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1.0 PROBLEM

The purpose of this calculation is to determine the Reactor Building pressures required for acceptable
RBS operation in the sump recirculation mode at elevated sump fluid temperatures. Rev. 0 of this
calculation did not take into account the effects of instrument uncertainty on the assumed flows in either
RBS or LPI systems. Rev. 1 incorporated the most recent flow inaccuracies, which were updated in

calculations OSC-3566, Rev.3, and OSC-4084, Rev. 2. An additional analysis was also included in Rev.
1 to evaluate the building pressure requirements for both the positive and negative instrument
uncertainties. Minor changes were also made to the equation for determining building pressure. Rev. 2
removes some of the conservatisms applied in previous revisions, while adding adjustments for some non-
conservatisms found in the model and others associated with our building level calculations. Attachment
4 shows a graphical representation of the operating NPSH margin as a function of sump temperature.
Rev. 3 accounts for adjusted reactor building water level resulting from the removal of flanges from the
reactor vessel cavity drains and the removal of basket strainers from the deep end of the FTC. Rev. §
addresses the operability of the pumps with the reactor building pressure reduced to the Tech. Spec.
minimum of -2.45 psig at time zero in the accident. A separate analysis is also provided to demonstrate
acceptable operation at more limiting conditions of -1.0 psig in the building at time zero. Rev. 6 updates
the analysis to incorporate new NPSHr information provided by the pump manufacturer.

20 RELATION TO NUCLEAR SAFETY

The RBS system is a safety related system that is needed for iodine removal following a LOCA. The LPI
system is needed for emergency core cooling, and long term post-accident decay heat removal. The RBS
and LPI systems are needed to mitigate the consequences of an accident. This calculation is QA
Condition 1.

3.0 DESIGN METHOD

The hydraulic model used in OSC-1977, as modified by Attachment 9, will be used to determine the
friction losses for the RBS and LPI suction piping at various sump temperatures. A sketch of the flow
paths for this model is included as Atiacliunent 6 to this revision. The original calculation used il modet
from Reference 8.1. Although either model is acceptable, the model used here is more extensive in that it
contains more of the LPI and BS piping. This would allow for analysis of additional system alignments if
so desired. The two models have been compared and are in close agreement in‘all other respects.

NPSH available is determined by adding reactor building pressure (converted to feet of head), barometric
pressure (converted to feet of head), and static head of submergence, then subtracting vapor pressure
(expressed in feet of head) and friction losses. NPSH required is determined from certified manufacturer’s
pump performance curves and this value is adjusted for high temperature effects. Required building
pressure is the amount by which required NPSH exceeds available NPSH, that quantity being converted to
equivalent pressure at the sump temperature.

Attachments 7 and 23 are excerpts from Ref. 8.22 which shows the building pressure and sump
temperature response for the hot leg break, which is bounding for NPSH analysis. Attachments 3 and 21
show NPSH available and required for the chosen range of fluid temperatures and RBS and LPI flowrates.
They also show the extent to which reactor building pressure is credited to satisfy NPSH requirements.
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4.0 APPLICABLE CODES AND STANDARDS

ANSI N45.2-11

50 DESIGN INPUTS

ANSI N45.2-11 has been reviewed and all applicable design inputs are addressed in the appropriate
sections of this calculation.

6.0 FSAR CRITERIA

None.

7.0 ASSUMPTIONS

7.1 The reactor building water level used in the Woods model is known to be non-conservative.
However, it is used only to calculate friction losses through piping and fittings. Therefore, this
introduces no error into the analysis. The minimum RB water level is determined elsewhere in
this calculation.

7.2 A barometric pressure of 14.2 psia is assumed. This value is shown by historical data to be
exceeded 95 percent of the time, and is considered reasonably conservauve for analytical
purposes. (Ref. 8. 3)

Note:  This assumption is retained for purposes of demonstrating the bounding assumption of high flow
-errors for LPI and BS pumps as demonstrated in Attachment 4. See Assumption 7.15 for
current design basis assumption for atmospheric pressure.

73 Flow path through “3B” sump line is conservative and bounds all other cases for NPSH analysis.
(See Attachment 19.)

74 Instrument error results in a maximum ﬂow of 3291 gpm and a minimum flow of 2883 gpm for
LPI when indicated flow is 3000 gpm. (Ref. 8.8) Note that these values are approximated from
the relationship A =1 - E, where: ‘

A = Actual flow, estimated
I = Indicated flow, taken as equal to actual flow in first column of tabulated
data on page 35 of the reference, and
E = Error (+TLU or -TLU) from right-hand column of tabulated data on page
35 of the reference.

1.5 Instrument error results in a maximum flow of 1150 gpm and a minimum flow of 873 gpm for
RBS when indicated flow is 1000 gpm. (Ref. 8.7) Note that these flow rates are not explicitly
found in the reference, but are interpolated values determined from plotting the data in Table 7.3-
4 on page 37 of the reference. A graph of the data is included here in Attachment 5.




OSC-4467, Rev. 6
Page 8 of 9
Date: 9/30/98

7.6 The required NPSH for the 3B RBS pumps was taken from Ingersoll Rand curve N-281as 20 ft at
1150 gpm and 15 ft at 873 gpm. These NPSH requirements are bounding for all BS pumps, and
are used to show relative sensitivity to flow uncertainty. (Ref. 8.9 through 8.14) Attachments 3
and 4 utilized these assumptions to illustrate that high flow errors are more limiting than low
flow errors. A value of 17 ft at 1150 gpm is used for the evaluation at low RB pressures and high
RB temperatures added per Rev. 6 of this calculation. (See Attachments 21 & 22.) This NPSH
value is determined from References 8.9 and 8.53.

'7.7 The required NPSH for the LPI pumps is taken as 13 ft. at 3291 and 11 ft. at 2883 gpm. These
values are bounding for all LPI pumps. (Ref. 8.15.through 8.20)

7.8 A high temperature correction factor is applied to the NPSH requirement as permitted in Ref.
8.23.

7.9 This assumption was deleted by Rev. 3. Strainers have been removed from the deep end of the
Fuel Transfer Canal. Strainers are installed at the beginning of each refueling outage and
removed prior to unit startup. Therefore, water will not fill the deep end of the FTC.

7.10  This assumption was deleted by Rev. 3. Flanges and nipples have been removed from the vessel
cavity drain pipes. Therefore, filling of the cavity area is not assumed.

7.11 Friction losses across the sump screen and grating are on the order of 0.01 ft. of head, even if the
screen and grating surfaces are assumed to be 50% blocked (Ref. 8.46). This effect is negligible
by engineering judgement and is not factored into the NPSH calculation.

7.12  Reactor building static pressure is taken from curves in OSC-6521. Figure B-6 was used for the
low flow case (for maximum positive instrument error) and Figures B-5 and B-7 were used for
the high flow case (for maximum negative instrument error). The lowest pressure value on each
curve at each temperature was chosen in order to provide bounding conservative values. Each of
these values was then reduced by 0.2 psi in order to account for operating variations in reactor
building static pressure. This value was obtained from review of one year of static pressure data
for the Unit 3 Reactor Building (retrieved from the PI server). The building static pressure varied
in both the positive and negative directions. Since the probability of having barometric pressure

. and building static pressure both at their minimum values simultaneously was considered remote, -
this value was considered reasonably conservative for analytical purposes.

Note:  Assumption 7.12 retained for historical purposes only. See assumption 7.14 for more current
‘inputs associated with Rev. 5.

7.13 Vortexing is assumed to be effectively suppressed by the grating around and within the
emergency sump. Therefore, air entrainment is not anticipated in the sump recirculation mode of
operation and there is no adjustment to NPSHr applied as recommended by NUREG 0897 (Ref.
8.23.) This is well supported by industry testing and documented in the industry literature (see
Attachment 20 for one example of supporting documentation).

7.14  For Rev. 5, new reactor building static pressure curves from OSC-6521 were evaluated (see
Attachment 23). These new curves show the reactor building pressure and emergency sump
temperature resulting from a hot leg break assuming initial reactor building pressure is -2.45 psig
at 80F. This is to account for minimum allowable reactor building pressure per Technical
Specification 3.6.4. A separate case is also provided for an initial reactor building pressure of
-1.0 psig at 160 F to bound the current pressure and temperature limits for Units 1 and 2, which
have their Aux Coolers valved out. Only the high flow cases will be revisited for these cases,
since Rev. 4 showed the high flow cases to be limiting for NPSH.




7.15

8.0

8.1

83

84

85

8.6

8.7

8.8

8.9

8.10

8.11

8.12

8.13

8.14

8.15

8.2

0OSC-4467 Rev. 6
Page 4 of 9
Date: 9/30/98

A barometric pressure of 14.7 psia is assumed for consistency with OSC-6521. Although Ref.

8.3 (included as Attachment 24) shows that local barometric pressure may reach as low as 14.0
psia, OSC-6521 shows 14.7 psia with a -1.0 psig operating limit (yielding an actual initial
pressure of 13.7 psia) to be bounding. It is not credible to assume that the reactor building can go
from a pressure of 14.0 psia to 13.7 psia at the elevated temperature assumed for the containment
response analysis due to the ideal gas law. Also, the ideal gas law shows that a temperature
reduction from the assumed 160 F to 116 F would be required to produce an initial pressure of
13.0 psia in the building if it were vented to 14.0 psia. A confirmatory analysis was performed in
0OSC-6521 to show that the assumed initial conditions of 13.7 psia and 160 F are more limiting
than conditions of 13.0 and 116 F.
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0SC-6901, Rev. 0, Determination of Average Reactor Building Temperature

MEMO TO FILE dated July 23, 1987 from S. L. Nader. (Included in Attachment 24.)
OSC-6854, Rev 0, CCW Inlet Temperature Instrumentation Loop Accuracy

0SC-6807, Rev. 0, Borated Water Storage Tank Temperature Instrumentation Loop Accuracy

0SC-2495, Rev. 2, Reactor Building Marrow Range Pressure Instrument Loop Accuracy- -+ - -~ -
s

Calculation PT-4P, 5P, 6P

Letter from Paul Kasztenja of Ingersoll-Dresser Pump Company to Russ Oakley of Duke Power
Company Dated 9/24/98. (Included as Attachment 25.)
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9.0 CALCULATION
NPSHa is determined by the following relationship:
NPSHa = (Pb-Pov) x C+Pax C+Hs -hf - Psat x C

Where: NPSHa = Available Pump NPSH at assumed flow
Pb = reactor building static pressure (from Ref. 8.22)
Pov = Operating variance in RB static pressure (from OAC data)
C = conversion factor to convert psig to ft. of water (from Ref. 8.2)
Pa = Barometric pressure (14.2 psia) (see Assumption 7.2)
Hs = submergence of pump below water level (see below)
hf = friction losses in piping system (sec Attachments 1 & 2)
Psat = Saturation pressure at sump temperature (from tables of water properties)

NOTE: No adjustment to reactor building static pressure (for operating variance) is required for NPSH
determinations provided in Rev. 5, since negative pressure is assumed in the accident analysis at
time zero. Also, revised results in Attachments 21 and 22 are based upon atmospheric pressure
of 14.7 psia and an initial reactor building static pressure of -1.0 psig. This has been shown (in
reference 8.22) to be more limiting than the previous analysis due to the elevated reactor building
atmospheric temperatures.

Pump submergence is determined from the known elevation of the pump suction and the calculated level
of water in the reactor building. This quantity is given by the following expression:

Hs =Zwl - Zps

where: Zwl = elevation of water level in reactor building
Zps = elevation of pump suction

Zwl will be determined from the volume drawn out of the BWST and CFT’s, reduced by the quantities
lost to the vessel annulus and cavity areas, the FTC, RCS shrinkage, filling the spray headers, refill of the
pressurizer vapor space, water lost to vaporization, water lost to the incore instrumentation tunnel, and
-water lost to the normal and emergency sumps. These quantities are determined in Attachments 10 -
through 17. The resulting depth above mean floor level is given in Attachment 18 as Lrb = 4.27 ft.
Elevation of water surface is then given by:

v

Zwl =Lrb + Zfl

where Zfl = Reactor Building Floor Mean Elevation
=(777.5+777.25+777.17+777.0 + 776.42 + 776.0 + 776.67 + 777.08 + 776.92 + 776.75
+776.75 + 777.08 )/12
=776.88 ft. (Ref. 8.27 and 8.42)

Therefore: Zwl =427+ 776.88 = 781.15 fi.

The following information is found in the references noted:

BS: Zps = 760.1 ft. (Ref. 8.26)
LPI: Zps=1761.1 ft. (Ref. 8.26)
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Submergence is then determined from known pump elevations for the BS and LPI pumps, respectively:

BS: Hs=781.15 - 760.1 = 21.05 ft.
LPI: Hs=781.15-761.1=20.05ft.

The Woods hydraulic modelling program calculates friction losses for various combinations of flows and
sump temperature. Sump temperatures ranging from 195F to 240F are analyzed in increments of 5
degrees . Maximum sump temperature of 237.5F is also analyzed by interpolation. Specific gravity and
viscosity at each temperature are inputs to the hydraulic model. Two flow cases are considered. The first
case looks at maximum flows determined from instrument uncertainties. LPI flow is assumed to be 3291
gpm and RBS flow is assumed to be 1150 gpm. This allows for maximum negative instrument error at
indicated flows of 3000 gpm and 1000 gpm, respectively. The second case looks at minimum flows
determined from instrument uncertainties. LPI flow is assumed to be 2883 gpm and RBS flow is assumed
to be 873 gpm. This allows for maximum positive instrument error at indicated flows of 3000 gpm and
1000 gpm, respectively. Both cases model RBS and LPI aligned through a separated “B” train (no cross-
connectmg of headers). Note that a minor correction for minor loss coefficient at the sump inlet has been
made as noted in Attachment 9. Results of these model runs are included as Attachments 1 and 2.

Data used for calculation of NPSHa is presented in Attachment 3 showing the values of each of the above
parameters versus temperature. Attachment 21 shows the same information for a more bounding analysis"
assuming lower initial reactor building pressure and higher initial reactor building temperature. In this
analysis, a temperature range of 195F to 229.6F is evaluated.

NPSHr is determined from manufacturer’s certified performance curve and adjusted for high temperature
effect as permitted by NUREG 0897. Performance curve for BS pump 3B (Ref. 8.14) is used for
conservatism. The NPSH requirements for this pump are bounding for all BS pumps. LPI pump NPSH
data was taken from Ref. 8.15 for the 1A LPI pump, and verified as bounding for all LPI pumps. For Rev. .
5, which was initiated to respond to PIP 0-098-3976, the curve for BS pump 2A (Ref. 8.11) was used.

This is acceptable because the high temperature effect from having Aux Coolers out of service is

applicable only to Units 1&2. This effect more than offsets the difference in required NPSH for Unit 3.

See curves in Attachment 23 for confirmation.

Attachments 3 and 21 show NPSHa and NPSHr in tabular form for each system over the stated
- temperature range and flow assumptions. NPSHa in these attachments includes credit for available - -
reactor building overpressure. Attachments 4 and 22 show the same information in graphical form.

Reactor building pressure requirements are determined from the following equation:
Pr = (NPSHr - NPSHavp) / C (Where NPSHavp is the NPSH available without overpressure credit.)

The reactor building pressure requirement at each temperature is shown in Attachments 3 and 21, along
with the available pressure. Available pressure is taken from Attachments 7 and 23 as the lowest pressure
calculated for all cases at any given temperature. An adjustment of -0.2 psi is applied to these values in
Attachments 3 & 4 in order to account for operating variation in reactor building static pressure (see
NOTE above for exception in Attachments 21 & 22). Attachments 4 & 22 show building pressure
required and available versus temperature in graphical form. o
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10,0 CONCLUSION

Attachment 4 illustrates that NPSHr is satisfied for both systems for all combinations of reactor building
pressure and sump temperatures based upon assumed system operating flows. In both flow cases the
NPSH requirements of the BS pumps govern the building pressure requirements. Attachment 7 shows the
graphical results of the containment response analyses (Ref. 8.22), which have been determined to be
worst case for purposes of BS pump NPSH analysis. Comparison of the graphical data shows that the
building response (expressed in combinations of building pressure and sump temperature) is adequate to
meet the NPSH requirements of the Reactor Building Spray Pumps and LPI pumps for all operating
conditions. Attachment 4 illustrates the available margin between building pressure required and building
pressure available.

Attachments 21 & 22 illustrate the adequacy of NPSHa for both LPI and BS systems with elevated initial
temperatures for Units 1 &2 (due to having the Aux Coolers out of service for those units) and with
bounding initial reactor building pressure of -1.0 psig. Attachment 23 demonstrates that the lower reactor
building pressures allowed by Technical Specification 3.6.4 are bounded by the high temperature analysis.
Attachment 23 also shows that Unit 3 is bounded by the high temperature analysis presented for Units 1 &
2.
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FCLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. =

THE SPECIFIC GRAVITY OF THIS LIQUID =

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS

[

LINE 1

(FEET)
0 1 27.1
IS CLOSED
0 12 53.3
1 2 24.0
2 3 2.2
3 4 7.1
4 5 6.0
2 6 2.3
6 . 7 19.0
7 8 6.5
6 9 .4
9 10 32.2
10 11 6.5
9 13 .1
12 13 24.8
13 14 31.8
14 15 14.7
15 16 6.0
14 17 23.5
17 18 6.0

JUNCTION NUMBER DEMAND

W W~ O W

OUTPUT SE

THIS SYST

THE RESULTS ARE OBTAINED AFTER

RBS NPSH analysis for 0SC-4467, Rev. 2.

.00
1.00
.00

.00

.00

.00
1150.00
.00
3291.00

LECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

{INCHES
17.4

17.4
13.5
13.5
10.3

8.1
13.5
13.5
12.3
13.5
13.5
12.3
13.5
13.5
13.5
10.3

8.1
13.5
12.3

ELEVATIO
.00
.00
.00
.00

760.10
.00
.00

761.10
.00
.00

761.10
.00
.00

.00
.00

760.10
.00

761.10

EM HAS 19 PIPES WITH 18 JU

.97

7

10

i3

15
18

1.92

)
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
N CONNECTING PIPES
1 3
3 4
4 S
5 6
6
7 8
8 9
9
10 11
11 12
12
2 14
13 14
15 16
16 17
17
18 19
19

NCTIONS , 0 LOOPS AND

2 TRIALS WITH AN ACCURACY =

2 FG

.00000

Model taken from OSC-1977,

.0000035

MINOR LOSS K FIXED GRADE

782.50

782.50

NS

modified by

removal of minor loss from 3BS-6 and addition of minor loss from sump inlet
Sump temperature is 195F.

reducer.

No RB pressure.
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HEAD LOSS PUMP HEAD

PIPE NO. NODE NOS. FLOWRATE
LINE 1 IS CLOSED
2 0 12 4444.00 .26
3 1 2 .00 .00
4 2 3 1.00 .00
5 3 4 1.00 .00
6 4 5 1.00 .00
7 2 6 -1.00 .00
8 6 7 1.00 .00
9 7 8 1.00 .00
10 6 9 -2.00 .00
11 9 10 1.00 .00
12 10 11 1.00 .00
13 9 13 -3.00 .00
14 12 13 4444.00 .45
15 13 14 4441.00 .57
16 14 15 1150.00 .08
17 15 16 1150.00 .10
~ 18 14 17 3291.00 .24
19 17 18 3291.00 .10
JUNCTION NUMBER DEMAND GRADE LINE
1 .00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35
6 .00 779.35
7 .00 779.35
8 1.00 779.35
9 .00 779.35
10 .00 779.35
11 1.00 779%.35
12 .00 781.16
13 -00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93
17 .00 776.00
18 3291.00 775.66
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-)

PIPE NUMBER
2 4

FLOWRATE
444.00

ELEVATI

760.10

761.10

761.10

760.10

761.10

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES =

MINOR LOSS VELOCITY HL/1000

1.07
.00
.00
.00
.00
.00
.00

6.01
.00
.00
.00
.01
.00
.00
.00
.00
.00
.00

-.01

9.96

9.95

4.47

7.12

7.38

8.96

ON PRESSURE

= 444

FROM FIXED GRADE NODES

4.00

.00

A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER

1 TRIALS WITH AN ACCURACY

.0

0000

4.96
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

18.04
18.01

5.24
17.15
10.00
16.45
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED
2 0 i2 4444.00 .26 .00 1.07 6.01 4.96
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
[ 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 18.04
- 15 13 14 4441.00 .57 .00 1.91 9.95 18.01
16 14 15 1150.00 .08 .00 .60 4.47 5.24
17 15 16 1150.00 .10 .00 .16 7.12 17.15
18 14 17 3291.00 .24 .00 .63 7.38 10.00
19 17 18 3291.00 .10 .00 .24 8.96 16.45
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
.00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 8.05
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.63
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.63
12 .00 781.16
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.62
17 .00 776.00
18 3291.00 775.66 761.10 6.09
THE NET SYSTEM DEMAND = 4444.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES !
PIPE NUMBER FLOWRATE
2 4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
| THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0Q000034
THE SPECIFIC GRAVITY OF THIS LIQUID = .96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

‘ 1 0o 1 27.1 17.4 .2 1.91 782.50
| LINE 1 IS CLOSED
| 2 0 12 53.3  17.4 .2 1.91 782.50
‘ 3 1 2 24.0  13.5 .2 .89
‘ 4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
. 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0  13.5 .2 1.84
9 7 8 6.5  12.3 .2 .19
10 6 9 4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 1t 6.5  12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5  13.5 .2 .15
. 19 17 18 6.0 12.3 .2 19
JUNCTION NUMBER  DEMAND ELEVATION  CONNECTING PIPES
1 .00 .00 13
2 .00 .00 3 4 7
3 00 .00 4 5
4 00 00 5 6
5 1.00 760.10 6
6 00 .00 7 8 10
7 .00 00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
- 13 .00 .00 13 14 15
14 .00 .00 15 16 18 ‘
15 .00 .00 16 17
16 1150.00 760.10 17
17 .00 .00 18 19
18 3291.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD
THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOCPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0SC~1977, modified by
removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 200F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.95
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 - .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 18.02
15 13 14 4441.00 .57 .00 1.91 9.95 18.00
16 14 15 1150.00 .08 .00 .60 4.47 5.23
17 15 16 1150.00 .10 .00 .16 7.12 17.13
18 14 17 3291.00 .23 .00 .63 7.38 9.99
- 19 17 18 3291.00 .10 .00 .24 8.96 16.43
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
.00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 8.04
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.62
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.62
12 .00 781.16
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.61
17 .00 776.00
18 3291.00 775.66 761.10 6.08
THE NET SYSTEM DEMAND = 4444.00
SUMMARY OF INFLOWS({+). AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00

A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000
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PIPE NO. NODE NOs. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.95
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 S 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 i1 - 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 - -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 18.02
15 13 14 4441.00 .57 .00 1.91 9.95 18.00
16 14 15 1150.00 .08 .00 .60 4.47 5.23
17 15 16 1150.00 .10 .00 .16 7.12 17.13
- 18 14 17 3291.00 .23 .00 .63 7.38 9.99
19 17 18 3291.00 .10 .00 .24 8.96 16.43
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 8.04
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.62
9 .00 779.35
; 10 .00 779.35
11 1.00 779.35 761.10 7.62
12 .00 781.16
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.61
17 .00 776.00
18 3291.00 775.66 761.10 6.08
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE

THE SPECIFIC GRAVITY OF THIS LIQUID =

.96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS

=

LINE 1

(FEET)
0 1 27.1
IS CLOSED
0 12 53.3
1 2 24.0
2 3 2.2
3 4 7.1
4 5 6.0
2 6 2.3
6 7 19.0
7 8 6.5
6 9 .4
9 10 32.2
10 11 6.5
9 13 .1
12 13 24.8
13 14 31.8
14 15 14.7
15 16 6.0
14 17 23.5
17 18 6.0

JUNCTION NUMBER DEMAND

WM WN -

OUTPUT SELECTION:

THIS SYSTEM HAS

THE RESULTS ARE OBTAINED AFTER

.00
.00
1150.00
.00
3291.00

ALL RESULTS ARE

{INCHES
17.4

st
N
MU OWOoOOwWwOmo WO on~

ELEVATIO
.00
.00
.00
.00

760.10
-00
.00

761.10
.00
.00

761.10
.00
.00

760.10

761.10

19 PIPES WITH 18 JU

RBS NPSH analysis for 0SC-4467, Rev.

removal of minor loss from 3BS-6,

reducer.

Sump temperature is 20S5F.

KINEMATIC VIS. =

.0000033

MINOR LOSS 'K FIXED GRADE

7

10

13

15
18

1.91

)
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
.2
N CONNECTING PIPES
1 3
3 4
4 5
5 6
6
7 8
8 9
9
10 11
11 12
12
2 14
13 14
15 16
16 17
17
18 i9
19

NCTIONS , 0 LOOPS AND

OUTPUT EACH PERIOD

2 TRIALS WITH AN ACCURACY =

2 FG

.00000

2. Model taken from 0OSC-1977,

No RB pressure

782.50

782.50

NS

modified by

and addition of minor loss from sump inlet
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.95
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 18.00
15 13 14 4441.00 .57 .00 1.91 9.95 17.98
16 14 15 1150.00 .08 ©.00 .60 4.47 5.22
17 15 16 1150.00 .10 .00 .16 7.12 17.11
~ 18 14 17 3291.00 .23 .00 .63 7.38 9.98
19 17 18 3291.00 .10 -00 .24 8.96 16.42
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 8.02
"6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.60
9 .00 779.35
10 .00 779.35 -
11 1.00 779.35 761.10 7.60
12 ) .00 781.16
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.60
17 .00 776.00
18 3291.00 775.66 761.10 6.07
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00

A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.95
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 18.00
15 13 14 4441.00 .57 .00 1.91 9.95 17.98
16 14 15 1150.00 .08 .00 .60 4.47 5.22
17 15 16 1150.00 .10 .00 .16 7.12 17.11
- 18 14 17 3291.00 .23 .00 -63 7.38 9.98
19 17 18 3291.00 .10 .00 .24 8.96 16.42
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
.00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 8.02
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.60
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.60
12 .00 781.16
13 -00 779.35
14 .00 776.87
15 .00 776.19
| 16 1150.00 775.93 760.10 6.60
| 17 -00 "776.00
18 3291.00 775.66 761.10 6.07
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS{+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000032
THE SPECIFIC GRAVITY OF THIS LIQUID = .96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED :
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 N 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
. 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 4 13.5 .2 .63
11 3 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 .75
19 17 18 6.0 12.3 .2 .19
JUNCTION NUMBER  DEMAND ELEVATION  CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 .00 .00 4 )
4 .00 .00 5 6
5 1.00 760.10 6
6 00 .00 7 8 10
7 00 00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 !
15 .00 .00 16 17
16 1150.00 760.10 17
17 .00 .00 18 19
18 3291.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD
THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0OSC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 210F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000

LINE 1 IS CLOSED
2 0 12 4444.00 .26 .00 1.07 6.01 4.94
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 S 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 . .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 17.99
15 13 14 4441.00 .57 .00 1.91 9.95 17.96
16 14 15 1150.00 .08 .00 .60 4.47 5.21
17 15 16 1150.00 .10 .00 .16 7.12 17.09
- 18 14 17 3291.00 .23 .00 .63 7.38 9.97
19 17 18 3291.00 .10 .00 .24 8.96 16.40
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 00 779.35
2 00 779.35
3 00 779.35
4 00 779.35
5 1.00 779.35 760.10 8.01
6 00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.59
. 9 00 779.35
10 .00 779.35
11 1.00 779.35 761.10 ) 7.59
12 00 781.16
13 00 779.35
14 00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.58
17 .00 776.00
18 3291.00 775.67 761.10 6.06
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS(+)} AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 Is CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.94
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
- 13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 17.99
15 13 14 4441.00 .57 .00 1.91 9.95 17.96
16 14 15 1150.00 .08 .00 .60 4.47 5.21
17 15 16 1150.00 .10 .00 .16 7.12 17.09
i8 14 17 3291.00 .23 .00 .63 7.38 9.97
19 17 18 3291.00 .10 .00 .24 8.96 16.40
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 779.35
2 .00 779.35
3 .00 779.35
. 4 .00 779.35
v 5 1.00 779.35 760.10 8.01
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.59
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.59
12 .00 781.16
13 .00 779.35
14 -00 776.87
15 .00 776.19
16 1150.00 775.83 760.10 6.58
17 .00 776.00
18 3291.00 775.67 761.10 6.06
THE NET SYSTEM DEMAND = 4444.00 !

SUMMARY OF INFLOWS({+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND -PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000032
THE SPECIFIC GRAVITY OF THIS LIQUID = .96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
THERE IS A PUMP IN LINE 1 WITH USEFUL POWER = 782.50
LINE 1 IS CLOSED

2 0 12 53.3 17.4 .2 1.91 782.50

3 1 2 24.0 13.5 .2 .89

4 2 3 2.2 13.5 .2 .38

5 3 4 7.1 10.3 .2 3.44
- 6 4 S 6.0 8.1 .2 .20

7 2 6 2.3 13.5 .2 .26

8 6 7 19.0 13.5 .2 1.84

El 7 8 6.5 12.3 .2 .19

10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 .75
19 17 18 6.0 12.3 .2 .19
JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES
1 .00 00 1 3
2 00 00 3 4 7
3 .00 00 4 S
4 00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
7 00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 ’ .00 .00 15 16 18
15 .00 .00 16 17
16 1150.00 760.10 17
17 .00 .00 18 19
18 3291.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 EGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0OSC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 215. No RB pressure.
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PIPE NO. NODE NOS.

LINE 1 IS CLOSED
2 0 12 4444.00 .26 .00
3 1 2 .00 .00 .00
4 2 3 1.00 .00 .00
5 3 4 1.00 .00 .00
6 4 5 1.00 .00 .00
7 2 6 -1.00 .00 .00
8 6 7 1.00 .00 .00
9 7 8 1.00 .00 .00
10 6 9 -2.00 .00 .00
11 9 10 1.00 .00 .00
12 0 11 1.00 .00 .00
13 9 13 -3.00 .00 .00
14 12 13 4444.00 .45 .00
15 13 14 4441.00 .57 .00
16 14 15 1150.00 .08 .00
17 15 16 1150.00 .10 .00
. 18 14 17 3291.00 .23 .00
19 17 18 3291.00 .10 .00
JUNCTION NUMBER DEMAND GRADE LINE  ELEVATION
.00 779.35
00 779.35
.00 779.35
.00 779.35
1.00 779.35 760.10
.00 779.35
.00 779.35
1.00 779.35 761.10
.00 779.35
.00 779.35
1.00 779.35 761.10
.00 781.16
.00 779.35
.00 776.87
.00 776.19
1150.00 775.93 760.10
00 776.00
3291.00 775.67 761.10
THE NET SYSTEM DEMAND =  4444.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED
PIPE NUMBER FLOWRATE
4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES

THE NET

Rev.

FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000

1.07

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

1.37
1.91

.60
.16
.63
.24

PRE

SSURE

7.57

7.57

GRADE NODES

FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES

444

4.00

.00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 o 12 4444.00 .26 .00 1.07 6.01 4.94
3 1 2 .00 .00 .00 .00 .00 .00
q 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 . .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 .2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 17.99
15 13 14 4441.00 .57 .00 1.91 9.95 17.96
16 14 15 1150.00 .08 .00 .60 4.47 5.21
17 15 16 1150.00 .10 .00 .16 7.12 17.09
18 14 17 3291.00 .23 .00 .63 7.38 9.97
19 17 18 3291.00 . .10 .00 .24 8.96 16.40
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.99
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.57
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.57
12 .00 781.16
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.57
17 .00 776.00
18 3291.00 775.67 761.10 6.05
THE NET SYSTEM DEMAND = 4444.00
SUMMARY OF INFLOWS({+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00

THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000031
THE SPECIFIC GRAVITY OF THIS LIQUID = .96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 Is CLOSED
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 2 .75
19 17 18 6.0 12.3 2 19
JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 .00 .00 4 5
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10-
7 .00 .00 8 9
'8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 is 16 18 ) !
15 .00 .00 16 17
16 1150.00 760.10 17
17 .00 .00 i8 19
18 3291.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for OSC-4467, Rev. 2. Model taken from 0SC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 220F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.93
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 S -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 ..00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 --.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 17.97
15 13 14 4441.00 .57 .00 1.91 9.95 17.95
16 14 15 1150.00 .08 .00 .60 4.47 5.20
17 15 16 1150.00 -10 .00 .16 7.12 17.07
- 18 14 17 3291.00 .23 .00 .63 7.38 9.95
19 17 18 3291.00 .10 .00 .24 8.96 16.38
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
.00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.97
6 .00 779.35
7 : .00 779.35
8 1.00 779.35 761.10 7.56
‘ 9 .00 779.35
10 -00 779.35
11 1.00 779.35 761.10 7.56
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.56
17 .00 776.00
18 3291.00 775.67 761.10 6.03
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000
PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED
2 0 12 4444.00 .26 .00 1.07 6.01 4.93
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
- 13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 17.97
15 13 14 4441.00 .57 .00 1.91 9.95 17.95
16 14 15 1150.00 .08 .00 .60 4.47 5.20
17 15 16 1150.00 .10 .00 .16 7.12 17.07
18 14 17 3291.00 .23 .00 .63 7.38 9.95
19 17 18 3291.00 .10 .00 .24 8.96 16.38
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
1 .00 779.35
2 .00 779.35
‘ 3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.97
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.56
9 .00 779.35
10 .00 779.35
11 1.00 779.35% 761.10 7.56
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.56
17 .00 776.00
18 3291.00 775.67 761.10 6.03
THE NET SYSTEM DEMAND =  4444.00 !
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES =  4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS.‘= .0000030
THE SPECIFIC GRAVITY OF THIS LIQUID = .95

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED '
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 q 5 6.0 8.1 .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 3 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 "13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 .75
. 19 17 18 6.0 12.3 .2 .19
JUNCTION NUMBER  DEMAND ELEVATION  CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 .00 .00 4 5
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 !
15 .00 .00 16 17
16 1150.00 760.10 17
17 .00 .00 18 19
18 3291.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 EGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for OSC-4467, Rev. 2. Model taken from 0SC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 225F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 1S CLOSED
2 0 12 4444.00 .26 .00 1.07 6.01 4.93
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 - 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 - 12 13 4444.00 .45 .00 1.37 9.96 17.95
15 13 14 4441.00 . .57 .00 1.91 9.95 17.93
16 14 15 1150.00 .08 .00 .60 4.47 5.20
17 15 16 1150.00 .10 .00 .16 7.12 17.05
- 18 14 17 3291.00 .23 .00 .63 7.38 9.94
19 17 18 3291.00 .10 .00 .24 8.96 16.37
JUNCTION NUMBER DEMAND GRADE LINE  ELEVATION PRESSURE
.00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.96
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.54
‘ 9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.54
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.54
17 .00 776.00
18 3291.00 775.67 761.10 6.02
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 Is CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.93
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
<11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 ~3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .45 .00 1.37 9.96 17.95
15 13 14 4441.00 .57 .00 1.91 9.95 17.93
16 14 15 1150.00 .08 .00 .60 4.47 5.20
17 15 16 1150.00 .10 .00 .16 7.12 17.05
18 14 17 3291.00 .23 .00 .63 7.38 9.94
19 17 18 3291.00 .10 .00 .24 8.96 16.37
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
1 .00 779.35 .
.00 779.35 '
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.96
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.54
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.54
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.93 760.10 6.54
17 .00 776.00
18 3291.00 775.67 761.10 6.02 '
THE NET SYSTEM DEMAND =  4444.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES =  4444.00

THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION 1S USED, THE KINEMATIC VIS. = .0000029
THE SPECIFIC GRAVITY OF THIS LIQUID = .95

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED
2 0 12 53.3 -+ 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 : .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 75
‘ 19 17 18 6.0 12.3 .2 19
JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES
1 .00 .00 1 3
2 .00 -00 3 [ 7
3 .00 .00 4 5
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 . .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 i3 14 15
14 .00 .00 15 16 18 !
15 .00 .00 16 17
16 1150.00 760.10 17
17 .00 .00 18 19
18 3291.00 761.10 19

'OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0SC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 230F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 © .00 1.07 6.01 4.92
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .44 .00 1.37 9.96 17.94
15 13 14 4441.00 .57 .00 1.91 9.95 17.91
16 14 15 1150.00 .08 .00 .60 4.47 5.19
17 15 16 1150.00 -.10 .00 .16 7.12 17.03
- 18 14 17 3291.00 .23 .00 .63 7.38 9.93
19 17 18 3291.00 .10 .00 .24 8.96 16.35
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.94
6 .00 779.35
7 .00 779.35
‘ 8 1.00 779.35 761.10 7.53
‘ ) 9 .00 779.35
: 10 .00 779.35
11 1.00 779.35 761.10 7.53
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.94 760.10 6.53
17 .00 776.01
18 3291.00 775.67 761.10 6.01
THE NET SYSTEM DEMAND = 4444.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 4444.00 '
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

\

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE -1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.92
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .44 .00 1.37 9.96 17.94
15 13 14 4441.00 .57 .00 1.91 9.95 17.91
16 14 15 1150.00 .08 .00 .60 4.47 5.19
17 15 16 1150.00 .10 .00 .16 7.12 17.03
18 14 17 3291.00 .23 .00 .63 7.38 9.93
19 17 18 3291.00 .10 .00 .24 8.96 16.35
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 779.35
2 .00 779.35
' 3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.94
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.53
9 .00 779.35
10 .00 779.35
i1 1.00 779.35 761.10 7.53
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.94 760.10 6.53
17 .00 776.01
18 3291.00 775.67 ©761.10 6.01
THE NET SYSTEM DEMAND = 4444.00
SUMMARY OF INFLOWS({+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. =

THE SPECIFIC GRAVITY OF THIS LIQUID =

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS

-

LINE 1

(FEET)
Q 1 27.1
IS CLOSED
0 12 53.3
1 2 24.0
2 3 2.2
3 4 7.1
4 5 6.0
2 6 2.3
6 7 19.0
7 8 6.5
6 9 .4
9 10 32.2
10 11 6.5
9 13 .1
12 13 24.8
13 14 31.8
14 15 14.7
15 16 6.0
14 17 23.5
17 18 6.0

JUNCTION NUMBER DEMAND

WO~ ae WK+

OUTPUT SE

THIS SYST

1150.00
-00
3291.00

LECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

(INCHES
17.4

17.4
13.5
13.5
10.3

8.1
13.5
13.5
12.3
13.5
13.5
12.3
13.5
13.5
13.5
10.3

8.1
13.5
12.3

ELEVATIO

EM HAS 19 PIPES WITH 18 JuU

.95

)

NNRNRNONNNONNNNNNNNNNDRN

1.91

1.91
.89
.38

3.44
.20
.26

1.84
.19
.63

1.73
.19
.37
.89

1.24

1.94
.20
.75
.19

N CONNECTING PIPES

3

4
5
6

W

NCTIONS , 0 LOOPS AND

7

10

13

15
18

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY =

RBS NPSH analysis for 0OSC-4467, Rev.

removal of minor loss from 3BS-6,

reducer.

Sump temperature is 235F.

2 FG

.00000

2. Model taken from 0OSC-1977,

No RB pressure.

.0000029

MINOR LOSS K FIXED GRADE

782.50

782.50

NS

modifed by

and addition of minor loss from sump inlet
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.92
3 1 2 .00 .00 .00 .00 .00 .00
q 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
a 2 6 -1.00 .00 .00 - .00 .00 .00
8 6 7 1.00 .00 .00 ’ .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .44 .00 1.37 9.96 17.94
15 13 14 4441.00 .57 .00 1.91 9.95 17.91
16 14 15 1150.00 .08 .00 .60 4.47 ©5.19
17 15 16 1150.00 .10 .00 .16 7.12 17.03
. 18 14 17 3291.00 .23 .00 .63 7.38 9.93
19 17 18 3291.00 .10 .00 .24 8.96 16.35
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
.00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.92
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.51
‘ 9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.51
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.94 760.10 6.51
17 .00 776.01
18 3291.00 775.67 761.10 5.99
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS({+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00 !

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 4444.00 .26 .00 1.07 6.01 4.92
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 ] .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 . .00 : .00 -.01 .00
14 12 13 4444.00 .44 .00 1.37 9.96 17.94
15 13 14 4441.00 .57 .00 1.91 9.95 17.91
16 14 15 1150.00 .08 .00 .60 4.47 5.19
17 15 16 1150.00 .10 .00 .16 7.12 17.03
18 14 17 3291.00 .23 .00 .63 7.38 9.93
19 17 18 3291.00 .10 .00 .24 8.96 16.35
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 779.35
2 .00 779.35
. 3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.92
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.51
9 .00 779.35
10 .00 779.35 .
11 1.00 779.35 761.10 7.51
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.19
16 1150.00 775.94 760.10 6.51
17 .00 776.01
18 3291.00 775.67 761.10 5.99
THE NET SYSTEM DEMAND = 4444.00

SUMMARY OF INFLOWS({(+) AND OUTFLOWS (-} FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 4444.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000028
THE SPECIFIC GRAVITY OF THIS LIQUID = .95

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 219
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 20
18 14 17 23.5 13.5 .2 75
. 19 17 18 6.0 12.3 .2 19
JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES
1 .00 .00 1 3
2 .00 -00 3 4 7
3 .00 .00 4 5
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 !
15 .00 .00 16 17
16 1150.00 760.10 17
17 .00 .00 18 19
18 3291.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0OSC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 240F. No RB pressure.
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PIPE NO. NODE NOS.

LINE

. 18

JUNCTI

THE NET

SUMMARY

PIPE

THE NET
THE NET

, Rev. 2
nt 1
of 30

1 IS CLOSED
0 12 4444.00 .26 .00 1.07
1 2 .00 .00 .00 .00
2 3 1.00 .00 .00 .00
3 4 1.00 .00 .00 .00
4 5 1.00 .00 .00 .00
2 6 -1.00 .00 .00 .00
6 7 1.00 .00 .00 .00
7 8 1.00 .00 .00 .00
6 9 -2.00 .00 .00 .00
9 10 1.00 .00 .00 .00
10 11 1.00 .00 .00 .00
9 13 -3.00 .00 .00 .00
12 13 4444.00 .44 .00 1.37
13 14 4441.00 .57 .00 1.91
14 15 1150.00 .08 00 .60
15 16 1150.00 .10 00 .16
14 17 3291.00 .23 00 .63
17 18 3291.00 .10 00 .24
ON NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
1 .00 779.35
2 .00 779.35
3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.90
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.49
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.49
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.20
16 1150.00 775.94 760.10 6.50
17 .00 776.01
18 3291.00 775.67 761.10 5.98
SYSTEM DEMAND =  4444.00
OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
NUMBER FLOWRATE
2 4444.00
FLOW INTO THE SYSTEM FROM FIXED GRADE NODES =  4444.00
FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00

6

@ ~1 =~ B

.01
.00
.00
.00
.01
.00
.00
.00
.00
.00
.00
.01

FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000

4.91
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

17.92
17.89
5.18
17.01
9.92
16.33
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000

LINE 1 IS CLOSED
2 0 12 4444.00 .26 .00 1.07 6.01 4.91
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
.12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 4444.00 .44 .00 1.37 9.96 17.92
15 13 14 4441.00 .57 .00 1.91 9.95 17.89
16 14 15 1150.00 .08 .00 .60 4.47 5.18
17 15 16 1150.00 .10 .00 .16 7.12 17.01
18 14 17 3291.00 .23 .00 .63 7.38 9.92
19 17 18 3291.00 .10 .00 .24 8.96 16.33
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
.00 779.35
2 .00 779.35
‘ 3 .00 779.35
4 .00 779.35
5 1.00 779.35 760.10 7.90
6 .00 779.35
7 .00 779.35
8 1.00 779.35 761.10 7.49
9 .00 779.35
10 .00 779.35
11 1.00 779.35 761.10 7.49
12 .00 781.17
13 .00 779.35
14 .00 776.87
15 .00 776.20
16 1150.00 775.94 760.10 6.50
17 .00 776.01
18 3291.00 775.67 761.10 5.98
¥
THE NET SYSTEM DEMAND =  4444.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 4444.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES =  4444.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000035
THE SPECIFIC GRAVITY OF THIS LIQUID = .97

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0— 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
. 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 1 13.5 .2 .37
14 12 13 24.8- 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 .75
19 17 18 6.0 12.3 .2 .19
JUNCTION NUMBER  DEMAND ELEVATION  CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 .00 .00 4 5
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 ‘
15 .00 .00 16 17
16 873.00 760.10 17
17 .00 .00 18 19
18 2883.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0SC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 195F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .17 5.09 3.58
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 ~2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10. 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.98
15 13 14 3756.00 .41 .00 1.36 8.42 12.96
16 14 15 873.00 .05 .00 .35 3.39 3.07
17 15 16 873.00 .06 .00 .09 5.40 10.01
- 18 14 17 2883.00 .18 .00 .49 6.46 7.72
19 17 18 2883.00 .08 .00 .18 7.85 12.69
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.43
6 .00 780.24
) 7 .00 780.24
8 1.00 780.24 761.10 8.01
9 : .00 780.24
. 10 .00 780.24
11 1.00 780.24 761.10 8.01
12 .00 781.54
13 .00 780.24
14 .00 778.46
15 .00 778.07
16 © 873.00 777.92 760.10 "7.46
17 .00 777.80
18 2883.Q0 777.54 761.10 6.88
THE NET SYSTEM DEMAND =  3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000
PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED
2 0 12 3759.00 .19 .00 7 5.09 3.58
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 -00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.98
15 13 14 3756.00 .41 .00 1.36 8.42 12.96
16 14 15 873.00 .05 .00 .35 3.39 3.07
17 15 16 873.00 .06 .00 .09 5.40 10.01
18 14 17 2883.00 .18 .00 .49 6.46 7.72
19 17 18 2883.00 .08 .00 .18 7.85 12.69
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.43
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 8.01
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 8.01
12 .00 781.54
13 .00 780.24
14 .00 778.46
15 -00 778.07
16 873.00 777.92 760.10 7.46
17 .00 777.80
18 2883.00 777.54 761.10 6.88
THE NET SYSTEM DEMAND = 3759.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) EROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00

THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000034
THE SPECIFIC GRAVITY OF THIS LIQUID = .96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET)  (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 2 .89
4 2 3 2.2 13.5 2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 2 .20
. 7 2 6 2.3 13.5 2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 2 .89
15 13 14 31.8 13.5 2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 20
18 14 17 23.5 13.5 2 75
‘ 19 17 18 6.0 12.3 .2 19
JUNCTION NUMBER  DEMAND ELEVATION CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 .00 © .00 4 )
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 ' .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 ’
15 .00 .00 16 17
16 873.00 760.10 17
17 .00 .00 18 19
18 2883.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 EGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0OSC-4467, Rev. 2. Model taken from OSC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 200F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD

LINE 1 IS CLOSED

.19
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.32
.41
.05
.06
.18
.08

LINE ELEVATION PRESSURE

2 0 12 3759.00
3 1 2 .00
4 2 3 1.00
5 3 4 1.00
6 4 5 1.00
7 2 6 -1.00
8 6 7 1.00
9 7 8 1.00
10 6 9 -2.00
11 9 10 1.00
12 10 11 1.00
13 9 13 -3.00
14 12 13 3759.00
15 13 14 3756.00
16 14 15 873.00
17 15 16 873.00
- 18 14 17 2883.00
19 17 18 2883.00

JUNCTION NUMBER DEMAND GRADE

1 .00 780.

2 .00 780.

3 .00 780.

4 00 780.

S 1.00 780.

6 .00 780.

7 .00 780.

8 1.00 780.

9 .00 - 780.

10 .00 780.

11 1.00 780.

12 .00 781.

13 .00 780.

14 .00 778.

15 .00 778.

16 873.00 777.

17 .00 777.

18 2883.00 777.

THE NET SYSTEM DEMAND = 3759.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-)

.00 217
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
.00 .98
.00 1.36
.00 .35
-00 .09
.00 .49
.00 .18

760.10

761.10

761.10

760.10

761.10

PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 375

THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES =

FROM FIXED GRADE NODES

9.00

.00

5.09
.00
.00
.00
.01
.00
.00
.00
.00
.00
.00

-.01

8.42

8.42

3.39

5.40

6.46

7.85

MINOR LOSS VELOCITY HL/1000

3.57
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

12.97
12.95
3.07
10.00
7.71
12.67
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" A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000

LINE 1 IS CLOSED
2 0 12 3759.00 .19 .00 .77 5.09 3.57
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.97
15 13 14 3756.00 .41 .00 1.36 8.42 12.95
16 14 15 873.00 .05 .00 .35 3.39 3.07
17 15 16 873.00 .06 .00 .09 5.40 10.00
18 14 17 2883.00 .18 .00 .49 6.46 7.71
19 17 18 2883.00 .08 .00 .18 7.85 12.67
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
.00 780.24
2 .00 780.24
) 3 .00 780.24
v 4 .00 780.24 ,
5 1.00 780.24 760.10 8.41
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.99
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.99
12 .00 781.54
13 .00 780.24
14 .00 778.46
15 .00 778.07
16 873.00 777.92 760.10 7.44
17 .00 777.80
18 2883.00 777.54 761.10 6.87
THE NET SYSTEM DEMAND =  3759.00
SUMMARY OF INFLOWS{+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES =  3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED,

THE SPECIFIC GRAVITY OF THIS LIQUID =

PIPE NO. NODE NOS.

{FEET)
1 0 1 27.1
LINE 1 IS CLOSED

2 0 12 53.3
3 1 2 24.0
4 2 3 2.2
S 3 4 7.1
6 4 5 6.0
- 7 2 6 2.3
8 6 7 19.0
9 7 8 6.5
10 6 9 .4
11 9 10 32.2
12 10 11 6.5
13 9 13 .1
14 12 13 24.8
15 13 14 31.8
16 14 15 14.7
17 15 16 6.0
18 14 17 23.5
19 17 18 6.0

JUNCTION NUMBER DEMAND

1 .00

2 .00

3 .00

4 .00

5 1.00

6 .00

7 .00

8 1.00

9 .00

10 .00

11 1.00

12 .00

13 .00

14 .00

15 .00

1e 873.00

17 .00

18 2883.00

OUTPUT SELECTION:

THIS SYSTEM HAS

THE RESULTS ARE OBTAINED AFTER

ALL RESULTS ARE OUTPUT EACH PERIOD

(INCHES
17.4

17.4
13.5
13.5
10.3

8.1

13.5
13.5
12.3
13.5
13.5
12.3
13.5
13.5
13.5
10.3

8.1
13.5
12.3

ELEVATIO
.00

.00

.00

.00
760.10
.00

.00’

761.10
.00
.00

761.10
.00
.00
.00
.00

760.10
.00

761.10

19 PIPES WITH 18 JU

RBS NPSH analysis for 0SC-4467, Rev.

removal of minor loss from 3BS-6,

reducer.

Sump temperature is 205F.

.96

)

.2
.2
.2
.2
.2

1.91

N CONNECTING PIPES

3

4
5
6

NCTIONS ,

7"

10

13

15
18

0 LOOPS AND

2 TRIALS WITH AN ACCURACY =

THE KINEMATIC VIS. =

2 FGl

.00000

2. Model taken from 0SC-1977,

No RB pressure.

.0000033

LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE

782.50

782.50

NS

modified by

and addition of minor loss from sump inlet
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .17 5.09 3.57
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .60 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.95
15 13 14 3756.00 .41 .00 1.36 8.42 12.93
16 14 15 873.00 .04 .00 .35 3.39 3.06
17 15 16 873.00 .06 .00 .09 5.40 9.98
- 18 14 17 2883.00 .18 .00 .49 6.46 7.70
19 17 18 2883.00 .08 .00 .18 7.85 12.66
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
.00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.39
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.98
' 9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.98
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.07
16 873.00 777.92 760.10 7.43
17 .00 777.80
18 2883.00 777.54 761.10 6.85
THE NET SYSTEM DEMAND = 3759.00

SUMMARY OF INFLOWS({+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER EFLOWRATE
2 3759.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 17 5.09 3.57
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 -00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.95
15 13 14 3756.00 .41 .00 1.36 8.42 12.93
16 14 15 873.00 .04 .00 .35 3.39 3.06
17 15 16 873.00 .06 .00 .09 5.40 9.98
18 14 17 2883.00 .18 .00 .49 6.46 7.70
19 17 18 2883.00 .08 .00 .18 7.85 12.66
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
‘ 3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.39
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.98
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.98
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.07
16 873.00 777.92 760.10 7.43
17 .00 717.80
18 2883.00 777.54 761.10 6.85
THE NET SYSTEM DEMAND = 3759.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000032
THE SPECIFIC GRAVITY OF THIS LIQUID = .96
PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.81 782.50
LINE 1 IS CLOSED

2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 75
. 19 17 18 6.0 12.3 .2 19
JUNCTION NUMBER  DEMAND ELEVATION  CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 00 .00 4 5
4 00 .00 S 6
S 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 !
15 .00 .00 16 17
16 873.00 760.10 17
17 .00 .00 18 19
8 2883.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER . 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0SC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 210F. No RB pressure.



0SC-4467, Rev. 2
Attachment 2
Page 11 of 30

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .77 5.09 3.56
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 .9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 - 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 ©.00 .98 8.42 12.94
15 13 14 3756.00 .41 .00 1.36 8.42 12.92
16 14 15 873.00 .04 .00 .35 3.39 3.05
17 15 16 873.00 .06 .00 .09 5.40 9.97
. 18 14 17 2883.00 .18 .00 .49 6.46 7.69
19 17 18 2883.00 .08 .00 .18 7.85 12.64
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
.00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.38
6 . .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.96
. 9 .00 780.24
10 .00 780.24
; 11 1.00 780.24 761.10 7.96
| 12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.07
16 873.00 777.92 760.10 7.41
17 .00 777.80
18 2883.00 777.54 761.10 6.84
THE NET SYSTEM DEMAND =  3759.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00 _ ‘

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP. HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED :

2 0 12 3759.00 .19 .00 .77 5.09 3.56
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 - .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.94
15 13 14 3756.00 .41 .00 1.36 8.42 12.92
16 14 15 873.00 .04 .00 .35 3.39 3.05
17 15 16 873.00 .06 .00 .09 5.40 9.97
18 14 17 2883.00 .18 .00 .49 6.46 7.69
19 17 18 2883.00 .08 .00 .18 7.85 12.64
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
‘ 3 .00 780.24 |
4 .00 780.24
’ 5 1.00 780.24 760.10 8.38
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.96
9 .00 780.24 '
10 .00 780.24
11 1.00 780.24 761.10 7.96
i2 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.07
i6 873.00 777.92 760.10 7.41
17 .00 777.80
18 2883.00 777.54 761.10 6.84 ,
THE NET SYSTEM DEMAND = 3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-~) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000032

THE SPECIFIC GRAVITY OF THIS LIQUID = .96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE

(FEET) (INCHES)
1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 . .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 .75
19 17 18 6.0 12.3 .2 .19
JUNCTION NUMBER  DEMAND ELEVATION  CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 .00 .00 4 5
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
K .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 1112
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 ‘
15 .00 .00 16 17
16 873.00 760.10 17
17 .00 .00 18 19
18 2883.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD
THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from OSC-1977, modified by
removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 215F. No RB pressure.
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PIPE N
LINE

THE NET

SUMMARY

PIPE

THE NET
THE NET

O. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
1 IS CLOSED
0 12 3759.00 .19 .00 .77 5.09
1 2 .00 .00 .00 .00 .00
2 3 1.00 .00 .00 .00 .00
3 4 1.00 .00 .00 .00 .00
4 5 1.00 .00 .00 .00 .01
2 6 -1.00 .00 .00 .00 .00
6 7 1.00 .00 .00 .00 .00
7 8 1.00 .00 .00 .00 .00
6 9 -2.00 .00 .00 .00 .00
9 10 1.00 - .00 .00 .00 .00
10 11 1.00 .00 .00 .00 .00
9 13 -3.00 .00 .00 .00 -.01
12 13 3759.00 .32 .00 .98 8.42
13 14 3756.00 .41 .00 1.36 8.42
14 15 873.00 .04 .00 . .35 3.39
15 16 873.00 .06 .00 .09 5.40
14 17 2883.00 .18 .00 .49 6.46
17 18 2883.00 .08 .00 .18 7.85
ON NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24 -
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.36
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.94
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.94
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.07
16 873.00 777.92 760.10 7.40
17 .00 777.80
18 2883.00 777.54 761.10 6.82
SYSTEM DEMAND = 3759.00
OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
NUMBER FLOWRATE
2 3759.00 !
FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00

3.56
.00
.00
.00
.00
.00
.00
.00
-00
.00
.00
.00

12.94
12.92

3.05

9.97

7.69

12.64
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000
PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED
2 0 12 3759.00 .19 .00 17 5.09 3.56
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
.12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 -00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 - 8.42 12.94
15 13 14 3756.00 .41 .00 1.36 8.42 12.92
16 14 15 873.00 .04 .00 .35 3.39 3.05
17 15 16 873.00 .06 .00 .09 5.40 9.97
18 14 17 2883.00 .18 .00 .49 6.46 7.69
19 17 18 2883.00 .08 .00 .18 7.85 12.64
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
. 3 00 780.24
4 00 780.24
5 1.00 780.24 760.10 '8.36
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.94
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.94
12 00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.07
16 873.00 777.92 760.10 7.40
17 .00 777.80
18 2883.00 777.54 761.10 6.82
THE NET SYSTEM DEMAND = 3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00

THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000031
THE SPECIFIC GRAVITY OF THIS LIQUID = .96

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
{FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 Is CLOSED
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 i3.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 20
18’ 14 17 23.5 13.5 .2 .75
‘ 19 17 18 6.0 12.3 .2 .19
JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES
1 00 00 1 3
2 00 00 3 4 7
3 00 00 4 5
4 .00 00 5 6
5 1.00 760.10 6
6 00 00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 -00 . .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14’ 15
14 .00 .00 15 16 18 !
15 .00 .00 16 17
16 873.00 760.10 17
17 .00 .00 i8 19
18 2883.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD
| THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FGNS
} THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000
|
RBS NPSH analysis for 0OSC-4467, Rev. 2. Model taken from OSC-1977, modified by

‘ removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
1 reducer. Sump temperature is 220F. No RB pressure.
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| PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
| LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .77 5.09 3.56
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
‘ 6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.93
15 13 14 3756.00 .41 .00 1.36 8.42 12.91
16 14 15 873.00 .04 .00 .35 3.39 3.05
17 15 16 873.00 .06 .00 .09 5.40 9.95
- 18 14 17 2883.00 .18 © .00 .49 6.46 7.68
19 17 18 2883.00 .08 .00 .18 7.85 12.63
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.34
6 .00 780.24
: 7 .00 780.24
8 1.00 780.24 761.10 7.93
‘ 9 .00 780.24
. 10 .00 780.24
’ 11 1.00 780.24 761.10 7.93
12 .00 . 781.54
13 .00 780.24
14 .00 - 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.38
17 .00 777.80
18 2883.00 777.54 761.10 6.81
THE NET SYSTEM DEMAND =  3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 o] 12 3759.00 .19 .00 .17 5.09 3.56
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 S 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 -.00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.93
15 13 14 3756.00 .41 .00 1.36 8.42 12.91
16 14 15 873.00 .04 .00 .35 3.39 3.05
17 15 16 873.00 .06 .00 .09 5.40 9.95
18 14 17 2883.00 .18 .00 .49 6.46 7.68
19 17 18 2883.00 .08 .00 .18 7.85 12.63
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.34
6 .00 780.24
7 -00 780.24
8 1.00 780.24 761.10 7.93
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.93
12 .00 781.54
13 .00 780.24
i4 .00 778.47
15 .00 778.08
i6 873.00 777.93 760.10 7.38
17 .00 777.80
18 2883.00 777.54 761.10 6.81
THE NET SYSTEM DEMAND = 3759.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS{-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00



0SC-4467, Rev. 2
Attachment 2
Page 19 of 30
FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000030

THE SPECIFIC GRAVITY OF THIS LIQUID = .95

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4 .2 1.91 782.50
LINE 1 IS CLOSED
2 ¢ 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
5 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 .20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 - 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 20
18 14 17 23.5 13.5 .2 75
‘ 19 17 18 6.0 12.3 .2 .19
) JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 -00 .00 4 5
4 .00 .00 5 6
S 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 !
15 .00 .00 16 17
16 873.00 760.10 17
17 .00 .00 18 19
18 2883.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 EGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467, Rev. 2. Model taken from 0SC-1977, modified by

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet
reducer. Sump temperature is 225F. No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .77 5.09 3.55
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 -00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 '3759.00 .32 .00 .98 8.42 12.91
15 13 14 3756.00 .41 .00 1.36 8.42 12.89
ie 14 15 873.00 .04 .00 .35 3.39 3.04
17 15 16 873.00 .06 .00 .09 5.40 9.94
- 18 14 17 2883.00 .18 .00 .49 6.46 7.67
19 17 18 2883.00 .08 .00 .18 7.85 12.61
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.32
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.91
‘ ) 9 .00 780.24
. 10 .00 780.24
11 1.00 780.24 761.10 7.91
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.37
17 .00 777.80
18 2883.00 777.54 761.10 6.80
THE NET SYSTEM DEMAND = 3759.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .17 5.09 3.55
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 -8 1.00 .00 .00 .00 .00 .00
10 6 S -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 -00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3758.00 .32 .00 .98 8.42 12.91
15 13 14 3756.00 .41 .00 1.36 8.42 12.89
16 14 15 873.00 .04 .00 .35 3.39 3.04
17 15 16 873.00 .06 .00 .09 5.40 9.94
18 14 17 2883.00 .18 .00 .49 6.46 7.67
19 17 i8 2883.00 .08 .00 .18 7.85 12.61
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
.00 780.24
2 .00 780.24
‘ 3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.32
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.91
9 .00 780.24
10 -00 780.24
11 1.00 780.24 761.10 7.91
12 .00 781.54
13 -00 780.24
14 .00 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.37
17 -00 777.80
18 2883.00 777.54 761.10 6.80
THE NET SYSTEM DEMAND = 3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(~) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG
A SUMMARY OF THE ORIGINAL DATA FOLLOWS
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED,

THE SPECIFIC GRAVITY OF THIS LIQUID = .95

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS

THE KINEMATIC VIS. =

-0000029

MINOR LOSS K FIXED GRADE

(FEET) (INCHES)
1 0 1 27.1 ‘17.4 .2 1.91 782.50
LINE 1 IS CLOSED
2 0 12 53.3 17.4 .2 1.91 782.50
3 1 2 24.0 13.5 .2 .89
4 2 3 2.2 13.5 .2 .38
S 3 4 7.1 10.3 .2 3.44
6 4 5 6.0 8.1 .2 20
- 7 2 6 2.3 13.5 .2 .26
8 6 7 19.0 13.5 .2 1.84
9 7 8 6.5 12.3 .2 .19
10 6 9 .4 13.5 .2 .63
11 9 10 32.2 13.5 .2 1.73
12 10 11 6.5 12.3 .2 .19
13 9 13 .1 13.5 .2 .37
14 12 13 24.8 13.5 .2 .89
15 13 14 31.8 13.5 .2 1.24
16 14 15 14.7 10.3 .2 1.94
17 15 16 6.0 8.1 .2 .20
18 14 17 23.5 13.5 .2 .75
19 17 18 6.0 12.3 .2 -19
JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES
1 .00 .00 1 3
2 .00 .00 3 4 7
3 .00 .00 4 5
4 .00 .00 5 6
5 1.00 760.10 6
6 .00 .00 7 8 10
7 .00 .00 8 9
8 1.00 761.10 9
9 .00 .00 10 11 13
10 .00 .00 11 12
11 1.00 761.10 12
12 .00 .00 2 14
13 .00 .00 13 14 15
14 .00 .00 15 16 18 ’
15 .00 .00 16 17
16 873.00 760.10 17
17 .00 ..00 18 19
18 2883.00 761.10 19
OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD
THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 EGNS
THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0SC-4467,
removal of minor loss from 3BS-6,
reducer. Sump temperature is 230F.

Rev. 2. Model taken from 0SC-1977, modified by
and addition of minor loss from sump inlet
No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .77 5.09 3.55
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
S 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.90
15 i3 14 3756.00 .41 .00 1.36 8.42 12.88
16 14 15 873.00 .04 -00 .35 3.39 3.04
17 15 16 873.00 .06 .00 .09 5.40 9.92
- 18 14 17 2883.00 .18 .00 .49 6.46 7.66
19 17 18 2883.00 .08 .00 .18 7.85 12.60
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
.00 780.24
2 .00 780.24
3 .00 780.24
4 -00 780.24
5 1.00 780.24 760.10 8.31
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.89
‘ 9 .00 780.24
. 10 .00 780.24
) 11 1.00 780.24 761.10 7.89
12 .00 781.54
13 .00 780.24
14 . .00 7178.47
15 .00 778.08
16 873.00 777.93 760.10 7.3%5
17 .00 777.80
18 2883.00 777.55 761.10 6.78
THE NET SYSTEM DEMAND = 3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00 !

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER

PIPE NO. NODE NOS.

1 TRIALS WITH AN ACCURACY =

.000

LINE 1 IS CLOSED
2 0 12 3759.00 .19 .00 17
3 1 2 .00 .00 .00 .00
4 2 3 1.00 .00 ©.00 .00
5 3 q 1.00 .00 .00 .00
6 4 5 1.00 .00 .00 .00
7 2 6 -1.00 .00 .00 .00
8 6 7 1.00 .00 .00 .00
9 7 8 1.00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00
11 9 10 1.00 .00 .00 .00
~ 12 10 11 1.00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00
14 12 13 3759.00 .32 .00 .98
15 13 14 3756.00 .41 .00 1.36
16 14 15 873.00 .04 .00 .35
17 15 16 873.00 .06 .00 .09
18 14 17 2883.00 .18 .00 .49
19 17 18 2883.00 .08 .00 .18
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.31
6 .00 780.24
7 .00 780.24 .
8 1.00 780.24 761.10 7.89
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.89
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.35
17 .00 777.80
18 2883.00 777.55 761.10 6.78
THE NET SYSTEM DEMAND = 3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00

00

FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY

HL/1000

3.55
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

12.90

12.88

3.04
9.92
7.66
12.60
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE ORIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VIS. = .0000029

THE SPECIFIC GRAVITY OF THIS LIQUID =

.95

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHES)

1 0 1 27.1 17.4
LINE 1 Is CLOSED
2 0 12 53.3 17.4
3 1 2 24.0 13.5
4 2 3 2.2 13.5
5 3 q 7.1 10.3
6 4 S 6.0 8.1
- 7 2 6 2.3 13.5
8 6 7 19.0 13.5
9 7 8 6.5 12.3
10 6 9 .4 13.5
11 9 10 32.2 13.5
12 10 11 6.5 12.3
13 9 13 .1 13.5
14 12 13 24.8 13.5
15 13 14 31.8 13.5
16 14 15 14.7 10.3
17 15 16 6.0 8.1
18 14 17 23.5 13.5
19 17 18 6.0 12.3
JUNCTION NUMBER DEMAND ELEVATION
1 .00 .00 1
2 .00 .00 3
3 .00 .00 4
4 .00 .00 5
5 1.00 760.10 6
6 .00 .00 7
7 .00 .00 8
8 1.00 761.10 9
9 .00 .00 10
10 .00 .00 11
11 1.00 761.10 12
12 .00 .00 2
13 .00 .00 13
14 .00 .00 15
15 .00 .00 16
16 873.00 760.10 17
17 .00 .00 18
i8 2883.00 761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WITH

THE RESULTS ARE OBTAINED AFTER

RBS NPSH analysis for 0SC-4467,

removal of minor loss from 3BS-

i8 Ju

NCTIONS ,

3
4
5
6
8
9
11
12
14
14
16
17

19

7

10

13

15
18

1.91

CONNECTING PIPES

0 LOOPS AND

2 TRIALS WITH AN ACCURACY =

Rev.

reducer. Sump temperature is 235F.

782.50

782.50

2 FGNS

.00000

2. Model taken from OSC-1977, modified by
6, and addition of minor loss from sump inlet
No RB pressure.
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PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000
LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .77 5.09 3.55
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 5 1.00 .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 .00 .00 .00 .00 .00
12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.90
15 13 14 3756.00 .41 .00 1.36 8.42 12.88
16 14 15 873.00 .04 .00 .35 3.39 3.04
17 15 16 873.00 .06 .00 .09 5.40 9.92
. 18 14 17 2883.00 .18 .00 .49 6.46 7.66
19 17 18 2883.00 .08 .00 .18 7.85 12.60
JUNCTION NUMBER DEMAND  GRADE LINE ELEVATION  PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 8.29
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.88
‘ 9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.88
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.33
17 .00 777.80
18 2883.00 777.55 761.10 6.77
THE NET SYSTEM DEMAND =  3759.00

SUMMARY OF INFLOWS(+) AND OUTFLOWS(-} FROM FIXED GRADE NODES

PIPE NUMBER FLOWRATE
2 3759.00 !

THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000

LINE 1 IS CLOSED .
2 0 12 3759.00 .19 .00 .77 5.09 3.55
3 1 2 .00 .00 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00 .00 .00
5 3 4 1.00 .00 .00 .00 .00 .00
6 4 S 1.00 - .00 .00 .00 .01 .00
7 2 6 -1.00 .00 .00 .00 .00 .00
8 6 7 1.00 .00 .00 .00 .00 .00
9 7 8 1.00 .00 .00 .00 .00 .00
i0 6 9 -2.00 .00 .00 .00 .00 .00
11 9 10 1.00 -00 .00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00 -.01 .00
14 12 13 3759.00 .32 .00 .98 8.42 12.90
15 13 14 3756.00 .41 .00 1.36 8.42 12.88
16 14 15 873.00 .04 .00 .35 3.39 3.04
17 15 16 873.00 .06 .00 .09 5.40 9.92
18 14 17 2883.00 .18 .00 -49 6.46 7.66
19 17 18 2883.00 .08 .00 .18 7.85 12.60
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
’ 4 .00 780.24
5 1.00 780.24 760.10 8.29
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.88
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.88
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.33
17 .00 777.80
18 2883.00 777.55 761.10 6.77 |
THE NET SYSTEM DEMAND = 3759.00
SUMMARY OF INFLOWS({+) AND OUTFLOWS(-) FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES = 3758.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00
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FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG

A SUMMARY OF THE CRIGINAL DATA FOLLOWS

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED,

THE SPECIFIC GRAVITY OF THIS

PIPE NO. NODE NOS. LENGTH DIAMETER ROUGHNESS

(FEET)
1 0 1 27.1
LINE 1 IS CLOSED

2 0 12 53.3
3 1 2 24.0
4 2 3 2.2
5 3 4 7.1
6 4 5 6.0
- 7 2 6 2.3
8 6 7 19.0
9 7 8 6.5
10 6 9 -4
11 9 10 32.2
12 10 11 6.5
13 9 13 .1
14 12 13 24.8
15 i3 14 31.8
16 14 15 14.7
17 15 16 6.0
18 14 17 23.5
19 17 18 6.0

JUNCTION NUMBER  DEMAND
1 .00
2 .00
3 .00
4 .00
5 1.00
6 .00
7 .00
8 1.00
9 . .00

10 .00
11 1.00
12 .00
13 .00
14 .00
15 .00
16 873.00
17 .00
18 2883.00

THE KINEMATIC VIS. = .0000028
LIQUID = .95
MINOR LOSS K FIXED GRADE
(INCHES)
17.4 .2 1.91 782.50
17.4 .2 1.91 782.50
13.5 .2 .89
13.5 .2 .38
10.3 .2 3.44
8.1 .2 .20
13.5 .2 .26
13.5 .2 1.84
12.3 .2 .19
13.5 .2 .63
13.5 .2 1.73
12.3 .2 .19
13.5 .2 .37
13.5 .2 .89
13.5 .2 1.24
10.3 .2 1.94
8.1 .2 .20
13.5 .2 .75
12.3 .2 .19
ELEVATION CONNECTING PIPES
-00 1 3
-00 3 4 7
.00 4 5
.00 5 6
760.10 6
.00 7 8 10
.00 8 9
761.10 9
.00 10 11 13
.00 11 12
761.10 12
.00 2 14
.00 13 14 15
.00 15 16 18 '
.00 16 17
760.10 17
.00 18 19
761.10 19

OUTPUT SELECTION: ALL RESULTS ARE OUTPUT EACH PERIOD

THIS SYSTEM HAS 19 PIPES WIT

H 18 JuU

NCTIONS , 0 LOOPS AND 2 EGNS

THE RESULTS ARE OBTAINED AFTER 2 TRIALS WITH AN ACCURACY = .00000

RBS NPSH analysis for 0OSC-446
removal of minor loss from 3B
reducer. Sump temperature is

7, Rev.

240F.

2. Model taken from 0SC-1977, modified by
S-6, and addition of minor loss from sump inlet

No RB pressure
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PIPE N
LINE

JUNCTI

THE NET
SUMMARY
PIPE

THE NET
THE NET

., Rev. 2
nt 2
of 30
O. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY
1 IS CLOSED
0 12 3759.00 .19 .00 .77 5.09
1 2 .00 .00 .00 .00 .00
2 3 1.00 .00 .00 .00 .00
3 4 1.00 .00 .00 .00 .00
4 5 1.00 .00 .00 .00 .01
2 6 -1.0Q .00 .00 .00 .00
6 7 1.00 .00 .00 .00 .00
7 8 1.00 .00 .00 .00 .00
6 9 -2.00 .00 .00 .00 .00
9 10 1.00 .00 .00 .00 .00
10 11 1.00 .00 .00 .00 .00
9 13 -3.00 .00 .00 .00 -.01
12 13 3759.00 .32 .00 .98 8.42
13 14 3756.00 .41 .00 1.36 8.42
14 15 873.00 .04 .00 .35 3.39
15 16 873.00 .06 .00 .09 5.40
14 17 2883.00 .18 .00 .49 6.46
17 18 2883.00 .08 .00 .18 7.85
ON NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24
5 1.00 780.24 760.10 §.27
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.86
9 .00 780.24
10 .00 780.24
11 1.00 780.24 761.10 7.86
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.32
17 .00 777.80
i8 2883.00 777.55 761.10 6.75
SYSTEM DEMAND =  3759.00
OF INFLOWS(+) AND OUTFLOWS(~) FROM FIXED GRADE NODES
NUMBER FLOWRATE
2 3759.00 '
FLOW INTO THE SYSTEM FROM FIXED GRADE NODES =  375%.00
FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00

HL/1000

3.54
.00
.00
.00
.00
.00
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A SUMMARY OF CONDITIONS SPECIFIED FOR THE NEXT SIMULATION FOLLOWS

THE RESULTS ARE OBTAINED AFTER 1 TRIALS WITH AN ACCURACY = .00000

PIPE NO. NODE NOS. FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/1000

LINE 1 IS CLOSED

2 0 12 3759.00 .19 .00 .17
3 1 2 .00 .00 .00 .00
4 2 3 1.00 .00 .00 .00
5 3 4 1.00 .00 .00 .00
6 4 5 1.00 .00 .00 .00
7 2 6 -1.00 .00 .00 .00
8 6 7 1.00 .00 .00 .00
9 7 8 1.00 .00 .00 .00
10 6 9 -2.00 .00 .00 .00
11 9 10 1.00 .00 .00 .00
- 12 10 11 1.00 .00 .00 .00
13 9 13 -3.00 .00 .00 .00
14 12 13 3759.00 .32 .00 .98
15 13 14 3756.00 .41 .00 1.36
16 14 15 873.00 .04 .00 .35
17 15 16 873.00 .06 .00 .09
18 14 17 2883.00 .18 .00 .49
19 17 18 2883.00 .08 .00 .18
JUNCTION NUMBER DEMAND GRADE LINE ELEVATION  PRESSURE
1 .00 780.24
2 .00 780.24
3 .00 780.24
4 .00 780.24 -
5 1.00 780.24 760.10 8.27
6 .00 780.24
7 .00 780.24
8 1.00 780.24 761.10 7.86
9 .00 '780.24
10 .00 780.24
11 1.00 780.24 761.10 7.86
12 .00 781.54
13 .00 780.24
14 .00 778.47
15 .00 778.08
16 873.00 777.93 760.10 7.32
17 .00 777.80
18 2883.00 777.55 761.10 6.75
THE NET SYSTEM DEMAND =  3759.00
SUMMARY OF INFLOWS(+) AND OUTFLOWS(-)} FROM FIXED GRADE NODES
PIPE NUMBER FLOWRATE
2 3759.00
THE NET FLOW INTO THE SYSTEM FROM FIXED GRADE NODES =  3759.00
THE NET FLOW OUT OF THE SYSTEM INTO FIXED GRADE NODES = .00

5

.09
.00
.00
.00
.01
.00
.00
.00
.00
.00
.00

3.54
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

12.88
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NPSH REQUIREMENTS FOR RBS & LPI OPERATION
AT ELEVATED SUMP TEMPERATURES
NPSHr  NPSHr NPSH NPSHr  NPSHr NPSH NPSH
SUMP  (Ref. 8.14) Corrected AVAILABLE (Ref. 8.15) Corrected AVAILABLE REDUCTION
TEMP RBS - RBS RBS LPI LPI LPI FACTOR*
(F) (FT) (FT) (FT) 13 - (FT) FD (FN)
195 20 19.50 33.38 13 12.50 32.11 0.50
200 20 19.40 31.86 13 12.40 30.58 0.60
205 20 19.30 30.03 13 12.30 28.76 0.70
210 20 19.25 27.93 13 12.25 26.67 0.75
215 20 19.15 25.71 13 12.15 24 .45 0.85
220 20 19.10 23.70 13 12.10 22.44 0.90
225 - 20 19.00 21.23 13 12.00 19.97 1.00
230 20 18.90 19.88 13 11.90 18.61 1.10
235 20 18.75 21.32 13 11.75 20.05 1.25
236.3 20 18.72 25.81 13 11.72 24.54 1.28
Assumptions: :
LPI train B on and flowing 3291 gpm.
RBS train B on and flowing 1150 gpm.
. All flow coming through sump line B.
NPSHr NPSHr NPSH NPSHr  NPSHr NPSH NPSH
SUMP (Ref. 8.14) Corrected AVAILABLE (Ref. 8.15) Corrected AVAILABLE REDUCTION
TEMP RBS RBS RBS LPI LPI LPI FACTOR*
() N (1 ) FD (D) FD (FT) (FD) (FT
195 15 14.50 30.59 11 10.50 29.22 0.50
200 15 14.40 28.59 11 10.40 27.21 h 060
205 15 14.30 26.62 11 10.30 25.25 0.70
210 15 14.25 24.37 11 10.25 23.00 0.75
215 15 14.15 22.04 11 10.15 20.66° 0.85
220 15 14.10 20.38 11 10.10 18.99 0.90
225 15 14.00 19.84 11 10.00 18.46 1.00
230 15 13.90 19.44 11 9.90 18.07 1.10
235 15 13.75 21.00 11 9.75 19.62 1.25
236 15 13.73 22.26 11 9.73 20.88 1.27

237.5 15 13.70 39.66 11 9.70 38.28 1.30

Assumptions:

LPI train B on and flowing 2883 gpm.
RBS train B on and flowing 873 gpm.
All flow coming through sump line B.

. * NPSH reduction factor is found in Ref. 8.36.
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BUILDING PRESSURE REQUIREMENTS FOR RBS & LPI OPERATION
AT ELEVATED SUMP TEMPERATURES

BUILDING PRESSURE

SUMP REQUIRED AVAILABLE REQUIRED AVAILABLE

TEMP RBS RBS LPI LPI
) (PSIG). (PSIG) (PSIG) (PSIG)
195 -1.71 410 -4.11 4.10
200 -0.61 4.60 -3.01 4.60
205 » 0.58 5.05 -1.81 5.05
210 1.90 5.50 -0.48 5.50
215 3.33 6.05 0.95 6.05
220 4.90 6.80 2.53 6.80
225 6.58 7.50 4.21 7.50
230 8.39 8.80 6.04 8.80

- 235 10.34 11.40 7.99 11.40
236.3 10.88 13.80 8.52 13.80
Assumptions: LPI train B on and flowing 3291 gpm.

RBS train B on and flowing 1150 gpm.
All flow coming through sump line B.

BUILDING PRESSURE

SUMP REQUIRED AVAILABLE REQUIRED AVAILABLE

TEMP RBS RBS LPI LPI
(@] (PSIG) (PSIG) (PSIG) (PSIG)
195 -4.63 210 -5.73 210
200 -3.54 240 -4.63 2.40
205 -2.33 2.80 -3.43 2.80
210 -1.00 3.20 -2.09 3.20
215 0.43 3.70 -0.66 3.70
220 2.01 4.60 0.93 4.60
225 3.69 6.10 2.61 6.10
230 5.52 7.80 444 7.80
235 7.47 10.45 6.39 10.45
236 7.89 11.40 6.81 11.40

237.5 8.52 19.20 7.44 19.20

Assumptions: LPI train B on and flowing 2883 gpm.

RBS train B on and flowing 873 gpm.
All flow coming through sump line B.

Note: Minimum available pressure is found in Ref. 8.22 (shown as Pb on page 3 of this attachment).
A reduction of 0.2 psi is applied to account for operating variance in reactor building pressure.
Required building pressure is found by computing NPSHa without credit for building pressure,
subtracting NPSHa from NPSHr, then converting the result to psi. See page 3 for values.




Sump

Temperature

195
200
205
210
215
220
225
230
235
236.3

195
200
205
210
215
220
225
230
235
236.3

195
200
205
210
215
220
225
230
235
236
237.5

195
200
205
210
215
220
225
230
235
236
237.5

NPSHa = (Pb-0.2) x C+PaxC+Hs-hf-PsatxC

Pb

4.30
4.80
5.25
5.70
6.25
7.00
7.70
9.00
11.60
14.00

4.30
4.80
5.25
5.70
6.25
7.00
7.70
9.00
11.60
14.00

2.30
2.60
3.00
3.40
3.90
4.80
6.30
8.00
10.65
11.60
19.40

2.30
2.60
3.00
3.40
3.90
4.80
6.30
8.00
10.65
11.60
19.40

DETERMINATION OF NPSHa

C

2.39
2.39
2.40
2.41
2.41
242
242
2.43
2.43
2.43

2.39
2.39

2.40

2.41
2.41
242
2.42
2.43
2.43
2.43

2.39
2.39
2.40
2.41
2.41
2.42
2.42
2.43
2.43
2.43
243

2.39
2.39
2.40
2.41
2.41
242
2.42
243
243
2.43
2.43

Pa Hs
RBS @ 1150 GPM:
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
LPI @ 3291 GPM:
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
RBS @ 873 GPM:
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
14.20 21.05
LP1 @ 2883 GPM:
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05
14.20 20.05

hf

6.57
6.57
6.57
6.57
6.57
6.57
6.57
6.56
6.56
6.56

6.84
6.84
6.84
6.83
6.83
6.83
6.83
6.83
6.83
6.83

4.58
4.58
4.58
4.58
4.58
4.57
4.57
4.57
4.57
4.57
4.57

4.96
4.96
4.96
4.96
4.96
4.96
4.96
4.95
495
4.95
4.95

Psat

10.39
11.53
12.77
14.12
15.59
17.19
18.91
20.78
22.79

23.34

10.39
11.53
12.77
14.12
15.59

1719

18.91
20.78
22.79
23.34

10.39
11.53
12.77
14.12
15.59
17.19
18.91
20.78
22.79
23.22
23.86

10.39
11.53
12.77
14.12
15.59
17.19
18.91
20.78
22.79
23.22
23.86

OSC-4467, Rev. 3
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NPSHa

33.38
31.86
30.03
27.93
25.71
23.70
21.23
19.88
21.32
25.81

32.11
30.58
28.76
26.67
24 .45
22.44
19.97
18.61
20.05
24.54

30.59
28.59
26.62
24 .37
22.04
20.38
19.84
19.44
21.00
22.26
39.66

29.22
27.21
25.25
23.00
20.66
18.99
18.46
18.07
19.62
20.88
38.28
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RB PRESSURE REQ'D/AVAILABLE VS SUMP TEMP W/ HIGH lFLOW IN BS & LPI
14
-~
: 7~
12 —=— RB Pressure Req'd for BS 7
—a&— RB Pressure Available : /
—e— RB Pressure Req'd for LPI e —
10 p— —e— Vapor Pressure // T
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From: TPY8371 --PRDC : Date and time 04/16/96 11:36:02

-To: RLO8372 --PROC

,/dbject: ONS Building Spray NPSH
Ref: PROFS Note, R.L. Oakley to T.P. Yadon, 12/15/94

In the referenced note, you requested that Safety Analysis provide data for
the building response with RBS actuation which yielded conservative results
with respect to NPSH. In a response to that note, on 12/21/94, we stated that
the cold leg break analyses already documented at that time were not limiting
with respect to NPSH, and that a hot leg break analysis would be necessary to
provide lower post-accident building pressures and higher sump temperatures.

With the completion of revised LPI and BS flow uncertainty calculations, we
were able to complete these hot leg break analyses. They are documented in
05C-6521, Appendix B. This calculation is titled, "Containment Response with
30 Minute Delay in LPSW Flow". This delay has an impact on the building
response following sump re-circ initiation, which impacts the limiting NPSH
conditions.

At the bottom of the first paragraph of this Appendix, it states, "This hot
leg break scenario creates a combination of low post-accident building

pressures and warm sump temperatures, which is more limiting for NPSH concerns

than that (combination) created by the cold leg break." Various building

cooling assumptions were made in the analyses documented in 05C-6521, and the
figures contained within the appendix give a bounding response with respect to
2SH. '

Note: The completion of %these analyses closes out corrective action #2 in PIP

© 4-091-0054.

Let me know if these are more questions or concerns regarding this issue.

Tom Yadon ~ Safety Analysis
Nuclear Engineering

OSC - 44y 7, (Sev, |
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DETERMINATION OF VOLUME TRAPPED IN REACTOR VESSEL CAVITY

During the assumed LOCA , water will enter the reactor vessel annulus between the vessel and the
primary shield wall as well as the cavity below the reactor vessel due to reactor building spray initiation.
A small amount of water will accumulate on the shallow end of the fuel transfer canal floor. This water
will be just enough to create flow through the vessel seal plate annulus equal to the spray flow coming into
the FTC shallow end. This flow then passes into the vessel annulus area underneath. Drain lines are
located within the reactor vessel annulus which empty into the cavity below the reactor vessel. There will
be some residual level above the annulus drain required in order to pass the assumed BS flow from the
annulus to the cavity below the vessel. A drain line is located within the cavity underneath the vessel,
which leads to the normal sump. Removal of flanges from the end of these drain lines (on all units) will
allow the water level in the vessel cavity to nearly equalize with that in the Reactor Building basement if
flow rates are small. The difference in elevations will be equal to the head loss through the drain line at
the assumed inflow to the vessel cavity from the BS system. The access door and ladder cavity will be
assumed to fill with water, even though the outer access door is not water tight. (Mr. Jim Turner of QC
reports that there is approximately a %4 clearance around this door on the three sides opposite the hinge
side, and a slightly smaller clearance on the hinge side.) Nevertheless, since the shield bricks provide
partial blockage of this flow path, it will not be credited as a flowpath.

Flow Rate Into Vessel Annulus:

Flow rate into vessel annulus from BS system will be assumed to be in proportion to the area of BS flow
coverage represented by the FTC shallow end. All BS flow falling into the deep end will be assumed to
drain to the normal sump. The BS system is throttled to 1000 gpm prior to sump recirculation alignment.
With instrument error, the flow rate is potentially as high as 1160 gpm (Ref. 8.7). A single train of BS
flow will be assumed for consistency with the single failure assumption used in the hot leg break analysis
(Ref. 8.22). The area covered by the BS spray pattern is approximated as:

Abs= wDsh¥/4

Dsh is taken as the diameter of the smallest circle which would cover all nozzles of a single header, which
is conservatively 100 ft. per Ref. 8.31 (typical for all units). No credit is taken for the additional spray
area creaied vy the fan-shaped expansion of inie flow stream exiting the perimeter nozzies. Thereiore,

Abs= =(100)/4 = 7854 fi*

i

The area of the shallow end of the transfer canal is given by the product of the length and width, which
are as follows:

Lse = 52.0 ft. (Ref. 8.29)

Wse = 24 ft. (Ref. 8.29)

Ase = Lse x Wse = 52.0 x 24.0 = 1248 ft*

Then:

Qse = Qbs x Ase/Abs = 1160 x 1248/7854 = 184 gpm

Conservatively assume all of this flow passes through the vessel seal plate gap and into the vessel annulus
area (ie, no flow to deep end of FTC).
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Volume Trapped On FTC Shallow End Floor (Vse):

Ref. 8.43 shows the details of the annulus around the vessel flange, as follows:

Outside Radius, Ro = 8’-8” = 104”

Inside Radius, Ri = 8’-7" = 103"

Flow Area, A = 1t (Ro*- Ri®) = 650.3 in®

Flow perimeter, P = 2nRo = 653 in. = 54.42 ft.

Flow through this annulus will be appoximated by assuming weir flow over a weir of width equal to the
- perimeter of the annulus. From Cameron Hydraulic Data, Seventeenth Edition, Copyright 1988 by
Ingersoll-Rand Company, page 2-10, a weir will pass a flow as given by the following relationship:

Q=3.33(@L-02HH"

where  Q = flow in cubic feet per second = 184 gal/min x 1/60 min/sec x 1/7.48 ft*/gal = 0.41 ft*/sec
L = length of weir in feet = 54.42 ft
H = height of water in feet

Solving for H in the above equation, we find that:

0.41=3.33(54.42-0.2H)H'"?

0.123 H'?=54.42.-0.2H

0.123H"? +0.2H-54.42=0

Solving for H, we find :

H=0.0172 ft.

Water trapped on the shallow end floor is then given by :
_ Vse=LxWxH

where: L = Length of shallow end = 52.0 ft. (Ref. 8.29)

W = Width of shallow end = 24.0 ft. (Ref. 8.29)
H = depth of water in shallow end, given above

So, Vse = 52.0x24.0x0.0172 =21.47 f

Volume Trapped in the Stairwell Area (V1):

* This volume will be unchanged from that determined in Rev. 2, which assumed the stairwell area filled
compictely. Sec page 6 of this attachment.

V1=1255f
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Volume Trapped Below Reactor Vessel And Incore Tunnel Entrance (V2):

Part of the water within the area below the reactor vessel and at the incore instrumentation entrance is
assumed to be lost. This includes the additional depth required to overcome head losses from the
discharge of the flow coming into the cavity from the annulus, as well as the portion of the cavity that is
below the mean floor level (776.88 ft. See page 6 in main body of calculation). (The additional area of the
cavity is added to the total building floor area elsewhere in the calculation to account for the water inside
the cavity.) The 4”, schedule 10 (Ref. 8.27 and 8.42) drain line will allow free communication between
the volumes inside and outside of this area. Since both ends of the drain piping are submerged, there will
be full flow in the line. The head losses in this line will be calculated based upon a flow of 184 gpm (as
determined above). Head losses will be evaluated at a sump temperature of 230F, since this is the area of
minimum NPSH margin.

L =30.0 ft (Conservative for all 3 Units. See Ref. 8.27, 8.37, 8.42, 8.43)
D=426in=0.355ft

A=0.09898 i’

V =Q/448.8A = 184/(448.8 x 0.09898) = 4.14 ft/sec
Re=DVp/u=0.355 x4.14 x 59.35/(0.2599 x 0.000672) = 499,429

£f=0.017
Pipe Losses (Hp): = (fL/D)(V*/2g)
= (0.017 x 30 / 0.355)(4.14%(2x32.2))
=0.381ft
‘ Elbow Losses (He) :

Assume two 45° elbows for conservatism.

K = 16f; = 16 x0.017 = 0.272
He=2xKV¥2g=KV¥g=0272x4.14*/32.2=0.14 ft

" “Entrance Loss (Hen): =KV*/2g (K=0.5)
=05x4.142/(2x32.2)=0.13 ft

Exit Loss (Hex): =KV?/2g (K=1.0)
=4.14*/(2x32.2)=027ft

Total Friction Losses: = Piping Losses + Elbow Losses + Entrance Loss + Exit Loss
=0.38+0.14+0.13+0.27=0.92 ft

Therefore, the water level in the cavity area needs to be 0.92 ft higher than the water level in the normal
sump in order to make the drain flow equal to the inflow from the BS system. This water will reside in
the 12 ft diameter space below the vessel. The volume of water trapped in this area that is below mean
floor level also does not contribute to the final water level. The depth of this water is the difference
between the cavity floor level (775.5 ft. from Ref. 8.24) and the mean floor level of 776.88 as determined
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in the body of the calculation. This additional depth is then 776.88 - 775.5 = 1.38 ft. The total height of
the the additional volumes of water held in the vessel cavity is then 0.92 + 1.38 = 2.30 ft. Volume of
water retained in the circular portion of the vessel cavity is then given by:
Ve =H x nD/4
where: H = depth of water as determined above = 2.30 ft.

D = diameter of vessel cavity area = 12 ft.

So:

Ve =230 x n x 12%/4 = 260.1 £’
The additional volume of water in the incore trench portion of the cavity is given by:
Vi=LxWxD
v;/here: L = length of incore tunnel = 9.62 ft. (Ref. 8.24)

W = width of incore tunnel = 10.0 ft. (Ref. 8.24)

D = depth of incore tunnel below mean floor level = 776.88 - 775.5 = 1.38 ft.
So:
Vi=9.62x10.0x1.38=132.8 f*

Now,

V2 = Ve + Vi=260.1+132.8 =392.9 f’

Volume of Water Trapped in Annulus Area (V3):

Water level in the annulus area:

. There are two reactor vessel foundation drain lines from the annulus area. Due to the low flow rate and

large pipe diameter in these drains, the level retained in the annulus area is governed by the head loss
through the two drain line cover plates. A flow rate of one half of the total flow, or 92 gpm will be passed
through each drain. So, a head loss for one drain passing this amount of flow will be determined.

Details of the drains inlets are not available, but will be modeled as 6 x 3 reducers with an included angle
of 45 degrees (see Ref. 8.37) which are covered with grid plates of the following description:

Thickness, t = 0.25in.  (note thickness is designated | in Reference 8.39)
Outside Diameter, D = 6.25 in.

Orifice dia., d = 0.4375 in.

Number of orifices, n = 37

The above information was measured by Russ Oakley on 12/21/97. The measurements were made on a
floor drain just inside the reactor building hatch. Per Robbie Clamp of Bartlett, this drain cover is
identical to those inside the vessel annulus. Mr. Clamp performed inspection and cleanup of the annulus
area on 12/20/97 and observed the annulus drain covers first hand.
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The following parameters can be found from the above information:

Cover Plate Area, Ac = tD¥4 = 7t x 6.25% /4 = 30.68 in” = 0.213 ft* (denoted F; in Ref. 8.39)
Approach diameter, D, = 4.25 in (Smallest diameter which encloses all orifices.)

Approach area, A, = 1D, ¥4 = 1 x 4.25* / 4 = 14.19 in’ = 0.0985 ft*

Approach Velocity to cover plate, Vc = Q/448.8 x Ac = 92/ (448.8 x 0.0985) = 2.08 ft/sec
Orifice area, a, = nd*/4 = n x 0.4375%/4 =0.15 in®

Total Orifice Area, A, = n xa, =37 x0.15=15.55in’ (denoted F, in Ref. 8.39)

Flow through each orifice, Q, = Q/n=92 /37 = 2.49 gpm

Velocity through each orifice, Vo = Q, / (448.8 x a,) = 2.49 / (448.8 x 0.15/144) = 5.33 ft/sec

From Ref. 8.39, page 518, the following data can be found:
F, =nD, /4 = n x 4.25% /4 = 14.19 in®
Fo=nxf,=37x0.15=555 in’

f=Fy/F, =5.55/14.19 = 0.39 (denoted as fbar in the Ref. 8.39)
t*=t/d,=t/d=0.25/0.4375=0.57 (denoted as 1 bar in the Ref. 8.39)

@t* = 0.25 + 0.535 (%)% / [0.05 + (t*)]
=0.25+0.535x 0.578/ (0.05 + 0.57")
=0.25 +0.00596 / ( 0.05 + 0.0195) = 0.336
T=(24-t9)% =(2.4-0.57)"¥°=1.225
A = 0.03 (friction factor at fully turbulent flow for pipe of diameter d, see Ref. 8.33)
K =[0.5(1-0%)%7 + 1(1-t9)"37 + (1-£%)2 + Mdy)] / (F*)
= [0.5(1-0.39)°"° + 1.225(1-0.39)'*" + (1-0.39) + 0.03/0.4375] / 0.39*
= [0.5(0.69) + 1.225(0.507) + 0.372 + 0.069] / 0.152
=[0.345 +0.621 + 0.372 + 0.069] / 0.152 =9.26
Minor loss through cover plate is then:
Hc=KV,?/2g=9.26x2.08"/(2x322)=0.62 ft
The volume of water trapped in the annulus area is given by:

V3i=Axd !

where: A = the floor area in the annulus area
d = depth of water in the annulus area = 0.62 fi.

and A = n[(23/2)* - (15.6/2)*]
=m(132.25 - 60.84) = 224.34 ft

So: V3 =0.62x224.34=139.1f

Total Volume = Vse+V1+V2+V3
2147 +1255+392.9+139.1 =679.0f

It

Vve = 679.0 fe
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DETERMINATION OF VOLUME IN FTC

Basket strainers in the FTC deep end drains are now removed prior to unit startup. The deep end of the
FTC will therefore not completely fill with water as previously assumed. The volume in the Fuel Transfer
Canal is now determined by assuming level to be that which will produce full flow in the floor drain.
Then it will be shown that this level will produce a driving head sufficient to pass all flow entering the
FTC from the BS system.

Flow Rate Into FTC:

Flow rate into the fuel transfer canal from the BS system will be assumed to be in proportion to the area
of BS flow coverage represented by the FTC. All BS flow falling into the shallow end will be assumed to
flow to the deep end for conservatism. The BS system is throttled to 1000 gpm prior to sump
recirculation alignment. With instrument error, the flow rate is potentially as high as 1160 gpm (Ref.
8.7). The area covered by the BS spray pattern is approximated as:

Abs = 7Dsh%/4

Dsh is taken as the diameter of the smallest circle which would cover all nozzles of a single header, which
is conservatively 100 ft. per Ref. 8.31 (verified typical for Units 2 and 3 as well). Therefore:

Abs = m(100)%/4 = 7854 fi
The area of the transfer canal is given by the product of the length and width, which are as follows:

Lde = deep end length = 17.5 ft. (Ref. 8.29)

Lse = shallow end length = 52.0 ft. (Ref. 8.29)

Witc = FTC width = 24 ft. (Ref. 8.29)

Aftc = (Lse + Lde) x Wftc = (17.5 + 52.0) x 24.0 = 1668 ft®

Then:
Qftc = Qbs x Aftc/Abs = 1160 x 1668 /7854 = 246.4 gpm
Full Flow Depth in FTC Deep End:

The depth required to establish full flow in the FTC drains is given by the following relationship from
page 40 of the American Institute of Chemical Engineering Journal, Vol. 23, No. 1, dated January 1977
(Ref. 8.38):

H> D x (Fr/1.6)*°

where: D = inside diameter of drain, in. (4” Sch. 10S per Ref. 840
=4.26" (Ref. 8.33)
Fr = Froude No. = V/(gD)o'5
V = Velocity of flow in drain = Q/(448.8 x A) , fi/sec
g = acceleration due to gravity = 32.2 ft/sec’
Q = flow rate in drain, gpm = 246.4/2 = 123.2 gpm/drain (assumes flow equaily split)
A = cross sectional area of drain = 0.09898 ft’
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V=123.2/(448.8 x 0.09898) = 2.77 ft/sec
Fr=2.77/(32.2 x 4.26/12)* = 0.82

Hmin = 4.26 x (0.82 / 1.6)*° =3.05

Flow Out of Deep End:

Now, we must determine that a drain of this size and geometry will pass 123.2 gpm with the available
driving head. This will occur if the elevation of water in the canal exceeds the water elevation in the
normal sump (RB basement) by more than the total friction losses in the drain line.

Piping Losses:

The longest drain line will be evaluated for conservatism. From Ref. 8.41, the following data can be
found for the drain line:

L=600+495+588+779+18.50+3.52=46.64ft

D =4.26" =0.355 ft.

Re =DVp/pu=0.355x2.77 x 59.35 / (0.2599 x 0.000672) = 334,159
£=0.0175

Piping Losses = fLV?/2gD
=0.0176 x 46.64 x 2.77* / (2 x 32.2 x 0.355)
=0.275 ft

Entrance Losses = KV?/2g (K = 0.5 for sharp edged flush entrance per Ref. 8.33)
=0.5x2.77°/(2x32.2)

=0.06 ft

Exit Losses =KV?/2g (K = 1.0 for sharp edged projecting exit per Ref. 8.33)
=1.0x2.77*1(2x32.2)
=0.12 ft

Elbow Losses  =nKV?/2g (n= number of 90° elbows = 4)

K=30f;=30x0.017=0.51
n=4

fr =0.017 (from Ref. 8.33)
V =2.77 ft/sec

Elbow Losses =4x0.51x2.77°/(2x32.2)
=(0.24 ft
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Valve Losses = nKV?/2g (n = number of gate valves = 2)
K=8f=8x0.017=0.136
So: Valve Losses = 2 x 0.136 x 2.77° / (2 x 32.2)
=0.03 ft
Tee Losses = (Kb + 2Kr)V%/2g (One with flow through branch, two with flow through run.)
Kb =60 f; = 1.02 (flow through branch)
Kr=20 f; = 0.34 (flow through run)
Tee Loss =(1.02 +2x0.34) x 2.77* /(2 x 32.2)
=0.20 ft
Total Friction Losses = Pipe Losses + Entrance Losses + Exit Losses + Elbow Losses + Valve Losses
i + Tee Losses
=0.275+0.06 +0.12 +0.24 + 0.03 + 0.20
=0.925 ft

Available Driving Head = Canal Water Elevation - Basement Water Elevation

Canal Water Elevation = Canal Floor Elevation + Water Depth
Canal Floor Elevation = 802 ft. (Ref. 8.29)

Water Depth = 3.05 in. = 0.25 ft. (from above)

Canal Water Elevation = 802 + 0.25 = 802.25 ft

Basement Water Elevation = Basement Floor Elevation + Basement Water Depth

Basement Floor Elevation = (777.5 + 777.25 + 777.17 + 777.0 + 776.42 + 776.0 + 776.67 + 777.08 +
77692 + 776.75 + 776.75 + 777.08) / 12 = 776.88 ft. (Average elevation based upon assumed constant
slope. See Ref. 8.27 and 8.42)

Basement Water Depth = 5 ft. conservatively assumed)

Basement Water Elevation = 776.88 + 5 = 781.88 ft.

- Available Driving Head = 802.25 - 781.88 = 20.37 &

'

Since the available driving head (20.37 ft.) exceeds the predicted head losses (0.925 ft.) for the assumed
flowrate, the assumed flowrate can be passed. Therefore, it is concluded that water will not accumulate in
this area to a depth exceeding 3.05 inches. Canal deep end volume is then determined as follows:

Vd=Dd x Wd x Ld

where: Vd = deep end volume
Dd = deep end water depth = 0.25 ft.
Wd = deep end width = 24.0 ft (Ref. 8.29)
Ld = deep end length = 17.5 ft. (Ref. 8.29)

Thus Vd=025x24.0x17.5=1050 f’

So: Vftc = 105.0 ft’




0SC-4467, Rev. 2
Attachment 12
Pagelof1

DETERMINATION OF VOLUME SHRINKAGE IN RCS

As the RCS is cooled from normal operating temperature of 579F (Tave), the specific volume decreases,.
and the total volume occupied by the coolant is reduced. This shrinkage will be replaced by water injected
from the BWST, and this volume of water will not be available to the RBES for recirculation to support
ECCS and BS pump NPSH. The shrinkage of the RCS is determined by the ratio of specific volumes of
the coolant at full power and at cooldown temperature. For purposes of this analysis, the reduction in -
volume will be determined at a cooldown temperature of 150F, as given by the following equation:

Vs = Vip - Vcd
= Vip- Vip x (vcd / vip)
. =Vipx(1-ved/vip)

where: Vs = RCS volume shrinkage
Vfp = RCS volume at full power = 12014 ft* (Ref. 8.30)
Ved = RCS volume at cooldown temperature (150F assumed for conservatism)
ved = specific volume of water at 150F = 0.016343 f*/1b
vip = specific volume of water at full power operation (taken as Tave =579F) = 0.022752

The shrinkage volume in the Reactor Coolant System is determined from the equation above to be:

Vs =12014 x (1 -0.016343/0.022752)
=12014 x (1-0.7183)
=12014 x 0.2817
= 3384 f®

[ Vs = 3384 16
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VOLUME IN BS HEADER PIPING
From inside RB at RB wall up to the "branch" portion of the 8" pipe "T" on the "Spray Header"
Pipe dia Pipe sch. Length (ft) Pipe Area Volume Notes
8" 20 1.33 0.3601 0.4801
1" 40 2.00 0.00600 0.0120
8" 10s 6.90 0.3784 2.6094 Assume check valve ~ same as 8" pipe
8" 10s 19.08 0.3784 7.2211
8" 10s 475 0.3784 1.7974
0.5" 40 30.00 0.00211 0.0633 21' shown on dwg, last leg isn't dimensioned
g" 10s 39.50 . 0.3784 14.9468 el 851.5'to el. 812' ’
8" 10s 4.25 0.3784 1.6082
8" ~ 10s 7.50 0.3784 2.8380
8" © 10s 7.08 0.3784 2.6803
8" 10s 2.00 0.3784 0.7568 elbow to elbow @ el. 859
8" 10s 78.50 0.3784 29.7044 el 937.5'to el. 859"
8" 10s 2.00 0.3784 0.7568 elbow to elbow @ el. 859'
8" 10s 6.50 0.3784 2.4596 el 944'to el. 937.5' .
8" . 10s 5.00 0.3784 1.8920 up to spray header (including "inlet" of "T")
Sub-total 69.8263

spray header piping is shown on drawing O-477 (rev.12)

‘ Pipe dia Pipe sch. Length (ft) Pipe Area Volume Notes

4" 10 3521 0.09898 3.4849

4" 10 64.96 0.09898 6.4296

4" 10 94.71 0.09898 9.3742

4" 10 102.46 0.09898 10.1413

4" 10 102.46 0.09898 10.1413

4" 10 99.83 0.09898 9.8815

4" 10 79.83 0.09898 7.9019

4" 10 50.08 0.09898 49572 ,

4" 10 19.83 0.09898 1.9631 (assume a little longer than shown)
4" 10 19.83 0.09898 1.9631 (assume a little longer than shown)
6" 10 19.83 0.2204 4.3713

6" 10 2.00 0.2204 0.4408 (to allow for uncertainty of dimensions
6" 10 2.00 0.2204 0.4408 vs. where pipe starts/stops)

6" 10 13.44 0.2204 2.9616

6" 10 5.00 0.2204 1.1020

8" 10s 2.00 0.3784 0.7568

8" 10s 3.54 0.3784 1.3402

8" 10s 22.00 0.3784 8.3248

8" 10s 21.00 0.3784 7.9464 (conservative estimate)

Sub-total 93.9229




From valve 1BS-1 to inside wall of the RB: (from drawing O-439A rev. 55)

No dimensions on drawing for distance, so will “scale” from drawing.
Will include entire length of valve as shown on drawing

Pipe dia Pipe sch. Length (ft) Pipe Area Volume

OSC-4467, Rev. 2
-Attachment 13
Page 2 of 2

8" 20 1250 0.3601  4.5013
Sub-total 4.5013
Total of the three "segments”"=  168.2504 ft*3
|Volume In BS Header = 168.3 cu. ft. i
NOTES:

Drawing O-477, Rev. 12 (Ref. 8.31) shows the Unit 1 RB piping.
Auxiliary Building Piping is shown on drawing O-439A, Rev. 55 (Ref. 8.32)

"Pipe area” is pipe internal cross-sectional area from Crane Tech Paper 410, p. B-16 (Ref. 8.33)

‘'olume = cross-sectional area * length
clbows are conservatively approximated as continued lengths of pipe
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DETERMINATION OF VOLUME IN PRESSURIZER
The volume adjustment to be used for the pressurizer in determination of Reactor Building Level is given
by
Vpzr = Vt - Vip
where: Vpzr = Volume adjustment for refilling the pressurizer

-Vt = Total volume of the pressurizer vessel = 1532 ft* (Ref. 8.30)
Vip = Pressurizer volume occupied by water at full power operation = 800 ft® (Ref. 8.34)

”I:herefore:

Vpzr = 1532 - 800 = 732 ft*
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DETERMINATION OF WATER LOST TO VAPORIZATION

Find partial pressure of air and water vapor initially in the reactor building at switchover from BWST to
RBES:

Assume initial RB temperature of 130F (conservative).

Assume RB temperature of 200F for conservatism. Actual temperature would be expected to be higher
since sump is at approximately 250F when RB pressure is 20 psig.

The ideal gas law will be applied to determine the post-accident conditions in the atmosphere, as shown
below:

P1/T1=P2/T2
where: P1 = Air pressure prior to accident = 14.2 psia
T1 = Air temperature prior to accident = 130F = 590R (assumed)
P2 = Pressure of air after accident = 34.2 psia (from Ref. 8.22)
T2 = Temperature of air after accident = 200F = 660R (assumed)
So: P2 =P1 xT2/T1=14.2 x 660 / 590 = 15.88 psia
. Since RB pressure at start of sump recirc is 20 psig (34.2 psia), an additional pressure of 34.2 - 15.88, or
‘ 18.32 psi must be provided by steam (water vapor). From the ideal gas law:
PV=nRT
where: P = partial pressure of additional vapor = 18.32 psia
V = volume of water vapor = 1.832 x 10° f¢’
n = number of pound-moles of vapor
R = ideal gas constant = 10.73 psi-ft’ / Ib-mole-R
T = vapor temperature = 660R
so: n=PV/RT =18.32 x 1.832 x 106_ /10.73 x 660 = 4739 Ib-moles

One pound-mole of water equals 18 pounds of mass. Therefore, we need 18 x 4739 = 85,306 1b of vapor
to create the pressure in the building. At 200F, the volume of water is given by:

Vv = 85306lb x vv

where: Vv = Volume of vapor
vv = specific volume of vapor at 200F = 0.016637 ft*/Ib

SO Vv = 85306 x 0.016637 = 1419 ft® .

|vv=14191¢ l
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DETERMINATION OF WATER LOST TO INCORE TRENCH

The water level in the Reactor Building is determined by taking volumes contributed by the BWST and
CFT’s, reduced by the total volumes of trapped or lost fluid, and dividing that volume by the cross
sectional area of the Reactor Building. One of the areas that fluid can be lost and not contribute to level
increase is the portion of the incore instrumentation trench below the finished floor level. This is
represented by the following expression:

Vit = Lit x Wit x Dit
where: Lit = Length of incore trench outside the primary shield wall = 23.92 ft. (Ref. 8.27 and 8.42)
' Wit = Width of incore trench = 10.0 ft (Ref. 8.27 and 8.42)

Dit = Depth ot incore trench below the finished floor level

Bottom elevation of incore trench = 775.67 ft (Ref. 8.27 and 8.42)
Finished floor elevation at incore trench = 776.88 ft (Floor elevation varies, used mean floor elevation.)

Dit =776.88 - 775.67 =121 ft.

Vit=23.92 x 10.0 x 1.21 = 289.4 fi*

| vit = 289.4 ¢ - i
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WATER LOST TO SUMPS
The normal and emergency sumps are below the finished grade of the reactor building
floor. The volumes of water contained below mean floor level in each of these sumps will

not contribute to increasing level in the building above mean floor level. These volumes
are calculated below.

Normal Sump:

Length, L=6.0 ft. (Ref 827 & 8.42)
Width, W = 4.0 ft. (Ref. 8.27 & 8.42)
Depth, D =2.0 ft. (Ref. 8.27 & 8.42)

Volume, Vn=Lx W xD =48 ft’

Emergency Sump:

Length, L = 18.0 ft. (Ref 8.27 & 8.42)
Width, W = 10.0 ft. (Ref. 8.27 & 8.42)
Depth, D = 3.0 ft. (Ref. 8.27 & 8.42)
Volume, Ve =L x W x D = 540 f*

Total Volume Lost to Sumps:

Vs = Vn+ Ve =588 ft’

Vs = 588 ft’ , -
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DETERMINATION OF WATER LEVEL IN RB BASEMENT

The water level in the Reactor Building is determined by taking volumes contributed by the BWST and
CFT’s, reduced by the total volumes of trapped fluid and RCS shrinkage, and dividing that volume by the
cross sectional area of the Reactor Building. This is represented by the following expression:

Lrb = (Vbwst x vh/ve + Vit - Vve -Vftc -Vrcs -Vpzr - Vbsp - Vv -Vit - Vs) / Arb

where: Lrb = reactor building water level

Vbwst = volume of water drawn from the BWST

vc = specific volume of water at normal BWST temp of 115F = 0.0.016184 ft*/Ib

vh = specific volume of water at worst case sump temperature of 237F = 0.016900 ft*/lb

Vcft = volume of water contributed from the CFT’s = 2020 ft® (Ref. 8.21)

Vve = volume of water trapped in reactor vessel cavity within primary shield wall = 679.0 ft* *
(Ref. Attachment 10)

Vftc = volume of water trapped in the fuel transfer canal = 105.0 ft’ (Ref. Attachment 11)

Vrcs = volume of water required to make up for RCS shrinkage during cooldown = 3384 ft* (Ref.
Attachment 12)

Vpzr = vapor space in the pressurizer to be refilled = 732 ft’ (Ref. Attachment 14)

Vbsp = volume of water required to refill the BS header = 168.3 ft (Ref. Attachment 13)

Vv = Volume of water lost to vaporization = 1419 ft* (Ref. Attachment 15)

Vit = Volume of water lost to incore trench = 289.4 ft* (Ref. Attachment 16)

Vs = Volume of water lost to sumps = 588 ft* (See Attachment 17)

Arb = net cross sectional area of the reactor building at the basement level = 8715.3 ft® (See
below.)

Arb will be adjusted for the area added inside the reactor vessel cavity as noted in attachment 10. The
additional RB floor area contributed by the circular area in the cavity is:

Al=nD?/4=nx122/4=1131%

The area contributed by the incore trench area inside the vessel cavity is:
A2=LxW=9.62x10.0=96.2 fi* (Ref. 8.24)

The total area, At, to be added is theng
At=Al+A2=113.1+96.2=2093 ft’

Arb is then given as the original value (8506 ft* from Ref. 8.21. Original RB floor area is conservative for
use in this evaluation, since water level is lower than evaluated in Ref. 8.21. Inward curvature of RB

walls at this level will decrease the effective floor area.) plus the adjustment, At:

Arb = 8506 + 209.3 = 8715.3 ft*
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The Technical Specification requires a minimum level in the BWST of 46 ft., and the EOP guidance for
isolating the BWST is when BWST level is less than or equal to 6 ft. and greater than 2 ft. Therefore
Vbwst may be calculated from the following expression:

Vbwst = (Lts - Ltr) x Abwst

where: Lts = minimum Technical Specification level of the BWST = 46 ft.
. Ltr = maximum level remaining in BWST at completion of transfer of suction from BWST to
RBES = 6 ft. (Ref. EOP)
Abwst = 1018 ft* (Ref. 8.21)

Therefore: Vbwst = (46 - 6) x 1018 = 40,720 ft*
S-o, from the level equation above:
Lrb = (40720 x 0.01690 / 0.016184 + 2020 - 679.0 - 105.0 - 3384 - 732 - 168.3 - 1419 - 289.4 - 588.0) /

87153
=427 ft.

‘ Lrb = 4.27 ft.
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DETERMINATION OF LIMITING BS TRAIN

This attachment will determine the limiting BS train for purposes of bounding the NPSH
analysis. The limiting BS train will be the train with worst-case friction losses in the
suction piping to the BS pumps. Pages 3 through 58 show the WOODS models and
computer runs performed in previous calculations OSC-1938, OSC-1954, and OSC-1977.
From these analyses, the hydraulic grade line at the suction of each BS pump is found to
be as shown below:

Train 1A: 778.46
Train 1B: 778.83
Train 2A: - 779.52
Train 2B: 776.86
Train 3A: 779.41
Train 3B: 775.93

By comparison of the hydraulic grade lines for all trains with equal flows, it can be seen
that the 3B train is limiting since it has the lowest fluid energy available to support NPSH
requirements for the pumps.

The above numbers must be adjusted for specific differences between the as-built
configuration of the plant and the models presented in the following pages. Specifically,
the entrance of each flow path from the RBES was modeled as a bell shaped reducer inlet,
while in reality, the 1A suction piping has an 18” x 18” x 18” tee inlet (Ref. O-479B)
while all other trains have an 18” x 30” x 45° reducer inlet (Ref. O-59M). Since the 3B
train was modeled ideitically to all oiher trains except 1A, and 3B yielded tlie iowest
value, only the hydraulic grade line for 3B and 1A need to be adjusted to better account
for the inlet configuration. This comparison is presented below:

New K value for inlet of train 1A:

Kn= K1+K2

where: K1 = loss coeficient for 18 x 18 x 18 tee branch = 60 fr (Ref. 8.33)
K2 = entrance loss coefficient = 0.78 (Ref. 8.33)
fr=0.012

Kn=60x0.012+0.78=1.50

Old K value for inlet of train 1A: Ko=0.1
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Flow velocity, V ="Q/(448.8 x A)
=4000/(448.8 x 1.6703)
= 5.34 ft/sec

Increased friction losses:

HI = (Kn-Ko) x V?/ 2g
=(1.50-0.1)x5.34*/(2x32.2)
=0.62 ft. '

New K value for train 3B:

Kn =K1 +K2

where: K1 = entrance loss = 0.78 (Ref. 8.33, p A-29)
K2 = form loss for sudden contraction = 0.27 (Ref. 8.33, p A-26)

Kn=0.78+027=1.05

Old K value for train 3B: Ko=0.1

Increased friction loss:

Hl = (Kn - Ko) x V*/2g
=(0.1.05-0.1)x 5.34*/ (2 x 32.2)
=042 fi.

Therefore, the hydraulic grade lines for the two trains become:

1A: 778.46-0.62=777841t.
3B:  77593-042=77551ft.

Since the hydraulic grade line is still lower on the 3B train, it can be concluded that this is
the limiting train for purposes of NPSH evaluation.
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| “FATRV I ! - . .,
LOGEON _ ‘ ' /<\L)/\} . ?l
1K.JS670¢ °NTER USERID - ‘ ,

INS3E74 ' . Oosc~- B
ENTER CLRRENT PASSWORD FOR DNSS374- HMiaen 4

f NI:”:F 2 = o oo < Sa S = = o p4 s e a

: IEH700011 DNS2374 LAST ACCESS AT O%:1S:4& ON TUESDAY, JULY 3, 1924 \

DNS2374 LOGON IN PROGRESS AT 02:17:52 ON JULY 2, 1%24

Ca#% tso will be down on mon 07/02/24 from 1730 to 1Z2003#3%#x#x ‘
T332 ON SYSTEM G WILL RE DOWN FROM 12:00 TQ 22:00 ON 07/01/24

READY .

FREE F(FTOSFO001)

READY .

ALLOC DACDNSS3741.DATA)Y F(FTOSFOO1)

READY

CALL “8YS1. DUK2LOAD(RUNOZ44%)
FLOWRATE IS EXPRESSED IN GPM AND FRESSLIRE IN FEIG

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VISCOSITY = 0.0000120

FIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) ¢ INCHES) ’
1 o 2 0.1 17.500 0.15 0.0
782.50

2 0 3 0.1 17.500 0.15 0.0
: 782.50
THE FLOW IN LINE NUMBER 2 IS RESTRICTED '

3 2 5 53.3 17.500, Q.15 0.921
4 3 4 27.1 17.500 0.15 0.721
S S 6 24.2 12.500 0.15 Q.29
b6 4 7 24.0 132,500 0.15 Q.29
7 7 15 17.9 13,500 Q.15 1.3%
g 7 14 3.4 12,500 O.15 0.0
> 146 17 - 1.1 132,500 0O.15 0.27
10 14 Q 11.1 10,420 0.15 2.24
11 2 10 L£.0 2,125 .15 0.20
12 17 a 20.3 1%, 500 Q015 Q.95
13 11 12 30.5 12,3500 0.15 .24
14 a8 i8 6.0 12,250 0O.15 0.1%
13 12 17 6.0 2.250 0. 15 0.1%
16 17 b 1.1 2,200 0.15 Q.37
17 11 3 2.5 12,500 .15 Q.26
12 12 14 37.3 10,420 Q.15 2.12
19 14 1 6.0 2.125 0. 15 0.20
20 & 11 3.7 12,500 0.15 0.52
LH.0 12,250 0.15 0.1%

21 15 20

NN T e A MDD MEMARNS LA T T AR ARl e ——




H / £ 3
‘ 1000.00 7460.10 -19 .
,/iI’ 0.0 0.0 -1 o Ron 1'.'

0.0 0.0 -2 - . -
L 0.0 0.0 -4 & os3c-. %
5 0.0 0.0 -3 = Hidze n ¢
& 0.0 0.0 -5 ~16 20
7 0.0 0.0 -4 7 g Proe 93
3 0.0 0.0 -1z 14 U e
2 0.0 0.0 -10 11 : SR
10 0.0 0.0 -11
11 0.0 0.0 1z 17 -20
12 0.0 0.0 -1z 1S
12 0.0 0.0 -17 1%
14 0.0 0.0 -12 1%
15 0.0 0.0 -7z
16 0.0 0.0 - 2 10
17 0.0 0.0 -7 1z 16 '
18 0.0 0.0 -14 y
19 3000. 00 761.10 ~15
20 0.0 0.0 ~21

]
THIS SYSTEM HAS 21 PIPES WITH 20 JUNCTIOGNS , O LIOSFs AND 2 FIXED GRADE NODES

THESE ARE THE RESULTS FOR THE ORIGINAL DATA

DCONEE NLUCLEAR STATION UNIT 1 0000000
! ECCS SUMP RECIRCULATION ' 0000000
| SAFETY FUMFP NF3SH ANALYSIS 0000000

THE FOLLOWING RESULTS ARE ORTAINED AFTER 2 TRIALZ.
PIPE NO. NODE NUMBERS FLOWRATE HEAD LOSS  FLUMF HEAD MINOR LOSS VELOCITY HL/1000

1 o) 2 4000. 000 0. 000 0.0 0.0 5.335 4,257
THE FLOW IN LINE NUMBER 2 IS RESTRICTELD R

i 3 2 5 4000.000 0.227 0.0 0.402 5.335 4.z Y ? O
| 4 C: 5 0.0 0.0 0.0 0.0 0.0 0.C ,B %
1 5 5 b 4000. 000 0,278 0.0 1.111 8.965 15.¢ p E..
| & 4 7 0.0 0.0 0.0 0.0 0.0 0.0 L
| 7 7 1S 0.0 0.0 0.0 0.0 0.0 0.0 -3 X
| & 7 16 0.0 0.0 0.0 0.0 0.0 0.0 TN
| 9 16 17 0.0 0.0 0.0 0.0 0.0 0.C HE N
! 10 16 9 0.0 0.0 0.0 0.0 0.0 0.0 R
| 11 2 10 0.0 0.0 0.0 0.0 0.0 0.0 X§ -0
| 12 17 2 0.0 0.0 0.0 0.0 0.0 0.0 D -
| 13 11 1z 2000, 000 0.275 0.0 1,292 b.724 2.0 -+

~ a2l s} N Y

B -~ a~ ) AN vy [43a) a



1!‘ 12 1% 3000. 000 0. 023 "o.o 0.197 3,166 14.677 g
1 17 A 0.0 0.0 0.0 0.0 0.0 0.0
{ 11 13 1000.000 0. 003 2.0 0. 020 2.241 1.14° 1oN D
1. 13 14 1000. 000 0.15% 3.0 0.466 3.762 3,100 _s._ 937
1 14 1 1000.000 0.085 0.0 0.11%9 b6.188 14.182‘4
20 b 11 4000.000 0.057 0.0 0.64% 8.945 15. 622 A7aek ¢
21 15 20 0.0 -~ 0.0 0.0 0.0 0.0 0.0 ﬂaif. 7/
iR : 1 : | 'RESS -
T IO NN b 00 oos.ma T Theorte " TTEETEN )2757x ted Jus= 762w pr 12007 4. 37/5¢
2 . 0.0 782.50
3 0.0 720, 28
4 0.0 720,38
5 0.0 781,27
& 0.0 720. 25
7 0.0 720,32 :
2 0.0 720,38 .
> 0.0 720,32
10 0.0 750,33
11 0.0 779, 62
12 0.0 775. 11 .
13 0.0 77%. 65 .
14 0.0 77%. 0%
15 0.0 720. 328
16 0.0 780,33
17 0.0 720,32 | :réi?
18 0.0 780.2& - Y 3
19 - 3000.00 777.232 761.10 7.25*:¢174Z{V””/A” =Y. 6528 hr2o%
20 : 0.0 780. 28 :

" " THE RELATIVE CHANGE IN FLOWRATE FROM THE FREVIOUS TRIAL = O.003460

READY
LIOGOFF -
ONSE2374 LOGGED COFF TSSO AT O2:i2:322 ON JULY 2, 19324

8% -3° 8} wbuy
=B UM YTOY-

tr 0921 L Yypr - 2SO




L FATRVIC | | " }Q\ O Nl f*‘

LOSON:

1KJS470/  NTER USERID - L - psC 14T
LINSB37 &4~

IKJS67101 INVALID USERID, DNS23744 | HHacen H
IK.JS6703A REENTER — ' Pac <« T2
INS2374 <

ENTER CURRENT FASSWORD FOR- DNS2274- ‘

: WUEF

P ICH700011 DNS2374 LAST ACCESS AT 02:42:33 0ON TUESDAY, JULY 32, 1924
ONS23374 LOGON IN PROGRESS AT 0£:44:56 ON JULY 2, 1984
##% tso will be down on mon O7/02/84 fraom 1730 to 1200#x#%x
TR CON SYSTEM G WILL BE DOWN FROM 1%2:0Q00 TO 22:00 ON 07/01/324
READY
FREE F(FTOSFOO1)
READY
ALLOC DA(ONSZ23741.0ATA) F(FTOSFOOL)
READY
CALL “3YS1.DUKZLOAD(RLINO3445)
FLOWRATE I3 EXPRESSED IN GPM AND FRESSURE IN FPSIG

[}
4

THE DARCY WEISBACH HEALD LOSS EQUATION IS USED, THE KINEMATIC VISCOSITY = 0.0000120
FIPE NUMBER NODE NUMEBERS LENGTH DQIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE
(FEET) (INCHEZ)

1 0 2 0.1 17.500 0.15 0.0
: 732.50

2 o} 2 0.1 17.500 0.15 0.0

' : 782.50
THE FLOW IN LINE NUMBRER 2 IS RESTRICTED

3 2 5 52.%2 17.500 0.15 0.1

4 3 4 27.1 17.500 0.15 .91

5 ] & 24,2 13. 500 0.15 '

& 4 7 24.0 12,500 0.15

7 7 15 17.% 12,500 0.15

& 7 16 z.4 12,500 0.15 .

% 16 17 1.1 13,500 0.15 “”6
i0 16 2 i1.1 10.420 0.1S A\
11 2 10 6.0 2,125 0.15 0
12 17 a 20.3 12,500 L0.15 ; .
13 11 1z 20.5  12.500 0. 15 X
14 a8 18 6.0 2. 250 0.15 ZRON
15 12 19 6.0 12, 250 0.15 +ﬂ§%§
16 17 & 1.1 Z. 500 0.15 .Jﬁﬁﬁ
17 11 c 2.5 13,500 0.15 Y
18 : 3 14 27.2 10.420 0.15 ey
1% 14 1 6.0 &, 125 0.15 G.20




' - ; -~ e ~ = <
| . 15 20 6.0 12,250 ‘1.-- 0.1% pu, QB
JUNCT IO MBER DEMAND ELEVATION CONMECT INL TES ’. 2E
. 0.0 0.0 -1%9
2 0.0 0.0 -1 2 /i§“h' 59
2 0.0 0.0 - 4 “ee
4 0.0 0.0 -4 3 =
5 0.0 0.0 - =
A 0.0 0.0 -5 =14 20
7 0.0 0.0 -6 7 &
2 0.0 0.0 -12 14
2 0.0 0.0 -10 11
10 1000. 00 760.10 -11
11 0.0 0.0 12 17 =20
12 0.0 0.0 -1 15
12 0.0 0.0 -17 15
14 0.0 0.0 -12 19 )
15 0.0 0.0 -7 = ‘
146 0.0 0.0 - > 10
17 0.0 0.0 - 12 16
18 0.0 0.0 ~-14
19 0.0 0.0 -15 ‘
20 2000. 00 761,10 -21 ‘
THIS SYSTEM HAS 21 PIFES WITH 20 JUNCTIONS O LOORS AND 2 FIXED GRADE NODES
THESE ARE THE RESULTS FOR THE ORIGINAL LDATA
CQCONEE NUCLEAR STATION UNIT 1 0000000
ECCS SUMP RECIRCULATION 0000000
SAFETY FUMFP NFSH ANALYSIS 0000000
THE FOLLOWING RESULTS ARE OBRTAINED AFTER 2 TRIALZ
FIPE NOQ. NODE NUMEERS  FLOWRATE HEAD LOSS  FUMF HEAD MINOR LOSS VELOCITY HL/10: .bf“ﬁé
1 0 2 4000.000 0. 000 0.0 0.0 5.325 . 4.2 e
THE FLOW IN LINE NUMBER 2 1% RESTRICTELD ' ;
3 2 5 4000, 000 0.227 0.0 0.402 5.335 4.2
"4 2 4 0.0 0.0 0.0 0.0 0.0 0.0
5 5 A 4000. 000 0,272 0.0 1.111 3.965 15.4
A 4 7 0.0 Q.0 0.0 0.0 0.0 0.0
7 7 15 2000. 000 O.161 0.0 0,974 6.724 7.0
= 7 14 =32000. 000 -0. 021 Q.0 0.0 -h.724 -9.0.
> 14 17 -4000. 000 -0.017 0.0 -0, 442 -3.965 -15.6
10 16 4 1000.000 O.044 0.0 0.712 2.762 4.1
s s -~ 4 I Y Y a N aYatal R A T~ 1- ™M 110 rA L R Tl N 4 :
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G~ il PR

READY
LOGOFF

ON=2374 LOGGED QFF TS0 AT O

&
12
17
11
13
14

&
15

NUMBER

THE RELATIVE CHANGE IN FLOWRATE FROM THE FREVIOUE

2
12
12
19

b
1z
14

1
11
20

DEMAND

ol
0.

Q
0

0.0

0.
0.
0.
0.
Q.
0.

1000. 00

0.

OO0 000000

3000.00

O
O
O
(@]
0
0

0

oReNeoloNoNeRoRo

0.0
0.0
0.0
0.0
-4000.00
0.0

0
.o
o

O‘DC)O

200

GRALE

720.32

782,
77%.
779.

7:5:1 a :E'
780,322
7773

77%.
778,
778.

730.a

780.
720.

780.
778.
77%.
77%.
77%.

o

.000

LINE

20

as

80 PR~

777.

2144844 0N

27

LY

. - Kt
0.0
0.0 g

0.0

C)IO
-0.017

0.0
0.0
0.0
0.0
0.0e2

ELEVATION

o)
ot Y

760.10

761,10

1224

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 ,1"
7.0 0.0 0.0 0.0 :
0.0 0.0 0.0 0.0 __ "’/
0.0 -0.452 -2.965 -15.622 :
0.0 0.0 0.0 0.0 Run 23
SR+ R S R
. ; ) - Aiach ¢
0.0 0.0 0.0 0.0
0.0 0.197 8.166  14.577 /%3n plod
FRESSURE

56 23,387 fod latc 8134 Y2207 - 4. %14

. e i

»

1= )4, 0801 Heeel loss* 1/5'/7? //4*2570 5’4//66

TRIAL = 0.00214
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ONS3S274
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: BARK
1 ICH700011 DNS2374  LAST ACCESS AT 08:29:152 ON WEDNEZDAY, AHGUCT °0, 19¢4
ONSS274 LOGON IN PROGRESS AT 02:31:18 (N AUGUST 29, 1924
##2t tae will bhe down sunday, aud.2A fram 02:00 ta 22000 x4t
READY
FREE F(FTOSFOO1)
READY
ALLOC DA(DNSES274H.DATA) F(FTOSFOO1)
READY _
call. 78YSi.QUKZILLOAD(RIINGZR445) 7
FLOWRATE IS8 EXPRESSED IN GFM AND FPRESSLIRE IN PEIG
THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE EINEMATIC VISCOZITY =
FPIPE NUMRER NODE NUMRERS LENGTH RUIAMETER ROUGHNESS  MINDOR LOZS K
: (FEET) { INCHES)
i 0 1 20,2 17.376 0.15 0.921
2 0 11 52.0 17.374 0.1% 0.71
THE FLOW IN LINE NUMRBER 2 13 RESTRICTED
Ic 1 2 24,0 ZL.S00 0.15 Q.29
4 2 2 223.4 13,374 0.15 1.77
S 2 4 6.0 1L.2f0 0.15 0.1%
A 2 ] 1.4 13,274 O.tﬁ D.52
7 S & 13.5 10.250 .15 2.74
2 A 7 &0 &L 12a .15 0.20
Q 5 ] 0.4 13,374 0.1 0.53
10 a2 @ 26.2 1303274 0. 1% 1.7%
11 @ 10 6H.0 12,250 s 0,19
12 a 12 Q0.4 132,274 0.15% 0.27
12 12 12 2.7 12,274 ) Q.52
14 13 14 21.9 13.376 0.15 1,44
13 14 15 .0 17,250 = 0.20
16 12 1A 0.1 3.:7/ 0. 15 0.26
17 1A 17 2.2 10,250 0.15 212
18 17 ig &H.0 £.125 0.15 0.20
19 11 12 24.5 12.500 0.15 Q.29
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77

HI./1000
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0.0
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0.0
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1"“ 16 17 1000.000 0.14% ‘g 0.0 0. 493 2.222 4,457 "
17 & 1000. 000 0. ORS 0,0 0.11% L. 128 14.122 ‘
It i2 0.0 0.0 . 7.0 . 0.0 0.0 0.0 ~

JUNSTION NUMBER DEMANTI GRADE LINE  ELEVATION  FRESSURE __O5C . ~s95Y

1 0.0 721.95 4L

2 0.0 720.47 er/ /6

2 0.0 780.47 ' — e hment

4 0.0 780,47 Lo T8

5 0.0 779.77 T

b 0.0 779.77

7 0.0 779.77

2 0.0 77595

= 0.0 778,95
10 : 0.0 775,95
11 0.0 773, At .
12 0.0 T75. 44 )
12 0.0 777.7%
14 0.0 776, A4h
15 2000. 00 776017 761,10 SR T )S08Y  HLzG6. 31& HL+2062 = 7,579
L& 0.0 777.71 .
17 0.0 777.07

18 1000, 00 776 B 740,10 7.ze2 40,77 ML= 5’439 Hitl0% = ¢.755

THE RELATIVE CHANGE 1IN FLOWRATE FROM THE PREVIOUS TRIAL = 0.00011
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ONER2274 :
ENTER CURRENT PASSWORD FOR DNSR274- Runl )&%

! BARK :
1 TAH70001T DNSR274 LAST ACCESS AT 0F:32:11 ON WEDNESDAY, ALGLST 2%, 1¥24 -/%Ge‘Anwﬂi ‘4

ONS2274 LOGON IN PROGRESS AT Q2:29:20 ON ANGLET 29, 1924 ./6%75 r ]
Cxpx tesoe will be down sundaw, aud.2&4 from OR:00 to 22200 »## ‘
REARDY
FREE F(FTOGF0O01)
READY
AlLLAC NACDNSL274H.DATA)Y F(FTOSFOOL)
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CAlLL “SYS1.DUKZLOAD (RIINOZAAS) -
FILOWRATE 18 EXPRESSED IN GFM AND PRESZURE IN 3T

THE TIARCY WEISEACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VISCOIITY = 0,0000120
FIFPE NUMRER NADE NUMEBERS LENGTH DIAMETER ROUGHNESS MINOR LOSZ K F1XED GRADE
(FEET) (INZHES) .
i 0 1 20.2 17.274 0. 15 0H.21 ‘
722.50
2 ‘ o 11 52,0 17276 0.15 0.91
722.50
THE FLLOW IN LINE NUMEER 2 18 RESTRICTED

ic] 1 V4 24.0 12,500 0.15 O.29
4 2 2 22.4 13.37hA 0. 13 1.77 S :
= 2 4 L0 12.250 0.15 O.1% ' : e e
& 2 5 1.4 15,374 0.15 0,52 R
7 = b 12,5 0.15 2.74
2 A 7 L. O 0.15 Q.20
@ S o 0.4 0.15 Q. 4a2
10 a @ P2 Q.15 1.72
11 ? 10 LHLO 0,15 0.19
12 2 12 0.4 0.15 Q.27
12 12 13 3.7 015 0.52
14 12 14 21.5 Q.15 1.44
19 14 15 L. 0 0.1% Q.20
14 13 14 0.1 0.15 Q.24
17 1A 17 22.2 0. 15 Z2.12
18 17 i2 N 0.15 0O.20
1% 11 12 24.5 12,5900 0.15 Q.89
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WITH 18 JUNCTIONS

THESE ARE THE RESULTS FOR THE ORIGINAL DATA

=]

10
i

L) 0

nop

12

O LOors

CICONEE UNIT 2
SLIMP RECIRCULATION MONE

SAFETY FPILIMP NPDH

THE FOLLOWING RESHLTS ARE ORTAINED AFTER 2 TRIALS

NQDE NLUMRERS

FTIPE NOQ.
1 0 i
THE FLNAW IN LLINE NLIMBER
2 1 2
4 2 e
3 3 4
Ty 2 S
7 ) A
2 - 7
) & 2
10 2 Q
1 Q@ 10
12 o 12
13 12 132
j 4 13 14
15 14 153
14 13 1A
17 ik 17

2

FLOWRATE HFEAD

4000.000
15 RESTRICTER
4000,000
2000.000
2000. 000
1000, 000
1000.000
1000.000
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0

0. 1322

0.375
0.222
0,023
0.002
0.0L0

LOSS

CALCULATIONS

FLIMP HEAD

0.0

0.0
0.0
O.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0

ANT 2

FIXED

MINOR LOSS

0.414
1.111
1.229
Q..197
0.042
0.4L472
0.119
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0

.45254" /931
Aot )P
/ééQQzA&nno/

!%%ja

*

GRATIE NODES

g2

VELOCITY HL/1000

S.412

8.965
6£.849
2.146546
2.282
2.28388
Ao128
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0

4.411

15.622
2.4329

14.4677
1.199
4,40
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1 /‘ 17 12 o.a 0.0 (). () 0,0 0.0 0.0
1 - 11 12 0.0 0.0 "'b.o 0.0 0.0 0.0
\ osc- /95 \

_ Lorn! 1& ./

JUNRTION NUMBER NEMAND GRADE LINE  ELEVATION  PRESSURE
| 1 0.0 7€1.95 - ;2?2%‘A§;;/

2 0.0 720.47 - kj : .
2 0.0 77%. 96
4 2000. 00 775,67 761,10 7. 61 > 2579 Ml B33) HLR0%: 4,585
5 0.0  780.42 i
b 0.0 779.72 . 2. 529
7 1000. 00 779.52 740,10 a.812 4437 HLZZ 973 A FO% 3 7
2 0.0 720, 42
2 0.0 720, 4%
10 0.0 7E0 ., 42
11 0.0 780,472
12 0.0 780, 47 '
12 0.0 750,472 .
14 0.0 780,42
15 0.0 7R20.4%2
14 0.0 780, 42
17 0.0 7E0. 472 .
18 0.0 720, 47 .

THE RELATIVE CHANGE IN FLOWRATE FROM THE PREVIOLS TRIAL = 0.00013
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pFAIRvIEQ. ' \‘

L.CUGON

IKJIS4A70C JTER USERID -

DNE28274

ENTER CURRENT PASSWORD FOR DN32374-
: BARK

: ICH700011 DN32374 LAST ACCESS AT 0?2:50:45 ON WEDNEZSDAY,
4
ONS2374 LOGON IN PROGRESS AT 09:52:00 ON NOVEMBER 7. 1924

~ WELCOME .TC THE D uKE POWER
~ MVS /XA 3021 SYSTEM HEM

READY
FREE F(FTOSFO001)
READY
ALLOC DA(DNSS374E.DATA) F(FTOSFQ01)
READY :
CALL “SYS1.DUK2LOAD{(RUNO3445)“
FLOWRATE IS EXPRESSED IN GPM AND FRESSURE IN PSIG

NOVEMEER 7.

THE DARCY WEISBACH HEAD L0353 EQUATION IS USED, THE KINEMATIC VISCOSITY

PIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROUGHNESS

(FEET) (INCHEZ)

1 o' 1 27.1 17.274 0.15
2 0 12 52.3 17.374 0.15
THE FLOW IN LINE NUMBER 2 IS RESTRICTEDR
3 1 s 2 24.0 12,500 0.15
4 2 2 2.2 12,500 0.15
S 3 4 7.1 10,250 0.15
b 4 5 6.0 2.125 0.15
7 2 & 2.2 12,500 0.15
=] & 7 19.0 132,500 0,15
9 7 2 6.5 12,250 0.15
10 b 4 0.4 2.500 0.15
11 9 10 32.2 132,500 0.15
12 10 11 &5 12,250 0.15
13 4 12 0.1 12,500 0.15
14 12 13 24,3 12,500 0.15
15 2 14 21.8 2,500 0.15
16 14 15 14.7 10,250 0.15
17 1S 16 Lo O £, 125 0.15
18 14 17 22.5 12,500 0.15
19 17 18 6.0 12,250 0.15

MINOR LOSS
0.%71

0.21

0.29
0.28
.44
0.20
0.24

0.1%

1.7&
0.19
0.27
0.29
1.24
2.44
0.20
0.75
0.19

198

K

Aord 77

_ D5t~ 1527 ...
1/-6-24 ..

dé%ygﬁmiﬂi

0.0000120
FIXED GRADE

782.50

782.50

85 I° €9 :tnk;
b) UTWTORY”
Fr P22 LDkt - SO



! L 5;"* 23
.-ILINCTION‘!BER LEMAND ELEVATION CCINNECTIN"’\‘E‘ES .

{ 0.0 0.0 -1 . /Uﬂ/ N . )
0.0 0.0 - 4 -7 A5~ 2% .
2 0.0 0.0 -4 = : N
4 0.0 0.0 -5 f ’ ;gzag éf;é 2/ -
5 0.0 0.0 -t ‘2& —
b 0.0 0.0 -7 2 10
7 0.0 0.0 - @ ‘

2 0.0 0.0 -9

9 0.0 0.0 ~10 11 12
10 0.0 0.0 -11 12

11 0.0 0.0 -12
12 0.0 0.0 -2 14

13 0.0 0.0 -12 -14 15

14 0.0 0.0 -15 16 1 &

15 0.0 0.0 -1 17

16 1000.00 760.10 -17 _ .

17 0.0 0.0 ~12 19

18 3000.00 741,10 -19

© THIS SYSTEM HAS 19 PIPES WITH 12 JUNCTIONS , O LOOPS AND Z FIXED GRADE NODES

THESE ARE THE RESULTS’FOF\' THE ORIGINAL [DATA

QCONEE UNIT 3 0000000
SUMP RECIRCULATION MODE 0000000
SAFETY FUMP NPSH CALCULATION 0000000

THE FOLLOWING RESULTS ARE OBTAINED AFTER 2 TRIALS

PIPE NO. NODE NUMBERS FLOWRATE HEAD LOSS FUMP HEAD MINOR LOSS VELOCITY HL/1000

;. 1 0 1 4000.000 0.119 0.0 0.414 5.412 A.411

HE FLOW IN LINE NUMBER 2 IS RESTRICTED |

: 3 1 2 4000.000 0. 375 0.0 1.111 . 945 15.6 i
4 2 = 0.0 0.0 0.0 0.0 0.0 0.0 ‘°;§;ﬁ>
S 3 4 0.0 0.0 0.0 0.0 0.0 0.0 .B R
5 4 s 0.0 0.0 0.0 0.0 0.0 0.0 0%5}3
7 2 6 4000.000 0.025 0.0 0.224 2.945 15.6 T
= 6 7 0.0 0.0 0.0 Q.0 0.0 0.0 3R
9 7 a 0.0 0.0 0.0 - 0.0 0.0 0.0 | I L
10 5 9 4000, 000 0.007 0.0 0.726 2,945 15.6 a3
11 % 10 0.0 0.0 0.0 0.0 0.0 0.0 oW TN
12 10 11 0.0 0.0 0.0 0.0 0.0 0.0 ® -0
13- o < 2000, 000 0.002 0.0 0. 442 8.965 15.6. vf9it



1‘&‘ iz 1= 0.0 0.0 g‘).o 0.0 0.0 0.0
1 5 :

12 14 4000. 000 0.4 0.0 1.547 2.965 15.622.

\ 14 15 1000. 000 0. 065 .0 0. 4620 2.888 4,457

T, - 15 16 1000. 000 0. 025 0.0 0.119 6.128 14,182

12 14 17 2000. 000 0.212 0.0 0.526 h.724 $.013

19 17 & 2000. 000 0.028 0.0 0.197 2.166 14.677
JUNCTION NUMBER DEMAND GRADE LINE  ELEVATION  PRESSURE ' __Auor 6

1 0.0 781.97

2 0.0 720. 42 OS¢ =977

i 0.0 720. 4% J%L/LU%

4 0.0 720. 48 : ’d“’ﬂ%

= 0.0 720. 4%

A 0.0 720,12

7 0.0 720. 12

3 0.0 720.

9 0.0 779.w '

10 0.0 779,23

11 0.0 77%. 23

12 0.0 778,87

13 0.0 772,87

14 0.0 774,82 '

15 0.0 776,14

16 1000. 00 775,92 740,10 L QLTS BY T HLL.5FDZ HtRon-c T.56Y

17 0.0 776. 02

18 3030. 00 775.80 761.10 LORT )Y TS WAL LR Har26% 5 5,023

THE RELATIVE CHANGE IN FLOWRATE FROM THE FPREVIOUZ TRIAL = 0.0000%?

READY

LOGOFF '

DNS2274 LAGGED OFF TS0 AT 02:52:27 ON NOVEMBRER 7, 1924
h




FAIRVIEWY ’ g“

LOGONB ,

IKJS641¢  JGONE COMMAND NOT ACCERTED DURING LOGON

IKJSA400.  .NTER LOGON OR LOGOFF-

LQGON

IKJS4700A ENTER USERID -

DNS3374

ENTER CLIRRENT PASSWORD FOR DNSS274-

' {BARK

t ICH700011 DNS8374 LAST ACCESS AT 09:52:08 ON WEDNESDAY, NOVEMEER 7, 192
4

DNS8374 LOGON IN PROGRESS AT 09:59:24 ON NOVEMBER 7, 1984

~ WMELCOME TO THE DUKE POWER =
~ MVS /XA 20%1 SYS3TEM “E" -

READY

FREE F(FTOSFO01)

READY

ALLOCV DA(DNSS374E.DATA) F(FTOSFO01: !
READY

ALLOC DA(DN38374E.DATA>,F(FT05F001>
READY

CALL “ST:!

READY

CALL “SYS1.DUK2LOAD(RUNO344S) ¢
FLOWRATE 1S EXPRESSED'IN GPM AND FRESSURE IN PSIG

THE DARCY WEISBACH HEAD LOSS EQUATION IS LUISED. THE KINEMATIC VISCOSITY =
PIPE NUMBRER NODE NLWMBERZ LENGTH DIAMETER ROUGHNESS MINOR LOSS K
(FEET) (INCHEZ)
1 0 1 27.1 17.274 0.1% 0.921

2 0 12 52.2 17.274 0.15 0.1

THE FLOW IN LINE NUMBER 2 IS RESTRICTED

3 1 2 24.0 13.500 0.15 0.892
4 2 3 2.2 12.500 0.15 0.22
S 3 4 7.1 10.230 0.15 2.44
& 4 =} 6.0 2. 125 0.1% 0.20
7 2 6 2.2 12,500 0.15 Q.26
2 A 7 12.0 12.500 0.1% ' 1.24
2 7 = 4.5 12.250 0.15 0.12
10 & < 0.4 12.200 0.15 Q.43
11 2 10 22.2 12,3200 0.15 1.72
12 10 i1 LH.5 12.250 0.1% 0.12

0.0000120
FIXED GRADE

7282.50

782.50




2‘. 2 12 0.1 12.500 Q. 15 0.37 P
» 12 12 24,2 13,500 15 0.9 _Aon@_/%.
e 14 1.8 12,500 : 15 1.24 ‘ _ose Y A7 A
S 14 15 14.7 10,250 N § 2.64 Don  /-6-84
17 15 14 &0 2,125 0.15 0.20 3
12 14 17 22,5 132.500 0.15 0.75 _z%? BB
19 17 18 6.0 12,250 0.15 0.1% o
JUNCTION NUMBER  DEMAND ELEVATION  CONNECTING PIPES
1 0.0 0.0 -1 c
2 0.0 0.0 -3 4 7
2 0.0 0.0 -4 S
4 0.0 0.0 = A
5 1000. 00 760.10 YA
b 0.0 0.0 -7 & 10
7 0.0 0.0 -2 9
& 2000.00 761,10 -9
2 0.0 0.0 -10 11 13 '
10 0.0 0.0 -11 1z
11 0.0 0.0 -12
12 0.0 0.0 -2 14
12 0.0 0.0 -1z -14 15
14 0.0 0.0 -15 16 1= ¢
15 0.0 0.0 -16 17
16 0.0 0.0 -17
17 0.0 0.0 -12 19
18 0.0 0.0 -19

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONZS , ¢ LOOPS AND 2 FIXED GRADE _NODES

THESE ARE THE RESULTS FOR THE -QRIGINAL DATA
o

OCONEE UNIT 3 | 0000000

SUMP RECIRCLULATION MODE . 0nnnnnn

SAFETY PUMF NFSH CALCULATION RS

A

THE FOLLOWING RESULTS ARE OBTAINED AFTER 2 TRIALS ‘§ & f}
FIFE NO. NODE NUMBERS FLOWRATE HEAD LASS FUMP HEAD MINOR LOSS  VELOCITY HL/10 3 Z§

1 0 1 4000.000 0.119 0.0 0.414 5.412 4.4 3N

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 372 N
2 1 2 4000.000 0.375 0.0 1.111 2. 9465 15.& w TR

4 2 a 1000.000 0. 002 0.0 0.020 2.241 1.1 o _ 0

5 2 4 1000.000 0.022 0.0 0.207 - 3.2882 4.4 LS

6 4 5 1000.000 0.085 0.0 0.119 6,183 14.1 I




2000.'000 0.020 (L am.0 0.182 &6.724

54" 2 & 9.013€ﬁi
» b 7 2000. 000 0.171 1.0 1.292 6.724 9.0123

\ , 7 = 2000. 000 0.095 .0 0.197 S.16& 14,677

i & 9 Q.0 0.0 . 4.0 0.0 0.0 0.0

11 2 10 0.0 0.0 0.0 0.0 0.0 0.0

12 10 11 0.0 0.0 0.0 0.0 0.0 0.0

13 9 123 0.0 0.0 0.0 0.0 0.0 0.0

14 12 12 0.0 0.0 0.0 0.0 0.0 0.0

15 12 14 0.0 0.0 0.0 0.0 0.0 0.0

16 14 1S5 0.0 0.0 0.0 0.0 0.0 0.0

17 15 14 0.0 0.0 0.0 0.0 0.0 0.0

12 14 17 0.0 0.0 0.0 0.0 0.0 0.0

1% 17 .12 0.0 0.0 0.0 0.0 0.0 0.0

Aprd 12

JUNCTION NLIMBER DEMAND GRADE LINE ELEVATION  PRESSURE O3 =(277

1 0.0 701 .97 ) — ﬁﬁ‘g /_[T.é '?‘/

2 0.0 720,42 . __mjéég__wi?

2 0.0 780. 45

4 0.0 779. &1

5 1000.00 779.41 760,10 .27 /9. 355 L=z 3,065 HLrZ5:-3,278

b 0.0 720,22 ,

7 0.0 772,82 '

8 2000. 00 772,52 761.10 sS04y PLzE9SY  Hhrza = 4,757

9 0.0 780. 2% ‘ '

10 0.0 720, 22

11 '0.0 780. 2%

12 0.0 720. 2&

13 0.0 720, 2

14 . 0.0 720. 28

15 0.0 720,22

14 a.0 780. 28

17 0.0 780, 22

13 0.0

720,22
THE RELATIVE CHANGE IN FLOWRATE FROM THE PREVICOUS TRIAL = 0.00011
READY

 LOGOFF
~ 'DNS8374 LOGGED OFF TSO AT 10:01:23 ON NOVEMBER 7. 1924

8s I° 85 =bvy
b) FUPWYEoNY
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Vortexing can be preventec
F. M. Parrerson Vorrexivc, which causes afr or gas  crooses. and flow cate is ceduced. Var-
C. F. Braun & Co. catrainment {n a tank or process vex- toxing can cause unstcady two-phasc

Alhambra, Cnll.{. tel, i€ dndesicablo (or several reasoas. flow rad resylt o hacmful vibrotioac.

[t causcs poor pump pecfommance | It is important, thea, that voros- .
and can be damagiag to the pump.  ing be curtailed or climinated ia procs
Process vapors can be eatrained and  assing applicatlons.
N lost from the vossel, Pressure drop in- Yortexing s not o phenomenon
: which occurs solely durlng deaining or
Paper proscnied 2t ASME  mocting, Los net liquid outflow. A vortex can also
Angeles. octur above the outlet of @ pressuce

Fig. >

-

Positions in which vortex forms
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FROM FUEL/SAFETY ANALYSIS

e eteg

362 563 4687

/2t SRl Oﬁc-l/qé 7, %‘/o‘-{

- AHachment 20
Fage. 2 of 2

in process vessels and tanks

-~

vessel uader simdy-ﬂow conditiony
where {nllow, oquale outflow,

Vortexlng can occuc with ay type
of flow, whether it is caused by pces-
sure, pumplag, of geavity. l

So an undcrstaading of vortexing,
how it oocurs, what coaditions cause
or favor it, and what caa be done to
remedy, ‘of Prevent i, are {mportant
to the process man,

Nature of the vortex. Duc to coaser-
vaton of angufar momentum, any
angential compononts of velocity are
increased when & fluid converges to-
ward aa autlet. The velocity must in-
creasc as the radius from the outlet
decreases,

Under uafavorable liquid-level con-
ditions, this intensified awiding motion
results in vortexing over the discharge
opening.

The development of a discharge
vortex starts with & dimple on the free-
lquid surface., A swirling three-dimen-
sional flow oxists below such a dim-
ple to the outlet.

As the dimple decpens. a sucface
vortex develaps with a conc-like pro-
jecdon of the gag or vapor corc into
the fiquid. In a fully developed voctex

the core fuancl extends to the outlet

and catrainment oceurs. .
Stages la the development of a vor-
ex ure showw ia Fig. 1.
Voctex positions, Discharge vortexes
can ooqur above vesscl outlets which

ace in positions other than at the bot-
tomm ccatorline of the vessel. The out.
let may be off-center on the bottoem.
vertical as with side oudets, or horie
zontal upwards as with sump-pump
suction befls, |

Somec posldons in which vortexes
can occur arc chown in Fig. 2. Of
these positlons, an oudet on the ves-
scl sidewall allows aperation at lower
liquid levele above the nozele without
vortexing then it will {f ceatered at
the bottom.

Criticalsabmergence. Sufficlent
height of liquid above the lip of the
suction bell of a vertical pump or
above the outlet nozzle' of a vessel will
suppress vortexing. -

The highest tiquid level ac whick a
vortex will formt is called critical’ sub-
mergaaae, Liquid levels above the efit-
ical submergeace are safe from vorox-
Ing.

Critical submergeaco Is principally

. affected by these variables: (2) tangen-

tial wclocity componeats fa bulk lig-
uid, (b) outlct nozzic size end posi-
fion, and (c) dcaining vs. steady (low
ac constent liquid level, and (d) out-
lot nozzle velocity. Liquid viscosity
also has an effect

Tangedtial velacity. Taogeatial noz-
des o geometric situations produciag
tangential velocides must be avolded
i{ vortexing is to be prevented.

Qas levels blowiag primaily In oac

Typical vortex breaker dimensions

Fig- ¢

.

direction should be avoided cvea if

*they arc nbove the liquid level because

they can geaarate circulation of the
liquid. I nccessary, gas disuibutars
should be igstalled,

Stace causes of swirl ace fo impoc-
tant to the vortex problcm, one might
logically juestion tho effect of prero-
ation of the fluid by upstream effects
from the Impeller rotation of the
pump,

Scveral iavestisators have aoncid-
ered thiv {n vortex studies of verdleal
wet-pit pumps and coacluded that such
ta cffect is minor.! And [t can be ex-
pectad 1o bo even less significant foc
vessels.

Oatlet :1072l¢ size aad pasition. Be-
cause of the capture offest of the out-
let opening. vortex breaker dimeasion-
ing is related to the nozzle size. With
veetical sitction pipes, the closee the
pipc to the vessel wall, the lower the
liquid lovel may be without vortexing,

The bottom clearnnce below such 7'y

vertical p.pes should be 0.5d to 1d,
where d i the plpa opeaing diamezer.
Clearance: greater than 1d wifl permit
excessive voctexing un d e low sub-,
Meecgence conditions. -

With vartioal vessels, the locadoa ™ . ~

-

L

s

of the outlet off-ceater allows operz- wnsc

tion at lower Hquld fovels without vor-
texing than {f the nozzle i2 bottom
ocntered. location of the autlet at the-
¢ida of the vossel is cven lass cons
ducive to “rortexing but is impractical
excopt for flat-bottom tanks.

Exporiments with wet-pit pumps for
vertical pumps-show thac the suction
befl. shouldd be symmatrically located
with respost 10 the side walls of the
sump ia oider to avoid swicls caused
by velocity differences.

The flow sicuadon for a horizontal
vessel is sumewhat gnalogous to that
of a rectangular sump with uniform
inflow. Henee, the outlct pozzle should
be located dircctly balow the har-
zontal centsdine of the vessel and aat
inclined {rom the verdeal.

Daiiniag +vs. no nect autflow. Voc-
texing occtirs more rc 1 dily and at
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conditlons than uader steady flow with
iallow -equaling outflow.

Fig. 3 shows a comparison of crit- ™

ical-eubmorgenca data (or water ob-
tained in a 3-ft diemeter tank with a
_ 1¥A-ln, centered bottom outler®

™ “Wortexing “occurred at a maximuru
leve! of about 14 in. for draining, com-
pared to only § in. under recitculating-
flow conditions. Yhis {g almost 2 3/1
difference. .

Although most process vessels are
on liquid-lovel control, any conditions
of falling lquid lcvel could more
+ closcly resomble tho vortex condidon
for draining and thus rcquire more
vorex protection than might be ex-
pected.

Another interesting feature of these
tank data ks that with the taok drain-
ing the critical submergeace esseati-
ally reached its maximum &t only ‘2.6

fps outlet volocity and changed very

little with velaclty incrcasc above this.

Vactex suppression. When vortexing
.occurs dunng operation. best tcmpo-
rary mcaas of solving the problem is
to rulse the operating liquid level as
high as possible. But it is more diffi-
cult to break a vortex once formed
than it is to prevent it forming by
proper desiga for lquid level or ve-
locity. Vortex breakers should be in-
stalled over most process vessel our-
let noxzles.

Vartex-brealkker desigu. A surface
dimple, the cmbryo of a vorwex, has
a swirling columa of liquid extending
below it down to the dcain. Vortex
breakors introduce shear in the vicin-
ity of the oatlet. This reduces the
swicl and suppresses vortex develap-
ment from the dimple.

Whilc vortexes start. at the liquid
surface, varying locatlons of the liquid
level, howvever, meke surfaco-type vor-
tex breakers imprectical for process
apparatus, :

While flat plates and siraplc crossas
help in vortex prévention, radial vancs
or 2 grating configuration most effec-
tdvely provent vortexing. Multiple re-
dial vancs avoid the eddy problem of
the stmple cross by breaking up the
quadrants, As the number of sectors
is increased. the interfercace with
switling fluid flow iz increased.

The radial-vanc baffle offers aa ad-
vantage over the plate<type baffle {n
that it providet protection dowm to
lower liquid levels and is less susceptl-
ble to tecondary vortexes.

Guating. Closcly spaced paraliel bars
arc an cffective antivottex configura-
tion. ‘They operate on the sarae prin-

FROM FUEL/SAFETY AnNALYSIS 362 563 46€7

7 /’ ). LI ;"7 :" g,?}
DL A e
clplc 22 ‘the multipic radial vanes (n
providing swirl suppressing shear w
the liquid.

\ Commercially available (loar grat-
dng with parallel 1-in. decp bars spaced
“t-in. apact is practical for vesscl usc.
Such grating is available In carbon
steel, stainless steel, and in plastic.
Tests on a {-ftsq gratag made from
t-ln. vardoal and parallel 1 by Ve-in
bars scrved as aan cffective vortex
breaker ja a0 36-n. diameter vertical
tank undecr severe swirding conditions
created by tangeatial supply norzles.
This vortex breaker was able to pee-
vent vortexing aad air eatrainment for
liquid levels from 48-in, down to just
above the vortex breaker under in-
duced swir!l conditions that without the
grating present created a 7-n. diam-
eter cavity 2t the 48-in. liquid level

LV S Y N
RO LA

. with 2 (-in. diameter filament cxtend-

ing into the bottom centered outlet.

There arc no published studics on
optimization of the vortex-breaker siza.
Cross and flat-plate baffles have fre-
quecnty been used with 2 width of two
times the nozzde diameter. This size
certzinly reduces the occurreace of
vortexing but hes not always been cf-
fective, Closencss of vessel walls aids
in deterring vortexing. This cxplains
in part why some small baffies ace of-
fective and others ate not

For a high degreo of offectivencss
tic vortex brocker width should be
four times the nozzle diameter with a
maximum size of one-third the vessol
diameter. The height of the breaker
above the outlet should be about half

the nozzel diameter but for practical -

reasons with a minimum bottom clear-
zace of gevaral iaches.

Fig. 4 shows typlcal epplication di-
mensions.
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Urito's o
RoBerY C. Bwinc

Gralf Coast Refining Editor

Coromota’s spravling Orito oil-field
opcration is largely sclf-sufficicnt as a
result of a small relinery instalted
therc. A completely self-contained
1,300-b/d topping ualt charges leasce
crude to produce diesel fuel and kero-
sino for drilling rigs and ficld cquip-
meat. ’

Texaco Iac.. and Quif Qit Corp..
through subsidiaries. cach hold a2 $0%
interest in these facilities. But Texaco
operatas the Orito plant which lies in
the Napo-Putumayo Basin—a pact of
the broad forcland belt between the
Andcan rangces and the Brazilian
shicld.

Eary dcvclopment of thiz arca in-
volved hacking out roads and right-
ol-ways sincc the site was. otherwise
it accesgibla o x ce p t for helicopters.
Conscquentdy, the initial design con-
cupt of this plant was based on pack-
aing the unit in paccels, Should roads
uader coastruction not be recady on
time, the parccls would be delivered

11e30ged on mein skid for eisy Zccess 20d
taalntenance. .
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NPSH REQUIREMENTS FOR RBS & LPI OPERATION
AT ELEVATED SUMP TEMPERATURES
NPSHr NPSHr NPSH NPSHr NPSHr NPSH NPSH.
SUMP (Ref. 8.9,853) Cormrected AVAILABLE (Ref. 8.15) Corrected AVAILABLE REDUCTION
TEMP RBS RBS RBS LPI LPI LPI FACTOR
F) FT) FM) (FT) FD) FD) (FT) (FT)
195 17 16.50 25.98 13 12.50 2470 0.50
200 17 16.40 24 .21 13 12.40 22.93 0.60
205 17 16.30 22.35 13 12.30 21.08 0.70
210 17 16.25 20.46 13 12.25 19.20 0.75
215 - 17 16.15 19.93 13 12.15 18.67 0.85
220 17 16.10 19.83 13 12.10 18.57 0.90
225 17 16.00 21.35 13 12.00 20.09 1.00
2296 17 15.90 25.80 13 11.90 24 .54 1.10
BUILDING PRESSURE REQUIREMENTS FOR RBS & LPl| OPERATION
AT ELEVATED SUMP TEMPERATURES
BUILDING PRESSURE
SUMP REQUIRED AVAILABLE REQUIRED AVAILABLE Psat
TEMP RBS RBS LPI LPI (Gauge)
(@) (PSIG) (PSIG) (PSIG) (PSIG)
195 -3.46 0.50 -4.61 0.50 -4.31
200 -2.37 0.90 -3.51 0.90 -3.17
205 -1.17 1.35 -2.31 1.35 -1.93
210 0.15 1.90 -0.98 1.90 -0.58
215 1.58 3.15 0.45 315 0.89
220 3.16 470 2.03 4.70 2.49
225 4.84 7.05 3.71 7.05 4.21
2296 6.52 10.60 5.40 10.60 5.94
Note: Minimum availablé pressure is found in Ref. 8.22 (shown as Pb on page 2 of this attachment).

Required building pressure is found by computing NPSHa without credit for building pressure,
subtracting NPSHa from NPSHr, then converting the result to psi. See page 3 for values.

NPSHr is taken from Ref. 8.9 as modified by Ref. 8.53. Attachment 23 shows that the Unit 3
analysis is bounded by the Unit 1&2 analysis.




Sump

Temperature

195
200
205
210
215
220

225°

229.6

195
200
205
210
215
220
225
2296

DETERMINATION OF NPSHa

NPSHa=PbxC+PaxC+Hs-hf-PsatxC

Pb

0.50
0.90
1.35
1.90
3.15
4.70
7.05
10.60

0.50
0.90
1.35
1.90
3.15
4.70
7.05
10.60

Assumptions:

Pa assumed 14.7 psia for consistency with OSC-6521 bounding assumptions.

Cc

2.39
2.39
2.40
2.41
2.41
2.42
2.42
2.43

2.39
2.39
2.40
2.41
2.41
242
2.42
2.43

Pa Hs
RBS @ 1150 GPM:
14.70 21.05
14.70 21.05
14.70 21.05
14.70 21.05
14.70 21.05
14.70 21.05
14.70 21.05
14.70 21.05

LPI @ 3291 GPM:

14.70
14.70
14.70
14.70
14.70
14.70
14.70
14.70

20.05
20.05
20.05
20.05
20.05
20.05
20.05
20.05

hf

6.57
6.57
6.57
6.57
6.57
6.57
6.57
6.57

6.84
6.84
6.84
6.83
6.83
6.83
6.83
6.83

Psat

10.39
11.53
12.77
14.12
15.59
17.19
18.91
20.64

10.39
11.53
12.77
14.12
15.59
17.19
18.91
20.64

Initial RB pressure taken as -1.0 psig (at accident time zero).
Pb taken from bounding anailyses documented in OSC-6521.
RB temp taken as 160 F due to Aux Coolers being valved out for Units 1&2.
Cooling assumptions varied from 160 million BTU/hr to 60 million BTU/hr.
Single failures were varied to give bounding RB pressures at all sump temperatures.
BWST temperature assumed to be 100F.
Lake temperature assumed to be 85F.

0SC-4467, Rev. 5
Attachment 21
Page 20f 3

NPSHa NPSHavp

(with Pb)

25.98
24.21
22.35
20.46
19.93
19.83
21.35
25.80

24.70
2293
21.08
19.20
18.67
18.57
20.09
24.54

(w/o Pb)
24.78
22.06
19.11
15.88
12.34
8.45
4.29
0.05

23.51
20.78
17.84
14.62
11.08
7.19
3.03
-1.21



‘ 195
200

DETERMINATION OF RB PRESSURE REQUIRED

Sump
Temperature
195
200
205
210
215
220
225
229.6

205
210
215
220
225
2296

- Assumptions:

C

2.39
2.39
2.40
2.41
2.41
242
242
243

2.39
2.39
2.40
2.41
2.41
242
242
243

Pr = (NPSHr - NPSHavp) / C

RBS @ 1150 GPM:

NPSHr

16.50
16.40
16.30
16.25
16.15
16.10
16.00
15.80

LPI @ 3291 GPM:

12.50
12.40
12.30
12.25
12.16
12.10
12.00
11.90

NPSHa NPSHavp

(with Pb)

25.98
24.21
2235
20.46
19.93
19.83
21.35
25.80

24.70
22.93
21.08
19.20
18.67
18.57
20.09
24.54

(w/o Pb)
2478
22.06
19.11
15.88
12.34
8.45
4.29
0.05

23.51
20.78
17.84
14.62
11.08
7.19
3.03
-1.21

OSC-4467, Rev. 6
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Page 3 of 3

Pr

-3.46
-2.37
-1.17
0.15
1.58
3.16
4.84
6.52

-4.61
-3.51
-2.31
-0.98
0.45
2.03
3.7

5.40

Pb taken from bounding analyses documented in OSC-6521. (See Attachment 23,

Figure C-4.)

NPSHTr taken from curves for Unit 1as modified by Ingersoll-Dresser letter of 9/24/98 and
adjusted for high temperature.
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RB PRESSURE REQ'D/AVAILABLE VS SUMP TEMP W/HIGH FLOW IN BS & LPI
12
10 —e— Vapor Pressure 7/
—a—RB Pressure Req'd for BS //
8 —e—RB Pressure Req'd for LPI 7/
—&— RB Pressure Available V4
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INPUT FROM OSC-6521 IN RESPONSE TO PIP 0-098-3976

The curves on the pages that follow are taken from Safety Analysis Calculation OSC-6521, Appendix C
(Ref. 8.22). These curves were generated specifically to respond to concerns raised in PIP 0-098-3976.
The considerations included in this analysis are as follows: .

1. Reactor building initial pressure assumed to be -0.2 psig was not conservative with respect to Tech.
Spec. allowable minimum pressure of -2.45 psig.

2. Reactor building initial temperature in Units 1&2 is higher than previously documented in OSC-6521
due to RB Aux Coolers being out of service for these two units.

The analysis was revised to remove conservatism in order to accommodate the above conditions. Various
runs of the FATHOMS computer code were performed using the following assumptions/design inputs to
produce the curves on the following pages:

All Figures:

1. All runs assume a large hot leg break as the initiating event. Small breaks typically do not produce
temperatures high enough to reach the range of NPSH concern (above 200 F). Cold leg breaks are less
limiting than hot leg breaks because the cold leg break produces more steaming, which tends to increase
building pressure.

2. All runs assume flow rates of 3291 gpm for LPI pumps based upon EOP throttling guidance (3000
gpm)and instrument uncertainty of 291 gpm as documented in reference 8.8. Lower flow rates were
shown in previous revisions of this calculation (OSC-4467, Attachment 4) to be less limiting for NPSH
margin.

3. All runs assume flow rates of 1160 gpm for BS pumps based ubon EOP throttling guidance (1000
gpm) and instrument uncertainty of 160 gpm as documented in reference 8.7.

4. All runs assume a lake temperature of 85 F, based upon seasonal peaks that do not exceed 83 F and an
instrument uncertainty of 2 degrees F.

5. All runs assume a BWST temperature of 100 F. This is based upon a review of OAC data for the past 5
years which shows the maximum seasonal peak in BWST temperature to be slightly less than 90 F,
excluding periods when the BWST was intentionally heated for testing of the LPI coolers. An uncertainty
of 9.44 F was applied to this peak to arrive at the final input.

Figures C-1, C-2, C-3, and C-3A:

These figures are time histories of reactor building pressure, vapor temperature, and emergency sump
temperature with the following assumptions:

1. Reactor building initial pressure is -1.0 psig. This value is based upon an instrument uncertainty of
0.5 psi and a manageable operating band of 0 to -0.5 psig.

2. Minimum RBCU cooling capacity of 60 x 10° Btu/hr is assumed for Units 1 & 2 (as shown in Figures
C-1 through C-3) and 52 x 10° Btuw/hr is assumed for Unit 3 (Figure C-3A). This is based upon
faiture of one RBCU and worst case fouling of the remaining two RBCU’s.
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3. Initial RB temperature was assumed to be 160 F for Units 1 & 2, which is based upon known
temperatures in the Unit 1 & 2 reactor buildings and the guidance provided in reference 8.48. Results
for Units 1&2 are reflected in Figures C-1 through C-3. Initial temperature was assumed to be 125 F
for Unit 3, based upon current temperatures with RB Aux Coolers in service. Unit 3 results are
reflected in Figure C-3A.

4. A 30 minute LPSW delay is assumed after the swap is made from the BWST to the RBES.
Figure C-4:

These curves show the effects of varying cooling of the RB atmosphere by assuming various RBCU heat
removal capacity. The curves for high fouling result in higher peak sump temperatures, and are shown
for completeness. As cooling capacity increases (or fouling decreases) the curves shift downward and to
the left. This means that the fouling of coolers is shown to be non-limiting for the lower sump
temperature range, due to the lower static pressure in the building associated with higher cooler capacity.

Figure C-5:

This figure assumes an initial RB pressure of -2.45 psig with a corresponding temperature of 80 F. These
values are substantiated by the bases for Tech Spec 3.6.4. This curve demonstrates that the Tech Spec
lower limit on RB pressure is not the limiting RB pressure for NPSH evaluation as compared to the results
shown on the curves in Figure C-4. The decrease in RB pressure is more than offset by the corresponding
low temperature required to produce it.

Figure C-6:

This figure is included to show the effects of restoring the Reactor building auxiliary coolers to service.
The results shown here would be applicable to Unit 3, which currently has its auxiliary coolers in service,
and has a maximum average temperature of approximately 125F. This graph, when compared to those in
Figure C4, clearly shows that the response for Units 1 & 2 is conservative with respect to NPSH
availability. Although the Unit 3 BS pumps have a NPSH requirement one foot greater than the other two
units’ pumps, the additional pressure present in the building (due to lower initial temperature in the Unit
3 reactor building) is more than adequate to offset this difference.

Figure C-7:

This figure shows the effect of delaying LPSW flow to the LPI coolers at the time of swapover from the
BWST to the RBES. The 30 minute case is shown to produce higher sump temperatures, and lower
reactor building static pressures, both of which are conservative with respect to pump NPSH availability.
This further supports the use of the data from Figure C-4 as limiting conditions.

Figure C-8:

This figure shows that the assumption of 13.7 psia and 160F initial conditions in the reactor building is
more conservative than an assumption of 13.0 psia and 125F initiai conditions. (i25F was used in the
analysis because it is more limiting than 116F, provides conservatism, and is useful for comparison with
other “normal” building conditions where all auxiliary coolers are in service.)
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July 23, 1987 MBOE-87-360

MEMO TO FILE

Re: Oconee Nuclear Station-
Atmospheric Pressure for Design Calculations
File: 0S-3C

During a review of NPSH calculations, a concern arose over the proper value
of “standard" atmospheric pressure. Consequently, the Civil Division provided
a frequency distribution -of observed atmospheric pressures at Oconee. Results
showed that 90% of the time the atmospheric pressure is 29.00" Hg or below
(14.2 psia or 32.9 ft Ho0). Therefore, the standard practice of using 14.7
psia or 34 ft Hp0 is not a conservative or even a realistic assumption.

" The atmoépheric pressure is less than 28.76" Hg less than 1% of the time.
Therefore, it 1is recommended that a conservative atmospheric pressure of

14.0 psia or approximately 32.0 ft Hp0 be wusad, particulariy for NPSH
calculations. -

[f there are any questions, please call S. L. Nader at extension 3-2506.

y e dr /e

S. L. Nader
Design Engineer I

SLN/tdw , '

cec: J. F. Norris
E. M. WHeaver
R. A. Harris
Central Records
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T. F. Hyke - -
- Attn: R. A-farris ¥

Re: Oconee Nuclear Station
Barometric Pressures - Additional Information
MA #531.10
File Nos: 0S-161, 0S-3-C

Attached is a cumulative frequency distribution of barometric pressure for
Oconee NRS. Observations at the Greenville-Spartanburg Airport are extrapolated
to Oconee NPS based on standard atmospheric conditions.

S. B. Hager, Chief Engineer
Civil/Environmental Division

7 :
4
{ 7"

By: S.“TZApple

Scientist II
STA/mdc
Attachment
cc w/att: Central Records

D. W. Anderson
M. A. Casper
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Barometric Pressure

.' *(Qconee NPS

Frequency of Observations Equal To or Less Than Specified Value

Barometric Pressure (“Hg)

.13 (4] At iyl w1 I.to .t PR sy 1. 24
28.76 28.82 28.87 28.90 28.92 28.94 28.96 128.98  28.99  29.00

Cumulative 1 2 3 4 5 6 7 - 8 9 10
Frequency (%)

* Taken from 224,067 hourly observations at the Greenville-Spartanburg Airport adjusted
‘af* 972' MSL to 800' MSL at an assumed pressure increase of 0.22“ Hg.
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September 24, 1998

Russ Oakley
Duke Power Company
Oconee Nuclear Station :
P.O. Box 1439 — Mail Code ONQO3MS
Seneca, SC 29672

Re: Réactor Building Spray Pump Performance
IDP Pump Model 4X11A g
S/N 016964, 016965, 0369141, 0369142, 037039, 037040

Dear Russ:

Per our discussion of the requirement for your pumps to run a short time duration (less than one hour)
with limited NPSHA (approx. 27 feet) against minimum system resistance of 300 feet; these pumps will
run to a maximum flow of 1700 gpm. At that point they will become NPSH limited, cavitation will occur if
the system resistance of 400 feet is not provided. At lesser resistance the pump head will drop off to
meet the lower value. Short periods of operation (less than one hour) with approx. 20 — 25% head drop
will not adversely affect the integrity of the pump. If a drop off of more than 100 feet occurs, a service
inspection should be performed once the pump has been stopped in order to assess survivability of the
pump and determine the pump ready for future operation.

I have also reviewed our test files for this model pump and conclude the following NPSHR points to be
typical, provided your requirement is still in the as new condition. '

GPM NPSHR
700 12.5
1100 16.0 ‘
1400 20.0
1675 27.0

| hope this helps. '

Sincerely, w{/

Paul J. Kasztejna

Supervising Design Engineer

PJK:kg

~cc: Charlie Sandt
Mike Dozier
Ingersoll-Rand Pacific Worthington Pleuger Scienco Jeumont-Schneider Pumps

o



