414)1 12.40 2.61 0.33 0.35 31.68 31.70 0.01 2.86 1,30
198184.83 163.2 17.52 5.115] 0.016412)] 12.40 2.61 0.33 0.35 31.76 31.70 0.00 2.82 1.30
200684.83 162.9 17.47 5079{ 0.016410]| 12.40 2.61 0.33 0.35 31.84 31.70 0.00 2.77 0.00
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Figure 4.2 LOCA - Long

Term (1.5 wt. % Containment Leakage)
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Excel Verification Sample Calculation

CS Table Verification (Line 50):

Cell F50 = §F$25
=12.57

Cell G50 =0.00000025*$F$9"2
=0.00000025*3500"2
=3.06

Cell H50 = 0.38*((SF$9/4000)2)
= 0.38*((3500/4000)2)
=0.29

Cell I50 = ROUND(IF(B50<173,5F$18*(173/B50),5F$18),2)
194.4<173 = False (For True outcome see below, Cell 172)
=$F$18
=0.21

Cell172 =ROUND(F(B72<173,5F$18*(173/B72),5F$18),2)
=162.9<173 = True
= $F§$18*(173/B72)
=0.21*(173/162.9)
=0.22

Cell J50 = +((14.7-D50)*144*E50)+F50-G50-H50-150
= ((14.7-10.255)*144%0.016599)+12.57-3.06-0.29-0.21
=19.63

Cell K50 = $F$28
=29.6

Cell L50 = IF((+K50-J50)/(144*E50)>0,(+K50-350)/(144*E50),0)
(29.6-19.63)/(144*0.016599) = 4.17>0 True (For False outcome see below, Cell L34)
=4.17
Cell L34 IF((+K34-134)/(144*E34)>0,(+K34-J34)/(144*E34),0)

(29.6-29.76)/(144*0.016448) = -0.068>0 False

0

Cell M50 = +C50-14.7
=22.71-14.7
=8.01
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RHR Table Verification (Line 78):

Cell F78 =$C$25
=12.40

Cell G78 =0.0000000477*$C$9"2
= 0.0000000477*7400"2
=2.61

Cell H78 = $CS$15
=0.33

Cell 178 =ROUND(IF(B78<173,$C$18*(173/B78),5C$18),2)
169.6<173 = True (For False outcome see below, Cell 181)
= SCS$18*(173/B78)
=0.33*(173/169.6)
=0.34

Cell 181 =ROUND(IF(B81<173,5C$18*(173/B81),$C$18),2)
180<173 = False
=$C$18
=0.33

Cell J78 =+((14.7-D78)*144*E78)+F78-G78-H78-178
=((14.7-5.938)*144*0.016448)+12.40-2.61-0.33-0.34
=29.87

Cell K78 = $C$28
=31.7

Cell L78 = IF((+K78-J78)/(144*E78)>0,(+K78-J78)/(144*E78),0)
(31.7-29.87)/(144*0.016448)=0.77>0 True (For False outcome see below, Cell L116)
=0.77 '

CellL116 = 1F((+Ki 16-J116)/(144*E116)>0,(+K116-J116)/(144*E116),0)
=(31.7-31.84)/(144*0.016410) = -0.059>0 False
=0 '

Cell M78 = +C78-14.7
= 17.88-14.7
=3.18
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VY CALCULATION DATABASE INPUT FORM
Attachment B Page 1 of 2

Place this form in the calculation package immediately following the Title page or CCN form.

VYC-0808 /05 6 N/A N/A
VY Calculation/CCN Number  Revision Number Vendor Calculation Number Revision Number
Vendor Name:__ N/A PO Number: N/A

Originating Department:__Fluid Systems

Critical References Impacted: ] UFSAR [X] DBD [] Reload. "Check" the appropriate box if any critical document is identified in the tables below.
EMPAC Asset/Equipment ID Number(s):__P-10-1A/B/C/D, P-46-1A/B

EMPAC Asset/System ID Number(s): 10, 14

Keywords: Residual Heat Removal (RHR), Core Spray (CS), Net Positive Suction Head (NPSH), Loss of Coolant Accident (LOCA), Extended Power Uprate

(EPU)

For Revision/CCN only: Are deletions to General References, Design Input Documents or Design Output Documents required? [ vest XINo

Design Input Documents and General References - The following documents provide design input or supporting information to this calculation. (Refer to
Appendix A, sections 3.2.7 and section 4)

Significa
nt A
* Differenc okodk Critical
Referenc REV e Review | Affected | Referen
e# **DOC# # ***Document Title (including Date, if applicable) T Program ce (V)

1 GE-VYNPS-AEP-346 N/A VYNPS EPU T0400: DBA-LOCA for Long Term NPSH evaluation (6/10/04)
2 VYC-1924 0 DE&S Calc. DC-A34600-006. Vermont Yankee ECCS Suction Strainer Head Loss Performance

Assessment, RHR and CS Debris Head Loss Calculations
3 VYC-0808/CCN 03 6 Core Spray and Residual Heat Removal Pump Net Positive Suction Head Margin Following a

. Loss of Coolant Accident

4 VYC-0808 6 Core Spray and Residual Heat Removal Pump Net Positive Suction Head Margin Following a

Loss of Coolant Accident
5 ERC-2004-024 N/A Revised OPL-4 Input for Minimum DW Pressure Case dated 6/8/04
6 NOT USED
7 ASME Steam Tables, 1967 IFC Formulation for Industrial Use
H ERC No. 2003-027 N/A Debris Source Terms Appropriate for Power Uprate Evaluations of ECCS NPSH (5/13/03)
9 RHR I/IC16 | Design Basis Document for Residual Heat Removal System v
10 VYC-1924/CCN 02 0 DE&S Calc. DC-A34600-006. Vermont Yankee ECCS Suction Strainer Head Loss Performance

Assessment, RHR and CS Debris Head Loss Calculations
11 VYC-0808 / CCN 04 6 Core Spray and Residual Heat Removal Pump Net Positive Suction Head Margin Following a

Loss of Coolant Accident or Anticipated Transients Without Scram

VYAPF 0017.07
AP 0017 Rev. 8
Page | of 2




Design Output Documents - This calculation provides output to the following documents. (Refer to Appendix A, section 5)

VYC-0808 Revision 6

CCN #5 Attachment B
Page 2 of 2
F11Critica

* * ok k ok ]
Reference REV Affected | Reference

# *DOC# # Document Title (including Date, if applicable) Program )

12 NEDC-33090P Safety Analysis Report For VYNDPS Constant Pressure Power Uprate (PUSAR)

13 VYC-1628 Torus Temperature and Pressure Response to Large Break LOCA and MSLB Accident Scenarios

(may be superseded be GE EPU analysis)

14 SADBD 2/1C2 | Topical Design Basis Document for Safety Analysis v

15 UFSAR 17 Updated Final Safety Analysis Report v

16 RHR 1/1C16 | Design Basis Document for Residual Heat Removal System v

17 CSs 0/1C10 | Design Basis Document for Core Spray System v

* Reference # -
** Doc # -
*** Document Title -

ek Affected
Program -

T
Tt

Tt

Assigned by preparer to identify the reference in the body of the calculation.

Identifying number on the document, if any (e.g., 5920-0264, G191172, VYC-1286)

List the specific documentation in this column, "See attached list" is not acceptable. Design Input/Output Documents should identify

the specific design input document used in the calculation or the specific document affected by the calculation and not simply reference
the document (e.g., VYDC, MM) that the calculation was written to support. If a DBD is used as a general reference include the most
current interim change number after the title,

List the affected program or the program that reference is related to or part of.

If "yes," attach a copy of "VY Calculation Data" marked-up to reflect deletion (See Section 3.1.8 for Revision
and 5.2.3.18 for CCNs).
If the listed input is a calculation listed in the calculation database that is not a calculation of record (see

definition), place a check mark in this space to indicate completion of the required significant difference review.
(see Appendix A, section 4.1.4.4.3). Otherwise, enter "N/A."

If the reference is UFSAR, DBD or Reload (IASD or OPL), check Critical Reference column and check UFSAR,
DBD or Reload, as appropriate, on this form (above).

VYAPF 0017.07
AP 0017 Rev. 8
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