
U. S. Nuclear Regulatory Commission 

November 20, 1998 

DUKE ENERGY CORPORATION 

OCONEE NUCLEAR STATION 

ATTACHMENT 2 

Calculation OSC-4467 Rev. 6 

RB Pressure Needed for RBS Operation 

(Recirculation Phase) 

-- P---DR 4OCi9 PD 

PPOR ADOCK 0500OF-D



INFORMATION -ONLY FOR 3ImWG 

CERTIFICATION OF ENGINEERINGCALCULATION *REVISION LOG 

Station And Unit Number Oconee Units 1,2,&3 

Title Of Calculation RB Pressure Needed for RBS Operation 

Calculation Number OSC-4467 

Calculation Pages (Vol) Supporting Volumes ORIG CHKD Meth Appr' Date 
Documentation (Vol) Meth- Date 

Rev. Revised Deleted Added Revised Deleted Added Deleted Added Date Date 1Oh "Date 
No. I _fir Dat Date 

NOTE 1: When approving a Calculation revision with multiple Originators or Checkers, the Approver need sign only one block.  

INFORMATION ONLY



Form 01077 (R7-'.9) FORM 

CERTIFICATION OF ENGINEERING CALCULATION 
STATION AND UNIT NUMBER COne . .u 
TITLE OF CALCULATION 1 ,~eS ritXeJe ~r 

CALCULATION NUMBER 

ORIGINALLY CONSISTING OF: 

PAGES ITHROUGH 

TOTAL ATTACHMENTS L- 6 TOTAL MICROFICHE ATTACHMENTS 
TOTAL VOLUMES TYPE I CALCULATION/ANALYSIS YES 0 NO (-

TYPE I REVIEW FREQUENCY 
THESE ENGINEERING CALCULATIONS COVER QA CONDITION . ITEMS IN ACCORDANCE WITH ESTABLISHED PROCEDURES, THE QUALITY HAS BEEN ASSURED AND I CERTIFY THAT THE ABOVE 
CALCULATION HAS BEEN ORIGINATED, CHECKED OR APPROVED AS NOTED BELOW:TA 

ORIGINATED BY 
DATE 

CHECKED BY __ DATE 
APPROVED BY ---- _ DATE 

* ~DAT E_ _ _ _ ISSUED TO TECHNICAL SERVICES DIVISION DATE 

RECEIVED BY TECHNICAL SERVICES DIVISION DATE 

MICROFICHE ATTACHMENT LIST: O Yes No SEE FORM 101.4 

R.EI ATTACHMENTS (VOL) VOLUMES ORIG CHKD APPR REVS. 
DATE RVSDDELETED ADDED REVISED DELETED ADDDELETED ADDED DAE DT AE REC'D 

OATE, DATE DATE ECT0 DATE 

2 7f7 

5,4 

9-Nq9qg411 &3 g 
4i4~



* Form 101.2 flvso~. - ile/Calcutation No. O af1 7 
26164 Q19-69) 

REVISION DOCUMENTATION SHEET 

Review 
Revision Frequency Revision Descnptimc 
Number Changed Yes/No 

(A,~~~A dg . - Le4d4 1tyutsc pl4.kmp NP-51 

_____ ___ _,_ h?.~ trep t 3 a,cl ze r~e -5eA 

____ ~/p~aqe4 I amd 3A- r6ete arpi cf n'e-j i&iFu 

r-~~~e~~~4 .22 4-o4- reYwr-a.(- 4 s Ad 

~ A o 4 ~ht~[ ~ -c ~oui uU~ 

Adde.,4 M d-iei ;z (#w':I-) 

TO'P r~ac~iL+%iL1A nuvp a-~.rvmbexi'icj 

r~-vCAI orp at je



rom 101.2 a 'as. . ... File/CalcuationN 
26164 (R9497 

REVISION DOCUMENTATION SHEET 

Review 
Revision requency Revsion Oesaiption 
Number Changed Yes/No 

____ ~ evm~dI evzuJ Lode- a al 714 

-PIP o- 096-977,r, Added i 62 ( c a 

__-_e_ endl of re/Jon /,0, Aded 4ed re-Aerl b 

A____rvenA V5&4td9 /A in Q-Idi ' -raraA Of 

_____e_ 3 .0 . AdedJ nole- 4tl a4a twinP4 vn 7, .  

Added 4c 'o as m1., Added ao/ -t 

p41r on 7. /2, /da'e a re ente /4 as6eu.mp 

_ _ to 7x1. Added 4 -pbnrs 314 a .  

"c/__,Ae/ ,/ ,;o -L- aI,- Add 

r6, retnce 8.46- rna al 9,4:z, Added nole 
x_ _dlon qo (4u.e &Am4 A I c) t . Added..  

dt-eardve nfvrrr4rm inl /s ron ae 7.  

Aded 40 or, -brd arazra on a . AAeJ 

_____ kreren, - A weISh *2 In c sJ . nst 

_a__m__h 6n dM e . Added re ren 4n ad" 

______ m ,nk 4  '2 1, p 2 a nd 2? in, la.4 ra rrA ofj <* (-lin 

VA. AddeA one addiborvzl araAph 4-ae-# e 

A edJ h enAon .AddeJ A44ahmenk t d 

,-oah : 4,



Foca to .2 rFo.isoa 1. ~ieCtuaiN No C S A ' L 
26164 (fl9-89) Fl/aclto 

REVISION DOCUMENTATION SHEET 

Review 
Revision Ftequency Revision Description 
Number Changed Yes/No 

1± 1 K Is s1t--o sexA-r 5.0 c-.n~ 

______e-r 8q -6"fC 97 In se44or) 

I__ - 3 re-.prI ae-e4  r?e1 r a.i8.L4q, g& 

_____ A44 Jn,,,,t 12 -9" Added aeAj a4u-p,d 

____ _____ 113 exj e o r ere-nc Aee-c 8.'4 e.6. oanA n& 

______ A-6,eA -n~o eus 

________ ~ ~ ~ Q Cp(I$P4Qit-r p, ~uvLon -7 13,



Fom tol.2 o.ason 1 
26164 (R9-69) File/Calculation-No.  

REVISION DOCUMENTATION SHEET 

Review 
Revision Frequency Revision Desciption 
Number Changed Yes/No 

_____ _______ elIeled las] sen e4-so~w lirdI paar 6 f r4,-*,An.  

AbA I orti/ d rnqes rAode d 4e ezA-hns 7. ion 1.1.  

De.(4e-A asum-ons 1.'t and 1.10. AddeA aoutnpil 

1.12. Aded orn nurme~r rerences 4y, LPI r*p 

c__ rVes i r7-Ave#reo, g.1 +brouhI e.20. Ad(ded 

1______the(~-rie. 8,37 4+roni-a 8,, Sedor '.0 ajs 

re-arrangeA Ar more. log.e1 LOWi OVJ add Oat hItld 

+ed eas CAded or Jatri I Ona+bon. Add cA adjuLdmenl 

./_ res dSeic pressure in T/he A/PJ#a. I quaIen &1t 

ax-unk n*or periodls o naeio-ve. presSure du.r j ng 

pinnk ope.ros4ion. CdeLukLLJ-d nei, mrAn" 41or 

ele..vaA-on, rgdeAkr btulesin wa-lr-r (eved, aQndpu. p 

rcwrgA ba,toin preSsure. res6ulls in 414abmend3 

Added -Hurd pae 4 AHc-Arne.tn4 3 :heznq z/dzA 

tc'd 4o cl/aIe AIPsI4a.. Plo/4lz new cwrvens 

4-or A44-aekmdwe-nl L4 . Reysed 4+adne *F /4 1o 

_______arrzed, k'r rtm,,v,, I oA-//anay /ripple~ axi-ibly 

-from, -I-4e re-&.ti-lr vesel cava -y d esses. Revised 

Al lr e/ r re lel /ba, 

s____ $ e 4 y iger< -Prcm rrr c--e-e prnd drauns. AddcA 

new A4atI3irbnw I(, &nd I -it azzu-ou4 for tAc*- r 

/os/ 4 s es and ,ncore. Ir~nch, D/a' Ad4Nat 

_ re-naomb,-dA -lo /A and revis edA show n, vo/am e.



Form 101.2 Rev~ision 1 

26164 (R"-9) File/Calculation No. 0 .( 1447 

* REVISION DOCUMENTATION SHEET 

Review 
Revsion Frequency Revision Description 
Number Changed Yes/No 

~' &/a n~~, r'~// Iv r W4nae4/o 

enli-lc re-dUXL-r on~ Su-m v? pipe-,j i/o 
_____Ale;o ce-JezI d-c.hed'zV "pve- 3135-4, 4?-,-omry-i n-ac j~yv,ecJ 

biiricj &£dJ-nx Iilee- (re- ntw &6#I !-lnr? mc~ eae: Io-I 

~~1! ~ shivika r J Pvise re-fir 11. pdeG in , 

________~~C-AXee No~~-~~~/.~crzt-2jab Amd11e4 
- h~c h + e~r~ L-Kr ~rr 1 U-t~t~, f~c~z~r Y t'4V' f r



OSC-4467, Rev. 6 
Page tof9 
Date: 9/30/98 

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. I 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.  
I 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. 5 
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.  

2.0 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 Attaclnnent 6 to this revision. The original calculation used he niodel 
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 

5.0 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 conservative 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.  

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

7.4 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 = I - 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.  

7.5 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.
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S 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 I 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.
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* 7.15 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 
OSC-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.  

8.0 REFERENCES 

8.1 OSC-4361, Rev. 0, "RBS PUMP NPSH ANALYSIS".  

8.2 Systems Water Data vs. Temperature Table dated 12-18-73, produced by Computer Program 
WATDATO, QA certified and documented in file C-6.10-3.  

8.3 Letter from S.T. Apple to R.A. Harris dated December 10, 1986 transmitting historical 
barometric pressure data. (Included in Attachment 24.) 

8.4 This reference deleted by Rev. 4.  

8.5 This reference deleted by Rev. 4.  

8.6 This reference deleted by Rev. 4.  

8.7 OSC-4084, Rev. 2, "BS FLOW LOOP INSTRUMENT INACCURACY" 

8.8 OSC-3566, Rev. 3, "LPI FLOW LOOP INSTRUMENT INACCURACY' 

8.9 Ingersoll-Rand Curve No. N-144, dated 6/27/69, Reactor Building Spray Pump IA Performance 
Curve. (See OM-201-1704 for curve.) 

8.10 Ingersoll-Rand Curve No. N-154, dated 8/11/69, Reactor Building Spray Pump LB Performance 
Curve. (See OM-201-1704 for curve.) 

8.11 Ingersoll-Rand Curve No. N-185, dated 2/20/70, Reactor Building Spray Pump 2A Performance 
Curve. (See OM-1201-L121 for curve.) 

8.12 Ingersoll-Rand Curve No. N-186, dated 2/27/70, Reactor Building Spray Pump 2B Performance 
Curve. (See OM-1201-1121 for curve.) 

8.13 Ingersoll-Rand Curve No. N-280, dated 4/26/71, Reactor Building Spray Pump 3A Performance 
Curve. (See OM-2201-0597 for curve.) 

8.14 Ingersoll-Rand Curve No. N-281, dated 4/26/7 1, Reactor Building Spray Pump 3B Performance 
Curve. (See OM-2201-0597 for curve.) 

8.15 Ingersoll-Rand Curve No. N-139, dated 6/16/69, Low Pressure Injection Pump IA Performance 
Curve. (See OM-201-1704 for curve.)
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8.16 Ingersoll-Rand Curve No. N-148, dated 7/16/69, Low Pressure Injection Pump IB Performance 
Curve. (See OM-201-1704 for curve.) 

8.17 Ingersoll-Rand Curve No. N-175, dated 1/16/70, Low Pressure Injection Pump 2A Performance 
Curve. (See OM-1201-1121 for curve.) 

8.18 Ingersoll-Rand Curve No. N-180, dated 2/10/70, Low Pressure Injection Pump 2B Performance 
Curve. (See OM-1201-1121 for curve.) 

8.19 Ingersoll-Rand Curve No. N-372, dated 10/13/71, Low Pressure Injection Pump 3A Performance 
Curve. (See OM-2201-0597 for curve.) 

8.20 Ingersoll-Rand Curve No. N-373, dated 10/13/71, Low Pressure Injection Pump 3B Performance 
Curve. (See OM-2201-0597 for curve.) 

8.21 OSC-1969, Rev. 2, "POST ACCIDENT REACTOR BUILDING WATER LEVEL 
FOLLOWING A LARGE BREAK LOCA" 

8.22 OSC-6521, Rev. 3, "Containment Response With 30 Minute Delay in LPSW Flow" 

8.23 NUREG 0897, Rev. 1 Containment Emergency Sump Performance 

8.24 O-68A, Rev. 18 Reactor Building Unit 1, Reactor Foundation Concrete 

8.25 O-69D, Rev. 16 Reactor Building Primary and Secondary Shield Walls Sections and Elevations 
Concrete 

8.26 O-2435C, Rev. 36 Oconee Nuclear Station Unit 3 Piping Layout Sections - Elevation 758'-0" 
Auxiliary Building 

8.27 O-67A, Rev. 31, Oconee Nuclear Station Units 1, 2, & 3 Reactor Building Plan at Elevation 
777'- 6" Basement Floor Slab - Concrete 

8.28 OM-201-3153, Rev. D15 Artgt. Reactor Vessel Long. Sec.  

8.29 O-58A, Rev. 16 Reactor Building Refueling Canal Liner Plate Elevations 

8.30 OSC-2729, Rev. 1 RETRAN Transient Analysis Model 

8.31 0-477, Rev. 12 Piping Layout Spray System Reactor Building -Unit 1 

8.32 O-439A, Rev. 55 Piping Layout East Penetration Room Elevation 809'-6" - 821'-6" Auxiliary 
Building 

8.33 Crane Technical Paper 410, Sixteenth Printing, 1976 

8.34 OSS-0254.00-00-1033, Rev. 2 Design Basis Specification for the Reactor Coolant System 

8.35 O-59M, Rev. 6 Reactor Building Base Slab Embedded Piping 

8.36 Pump Handbook, by Igor J. Karassik, Second Edition, McGraw-Hill Book Co., copyright 1986.
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8.37 0-68C, Rev. 14 Reactor Building, Reactor Foundation Misc. Steel 

8.38 American Institute of Chemical Engineering Journal, Vol. 23, No. 1, dated January 1977.  

8.39 Handbook of Hydraulic Resistance, 3rd Edition, by I. E. Idelchik, copyright 1994 by CRC Press, 
Inc.  

8.40 O-58C, Rev. 8, Refueling Canal Liner Plate Details and Bill of Materials 

8.41 O-478E, Rev. 9, Piping Layout Basement Floor Partial Plan and Sections - SSF System Reactor 
Building 

8.42 O-1067A, Rev. 29, Reactor Building 2 & 3 Plan at Elevation 777'+6 Basement Floor Slab 
Concrete 

8.43 0-1067L, Rev. 4, Reactor Building 2&3 Floor Slabs Misc. Steel 

8.44 Chemical Engineering Magazine, Reprinted from June 17, 1968.  

8.45 O-69J, Rev. 4, Reactor Annulus Assembly Concrete & Miscellaneous Steel 

8.46 OSC-6827, Rev. 2, Emergency Sump Operability Evaluation 

8.47 PIP 0-098-3976, Tech. Spec. Minimum RB Pressure Not Bounded by NPSH Calculations 

8.48 OSC-6901, Rev. 0, Determination of Average Reactor Building Temperature 

8.49 MEMO TO FILE dated July 23, 1987 from S. L. Nader. (Included in Attachment 24.) 

8.50 OSC-6854, Rev 0, CCW Inlet Temperature Instrumentation Loop Accuracy 

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

8.52 OSC-2495, Rev. 2, Reactor Building Narrow Range Pressure Instrument Loop Accuracy 
Calculation PT-4P, 5P, 6P 

8.53 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 + Pa x 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 variaice 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 (see 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: 

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 = 4.27 + 776.88 = 781.15 ft.  

The following information is found in the references noted: 

BS: Zps = 760.1 ft. (Ref. 8.26) 
LPI: Zps= 761.1 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 = 20.05 ft.  

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
connecting 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 lA 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.
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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 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 1.92 782.50 

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 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 OSC-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 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 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 
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 18.04 

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 
1 .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 

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 4.96 

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 

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 18.04 

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 
1 .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 

0II
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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 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 OSC-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 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 

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 

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 18.02 

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 KINEMATIC VIS. = .0000033 

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 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 OSC-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 205F. 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 18.00 

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 

0II
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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 

0II
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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 
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 OSC-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 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 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 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 

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 
19 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 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 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 OSC-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 215. 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 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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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 

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 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 OSC-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 220F. No RB pressure.  

0I
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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 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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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 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 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 OSC-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 225F. No RB pressure.  

011
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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 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 
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 
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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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 .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 0 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 OSC-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 230F. No RB pressure.  

0II
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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 

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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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 .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 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 OSC-4467, Rev. 2. Model taken from OSC-1977, modifed by 

removal of minor loss from 3BS-6, and addition of minor loss from sump inlet 

reducer. Sump temperature is 235F. No RB pressure.  

011
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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 7.92 

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 .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 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 OSC-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 240F. 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 4.91 

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 

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 

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 4.91 

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 
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 

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 OSC-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 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 .77 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(-) 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 3.58 

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(-) 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. = .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 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 OSC-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 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 
1 .00 780.24 
2 .00 780.24 
3 .00 780.24 
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 

(II
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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 

1 .00 780.24 
2 .00 780.24 
3 .00 780.24 
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 KINEMATIC VIS. = .0000033 

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 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 OSC-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 205F. 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 3.57 

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 .00 777.80 
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 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 3.57 

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 .00 777.80 
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 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 S 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 OSC-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 210F. No RB pressure.  

Ill
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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 12.94 
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 
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 

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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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 
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 OSC-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 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 8.36 

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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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 8.36 

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 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 OSC-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 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 

0II
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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 12.93 

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



OSC-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 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 OSC-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 225F. No RB pressure.



OSC-4467, Rev. 2 
Attachment 2 
Page 20 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 3.55 

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 

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 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 

(II
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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 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 

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 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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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 .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 OSC-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 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 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 8.31 

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 

SII
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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 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 8.31 
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
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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 .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 OSC-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 235F. No RB pressure.  

(II
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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 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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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 .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 OSC-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 240F. No RB pressure.  

(II
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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 3.54 

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 12.88 

15 13 14 3756.00 .41 .00 1.36 8.42 12.86 

16 14 15 873.00 .04 .00 .35 3.39 3.03 

17 15 16 873.00 .06 .00 .09 5.40 9.91 

18 14 17 2883.00 .18 .00 .49 6.46 7.65 

19 17 18 2883.00 .08 .00 .18 7.85 12.58 

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 

SII
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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 3.54 
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 12.88 
15 13 14 3756.00 .41 .00 1.36 8.42 12.86 
16 14 15 873.00 .04 .00 .35 3.39 3.03 
17 15 16 873.00 .06 .00 .09 5.40 9.91 
18 14 17 2883.00 .18 .00 .49 6.46 7.65 
19 17 18 2883.00 .08 .00 .18 7.85 12.58 

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
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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) (FT) (FT) 
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* 

(F) (FT) (FT) (FT) (FT) (FT) (FT) (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 0.60 
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 

(F) (PSIG) (PSIG) (PSIG) (PSIG) 
195 -1.71 4.10 -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 

(F) (PSIG) (PSIG) (PSIG) (PSIG) 
195 -4.63 2.10 -5.73 2.10 
200 -3.54 2.40 -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 4.44 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.
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DETERMINATION OF NPSHa 

NPSHa = (Pb-0.2) x C + Pa x C + Hs - hf - Psat x C 

Sump Pb C Pa Hs hf Psat NPSHa 
Temperature RBS @ 1150 GPM: 

195 4.30 2.39 14.20 21.05 6.57 10.39 33.38 
200 4.80 2.39 14.20 21.05 6.57 11.53 31.86 
205 5.25 2.40 14.20 21.05 6.57 12.77 30.03 
210 5.70 2.41 14.20 21.05 6.57 14.12 27.93 
215 6.25 2.41 14.20 21.05 6.57 15.59 25.71 
220 7.00 2.42 14.20 21.05 6.57 17.19 23.70 
225 7.70 2.42 14.20 21.05 6.57 18.91 21.23 
230 9.00 2.43 14.20 21.05 6.56 20.78 19.88 
235 11.60 2.43 14.20 21.05 6.56 22.79 21.32 

236.3 14.00 2.43 14.20 21.05 6.56 23.34 25.81 
LPI @ 3291 GPM: 

195 4.30 2.39 14.20 20.05 6.84 10.39 32.11 
200 4.80 2.39 14.20 20.05 6.84 11.53 30.58 
205 5.25 2.40 14.20 20.05 6.84 12.77 28.76 
210 5.70 2.41 14.20 20.05 6.83 14.12 26.67 
215 6.25 2.41 14.20 20.05 6.83 15.59 24.45 
220 7.00 2.42 14.20 20.05 6.83 17.19 22.44 
225 7.70 2.42 14.20 20.05 6.83 18.91 19.97 
230 9.00 2.43 14.20 20.05 6.83 20.78 18.61 
235 11.60 2.43 14.20 20.05 6.83 22.79 20.05 

236.3 14.00 2.43 14.20 20.05 6.83 23.34 24.54 
RBS @ 873 GPM: 

195 2.30 2.39 14.20 21.05 4.58 10.39 30.59 
200 2.60 2.39 14.20 21.05 4.58 11.53 28.59 
205 3.00 2.40 14.20 21.05 4.58 12.77 26.62 
210 3.40 2.41 14.20 21.05 4.58 14.12 24.37 
215 3.90 2.41 14.20 21.05 4.58 15.59 22.04 
220 4.80 2.42 14.20 21.05 4.57 17.19 20.38 
225 6.30 2.42 14.20 21.05 4.57 18.91 19.84 
230 8.00 2.43 14.20 21.05 4.57 20.78 19.44 
235 10.65 2.43 14.20 21.05 4.57 22.79 21.00 
236 11.60 2.43 14.20 21.05 4.57 23.22 22.26 

237.5 19.40 2.43 14.20 21.05 4.57 23.86 39.66 
LPI @ 2883 GPM: 

195 2.30 2.39 14.20 20.05 4.96 10.39 29.22 
200 2.60 2.39 14.20 20.05 4.96 11.53 27.21 
205 3.00 2.40 14.20 20.05 4.96 12.77 25.25 
210 3.40 2.41 14.20 20.05 4.96 14.12 23.00 
215 3.90 2.41 14.20 20.05 4.96 15.59 20.66 
220 4.80 2.42 14.20 20.05 4.96 17.19 18.99 
225 6.30 2.42 14.20 20.05 4.96 18.91 18.46 
230 8.00 2.43 14.20 20.05 4.95 20.78 18.07 
235 10.65 2.43 14.20 20.05 4.95 22.79 19.62 
236 11.60 2.43 14.20 20.05 4.95 23.22 20.88 

237.5 19.40 2.43 14.20 20.05 4.95 23.86 38.28
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From: TPY8371 --PROC Date and time 04/16/96 11:36:02 
To: RL08372 --PROC 

ubject: 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 
OSC-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 OSC-6521, and the 
figures contained within the appendix give a bounding response with respect to l ?SH.  

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
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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 = xcDsh2 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 created by the fan-shaped expansion of tie flow stream exiting the perimeter nozzies. Therefore, 

Abs = [(100) 2/4 = 7854 ft2 

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 ft2 

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 = n (Ro2 - Ri 2) = 650.3 in2 
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 - 0.2 H)Hi-s 

where Q = flow in cubic feet per second = 184 gal/min x 1/60 min/sec x 1/7.48 ft3 /gal = 0.41 ft3/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 
0.123 H-'s + 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 = L x W x H 

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 = 52.0 x 24.0 x 0.0172 = 21.47 ft3 

Volume Trapped in the Stairwell Area (Vi): 

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

VI = 125.5 ft3
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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 = 4.26 in = 0.355 ft 
A = 0.09898 ft2 

V = Q/448.8A = 184/(448.8 x 0.09898) = 4.14 ft/sec 
Re = DVp/ t = 0.355 x 4.14 x 59.35 / (0.2599 x 0.000672) = 499,429 
f = 0.017 

Pipe Losses (Hp): = (fL/D)(V 2/2g) 
= (0.017 x 30 / 0.355)(4.14 2/(2x32.2)) 
= 0.38 ft 

Elbow Losses (He) : 

Assume two 450 elbows for conservatism.  

K = 16fr = 16 x 0.017 = 0.272 

He = 2 x KV2/2g = KV2/g = 0.272 x 4.142 / 32.2 = 0.14 ft 

Entrance Loss (Hen): = KV2 / 2g (K 0.5) 
= 0.5 x 4.142 / (2 x 32.2) = 0.13 ft 

Exit Loss (Hex): = KV2 / 2g (K = 1.0) 
= 4.142 / (2 x 32.2) = 0.27 ft 

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: 

Vc = H x xD2/4 

where: H = depth of water as determined above = 2.30 ft.  
D = diameter of vessel cavity area = 12 ft.  

So: 

Vc = 2.30 xxx 122/4 = 260.1 ft3 

The additional volume of water in the incore trench portion of the cavity is given by: 

Vi=LxWxD 

where: 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 = 9.62 x 10.0 x 1.38 = 132.8 ft3 

Now, 

V2 = Vc + Vi= 260.1 + 132.8 = 392.9 ft' 

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. Oue 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 wvill 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 = 0.25 in. (note thickness is designated I 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 = xD2/4 = 7c x 6.252 /4 = 30.68 in2 = 0.213 ft2 (denoted F, in Ref. 8.39) 
Approach diameter, Da = 4.25 in (Smallest diameter which encloses all orifices.) 
Approach area, Aa = Da2/4 = 7x x 4.252 / 4 = 14.19 in2 = 0.0985 ft2 

Approach Velocity to cover plate, Vc = Q/448.8 x Ac = 92 / (448.8 x 0.0985) = 2.08 ft/sec 
Orifice area, a = nd2/4 = xx 0.43752/4 =0.15 in2 
Total Orifice Area, A =nx ao = 37 x 0.15 = 5.55 in2 (denoted F0 in Ref. 8.39) 
Flow through each orifice, Qo = Q/n = 92 / 37 = 2.49 gpm 
Velocity through each orifice, Vo = Qo / (448.8 x ao) = 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, = xDA2/4 = E x4.252 /4 = 14.19 in2 

F0 = nx f= 37 x 0.15 = 5.55 in2 

f* = Fo / F = 5.55 / 14.19 = 0.39 (denoted as f bar in the Ref. 8.39) 
t* = t / dh = t / d = 0.25 / 0.4375 = 0.57 (denoted as I bar in the Ref. 8.39) 

<pt* = 0.25 + 0.535 (t*)8 / [0.05 + (t*) 7] 
= 0.25 + 0.535 x 0.578 / (0.05 + 0.57') 
= 0.25 + 0.00596 / ( 0.05 + 0.0195) = 0.336 

t (2.4 - t*)t* = (2.4 - 0.57)o-a' = 1.225 

= 0.03 (friction factor at fully turbulent flow for pipe of diameter d, see Ref. 8.33) 

K = [0.5(1-f*) 0. + t(1-f*)' 3 15 + (1-f*)2 + 1/dh)I / (f*) 2 

= [0.5(1-0.39)os + 1.225(1-0.39)'.311 + (1-0.39)2 + 0.03/0.43751 / 0.392 
= [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: 

He = KVI 2 / 2g = 9.26 x 2.082 / (2 x 32.2) = 0.62 ft 

The volume of water trapped in the annulus area is given by: 

V3 = A x d 

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

and A = x[(23/2)2 - (15.6/2)2] 
= 7x(132.25 - 60.84) = 224.34 ft2 

So: V3 = 0.62 x 224.34 = 139.1 ft3 

Total Volume = Vse +VI + V2 + V3 
= 21.47 + 125.5 + 392.9 + 139.1 = 679.0 ft3 

Vvc = 679.0 ft3
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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 = 7EDsh2 /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 = 7c(100) 2/4 = 7854 ft2 

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) 
Wftc = FTC width = 24 ft. (Ref. 8.29) 
Aftc = (Lse + Lde) x Wftc (17.5 + 52.0) x 24.0 = 1668 ft2 

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)05 

where: D = inside diameter of drain, in. (4" Sch. 10S per Ref. 840 
= 4.26" (Ref. 8.33) 

Fr = Froude No. = V/(gD) 05 

V = Velocity of flow in drain = Q/(448.8 x A) , ft/sec 
g = acceleration due to gravity = 32.2 ft/sec 2 

Q = flow rate in drain, gpm = 246.4/2 = 123.2 gpml/drain (assumes flow equally split) 
A = cross sectional area of drain = 0.09898 ft2
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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)0s = 0.82 

Hmin = 4.26 x (0.82 / 1.6)05 = 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 = 6.00 + 4.95 + 5.88 + 7.79 + 18.50 + 3.52 = 46.64 ft 
D = 4.26" = 0.355 ft.  
Re = DVp/ji = 0.355 x 2.77 x 59.35 / (0.2599 x 0.000672) = 334,159 
f = 0.0175 

Piping Losses = fLV 2/2gD 
= 0.0176 x 46.64 x 2.772 / (2 x 32.2 x 0.355) 
= 0.275 ft 

Entrance Losses = KV2 / 2g (K = 0.5 for sharp edged flush entrance per Ref. 8.33) 
= 0.5 x 2.772 / (2 x 32.2) 
= 0.06 ft 

Exit Losses = KV2 / 2g (K = 1.0 for sharp edged projecting exit per Ref. 8.33) 
= 1.0 x 2.77 2 / (2 x 32.2) 
= 0.12 ft 

Elbow Losses = nKV2 / 2g (n = number of 900 elbows 4) 

K = 30fT = 30 x 0.017 = 0.51 
n=4 
fT = 0.0 17 (from Ref. 8.33) 
V = 2.77 ft/sec 

Elbow Losses = 4 x 0.51 x 2.772 / (2 x 32.2) 
= 0.24 ft
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Valve Losses = nKV2/2g (n = number of gate valves = 2) 

K = 8fT = 8 x 0.017 = 0.136 

So: Valve Losses = 2 x 0.136 x 2.772 / (2 x 32.2) 
=0.03 ft 

Tee Losses = (Kb + 2Kr)V2/2g (One with flow through branch, two with flow through run.) 

Kb = 60 fT = 1.02 (flow through branch) 
Kr = 20 fT = 0.34 (flow through run) 

Tee Loss = (1.02 + 2 x 0.34) x 2.772 /(2 x 32.2) 
= 0.20 ft 

Total Friction Losses = Pipe Losses + Entrance Losses + Exit Losses + Elbow Losses + Valve Losses 
+ 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 + 
776.92 + 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 ft.  

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 = 0.25 x 24.0 x 17.5 = 105.0 ft' 

So: Vftc = 105.0 ft3
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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 = Vfp - Vcd 
= Vfp- Vfp x (vcd / vfp) 
= Vfp x (1 - vcd / vfp) 

where: Vs = RCS volume shrinkage 
Vfp = RCS volume at full power = 12014 ft3 (Ref. 8.30) 
Vcd = RCS volume at cooldown temperature (150F assumed for conservatism) 
vcd = specific volume of water at 150F = 0.016343 ft/lb 
vfp = 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 ft3 

Vs = 3384 ft3
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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" los 6.90 0.3784 2.6094 Assume check valve - same as 8" pipe 
8" los 19.08 0.3784 7.2211 
8" los 4.75 0.3784 1.7974 
0.5" 40 30.00 0.00211 0.0633 21' shown on dwg, last leg isn't dimensioned 
8" 10s 39.50 .0.3784 14.9468 el 851.5' to el. 812' 
8" los 4.25 0.3784 1.6082 
8" los 7.50 0.3784 2.8380 
8" los 7.08 0.3784 2.6803 
8" 10s 2.00 0.3784 0.7568 elbow to elbow @ el. 859' 
8" los 78.50 0.3784 29.7044 el 937.5' to el. 859' 
8" los 2.00 0.3784 0.7568 elbow to elbow @ el. 859' 
8" los 6.50 0.3784 2.4596 el 944' to el. 937.5' 
8" 1Os 5.00 0.3784 1.8920 up to spray header (including "inlet" of "T") 
Sub-total 69.8263 

.jpray header piping is shown on drawing 0-477 (rev.12) 

Pipe dia Pipe sch. Length (ft) Pipe Area Volume Notes 
4" 10 35.21 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 4.9572 
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" los 22.00 0.3784 8.3248 
8" los 21.00 0.3784 7.9464 (conservative estimate) 
Sub-total 93.9229
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From valve 1 BS-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 
8" 20 12.50 0.3601 4.5013 

Sub-total 4.5013 

Total of the three "segments" = 168.2504 ftA3 

Volume In BS Header = 168.3 cu. ft.  

NOTES: 
Drawing 0-477, 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 
albows are conservatively approximated as continued lengths of pipe 

S
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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 - Vfp 

where: Vpzr = Volume adjustment for refilling the pressurizer 
Vt = Total volume of the pressurizer vessel = 1532 ft (Ref. 8.30) 
Vfp = Pressurizer volume occupied by water at full power operation = 800 ft3 (Ref. 8.34) 

Therefore: 

Vpzr= 1532 - 800 =732 ft3
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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 / TI = P2 / T2 

where: P1 = Air pressure prior to accident = 14.2 psia 
TI = 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 = Pl x T2/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= n RT 

where: P = partial pressure of additional vapor = 18.32 psia 
V = volume of water vapor = 1.832 x 106 ft3 

n = number of pound-moles of vapor 
R = ideal gas constant = 10.73 psi-ft3 / lb-mole-R 
T = vapor temperature = 660R 

so: n = PV/RT = 18.32 x 1.832 x 106 / 10.73 x 660 = 4739 lb-moles 

One pound-mole of water equals 18 pounds of mass. Therefore, we need 18 x 4739 = 85,306 lb of vapor 

to create the pressure in the building. At 200F, the volume of water is given by: 

Vv = 853061b x w 

where: Vv = Volume of vapor 
vv = specific volume of vapor at 200F = 0.0 16637 ft3/lb 

so: Vv =85306 x 0.016637 = 1419 ft3 

Vv = 1419 ft3
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DETERMINATION OF WATER LOST TO INCORE TRENCH 

The water level in the Reactor Building is deternined 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 = 1.21 ft.  

Vit= 23.92 x 10.0 x 1.21 = 289.4 ft3 

Vit = 289.4 ft
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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. 8.27 & 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 x D =48 ft3 

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 = Lx W x D = 540 ft 

Total Volume Lost to Sumps: 

Vs = Vn + Ve = 588 ft3 

Vs = 588 ft3
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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/vc + Vcft - Vvc -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 ft3/lb 
vh = specific volume of water at worst case sump temperature of 237F = 0.016900 ft3/1b 
Vcft = volume of water contributed from the CFT's = 2020 ft3 (Ref. 8.21) 
Vvc = volume of water trapped in reactor vessel cavity within primary shield wall = 679.0 ft3 

(Ref. Attachment 10) 
Vftc = volume of water trapped in the fuel transfer canal = 105.0 ft3 (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 ft3 (Ref. Attachment 14) 
Vbsp = volume of water required to refill the BS header = 168.3 ft3 (Ref. Attachment 13) 
Vv = Volume of water lost to vaporization = 1419 ft3 (Ref. Attachment 15) 
Vit = Volume of water lost to incore trench = 289.4 ft3 (Ref. Attachment 16) 
Vs = Volume of water lost to sumps = 588 ft3 (See Attachment 17) 
Arb = net cross sectional area of the reactor building at the basement level = 8715.3 ft2 (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 = E D2 / 4 = xx 122 / 4 = 113.1 ft2 

The area contributed by the incore trench area inside the vessel cavity is: 

A2 = L x W = 9.62 x 10.0 = 96.2 ft2 (Ref. 8.24) 

The total area, At, to be added is then: 

At = Al + A2 = 113.1 + 96.2 = 209.3 ft2 

Arb is then given as the original value (8506 ft2 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 ft2
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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 f (Ref. 8.21) 

Therefore: Vbwst = (46 - 6) x 1018 = 40,720 ft' 

So, 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)! 
8715.3 

= 4.27 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 lA: 778.46 
Train IB: 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 lA suction piping has an 18" x 18" x 18" tee inlet (Ref, O-479B) 
while all other trains have an 18" x 30" x 450 reducer inlet (Ref O-59M). Since the 3B 
train was modeled identically to all other trains except 1 A, and 3B yielded the lowest 
value, only the hydraulic grade line for 3B and 1 A need to be adjusted to better account 
for the inlet configuration. This comparison is presented below: 

New K value for inlet of train 1 A: 

Kn = K1 + K2 
where: KI = loss coefficient for 18 x 18 x 18 tee branch = 60 fT (Ref 8.33) 

K2 = entrance loss coefficient = 0.78 (Ref 8.33) 
fT = 0.012 

Kn = 60 x 0.012 + 0.78 = 1.50 

Old K value for inlet of train IA: 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 V2 / 2g 
= (1.50 - 0.1) x 5.342 / (2 x 32.2) 
= 0.62 ft.  

New K value for train 3B: 

Kn=K1 + K2 

where: KI = 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 + 0.27 = 1.05 

Old K value for train 3B: Ko = 0.1 

Increased friction loss: 

Hi = (Kn - Ko) x V2 / 2g 
=(0.1.05 - 0.1) x 5.34 2 / (2 x 32.2) 
= 0.42 ft.  

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

1A: 778.46 - 0.62 = 777.84 ft.  
3B: 775.93 - 0.42 = 775.51 ft.  

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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"FA IRVI' 

IKJ5670( 'NTER USERID 
DNSS374 
ENTER CURRENT PASSWORD FOR DNSS374
:WUFF 
:I.CH70001I DNS8374 LAST ACCESS AT 09:15:48 ON TUESDAY, JULY 3, 1984 
DNSS374 LOGON IN PROGRESS AT 09:17:53 ON JULY 3, 1934 

*** tso will be down on mon 07/02/84 from 1730 to 1300***** 
TSO ON SYSTEM G WILL BE DOWN FROM 19:00 TO 23:00 ON 07/01/84 

READY 
FREE F(FTO5FOOi) 
READY 
ALLOC DA(DNS83741.DATA) F(FTOSF001) 
READY 
CALL 'SYS1.DUK2LOAD(RUN03445) 
FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG 

THE DARCY WEISBACH HEAD LOSS EQUATION IS: USED, THE KINEMATIC VISCOSITY = 0.0000120 
PIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE 

(FEET) (INCHES) 4 

1 0 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, 0.15 0.91 
4 3 4 27.1 17.500 0.15 0.91 
5 5 6 24.2 13.500 0.15 0.89 
6 4 7 24.0 13.500 0.15 0.39 
7 7 15 17.9 13.500 0.15 1.39 
8 7 16 3.4 13.500 0.15 0.0 
9 16 17 -1.1 13.500 0. 15 0.37 

10 16 9 11.1 10. 420 0.15 3.24 
11 9 10 6.0 8.125 0.15 0.20 
12 17 8 20. 3 13. 500 0. 15 0. 95 
13 11 12 30.5 13.500 0.15 1.834 
14 8 18 6.0 12.250 0.15 0.19 
15 12 19 6.0 12.250 0.15 0.19 
16 17 6 1.1 13. 500 0.15 0.37 
17 11 13 2.5 13.500 0.15 0.26 
18 13 14 37.3 10.420 0.15 2.12 
19 14 1 6.0 8.125 0.15 0.20 
20 6 11 3.7 13.500 0.15 0.52 
21 15 20 6.0 12.250 0.15 0.19 

II Ilh i ?r T f lt IMt Ic h TtMAhift I" 1 l A T da.Asl ^ er . *.. I- -



1000.00 760. 10 -19@ 
0.0 0.0 1 
0.0 0.O -2 
0.0 0.0 -4 6 

5 0.0 0.0 -3 lA 
6 0.0 0.0 -5 -16 20 
7 0.0 0.0 -6 7 8 at 
8 0.0 0.0 -12 14 
9 0.0 0.0 -10 11 

10 0.0 0.0 -11 
11 0.0 0.0 13 17 -20 
12 0.0 0.0 -13 15 
13 0.0 0.0 -17 13 
14 0.0 0.0 -18 19 
15 0.0 0.0 -7 21 
16 0.0 0.0 -8 9 10 
17 0.0 0.0 -9 12 16 
19 0.0 0.0 -14 
19 3000.00 761.10 -15 
20 0.0 0.0 -21 

THIS SYSTEM HAS 21 PIPES WITH 20 JLINCTIONS 0 LOOPS AND 2 FIXED GRADE NODES 

THESE ARE THE RESULTS FOR THE ORIGINAL DATA 

OCONEE NUCLEAR STATION UNIT 1 0000000 
ECCS SUMP RECIRCULATION 0000000 
SAFETY PUMP NPSH ANALYSIS 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 2 4000.000 0.000 0.0 0.0 5.335 4.257 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 2 5 4000.000 0.227 0.0 0.402 5.335 4.2 

4 3 4 0.0 0.0 0.0 0.0 0.0 0.C 

5 5 6 4000.000 0.:378 0.0 1.111 8.965 15.6 

6 4 7 0.0 0.0 0.0 0.0 0.0 0.0 

7 7 15 0.0 0.0 (:).C0 0.0 0.0 0.0 

8 7 16 0.0 0.0 0.0 0.0 0.0 0.0 
9 16 17 0.0 0.0 0.0 0.0 0.0 0.0 3 

10 16 9 0.0 0.0 0.0 0.0 0.0 0.0 

11 9 10 0.0 0.0 0.0 0.0 0.0 0.0 
12 17 8 0.0 0.0 0. 0. 0 0.0 0.0 
13 11 12 3000.000 0. 275 0. O 1. 292 6.724 9.0



12 19 3000.000 0. 088 10.0 0.197 8.166 14.677 
1 17 6 0.0 0.0 WO.0 0.0 0.0 0.0 

11 13 1000.000 0. 003 . O 0.020 2.241 1. 14 L)rJ 1 
1 13 14 1000.000 0.153 0. 0 0.466 3.762 4. 10-k 
19 14 1 1000.000 0.085 0.0 0.119 6.188 14. 182 
20 6 11 4000.000 0.057 0.0 0.649 8.965 15.622 
21 15 20 0.0 0.0 0.0 0.0 0.0 0.0 

JLINCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE l A - .7/3 
1 1000.00 778.83 760.10 8.12 ).7Sf, e Sj31 

2 0.0 782.50 
3 0.0 780.38 
4 0.0 780.38 
5 0.0 781.87 
6 0.O 780.:38 
7 0.0 780. 38 
19 0.0 780. 3:2 
9 0.0 780.38 

10 0.0 780. 38 
11 0.0 779.68 
12 0.0 778.11 
13 0.0 779.65 
14 0.0 779.03 
15 0.0 780. 38 
16 0.0 780.38 
17 0.0 780.38 
19 0.0 780.38 6 .,,j, 
19 3000.00 777.82 761.10 7. 25 '/*7  I 
20 0.0 780.38 

THE RELATIVE CHANGE IN FLOWRATE FROM THE PREVIOUS TRIAL = 0.00360 

READY 
LOGOFF 
DNSS:374 LOGGED OFF TSO AT 09: 19:38 ON JULY 3, 1984 

Sc 4



1 "FAIRVI"*L 
LOGON 
1KJ56701 NTER USERID 
DNSS3764
IK156710I INVALID USERID, DNS83764 
IKJ56703A REENTER -16A 9 
DNS8374 
ENTER CURRENT PASSWORD FOR-DNS8374
:WUFF 
:I CH7000 11 DNS8374 LAST ACCESS AT 08:42:38 ON TUESDAY, JULY 3, 1984 
DNS8374 LOGON IN PROGRESS AT 08:44:56 ON JULY 3, 1984 

*** tso will be down on mon 07/02/84 from 1730 to 1800***** 
TSO ON SYSTEM G WILL BE DOWN FROM 19:00 TO 23:00 ON 07/01/:4 

READY 
FREE F(FTO5FOO1) 
READY 
ALLOC DA(DNS8374I. DATA) F(FTO5FO01) 
READY 
CALL 'SYS1.DUK2LOAD(RUN03445) 

FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG 

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VI:'SCOSITY = 0.0000120 
PIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE 

(FEET) (INCHES) 
1 0 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 0.15 0.91 
4 3 4 27.1 17. 500 0. 15 0.91 
5 5 6 24.2 13.500 0.15 0.19 
6 4 7 24. 0 13. 500 0. 15 0. :9 
7 7 15 17.9 13.500 0.15 1.39 
8 7 16 3.4 13.500 0.15 C).0 
9 16 17 1.1 13.500 0.15 0.37 

10 16 9 11.1 10. 420 0. 15 3.24 
11 9 10 6.0 8.125 0.15 0.20 
12 17 8 20.3 13.500 ).15 0.95 
13 11 12 30. 5 13. 500 0. 15 1.84 
14 8 18 6.0 12.250 0.15 0.19 
15 12 19 6.0 12.250 0.15 0.19 
16 17 6 1.1 13.500 0.15 0.37 
17 11 13 2.5 13.500 0.15 0.26 
18 13 14 37. 3 10.420 0.15 2.12 
19 14 1 6.0 8.125 0.15 0.20



15 20 6.0 12.250 15 0.19 t 

JIUNCTIOr MBER DEMAND ELEVATION CONNECTIN. ?ES 3; 
0.0 0.0 -19 -A 

2 0.0 0.0 -1 3 fe 3 0.0 0.0 -2 4 
4 0.0 0.0 -4 6 
5 0.0 0.0 - 5 
6 0.0 0.0 -5 -16 20 
7 0.0 0.0 -6 7 8 
8 0.0 0.0 -12 14 
9 0.0 0.0 -10 11 
10 1000.00 760.10 -11 
11 0.0 0.0 13 17 -20 
12 0.0 0.0 -13 15 
13 0.0 0.0 -17 18 
14 0.0 0.0 -18 19 
15 0.0 0.0 -7 21 
16 0.0 0.0 - : 9 10 
17 0.0 0.0 -9 12 16 
18 0.0 0.0 -14 
19 0.0 0.0 -15 
20 3000.)00 761.10 -21 

THIS SYSTEM HAS 21 PIPES WITH 20 JUNCTIONS , O LOOPS AND 2 FIXED GRADE NODES 

THESE ARE THE RESULTS FOR THE ORIGINAL DATA 

OCONEE NUCLEAR STATION UNIT 1 0000000 
ECCS SUMP RECIRCULATION 000000 
SAFETY PUMF NPSH ANALYSIS 0000000 

THE FOLLOWING RESULTS ARE OBTAINED AFTER 2 TRIALS 

PIPE NO. NODE NUMBERS FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/10 
1 0 2 4000.000 0.000 0.C 0.0 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 2 5 4000.000 0.227 0. O 0.402 5.335 4.2 
4 3 4 0.0 0.0 0.a 0.0 0.0 0.0 

5 5 6 4000.000 0.378 0.0 1.111 8.965 15.6: 
6 4 7 0.0 o.0 0.00.. 0.0 0.0 
7 7 15 3000.000 0.161 0.O 0.976 6.724 9. ..  

7 16 -3000.0o -0. 031 0. 00 -6.724 -9.00 
9 16 17 -4000.000 -0. 017 0.O -0.462 -3.965 -is.  

10 16 9 1000. 000 0. 046 C0. C)C. 712 3. 762 4.( 3t 
S IN' 4A r C C= V L Cc IA



17 8 0.0 0.0 0.0 0.0 0.0 0.0 
3 11 12 0.0 0.0C) 00. 0 0.0 0.0 0.0 

8 18 0.0 0.0 .0 0.0 0.0 0.0 

1 12 19 0.0 0.0 0.0 0.0 0.0 0.0 
16 17 6 -4000.000 -0.017 0.0 -0.462 -8.965 -15.622 

17 11 13 0.0 0.0 0.0 0.0 0.0 0.0 Util 13 
18 13 14 0.0 0.0 0.0 .0.0 0.0 0.0 
19 14 1 0.0 0.0 0.0 0.0 0.0 0 0 
20 6 11 0.0 0.0 0.0 0.0 0.0 0.0 
21 15 20 3000.000 0. 088 0.0 0.197 8.166 14 677 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSLIRE 
1 0.0 780. 38 
2 0.0 782.50 
:3 0. 0 779. 39 
4 0. 0 779.39 
5 0.0 71:1.:.7 
6 0. O 780.38 
7 0. O 779. 39 
8 0. 0 779.90 
9 0.0 778.67 

10 1000.00 778.46 760.10 7.96 </1,3?7 4 o 

11 0.0 780.38 
12 0.0 780.38 
13 0.0 780.38 
14 0.0 780.38 
15 0.0 778.26 
16 0.0 779.42 
17 0.0 779.90 
18 0.0 779.90 
19 0.0 7.0.38 
20 3000.00 777.97 761.10 7. 314/J 

THE RELATIVE CHANGE IN FLOWRATE FROM THE PREVIOUS TRIAL = 0.00214 

READY 
LOGOFF 
DN8374 LOGGED OFF TSO AT 08:46:44 ON JULY 3, 1984 
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FATIRVI EtQV 
LOGOFF 
LOGON 

TKJ56700m ENTER USERID 
DNS8374 -, 

ENTER CURRENT PASSWORD FOR DNSS374
:BARK e 74 
:ICH70001I DNS9374 LAST ACCESS AT 08:29:52 ON WEDNESDAY, AUGUST 29, 1984 
DNS8374 LOGON IN PROGRESS AT 08:31:18 ON AUGUST 29, 1984 
*** tso will be down sunday, aug.26 from 08:00 to 22:00 *** 

READY 
rREE F(FTO5FOO1) 
READY 
ALLOC DA(DNS8374H.DATA) F(FTO5FOO1) 
READY 
CALL -SYS1.DUK2LOAD(RUN03445)' 

FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG 

THE DARCY WEISSACH HEAD LOSS EOUATION IS USED, THE KINEMATIC VISCOSITY = 0.0000120 

PIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE 
(FEET) (INCHES) 

1 0 1 30.2 17.376 0.15 0.91 
782.50 

2 0 11 53.0 17.376 0.15 0.91 
782.50 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 1 2 24.0 13.500 0.15 0.89 
4 2 3 23.6 13.376 0.15 1.77 
5 3 4 6.0 12.250 0.15 0.19 
6 2 5 1.4 13.376 0.15 0.52 
7 5 6 13.5 10.250 0.15 2.74 
8 6 7 6.0 8.125 0.15 0.20 
9 5 8 0.4 13.376 0.15 0.63 

10 8 9 26.2 13.376 0.15 1.73 

11 9 10 6.0 12. 250 0.15 0.19 

12 8 12 0.4 1 376 0.15 0.37 
13 12 13 3.7 13.376 0.15 0.52 
14 13 14 21.5 13.376 0.15 1.46.  
15 14 15 6.0 12. 250 0.15 0.20 
16 13 16 0.1 13.376. 0. 15 0.26 
17 16 17 32.2 10.:250 0.15 2.12 
18 17 18 6.0 .125 0.15 0.20 
19 11 12 24.5 13.500 0.15 0.89 t

JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES s 
1 0.0 0,0 -1 3 4.



0.0 0.O -3 4 6 
0.0 0.0 -4 
0.0 00 -5 
0.0 0.0 -6 7 9 /// /4 

6 0.0 0.0 -7 4 
7 0.0 0.0 -1 

8 0.0 0.0 -9 1 e2e.  
9 0.0 0.0 -1.0 11 

10 0.0 0.0 -11 
11 0.0 0.0 -2 t9 
12 0.0 0.0 .- 12 13 -19 
[3 0.0 0.0 -13 14 16 
14 0.0 0.0 -14 15 
15 3000.00 761.10 -15 
16 0.0 0.0 -16. 17 
[7 0.0 0.0 -17 1 
18 1000.00 760.10 -18 

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS 0 LOOPS AND 2 FIXED GRADE NODES 

THESE ARE THE RESULTS FOR THE ORIGINAL DATA 

OCONEE UNIT 2 0000000 
SIiP RECIRCUL.AT ION MODE 0000000 

SAFETY PU.MP NPSH CALCli! .AT IONS 0000000 

THE FOLLOWING3 RESULTS ARE OBTAINED AFTER 2 TRIALS 

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

1 0 1 4000.000 0.133 0.0 0.414 5.412 4.411 

THE FLOW IN LINE N.IMBER 2 IS RESTRICTED 
3 1 2 4000.000 0.375 0.0 1.111 8.965 15.622 

4 2 3 0.0 0.0 0.0 0.0 0.0 0.0 

5 3 4 0.0 0.0 0.0 0.0 0.0 0.0 

6 2 5 4000.000 0. 023 0.0 0.67.. 9.132 16.3s 

7 5 6 0.0 0.0 0,0 0.0 0.0 0.0 

8 6 7 0.0 0.0 0.0 0.0 0.0 
9 5 8 4000.000 0.007 0.0 0.816 9.132 1&.3 

lo 9 0.0 0.0 0.(0 0).0 0.0 0.0 
1.1 9 10 0.0 0.0 0.0 0.0 0.0 0.0 
12 S 12 4000.000 0.007 0.0 0.479 9.132 16.3 
13 12 13 4000.000 0.060 0. 0 0.6.73 9.132 16.34.  

14 13 14 :000.0000 0.203 .0 1.063 6.849 9.4: 

15 14 15 3000.000 0.08: 0.0 0. 207 8.166 14.6' 

16 1 1. 1000.00 0). 000 0.0 0.021 2.283 1.11



1 16 17 1000.000 0.14 0. O 0. 49q 3.SS 4. 457 

17 1C 1000. 000 0. 05 0, O 0. 119 6. 18 14. 182 

It 12 0.0 0.0 .0 0.0 0.0 0.0 

\..INCTION NUMBER DEMAND GRADE LINE EI..EVATION PREss.RE 5..  
1 0.0 781.95 /V' 

2 0.0 780.47 Am I 
3 0.0 780.47 
4 0.0 780.47 
5 0.0 779.77 
6 0.0 779.77 
7 0.0 779.77 
8 0.0 77S.95 
9 0.0 778.95 

10 0.0 778.95 
11 0. 0 778. 46 
12 0. O 77f. 46.  
13 0. 0 777. 73 
14 0.0 776.46 
15 3000. 00 776.17 76.1.10 ./5f,6 /=3)D /fL-%, 7 
16 O.O 777.71 
17 0. 0 777.07 -n 

13 1000. 00 776. 3. 76.0.1.0 7.24.</6,77/ /L p ~ 6* 

THE RELATIVE CHANGE IN FLOWRATE FROM THE PREVIOUS TRIAL = 0.00011 

READY 
LOGOFF 
DNSS374 LOGGED OFF TSO AT 03:32:51 ON AUGUST 29, 1.984



FAIRVIEW 
LOGON, 
IK,5670( 'NTER USERID 
ONS8374 
ENTER CURRENT PASSWORD FOR DNSS374- _____ 

:BARK 
ICH70001I DNS8374 LAST ACCESS AT OS:3:11 ON WEDNESDAY, AUGLIST 2, 1984 

rtN53374 LOGON IN PROGRESS AT 0.:3 0 ON AlIGUST 2, 19!4 e 

*** tso will be down sunday, aug.26 fr-om 08:00 t, 22:00 4 
READY 
PREE F(FTOSFOOI) 
READY 
AI.LOC DA(DNS8374H. DATA) F(FT05F001) 
READY 
CALL * SYS1. DUK2LOAD(RLUN03445)' 

PLOWdRATE IS EXPRESSED IN OPM AND PRESSURE IN PSI1 

THE DARCY WEISBACH HEAD LOSS EOUATION IS U:;EED, THE KINEMATIC: VTS:COSITY = 0.0000120 

PIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROL..IGHNESS MINOR LOSS K FIXED GRADE 
(FEET) (INC HES) 

1 0 1 30.2 17.376 0.15 0.91 4 

782.50 

2 0 11 5'1.0 17.376. 0.15 0.91 
782.50 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 1 2 24.0 13.500 0.15 0.39 
4 2 3 23.6 13.376 0. 15 1.77 
5 3 4 6. 0 12. 250 0. 15 0.19 

6' 2 5 1.4 13.376 0.15 0.52 

7 5 6 13. T 10. 250 0. 15 2.74 
8 6 7 6.0 8. 125 0.15 0. 20 
9 5 3 0.4 13.376 0.15 0.6'3 

10 3 9 26.2 1 .376, 0.15 1.73 
1.1 9 10 6.0 1:.250 0. 15 0. 19 
1:2 8 12 0.4 1:.376. 0. 15 0. 37 
13 1.2 1.3 3.7 13 .:76 O. 1.5 0.52 

14 13 14 21.5 13.376 0.15 1.46 
15 14 15 6.0 12. 250 0.15 0.20 
1.6 13 16 0.1 13.376 0.15 0.26 
17 16 17 32.2 10.250 0.15 2.12 
13 17 13 6.0 8.125 0.15 0.20 
19 11 12 24.5 13.500 0.15 0.89 

..IUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES 
1 0.0 0.0 -1 3 
2 0.0 0.0 -3 4 6



0.0 o.0 --4 7 
3000.00 761.10 0 

0.0 0.0 -6 
0.0 0.0 -7 F! /95'.  

7 1000.00 76.0. 10 -. 8 t/ /2 
0.0 0.0 -9 10 :12 

9 0.0 0.0 -10 :1.1 11A -"4 

t0 0.0 0.0 -
11 0.0 0.0 -2 1.9 
12 0.0 0.0 -12 13 -19 
13 0.0 0.0 -13 14 16 
14 0.0 0.0 -14 15 
15 0.0 0.0 -15 
16 0.0 0.0 -16 17 
17 0.0 0.0 -1.7 18 
1 0.0 0.0 -18 

THIS SYSTEM HAS 19 PIPES WITH 1 En JUNCT IONS , 0 LOOP: AND 2 FIXED GRADE NODES 

THESE ARE THE RESULTS FOR THE ORIGINAL DATA 

OCCONEF UNIT 2 0000000 

SUMP RECIRCIULATIO:IN MOrE 0000000 

SAFETY PUMP NPSH C:AL.C:Ul...ATI ONc 0000000 

THE FOLLOWING RESULTS ARE OBTAINED AFTER 2 TRIAL.S 

PIPE NO. NODE NUMBERS FLOWRATE HFAD LOSS PU.MP HEAD MINOR LOSS VELOCITY HL/1000 

1 0 1 4000.000 0. 133 0.0 0.41.4 5.412 4.411 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 1 2 4000.000 0.375 0.0 1.111 8.965 15.622 

4 2 3 3000.000 0.223 010 1.289 6.849 9.439 

5 3 4 3000.000 0. 010 0.0 0.:197 8.166 14.677 

6 2 5 1000.000 0.002 0.0 0.042 2.283 1.199 

7 5 6 1000.000 0.060 0.0 0.643 3.8-58 4.4F

8 6 7 1000.000 c). 085 0.0 0. 119 6. fS 14. 1: 
9 5 8 0.0 0.0 0.0 0.0 0.0 0.0 

10 8 9 0.0 0.0 0.0 0.0 0.0 0.0 

It 9 10 0.0 0.0 0.0 0.0 0.0 0.0 
1.2 8 12 0.0 0.0 0.0 .C) 0.C0 0.0 

1.3 12 13 0.0 0.0 0. C0 0.0 0.0 0.0 

14 13 1.4 0.0 0.0 0.0 0.0 0.0 0.0 

1 1.4 15 0.0 0.0 0. 0 0.0 0.0 0.0 R 
16 1.3 16 0.0 0.0 0.0 0. 0 0.0 0.0 

17 16 17 0.00 0. 0.0 0.0 0.0 0.0



I 7 13- 0.o 0.(, 0 0.0 0.00.  

11 12 0.0C) 0. 0 0.0 0. 0.  

,1J-NCTION NUMBER DEMANDJ GRADE LINE FELEVATION FRSUE- 4ri 2 

1 0. 0 781.95 ~4/ed' / 

2 0.0 780.47
3 0.0 778.967,1- 14S7AI 
4 3000.00 77G:.67 761.10) 7.61 ~ ,. ~~ 

5 0.0 78'0.42 
6 0.0 779.72 6 

7 1000. 00 779.52 76.0. 1 Ct- 3 . 41~/,? Y,42~ 
30.0 78o. 42 
90.0 780.42 

10 0.0 780. 42 
11 0.0 7F.,0.4 2 
12 0.0 ( 7S0. 42 
13 0).0 73:.0. 42 
14 0.0 780. 42 
15 0.0 7a0). 42*, 

.1.6 0.) 780.42 
17 0. 0 7S0. 42 

1s 0.0 73'0.424 

THE- RELATIVE CHANG~E IN FI..OWRATE FSROM THE FREV-I0i:E;7' TRIAL = 0.00013 

RE A rElY 
I.. 00FF 
rENC-S33-74 LOGGED OFF TSO AT 0: 40:52 ON AUGUST 29, 1984
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PFAIRVIE4.@ 
LOGON 
IKJ5670C 4TER USERID 
DNS8374 
ENTER CURRENT PASSWORD FOR DNS8374
:BARK 

:ICH70001I DNS8374 LAST ACCESS AT 09:50:45 ON WEDNESDAY, NOVEMBER 7, 198 

4 
DNS8374 LOGON IN PROGRESS AT 09:52:00 ON NOVEMBER 7, 1984 

^ WELCOME .TO THE DUK E PO WER ^ 
^ MVS / XA 3 0 8 1 SY STEM "E"l 

---------------------------------------------

READY 
FREE F(FT05FO01) 
READY 
ALLOC DA(DNSS374E.DATA) F(FT05FO01) 
READY 
CALL 'SYS1.DUK2LOAD(RUN03445) 
FLOWRATE IS EXPRESSED IN GPM AND PRESSURE IN PSIG 

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

PIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE 

(FEET) (INCHES) 
1 o ' 1 27.1 17.376 0.15 0.91 

782.50 

2 0 12 53.3 17.376 0.15 0.91 
782.50 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 1 * 2 24.0 13.500 0.15 0.89 

4 2 3 2.2 13.500 0.15 0.38 

5 3 4 7.1 10.250 0.15 3.44 

6 4 5 6.0 8.125 0.15 0.20 

7 2 6 2.3 13.500 0.15 0.26 
8 6 7 19.0 13.500 0.15 1.84 

9 7 8 6.5 12.250 0.15 0. 19 
10 6 9 0.4 13.500 0.15 0.63 

11 9 10 32.2 13.500 0.15 1.73 

12 10 11 6.5 12.250 0.15 0.19 
13 9 13 0.1 13.500 0. 15 0.37 

14 12 13 24.8 13.500 0.15 0.89 

15 13 14 31. 8 13.500 0. 15 1.24 

16 14 15 14.7 10.250 0.15 2.64 
17 15 16 6.0 8.125 0.15 0.20 a 

18 14 17 23.5 13.500 0. 15 0.75 
19 17 18 6.0 12.250 0.15 0.19



JUNCTION* BER DEMAND ELEVAT ION CONNECTINr *PES 
0.0 0.0 -1 
0.0 0.0 -3 4 .. 7 

3 0.0 0.0 -4 5 . / -p/ 
4 0.0 0.0 -5 6 
5 0.0 0.0 -6 
6 0.0 0.0 -7 8 10 

7 0.0 0.0 -9 
80.0 0.0 -9 

9 0.0 0.0 -10 11 13 
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 -13 -14 15 
14 0.0 0.0 -15 16 ic 
15 0.0 0.C0 -16 17 
16 1000.00 760.10 -17 
17 0.0 0.0 -18 19 
18 3000.00 761.10 -19 

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FIXED GRADE NODES 

THESE ARE THE RESULTS FOR THE ORIGINAL DATA 

OCONEE UNIT 3 0000000 
SUMP RECIRCULATION MODE 0000000 

SAFETY PUMP NPSH CALCULATION 0000000 

THE FOLLOWING RESULTS ARE OBTAINED'AFTER 2 TRIALS 

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

1 0 1 4000.000 0.119 0.0 0.414 5.412 4.411 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 1 2 4000.000 0.375 0.0 1.111 8.965 15.6 

4 2 3 0.0 0.0 0.0 0.0 0.0 0.0 

5 3 4 0.0 0.0 0.0 0.0 0.0 0.0 

6 4 5 0.0 0.0 0.0 0.0 0.0 0.0 

7 2 6 4000.000 0.035 0.0 0.324 8.965 15.6 
8 6 7 0.0 0.0 0.0 0.0 0.0 0.0 
9 7 8 0.0 0.0 0.0 0.0 0.0 0.0 4 

10 6 9 4000.000 0.007 0.0 0.786 8.965 15.6 
11 9 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 13 4000.000 0.002 0.0 0.462 8.965 15.6



12 13 0.0 0.0 .0 0.0 0.0 0.0 
13 14 4000.000 0.49 O 1.547 8.965 15. 622, 

1 14 15 1000.000 0.065 .0 0.620 3.888 4.457 
1 15 16 1000. 000 0.085 J. 0 0. 119 6.188 14. 182 

18 14 17 3000.000 0.212 0.0 0.526 6.724 9.013 
19 17 18 3000.000 0.088 0.0 0.197 8.166 14.677 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE full/ / 
1 0.0 781.97 
2 *0.0 780.48 
3 0.0 780.48 
4 0.0 780.48 
5 0.0 780.48 
6 0.0 780.12 
7 0.0 780.12 
3 0.0 780.12 
9 0.0 779.3' 

10 0.0 779.33 
11 0.0 779.33 
12 0.0 770.87 
13 0.0 778.87 
14 0.0 776.82 
15 0.0 776.14 
16 1000.00 775. 93 760.10 6.. 6. '/7 S 7- 7 
17 0.0 776.08 
18 3060.00 775.80 761.10 6.37=9.7/5 -ff /d ;

THE RELATIVE CHANGE IN FLOWRATE FROM THE PREVIOUS TRIAL 0.00009 

READY 
LOGOFF 
DNS8374 LOGGED OFF TSO AT 09:53:37 ON NOVEMBER 7, 1984 
h 

7



FAIRVIEW 

IKJS6410 )GONB COMMAND NOT ACCEPTED DURING LOGON 
IKJ56400 -NTER LOGON OR LOGOFF
LOGON 
IKJ56700A ENTER USERID 
DNS8374 
ENTER CURRENT PASSWORD FOR DNSS374
:BARK 
:ICH70001I DNS8374 LAST ACCESS AT 09:58:08 ON WEDNESDAY, NOVEMBER 7, 198 
4 
DNS8374 LOGON IN PROGRESS AT 09:59:24 ON NOVEMBER 7, 1984 

--------------------------------------------------------------.  

^ WELCOME TO THE D1K E PO WER ^ 
M V S / X A 3 0 a 1 S Y S T E M "E" 

-------------------------------------------------------------
READY 
FREE F(FTO5FOO1) 
READY 
ALLOCV DA(DNSS374E.DATA) F(FT05FO01:! 
READY 
ALLOC DA(DNS8374E.DATA) F(FTOSFO01) 
READY 
CALL -ST:! 
READY 
CALL 'SYS1.DUK2LOAD(RUN03445)' 
FLOWRATE IS EXPRESSED'IN GPM AND PRESSURE IN PSIO 

THE DARCY WEISBACH HEAD LOSS EQUATION IS USED, THE KINEMATIC VISCOSITY = 0.0000120 
PIPE NUMBER NODE NUMBERS LENGTH DIAMETER ROUGHNESS MINOR LOSS K FIXED GRADE 

(FEET) (INCHES) 
1 0 1 27.1 17.376 0.15 0.91 

782.50 
2 0 12 53.3 17.376 0.15 0.91 

782.50 
THE FLOW IN LINE NUMBER 2 IS RESTRICTED .  

3 1 2 24.0 13.500 0.15 0.89 
4 2 3 2.2 13.500 0.15 0.38 
5 3 4 7.1 10.250 0.15 3.44 
6 4 5 6.0 8.125 0.15 0.20 
7 2 6 2.3 13.500 0.15 0.26 
8 6 7 19.0 13.500 0.15 1.84 
9 7 8 6.5 12.250 0.15 0.19 

10 6 9 0.4 13.500 0.15 0.63 
11 9 10 32.2 13.500 0.15 1.73 
12 10 11 6.5 12.250 0.15 0.19



-9 13 0.1 13. 500 - j. 15 0.37 
12 13 24. 8 13. 500 . 15 0.89 
13 14 31.8 13.500 15 1.24 
14 15 14.7 10.250 -. 15 2. 64 

17 15 16. 6.0 8.125 0.15 0.20 _ _ 

18 14 17 23.5 13.500 0.15 0.75 
19 17 18 6.0 12.250 0. 15 0.19 

JUNCTION NUMBER DEMAND ELEVATION CONNECTING PIPES 
1 0.0 0.0 -1 3 
2 0.0 0.0 -3 4 7 
3 0.0 0.0 -4 5 
4 0.0 0.0 -5 6 
5 1000.00 760.10 -6 
6 0.0 0.0 -7 10 
7 0.0 0.0 -8 9 
8 3000.00 761.10 -9 
9 0.0 0.0 -10 11 13 

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 -13 -14 15 
14 0.0 0.0 -15 16 18 
15 0.0 0.0 -16 17 
16 0.0 0.0 -17 
17 0.0 0.0 -18 19 
18 0.6 0.0 -19 

THIS SYSTEM HAS 19 PIPES WITH 18 JUNCTIONS , 0 LOOPS AND 2 FIXED GRADE NODES 

THESE ARE THE RESULTS FOR THE.ORIGINAL DATA 

OCONEE UNIT 3 0000000 
SUMP RECIRCULATION MODE 

SAFETY PUMP NPSH CALCULATION 

THE FOLLOWING RESULTS ARE OBTAINED AFTER 2 TRIALS 

PIPE NO. NODE NUMBERS FLOWRATE HEAD LOSS PUMP HEAD MINOR LOSS VELOCITY HL/10 
1 0 1 4000.000 0.119 0.0 0.414 5.412 4.4 

THE FLOW IN LINE NUMBER 2 IS RESTRICTED 
3 1 2 4000.000 0.375 0.0 1.111 8.965 15.6 
4 2 3 1000.000 0.002 0. 0 0.030 2.241 1.1 , 
5 3 4 1000.000 0.032 0.0 0.807 3.888 4.4 
6 4 5 1000.000 0.085 0.0 0.119 6.188 14.1.



2 6 ?000.,000 0.020 0.0 0.183 6.724 
6 7 3000.000 0.171 .0 1.292 6.724 9.013 

7 S 3000.000 0.095 .0 0.197 8.166 14.677 
6 9 0.0 0.0 J. 0 0.0 0.0 0.0 

11 9 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 13 0.0 0.0 0.0 0.0 0.0 0.0 
14 12 13 0.0 0.0 0.0 0.0 0.0 0.0 
15 13 14 0.0 0.0 0.0 0.0 0.0 0.0 
16 14 15 0.0 0.0 0.0 0.0 0.0 0.0 
17 15 16 0.0 0.0 0.0 0.0 0.0 0.0 
18 14 17 0.0 0.0 0.0 0.0 0.0 0.0 
19 17 - 18 0.0 0.0 0.0 0.0 0.0 0.0 

JUNCTION NUMBER DEMAND GRADE LINE ELEVATION PRESSURE 
1 0.0 781.97 -~ -~ 
2 0.0 780.45 
3 0.0 780.45 
4 0.0 779.61 
5 1000.00 779.41 76.0.10 8.37 h1.43 /S3,d' //.774:3,d72 
6 0.0 780.28 
7 0.0 773.82 55 147-:I 
8 3000.00 773.52 761.10 7.55-/7.4/ /9A yd / 
9 0.0 780.28 

10 0.0 780.28 
11 '0.0 780.28 
12 0.0 780.28 
13 0.0 780.20 
14 0.0 780.28 
15 0.0 780.28 
16 0.0 780.28 
17 0.0 780.28 
18 0.0 780.28 

THE RELATIVE CHANGE IN FLOWRATE FROM THE PREVIOUS TRIAL = 0.00011 

READY 

LOGOFF (A 
DNS8374 LOGGED OFF TSO AT 10:01:23 ON NOVEMBER 7, 1984 

?4
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F. M. PAIurO. VoKtmextNo. which causes air or gas crauts. and flow rate is reducd- Vor
C. F. Braun & Co. entraihcnn In a tank or proocia vcs- bozzinp, Can aaucc unsteady two-pba~c 
Alhambra, CaWl. iel. it undciicablo (or several rcasoas flow urad mvitt (n hcarmful vibmtiont.  

it oauses poor pu~mp perfotahicc It- ka important. then. that vortex.
acnd can be damaging to the pump. fnS be curtailed. or eliminated in proc.  
Proccss vapor% can be entrained 2nd C331pig appications.  
lost from the voscl. Prctsurc drop [a- Vortexlng Is not ai phcnomcnon 

________________________ which occur solely durinEg draining or 
1'APCe pc~scrnccd it ASMS mocting. Los net liquid outflow. A vortex can also 
Angtdcs occur abovc thc outlct OC a ptcsUrc 

Fig. I FiS.: 

Development of a vortex Positions in which vortex forms 

'14

Vortex critical Sibmergcenc

4 ------------- 4 
--------
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mprocess vessel and tanks 
vesset under steady*flow conditionf are in psiions other than at the bt- direcion houd be avoidcd even it 
where inflow. equals outflow. to m ctorlin c of the ve nsl. The out. thy are ibova the liquid lv l bcame 

Vorteying can occur with tuh y type let may be off-centr n the bottom. they can generate circulation of the 
of (low. whether it is caused by prcs- vrtical as with side outles, or hon. Iquid. If cessary. gas distributors sure. pumping, or gravity.' SU[~ pup~ng Orgravty ontal uPwaid$ a~s With ,.ump-pumnp .should bc. inistalled

So an understanding of vortexing, suction bells. Since causes of swirl are io impor
how it oocura, what conditions cause Same posidons in which vortexes tant to the vorex problem, one might 
or favor it, and what can be done to can occur are hown in rig. 2. Of logically question the effect of prero
remedy or prvent it, arc Import2nt these psidani. an Outlet on tb6 Vtg. tationof the fluid by upstram effects 
to the process man. cl sidewall allows operatim at lower from tiw Impeller rotation of the 

Nature of the vortex. Due to conmcr- liquid levels above the nozde without pump.  
varion of angIular momentum, zny vortexing then it will If centcred at Several invcs6i.ator% have ooncid
tangential components of velocity arc the bottom. errd thiv In vorte studies of vcrtl 
increased when a fluid converges to- C r it i c n I submergence. Suffiect WCt-Pit PUMPS and Concluded that Such 
ward an outlet. The velocity must in- height of liquid above thc lip of thc an cffct is minor.t And It can be e.
crease as the radius from the outlet suction bl of a vertical pump or pectod to be even less significant for 
decreases. above the outlet nozzlcot a vessel will vessels.  

Under unfavorabic liquld-level con- suppress vortcxing. Outet ioyie size nad position. 'Bc
ditions, this intensified swirling motion The hInhest liquid levet whioh a cause of the capture ffet of the out
results in vorcxing over the discharge vortex will form is called critical sub. let opening. vortex breaker dimensionopening. mergeanoe. Liquid levels above the crit- ig is relzxcd to the nozzle size. With Thc developmcnt of a discharge ical subM ace are safe from vorcox- vertical cion pipes, the closer the 
vortex starts with a dimpIC on the free- Ing. pipe to the vecl wall. the lower the 
liquid surface. A swirling three-dimen- Critical submcgce Is principally liquid lovt:l may be without vorcxins.  
sional flow exists below such a dim. affected by these variables: () tange- The bottom earance below such  
ple to the outlet. tial 'tocity componcats In btlI liq- vertical ppcs %hould be 0.5d to Id.  

As the dimple deepens. a surface uid, (b) outlet nozzle size nd posi. where d ii. the pipe opening diamc-cr.  
vortex develops with a conc-like pro- (ion. and (c) draining vs. steady flow Ciaranct greater than Id will permit iccdon of the as or vapor core into At contnt liquid level nd (d) out- excessive vortexing in d cc lw sub-, 
the liquid. In a fully developed vortex lot nozzle velocity. Lquid viscosiy mergence conditions.  
the core funnel extends to the outlet also hag an effect. With vmrtical vessels. the [ocnio .  

and entrainment occurs. Twigentid vaact. Tangential noz- of the Oulet off-center allows oper
Stages Ia the development of a vor- ties or gcocuctric situations producing don at low liquid levels without vor

tax are shown In Fig. I.- tangential velocites must be avolded tcx~ng than If the nozzle ii bottom 
Vortex pomitions. Discharge vortexes if vorwn is to N: prevented. *entered. Location of the outlet at the.  can oocur abovs '.v6s, outlets which Gar lovels blowing prinily in one side of the vosstl is even los con

ducivo to eortexing but is Impractical 
txcept for flat-bottor tanks.  

Exprimtwtn with wet-pit pumpm for Typical vortex breaker dimensions vortical pumps-chow thac the suction 
sutlhould be ymetrically located 
with respptti to the ide walle of the 
sump in odcr to rvoid swirls caused 
by velocity differences.  

The poot situation for a horizontol 
vessel is smewhat analogous to that 

_______________of a rectatigulAr sump with uniform 
inflow. Hene. the outlqt nozzlo hould 
be locatd diroly b otomw the li
zontl centeiine of the vessel arid lt 

megneinclined fr.n the vertca.  
Drinial ls. no net oto V-  

id,(b)touiti oc more nczzdl iiIy and at
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conditions than under steady flow with cipl c multiple radial vanes In 
inflow -equaling oudlow. providing swirl sureing shear to 

Fig. 3 shows a comparison of crt- .the liquid
ical-cubmargenco data for water ob- Commercially available f[oar grat
tained in a 3-ft diameter tank with a mg with parallel 1-in, deep bars spaced 
tVa-in. centered bottomout i-in, apart is practical for vessel uoc. uic 

-Votcxing-occurrcd at a maximum Such grating is available In carbon 
level of about 14 in. for draining, com- steel. stainless steel, and in plastic.  
pared to only 5 In. under redrculating- Tests an a 1-ft-sq grating made from RoBET C. EWIr0 
flow conditions. This Is almost a 311 I-In. vordlal and parallci I by Vg+ Glf Coast Refining Editor 
dcfforpnoo. bars s c r tc d as an effective vortex 

Although most process vecssls ar breaker in aoi36-in. diameter vertical sr)LOspprS epssnling Oto oil-field 

on liquid-l.yel canrol, any conditions tank under severe swirling c -ions operation is largely self-sufficient U a 

of falling liquid level c o u I d more created by tanigential supply nozIcs. result of a s ni a I I rc(incry installed 
closcly resemble tho vortex condition This vortex breaker was able o r there. A completely selg-tontaincd 

for draining and thus rcqwiri mrc vent vortexing and air entsrainmet for 1sc00-bid tapping unit shapges lease 
vortex protection than might be px- liquid lcvels fram 48-in. doal n to j crude to produce dieK.l fuel and kero

pected. abovc the vortex breaker under in- o far drillig rigs and fild quip
Another intercstiag feature of these duced swirl conditions that without th  

tank datit is thaT with the tank drain- grating present created a 7-in. diam- Texaco Inc.. nd Gulf Oil Carp..  

flowoug conditionses This is alos a53/% 

in& the critical ubmergene ti- Oer cavity at the 48-in. liquid lur ec ' 7 S 
ally reachcd its maXimum at only -2.6 with a I-in, diameter filarncat extend- 1n tere't in these facilities. But Texaco 
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NPSH REQUIREMENTS FOR RBS & LPI OPERATION 
AT ELEVATED SUMP TEMPERATURES 

NPSHr NPSHr NPSH NPSHr NPSHr NPSH NPSH 
SUMP (Ref. 8.9,8.53) Corrected AVAILABLE (Ref. 8.15) Corrected AVAILABLE REDUCTION 
TEMP RBS RBS RBS LPI LPI LPI FACTOR 

(F) (FT) (FT) (FT) (FT) (FT) (FT) (FT) 
195 17 16.50 25.98 13 12.50 24.70 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 

229.6 17 15.90 25.80 13 11.90 24.54 1.10 

BUILDING PRESSURE REQUIREMENTS FOR RBS & LPI OPERATION 
AT ELEVATED SUMP TEMPERATURES 

BUILDING PRESSURE 
SUMP REQUIRED AVAILABLE REQUIRED AVAILABLE Psat 
TEMP RBS RBS LPI LPI (Gauge) 

(F) (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 3.15 0.89 
220 3.16 4.70 2.03 4.70 2.49 
225 4.84 7.05 3.71 7.05 4.21 

229.6 6.52 10.60 5.40 10.60 5.94 

Note: Minimum available 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.
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DETERMINATION OF NPSHa 

NPSHa = Pb x C + Pa x C + Hs - hf - Psat x C 

Sump Pb C Pa Hs hf Psat NPSHa NPSHavp 
Temperature RBS @ 1150 GPM: (with Pb) (w/o Pb) 

195 0.50 2.39 14.70 21.05 6.57 10.39 25.98 24.78 
200 0.90 2.39 14.70 21.05 6.57 11.53 24.21 22.06 
205 1.35 2.40 14.70 21.05 6.57 12.77 22.35 19.11 
210 1.90 2.41 14.70 21.05 6.57 14.12 20.46 15.88 
215 3.15 2.41 14.70 21.05 6.57 15.59 19.93 12.34 
220 4.70 2.42 14.70 21.05 6.57 17.19 19.83 8.45 
225 7.05 2.42 14.70 21.05 6.57 18.91 21.35 4.29 

229.6 10.60 2.43 14.70 21.05 6.57 20.64 25.80 0.05 

LPI @ 3291 GPM: 
195 0.50 2.39 14.70 20.05 6.84 10.39 24.70 23.51 
200 0.90 2.39 14.70 20.05 6.84 11.53 22.93 20.78 
205 1.35 2.40 14.70 20.05 6.84 12.77 21.08 17.84 
210 1.90 2.41 14.70 20.05 6.83 14.12 19.20 14.62 
215 3.15 2.41 14.70 20.05 6.83 15.59 18.67 11.08 
220 4.70 2.42 14.70 20.05 6.83 17.19 18.57 7.19 
225 7.05 2.42 14.70 20.05 6.83 18.91 20.09 3.03 

229.6 10.60 2.43 14.70 20.05 6.83 20.64 24.54 -1.21 

Assumptions: 

Pa assumed 14.7 psia for consistency with OSC-6521 bounding assumptions.  
Initial RB pressure taken as -1.0 psig (at accident time zero).  
Pb taken from bounding analyses 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 1 0OF.  
Lake temperature assumed to be 85F.
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DETERMINATION OF RB PRESSURE REQUIRED 

Pr = (NPSHr - NPSHavp) / C 

RBS @ 1150 GPM: 

Sump C NPSHr NPSHa NPSHavp Pr 
Temperature (with Pb) (w/o Pb) 

195 2.39 16.50 25.98 24.78 -3.46 
200 2.39 16.40 24.21 22.06 -2.37 
205 2.40 16.30 22.35 19.11 -1.17 
210 2.41 16.25 20.46 15.88 0.15 
215 2.41 16.15 19.93 12.34 1.58 
220 2.42 16.10 19.83 8.45 3.16 
225 2.42 16.00 21.35 4.29 4.84 

229.6 2.43 15.90 25.80 0.05 6.52 

LPI @ 3291 GPM: 

195 2.39 12.50 24.70 23.51 -4.61 
200 2.39 12.40 22.93 20.78 -3.51 
205 2.40 12.30 21.08 17.84 -2.31 
210 2.41 12.25 19.20 14.62 -0.98 
215 2.41 12.15 18.67 11.08 0.45 
220 2.42 12.10 18.57 7.19 2.03 
225 2.42 12.00 20.09 3.03 3.71 

229.6 2.43 11.90 24.54 -1.21 5.40 

Assumptions: 

Pb taken from bounding analyses documented in OSC-6521. (See Attachment 23, 
Figure C-4.) 
NPSHr 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'DIAVAILABLE VS SUMP TEMP W/HIGH FLOW IN BS & LPI 

12 

10 - 6 Vapor Pressure 

- -a-- RB Pressure Req'd for BS 

8 --- RB Pressure Req'd for LPI 

--- RB Pressure Available 

6* 

w 

w 

19 2040 1 1 2 2 2.  

0- 2_ _ _ _ _ _ _ _ _ _ 

z 

50 

-2 __ 

-4 

-6 
195 200 205 210 215 220 225 229.6 

SUMP TEMPERATURE (F) 

(ASSUMES 3291 GPM LPI AND 1150 GPM RBS)



OSC-4467, Rev. 6 
Attachment 23 
Page 1 of 10 

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-652 1, 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 upon 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 106 Btu/hr is assumed for Units 1 & 2 (as shown in Figures 
C-1 through C-3) and 52 x 106 Btu/hr is assumed for Unit 3 (Figure C-3A). This is based upon 
failure 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-I 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 C4. 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 C4 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 initial conditions. (125F was used in the 
analysis because it is more limiting than 1 16F, 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: OS-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 H20). Therefore, the standard practice of using 14.7 
psia or 34 ft H20 is not a conservative or even a realistic assumption.  

The atmospheric pressure is less than 28.76" Hg less than 1% of the time.  
Therefore, it is recommended that a conservative atmospheric pressure of 
14.0 psia or approximately 32.0 ft H20 be used, particularly for NPSH 
calculations.  

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

S. L. Nader 
Design Engineer I 

SLN/tdw 

cc: J. F. Norris 
E. M. Weaver 
R. A. Harris 
Central Records



December 10, 1986 

T. F. Wyke V 

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

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

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

By: S. T. Apple 
Scientist II 

STA/mdc 

Attachment 

cc w/att: Central Records 
D. W. Anderson 
M. A. Casper



Barometric Pressure 

*Oconee NPS 

Frequency of Observations Equal To or Less Than Specified Value 

Barometric Pressure ("Hg) 

28.76 28.82 28.87 28.90 28.92 28.94 28.96 28.98 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 
972' MSL to 800' MSL at an assumed pressure increase of 0.22" Hg.



Ingersoll-Dresser Pump Company A4ach v-" c-1 

1) 
September 24, 1998 

Russ Oakley 
Duke Power Company 
Oconee Nuclear Station 
P.O. Box 1439 - Mail Code ON03MS 
Seneca, SC 29672 

Re: Reactor Building Spray Pump Performance 
IDP Pump Model 4X1 1 A 
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 

I hope this helps.  

Sincerely, 

Paul J. Kasztejna 
Supervising Design Engineer 

PJK:kg 

cc: Charlie Sandt 
Mike Dozier 

Ingersoll-Rand Pacific Worthington Pleuger Scienco Jeumont-Schneider Pumps


