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TVAN CALCULATION

Title:

REVISION L.OG
MD-Q0999-970046

SH Evaluatxon of Browns I‘erry RHR and CS Pumps

Revision
No.

vD]ESCRIPTION OF _REVISION ]

Date
Approved

0

INITIAL ISSUE

11-18-98

1

Added case studies for one loop of RHR at runout, one at maximum

| design fllow, all CS pumps at normal design flow, suppression pool

temperature at 95°F

Pages added Cover Sheet, page 1 :
‘Table 3,pages3Aand 3B
Appendix 1: 2 EZFLOW file prmtouts (36 pages)
Append|x 2:2 EZFLOW file printouts (36 pages)

| Pages deleted None

Pages changed by thIs revision: 1A, 2, 5, 13, 14, Append|x1 cover
sheet Appendxx 2 cover sheet

SAR sectlons 4.8, 5. 2 3.3.1 and H.4.2. 1 have been revuewed by
Werner Voss and thls revision of the calculatlon does not affect the
current contents of the SAR. These SAR sect:ons wsll be revised
based on these calculation results as part of the resolutnon of the
Contamment Overpressure issue. .

Total pages Rev 1 i352 '
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Pages Aaacl- h3-l thew A3-3

Pages Rcv-m\; I)z, 67,118
P‘_ga DJ‘O‘}.J; | None
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TVAN CALCULATION RECORD OF REVISION"

CALCULATION IDENTIFIER MD-Q0999-870046 l Rev. 04
Title
NPSH EVALUATION OF BROWNS FERRY RHR AND CS PUMPS
Revision DESCRIPTION OF REVISION
N: . This caleuletiorr was reviewed in light of the NRC memos granting BFN approval of containment cver-

pressure, references 3.17, 3.18, and the SAR statements in section 65,5, Potential Pluggingy of
Emergency Core Cooling System Suction Stralners, (Units 2 and 3). The summary of these documents
are (1) During the short term LOCA event, the first 10 minutes of a postulated LOCA event, creclit is
taken for 3 psl above atmospheric in the primary containment alr space and (2) During the long term
LOCA event, from 10 minutes to the end of the postulated LOCA event, credit is taken for 1 psi above
atmospheric In the primary containment air space for a period of time from 5500 to 35000 seconds. 1.5
to 9.7 hours. Table 3 states *2 psig of containment pressure is added for all pool temperatures The

calculation summary tables (Tables 1 and 2) provide the pump NPSH mergin for the various cases |.

analyzed. The first six plant conditions are within the first 10 minutes. The last line on each table Is; the
long term case where the suppression pool temperature is at 177°F,

The NRC letters allow a 3 psig overpressure for the first 10 minutes compered to the calculation's
assumed value of 2 psig. Therefore the results for the first six cases are conservative by 1 psig (2.31 #t
water). The values for the first six plant conditions in Tebles 1 and 2 have been revised accordingly.
The supporting information in Table 3 has not been revised in crder to maintain consistency with the
actual EZFLOW calculated values; however, Table 3 has been annotated to refer to this discussion in
the Revision Log.

The NRC lettets do not allow overpressure in the period of 600 seconds to $500 seconds howeve:, no
cases are analyzed in this time period. |

The NRC letters allow a 1 psig overpressure In the period of §500 seconds to 35000 seconds compared
to the value assumed in the calculation of 2 psig overpressure. The case of peak suppresslon pool
temperature (177° F) occurs st approxrmately 19000 seconds and thus falls In this 1 psig region. The
NPSH margin for the last plant condition on Tables 1 and 2 have been reduced accordingly by 1 psig
difference. The resulting NPSH margin value Is still positive (i.e., acceptable) for the limiting puinps.
The supporting Information in Table 3 has not been tevised in order to maintain consistency with the
actual EZFLOW calculated values; however, Table 3 has been annotated to refer to this drscusslon in
the Revrsron Log.

This calc was not revised to reflect the NRC approved over-pressure of 1 psi srnce the cales show that
adequate NPSH to the RHR and CS pumps is ensured P o
l
1

SAR sectlons rwere reviewed via full text search for the key word * averpressure in Curator. The SAR
sections found were reviewed by the preparer and this revision of the calculation does not affect the SAR.
This calculalron does provide the basis for containment overpressure statements made In SAR section
6.5.5. : . l P

! ; | : : l
This caleulatron addresses the NPSH information obtained from the followlng calculatlons MD-QC075-
870258 and MD-QOO74-870360 ; ‘

This calculation supersedes the following calculetlons MD—03999-970055 ND-QOO74~880119 ND-
Q0999-880127, ND-Q2000-880135, ND-QOQ99-880138 N0-00999-880140 ND-Q0074-880141, and
ND-O:999-940019 :

Pages edded 2A
Pages revised: 5, 8, 13, 14, Table 3

Pages deleted: none ‘ j
Total Pages Rev 3: 355 - ‘ ' ‘

TVA 40708 {01-1889) Page 1 of 4 NEDP-2-2 [01-06-1899]
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|| ' |TVAN CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER MD-Q000D-870046 1 J Rev. 04

Title

NPSH EVALUATION OF BROWNS FERRY RHR AND CS PUMPS

Revision |,

DESCRIPTION OF REVISION

-] Oueto EPU the peak suppression pool tompsersture hu men 10 186.6°F Q@ 14,700 seconds. 'nis

Tevision assumes 2 over pressure of 3 psl for bom short and long terms. Tables 4 & 5 wero added to
provide detaiis of the alcuhbon

Pages ldded' 11,2, 4A, 5, 13 (Teble 4), 14, 15 (Table S).A-i. snd A2, B4,B-2,8 5'3
Papes revised: ‘4, 6, B, and 11.
Pages deleted: 1, 1A, 3, 4,404 6

Total Plpn s> 366

v\\v-\t—“vn ?;v,.e B ‘:amm\_x C&\.u.v &e ’LP\

F8AR Soc'uons 64 6.5, and 14.8 -ndchochnlceISpednaﬁons have been Mmmmm
auodalad wlm thls revision. This cakulation revision re'necu parameton {velues nuods:ed with the

% jon of the EPU license amendment bnomng NRC approval,
: - ¢ J19f 2 ‘
. " .

|
!

lmphmermﬁon oiEmnM Power Uprats (EPU). EPU nquhs the appml of 2 license smendmert
| by.the NRCtndwil mMmslombmumpll ndwm of the FSAR.ﬂdTochnmlSpoe!Mm :
. 1nabrpomlon of EPU eond)ﬂons into the FEAR end Tlchhla! Spodﬁaﬁm will be. uoomplsho&n
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Page 4C

TVAN CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER MDQ0999970046 - . S

Title NPSH Eveluation of Browns Ferry RHR and CS Pumps
Re;‘rlislon ‘DESCRI PTION OF REVISION ;
0. , ‘ ol
007 This revision adds Appendix & to quanbfy, and 10 document the basos for, the numerical values of available NPSH and

NPSH margine lov U1 thet are submitted to the NRC in response lo both Geneno Letter (GL) $7-04 end NRC Builetin 96-
03,

Pages added: 4C Appundix § (8 pages), Attachment A (Pages A-8 & A-a)
Pages revived and replaced: 1,2, &5

Pages revised: 8

Pages deleted: none

Total Page Count: 404

FSARmbonnGl 6.6,and 1l6mdthe1’echricd$peclluﬂomhavebeen redewed for changee assodlated with this
dmmga. This ca!cuhbon revieion reflects pamneleralvalues assoaated wﬂh the implementation of Extended Powsr Uprate
(EPU) os well s the use of 3 pei eonhinmenf over-pressure credit lor cak:ubatmg NPSH margins tor Unit'1. Both of these
condisons wl!l requ!re ficonve unendnmb that wifl revise various FSAR andTachried Speclﬁcnbna incorporation of
EPU. cmdnﬁma lor Unit 1 83 weﬂ B3 !beom -pressure cradn for ECCS NPSH nm)yoic (Ts—429) Into the FSAR ard

TechnbllSpeclticam bog asnpandlheEPUIcenseandTS-QSamendmenbldmthFC
epproval, | . 2/04- 3

TVA 40708 [12-2000) ; Page 1 of 1 B NEDP-2-2 [12-04-2000]
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TVAN CALCULATION VERIFICATION FORM

Calculatlon Identmer MDQ()999970046 i : ‘ ’ Revision 007

Method of verlﬂcalion used: : ‘ :
1. Design Review O \\Q :
2.  Altemate Calculation (m] " Verifier ate ’BS}E\-&_ .
3.  Qualification Test D ‘

Comments;

Wt\%\ n \\3\\\3% M SRy e \m\\&w*\\z \
N w\é(mh Wb\n\’(b ondi Ny \\wvzb 0 6 \' ?ﬂ\w
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QN\

i TR, W g Loncinded t

LU 3(:2_\7\\\\&,&\\3 Q&)\‘VQ&

R \r\Q. e\ m\r\&u()@ N ucm\’&m\% \ ‘\’\\Ji\nl
g\‘w \ *m%\»\vszw\éﬁg N \Ik\l\ \bﬁb\’“a nd

WEDR -5,

: ‘ ! '
TVA 40633 [07-2001] : i Pege1dl 1 1 NEDP-2-4 {07-09-2001]
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TVAN CALCULATION RECORD OF REVISION g

CALCULATION IDENTIFIER MDQ0999970046

Title ) - 1 P }
NPSH EVALUATION OF BROWNS FERRY RHR AND CS PUMPS
Revision DESCRIPTION OF REVISlON
No.
008 In this revision the existing EZ-flow mode! contamed in Catculatron MDQO-999-970046 was converted to

Multi-Flow 1.21 using the hardcopy files contamed inthe calculatlon The Multiflow model was verified
against current plant layout and cont”guratrons and case runs |were made usmg the same pump
configurations and flows as Rev. 007 with temperatures updated for Extended Power Uprate (E:PU)
conditions. ‘ : r

This revision also includes evaluation of ECCS pump NPSH for the specral events of Antlcrpated Transient
Without Scram (ATWS), Appendix R, and Station Blackout (SBO) at Extended Power Uprate (E:PU)
conditions. !

The model results were used to perform NPSH calculations for the RHR and cSs pumps for various pump
combinations and rated flow demands on the suction piping at various suppresslon pool temperatures

P ! t .

FSAR sections 6.4, 6.5 and 6.15 and the Techmcat Specrf' catrons have been revxewed for changes
associated with this change. This calcutatuon revision reﬂects parameters/values afsocrated with the
Implementation of Extended Power Uprate (EPU) Thrs conctrtxon will requnre hcense amiendments that: will
revise various FSAR and Technical Specrf catxons Incorporatron of EPU condrtlons for I!ECCS analysis into
the FSAR and Teehmcal Spezﬁmons wi be accomphshed as a part of the EPU lrcense and amendments

following NRC approval, 5/4 / ﬂ& R

Pages added are: 2A, 5A, 5B and A10
Appendix D is added.

Pages revised are: 1,2 and 7- 115 " . ' |
Appendices 1, 2, 4 and 5 are deleted. Do ‘
Attachment C is deleted.

Total Page Count : 139

TVA 40709 [12-2000] Page 1 of 1 NEDP-2-2 [12-04-2001)




Page 5B

TVAN CALGULATION VERIFICATION FORM-

Calculaticn Identifier MDQO§)99970046 ‘ ReQision 8

Method of verification used:

1.  Design Review X ‘ o
2.  Altemate Calculaton ' [J Verifier / Date D2-09-2006

3.  Qualification Test 0 Chris Rennels |

Comments

The design inputs and sources are valid for the purpose of the calculation. The results and
conclusicns are reasonable and correct based on the inputs and methodology. Based on this
review, it is concluded that the calculation is technically correct.

The review was conducted |n accordance with the applicable requirements of TVAN NEDP-2
and NEDP-5.

TVA 40533 [07-2001} ; Page 1 of 1 NEDP-2-4 [07-09-2001]
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Document: MD-Q0999-970046 Rev.: 8 Plant: BFN U1, 2&3 | Page: 7

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date_____

CALCULATION SHEET

1. PURPOSE

The purpose of this revision is to revise the existing Emergency Core Cooling System (ECCS)
suction piping hydraulic analysis to be based on the current accepted TVA method (Ref. 2.5) at
Extended Power Uprate (EPU) conditions. Results of that analysis are then used to compute the Net
Positive Suction Head (NPSH) available for pump and system flows. This revision also :includes
evaluation of ECCS pump NPSH for the special events of Anticipated Transient Without Scram
(ATWS), Appendix R, and Station Blackout (SBO) at EPU conditions. NPSH available is
determined for various ECCS pump combinations and rated flow demands on the suction piping at
various suppression pool temperatures. Where necessary, suppression pool containment pressure
necessary to meet the NPSH required is also determined.

2. REFERENCES

2.1  Vendor Technical Manual BFN-VTM-B260-0010 for Bingham-Willamette Pumps, Section
0020 (CS Pump Curves).

2.2 Vendor Technical Manual BFN-VTM-B260-0010 for Bingham-Willamette Pumps, Section
0040 (RHR Pump Curves).

2.3  Marks’ Standard Handbook for Mechanical Engineers, 8th Edition.

2.4 TVA Drawings:

. 47W403-204,R5
47W403-205, R4
47W403-206, R4
3-47W403-207, RO
47W403-208, R4
2-47W403-203, RO
3-47W403-209, RO
47W403-200, R3
47W403-201, R5
47W403-202, R3

TR ER MO Ao o

2.5 MULTIFLOW- Version 1.21 (S&L Program Number 03.7.749-1.21, Dated 09/25/02).
2.6 TVA Drawings:

a. 2-47E814-1, R049, “Flow Diagram- Core Spray System”,
b. 3-47E814-1, R033, “Flow Diagram- Core Spray System”,
c. 2-47E811-1, R064,”Flow Diagram-Residual Heat Removal System”.
d. 3-47E811-1, R061,”Flow Diagram-Residual Heat Removal System”,
e. 1-47E814-1, R013, “Flow Diagram- Core Spray System”,
f. 1-47E811-1, R025, Flow Diagram-Residual Heat Removal System”.



Document: MD-Q0999-970046 ‘: . Rgv.: 8 | ‘Plaat: BFN U1, 2&3 | Page: 8

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared Date
i . | Checked ____Date____

CALCULATION SHEET

2.7

2.8

29

2.10
2.11
2.12

2.13

2.14

2.15
2.16

2.17

2.18

2.19

2.20
2.21
222
223

Additional Drawings:

a. PDM Drawing 2-E20, R004, “TVA Containment Vessel”
b. PDM Drawing 3-E20, R001, “TVA Containment Vessel”
c. PDM Drawing 1-E20, R000, “TVA Contamment Vessel”

TVA Design Cntena No. BFN-50-7074, “Re51dua1 Heat Removal System”, Units 2 & 3, Rev.
17, to include DIM-BFN-50-7074-25. :

TVA Design Criteria No. BFN-50-7075, “Core Spray System”, Units 2 & 3, Rev. 6.
TVA Engineering Change Notice L1636.

TVA Engineering Change Notice P0602.

TVA Design Criteria No. BFN-50-715, “Environmental Design™, Rev. 5.

Steam Tables, Combustion Engmeermg, 15th printing. Values reprinted from 1967 ASME
Steam Tables.

GENE-E12-00148-04, “Net Positive Suction Head (NPSH) Evaluation for Browns Ferry
Nuclear Plant ECCS Strainer Design”, Revision 0, June, 1997.

GENE-E12-00148-01, “ECCS Suction Strainer Hydraulic Sizing Report”, Rev. 0.
GENE-E12-00148-06, “Containment Pressure Report”, 'Rev 0.

NRC memo dated Nov 15, 1999, Subject: BFN Umts 2 and 3, Completion of Licensing
Actions for Bulletin 96-03, Potential Plugging of Emergency Corc Cooling Suction $trainers
By Debris In Boiling Water Reactors, Dated May 6, 1996 (TAC NOS M96135, M9€136 and
M96137) L449911230011.

NRC memo dated Sep 3, 1999, Subject: BFN Uhitis 2 andi3, Issuance Of Amendments
Regarding Crediting Of Containment Over-Pressure For Net Positive Suction Head
Calculations For Emergency Cooling Pumps. 144-990913-002.

TVA BFN Unit 2 and 3 EPU Task 0406 ECCS Net Positive Suction Head. GE-NE-A22-
00125-27-01, Rev. 0, May 2002 (W 79 020517 001).

EPU Task Report T0902, “Anticipated Transient Wlthout Scram”, Rev. 2.
EPU Task Report T0611, “Appendix R Fire Protectxon” Rev. 0.
EPU Task Report TO903 “Station Blackout Rev. 0 | ‘

|
ANSI/HI 9.6.1- 1998 “Amerlcan National Standard for Centnfugal and Vertical Pumps for
NPSH Margin”, Hydraulic Institute, 1998.



Document: MD-Q0999-970046 Rev.: 8 Plant: BFN U1, 2&3 | Page: 9

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date,
Checked Date,

CALCULATION SHEET

224 TVA Correspondence (E-Mail), Subject: “Fw: Pump/Flow Combination Cases for
MULTIFLOW EPU Revision to NPSH Calculation”, 02/16/2006 11:32 AM. (Attachment D)

2.25 STMFUNC, Steam Table Function Dynamic Link Library (DLL), Program No. 03.7.598-3.1.
See Appendix 3 for additional references.
3 DESIGN INPUT DATA

Input data required is derived from references shown above. The pump flow rates and fluid
temperatures are taken from TVA correspondence (Ref. 2.24),

4 ASSUMPTIONS

4.1  No pressure drop is assumed across the strainers for ATWS, SBO, and Appendix R events.
These events do not result in debris entering the suppression pool and the strainers zre large
enough to have negligible pressure drop when clean. Check valves with minimal equivalent
length are included to aid with convergence.

4.2  The minimum NPSHr at 10,000 gpm for the RHR pumps is 23.7 ft from Refereace 2.2.
Conservatively, this value is used for all RHR pumps with flow at 6500 gpm.

43  For bends with no angle and/or curvature information denoted on drawings, 90° short radius
elbows are conservatively assumed.

4.4  HPCI and RCIC systems are assumed to not operate in a mode drawing suction from the torus
ring header for all analyzed cases.

4.5  The effective strainer hydraulic loss is taken at the point of the ECCS piping flange: for the
strainer.

5 SPECIAL REQUIREMENTS/LIMITING CONDITIONS

None



Document: MD-Q0999-970046 - Rev.: 8 Plant: BFN U1, 2&3 | Page: 10
Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date___
CALCULATION SHEET

6 COMPUTATIONS AND ANALYSIS

The multiflow Version 1.21 runs were executed on S&L PC #ZD2958 using Windows NT Operating

System. The following files are located in
E:\ON3015\TVA\Multiflow files\Multi Flow program
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The results presented are based on the conditions specified for each of the analyzed scenario. These
conditions must be met for the results of the applicable scenarios to be valid.

This calculation documents the results of analy51s to determine the NPSH available for the pipe routmg
and configuration from the ECCS suction stramer to the pump suction for both the RHR and Ci5 piping
systems. NPSH margms are calculated for selected pump flow combinations and system maximum flow
rates and suppression pool temperatures.: The system operating conditions and modes of operations that are

considered in this analysis are listed below. |
1 \

1 iy

- Table 1: Temperature and Flow Rate Combinations

LOCA Pump/Flow Combinations

Suppression Pool Temperature

CS Pumps A/B/C/D ~ 3125 gpm each * !
RHR A/C Pumps - 10,000 gpm each
RHR B/D Pumps — 11,000 gpbm each

Temperature @ 95°F
Temperature @ 10 minutes EPU (155.4°F)

CS Pumps A/B/C/D ~ 3125 gpm each :

RHR A/C Loop - 11,000 gpm each ;

RHR B/D Loop — 10,000 gpmeach '

Temperature @ 95°F
Temperature @ 10 minutes EPU (155.4°F)

CS Pumps A/C - 3125 gpm each, B/D -0 |
RHR A/C Pumps ~ 6500 gpm each, B/D -0

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH, =NPSH,
Temperature @ T,,.x EPU (187.3°F)

CS Pumps B/D - 3125 gpm each, A/C -0
RHR A/C Pumps — 6500 gpm each, B/D -0

. I

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH, = NPSH;
Temperature @ Ty, EPU (187.3°F)

CS Pumps B/D — 3125 gpm each, A/C -0:
RHR B/D Pumps — 6500 gpm each, A/C -0

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH =NPSH,
Temperature @ Trax EPU (187.3°F)

CS Pumps A/C - 3125 gpm each, B/D 0
RHR B/D Pumps - 6500 gpm each A/C

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH, = NPSH,
Temperature @ Tpax EPU (187.3°F)

CS Pumps A/C - 3125 gpm each B/D -~ 0
RHR A/B/C/D Pumps — 6500 gpm each ‘

Temperature @ 166°F

ATWS Pump/Flow Combmatlons

RHR A/B/C/D Pumps — 6500 gpm eachi |

Temperature @ 214.6°F (EPU Task Report T)902)

R S

Appendix R Pump/Flow Combmatlons

One RHR Pumps (non specxﬁc) — 6500 gpm

Temperature @ 227°F (EPU Task Report TO611)

TN

SBO Pump/Flow Combinations

Two RHR Pump (A/C) - 6500 gpm, B/D -0
Two RHR Pump (B/D) 6500 gpm, A/C -0

Temperature @ 197.3°F (EPU Task Report T903)




Document: MD-Q0999-970046 Rev.: 8 Plant: BFN U1, 2&3 | Page: 12

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date____
Checked Date_____

CALCULATION SHEET

Per American Hydraulic Institute standards (Ref. 2.23), the required Net Positive Sucticn Head
(NPSHr) of a pump is the NPSH that will cause the total head to be reduced by 3%, due to flow
blockage from cavitation vapor in the impeller vanes (Ref. 2.23). The Net Positive Suction Head
Required (NPSHr) for the RHR and CS pumps is determined from the vendor pump curves (Ref. 2.1
and 2.2). The difference between NPSHa and NPSHr is the NPSH margin.

The NPSHa is the actual fluid energy delivered to the pump impeller through the piping configuration
and is calculated by the following equation (Ref. 2.3).

NPSH,=h,+h,-h¢-hyp (Eq.6.1)
where:

h, = Atmospheric head = Suppression Pool airspace pressure converted to feet of water (ft).

h, = Static pressure head = Elevation difference between the centerline of the pump inlet and the
suppression pool water level (ft).

h;= Total friction head loss (ft).

hy, = Vapor pressure of water at system temperature (ft).

The Browns Ferry Plant ECCS configuration includes an ECCS ring header circumscribing the
suppression chamber with connecting piping to four inlet penetrations through the torus wall into the
suppression pool. Inside the suppression pool, each connecting line is fitted with a flanged surface
for mating to the ECCS strainer flanges. The ECCS ring header supplies the suction piping of the
RHR, CS, High Pressure Core Injection (HPCI) and Reactor Core Isolation Cooling (RCIC) svstems.

Since the ECCS ring header and the connecting piping to the ECCS strainers is common to the
suction of all of the ECCS pumps, the flow and pressure distribution for the ring header and strainers
is different for varying system demands. Therefore, to determine individual ECCS pump suction
pressures for various plant states, a model of the suction piping configuration was created from TVA
drawings (Ref. 2.4 and 2.6) for analysis with the Multiflow computer program (Ref. 2.5). A
simplified layout of the Multiflow model for the ECCS ring header and suction piping to the RHR
and CS pumps is shown in Figure 7.1 (See Section 8.0). All model link input dimensions and
components were taken from TVA drawings (Ref. 2.4 and 2.6) which contained systems
configuration and dimensions. Nodal diagrams for Units 1, 2 and 3 ECCS hydraulic models are
shown in Figures 7.2, 7.3 and 7.4, respectively (See Section 8.0).

For piping links in the model, piping lengths included the total piping isometric dimension. When
drawings did not specify whether a piping elbow was short or long radius, the conservative case, ¢.g.
short radius was chosen. The types of valves used in the models were taken from Reference 2.6. For
all form losses (elbows, valves, etc.), the Multiflow default values of equivalent length, resistance,
etc. were selected. The piping roughness value of 0.00015 ft was selected, which is acceptable for a
condensate quality system and would not be expected to change with the system age.
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System design flow values for RHR and CS were taken from Reference 2.24. In the MultiFlow
model the flow is represented in sgpm, requiring the conversion from gpm. The conversion is shown
below.

Specific Volume of Water at standard Temp. and Pressure

- - =Flow(sgpm) (Eq6.2)
Specific Volume of Water at desired Temp. and Pressure

Flow (gpm) *

The standard temperature and pressure used in Multiflow is 60°F at 14.7 psia. All flows are
converted to sgpm at the corresponding temperature for all cases. All sgpm conversions are shown in
Tables 4 and 5.

For the LOCA cases, in the MultiFlow model a pump component is used to model the strainer
pressure drop as a function of the flow rate. Flows obtained from Reference 2.15 were converted to
flow at standard conditions using Equation 6.2. Values of head loss at corresponding strainer flow
rates taken from Reference 2.15 are converted to head loss at standard conditions. A plot of head loss
at standard conditions was developed. A third order polynomial equation of head loss at standard
conditions was developed in order to obtain head loss values between data points (See Fig. 7.5).
Table 2 depicts the head loss used to model the strainers as a function of flow. The values listed in
Table 2 are linearly interpolated in Multiflow to obtain the system head loss.

Table 2: Strainer Loss
Flow (sgpm) Loss (ft)
0 0

4592 -0.230
6000 -0.890
7000 -1.340
9000 -2.410
11000 -3.610
13239 -5.118
13288 -5.201
13514 -5.354
13515 -5.377
13565 -5.403
13624 -5.466
14033 -5.711
15000 -6.440
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In order to assist analy51s convergence in the ATWS, Appendlx R and SBO cases, “dumm) ”” check
valves with a minimum equivalent length to model strainer loss were installed in the piping links
from the strainer flanges to the ECCS ring header tees.' For these special cases, the strainer pressure
drop is assumed to be zero since there is no debris in the strainer.

Pump static suction head is equal to the available water level above pump suction centerline. In the
Multiflow model, the static head at the strainer flange node is needed for calculation purposes. It is
necessary to establish this value in psig in the Multiflow model at the strainer flanges. Frcm TVA
drawings (Ref. 2.6), the low water level of the suppression pool is 536’ 1 3/4” with Ap and 536’ 3/4”
with zero delta P, which w1ll be considered here.

Angle =40° (Ref. 2.7 a,b and ¢)

h is the vertical distance from point A to the Ring Header centerline.
h=2.283 (Ref. 2.7 a,b and ¢)

Point A is the strainer piping flange.

Point A elevation = 525.333+2.283 = 527.616

and static head of Pt. A =536.062 - 527.616 = 8.446

These pressures were established at the strainer flange points (nodes 1, 5, 23, and 27) for the specified
temperatures. The densities as a function of temperature in the following equations are taken from
STMFUNC (Ref. 2.25).

lb n’

At95°F, Hs =8.446 ft x 62. 05;}—-—144;}— =3.639 psig (Eq. 6.2a)

At 155.4°F, H: =8.446 ft x 61 09%-—144-1:?i =3.583psig  (Eq.6.2b)

At 166°F, H: = 8.446 ft x 60. 88-:‘2—144-&—2 3.57stig . (Eq. 6.2¢)

At 172°F, Hs = 8466ft 60. 752-"—1445,:- 3.563psig  (Eq.6.2d)
Ib n’ |

At 187.3°F, Hs = 8.446 ft x 60. 42ﬂ—-—-144ft =3.544 psig (Eq. 6.2¢)
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1b n?
At 197.3°F, Hs = 8.446 fi x 60. 18ﬁ——144-§—= 3. 529p51g (Eq. 6.26)
2
At 214.6°F, H: =8.446 ft x 59. 76-3%’--144-ﬁ—2 =3.505psig  (Eq.6.2g)
1b n’

At 227°F, Hs = 8446ﬁx5944-f-t— 144-f——3486psxg  (Eq-6.2h)

The static elevation pressures at the ECCS piping flange points at correspondmg system temperatures

are summarized in Table 3.
Table 3: Strainer Pressure |
Temperature(’ F) Pressure (psig)
95.00 3.639
1554 ‘ 3.583
166.0 3.570
173.0 ‘ 3.562
172.0 3.563
187.3 3.544
197.3 © 3.529
214.6 ‘ : 3.505
227.0 ‘ 3.486

The Multiflow model calculation accounted for. system static head and plpmg friction losses. To
obtain the NPSH available, it was necessary to subtract fluid vapor pressure hy, (at the analyzed
suppression pool temperature) and take into account the suppressmn ‘pool absolute pressure. Vtilizing
Equation 6.1, the available NPSH is determined. Reduction of these values by the specific pump
required NPSH values from vendor pump curves (Ref. 2.1 and 2.2) results in the final NPSH margin
for the pumps. [NPSHa = {H, (value of pool pressure) + (H,-Hy) (value of Multlﬂow pump suction
pressure) — Hy, (correction for fluid vapor pressure)} X (psm to feet conversion factor)]. Se: Tables
7.1 through 7. 24 for calculations of NPSHa and NPSH margin for Unit 1. See Tables 11.1 through
11.24 for calculations of NPSHa and NPSH margin for Unit 2. See Tables 14 1 through 14.24 for
calculations of NPSHa and NPSH margin for Unit 3.

Flow conditions of the RHR and CS systems analyzed were

1) Maximum flow at a pool temperature of 95°F, : | J

2) Maximum flow combinations at pool temperatures of 155. 4°F and 166°F with no operational
reduction.

3) Long term operation at the suppression pool de51gn temperature hmlt of 187 3°F at design required
system flow.

4) Maximum flow combinations at pool temperature where NPSHa is equal to NPSHr.

5) Flow conditions of RHR system analyzed at pool temperature of 214.6°F (ATWS Ref. 2.29).

6) Flow conditions of RHR system analyzed at pool temperature of 227°F (Appendix R, Ref. 2.21).

7) Flow conditions of RHR system analyzed at pool temperature of 197.3°F (SBO, Ref. 2.22).
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FIGURE 7.1

General MultiFlow Model
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Figure 7.2 Unit 1 Nodal Diagram.
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Figure 7.3 Unit 2 Nodal Diagram.



Document: MD-Q0999-970046 | | | . [Revi8 Plant: BFN UL,2&3 | Page: 20

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps . | | Prepared Date____
: Checked Date

CALCULATION SHEET

27 23

== HPCI L
T26 ——, l T22
- | 5 17A

HPCI
L - | ouT JL

T30 T36 T2 Te || T14 T17 | T20

— T4BD — T4AC TCSAC TCSBD

4 2 3 1 1cs | | 3cs|| | 4cs 2Cs
PUMP PUMP | | PUMP puMp| |PumpP| - |PumP| |[PUMP PUMP
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Head Loss (ft)

Figure 7.5: Strainer Head Loss Curve
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8 RESULTS AND CONCLUSIONS

Summary values of pump NPSH margin are shown in Tables 6, 10 and 13 for Units 1, 2 and 3
respectively. In some cases overpressure is added to the normal atmospheric pool pressure (14.4 psia)
to achieve the required NPSH. The pressures required to achieve BFN design basis desirablz: NPSH
values are shown (Ref. 2.12) for each case in Tables 6, 10 and 13. The temperature deterrained at
NPSHa = NPSHr is 172°F for all Units.

All steps taken to calculatc NPSHa are shown in Tables 7.1 through 7.24 for Unit 1, Tables 11.1
through 11.24 for Unit 2, and Tables 14.1 through 14.24 for Unit 3. The pump pressures are obtained
from Multiflow output files. The equations used in these tables are shown in Table 8.

Tables 9, 12 and 15 list the strainer pressure drop and flow rates for Units 1, 2 and 3 respectively.
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Table 4: sgpm palculations
Temp(°F) [ V(ft’/Ib) | Ratio Vs/Vr Flow | Flow
60 0.01603] 1.000000 (gpm)] (sgpm)
95 ]0.01612] 0.995022 1
172 0.01646] 0.974154 1. 95 155.4]214.6| 172 | 227 |197.3] 166 | 187.3
155.4 10.01637] 0.979577 3125 § 3109 | 3061 ] 2995 | 3044 | 2979 | 3016 | 3051 | 3027
214.6 ]0.01673] 0.958300 4500 ] 4478 | 4408 | 4312 ] 4384 | 4289 | 4343 ] 4393 | 4359
227 0.01682] 0.953197 6500 | 6468 | 6367 | 6229 | 6332 | 6196 | 6273 | 6345 | 6297
197.3 }10.01662] 0.965060 10000] 19950 | 9796 | 9583 | 9742 | 9532 | 9651 | 9762 | 9688
166 0.01643] 0.976166 11000} 10945 110775/ 10541110716 10485]10616] 10738} 1065¢
187.3 ]0.01655] 0.968770 14700} 14627 |14400|14087]| 143201 14012]14186] 14350] 14241

Note 1: See Table 5 for steps of conversion of flow from gpm to sgpm.
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A I B ] ¢ o] F ] 6 | H | 1 | J ] K | L [ ™
1 ] Table 5: sgpm calculations
2 | Temp(°F) V(fFﬂb) Ratio Vs/Vr| | Flow | Flow
3 160 =vitsat_97(60) |1 Sgpmz _(g]pm)
4 195 =vftsat_97(A4) [|=B3/B4
5 1172 =vitsat_97(A5) |=B3/B5 95 155.4 214.6 172 227 197.3 166 187.3
6 }j155.4 =vitsat_97(A6) |=B3/B6 3125 J=E6*C4 |=E6'C6 |=E6*C7 |=E6*C5 |=E6'C8 |=E6*C9 |=E6*C10 |=E6*C11
7 1214.6 =vftsat_97(A7) |=B3/B7 4500 |=E7*C4 |=E7*C6 |=E7°C7 |=E7*C5 |=E7*C8 |=E7*C9 |=E7*C10 |=E7*C11
8 227 — —|=vitsat-97(A8)—|=B3/B8 — |- ]6500 - |=E8*C4 - |=E8*C6—|=E8*C7 - |=E8*C5 - |=E8"C8 - |=E8*'C9 -|=E8"C10 -|=E8"C11- -
9 1197.3 =vitsat_97(A9) ]=B3/B9 10000 {=E9"C4 [=E9*C6 |[=E9"C7 [=E9*C5 {=E9*C8 |[=E9*C9 |=E9'C10 [=E9"'C11
10]166 .. . f=vitsat 97(A10) }=B3/B10 . 11000 |=E10*C4 |=E10*C6 |=E10*C7 |=E10*C5 |=E10*C8 |=E10*C9 |=E10*C10 |=E10*C11
11 ]187.3 .. J=vitsat_97(A11) |=B3/B11 ... 14700 J=E11*C4 |=E11*C6 |=E11*C7 |=E11*C5 |=E11*C8 |=E11*C9 |=E11*C10 |=E11*C11
12]- — - - - —

This table depicts flow conversion to flow at standard conditions utilizing the ratio of specific volume of water at standard
temperature and pressure (See cell B3) to the specific volume of water at desired temperature and pressure (See cells B4
13 Jthrough B11), the resulting ratios are displayed in cells C3 through C11.

Ali flows (gpm) (See cells E6 through E11) are multiplied by the ratio Vs/Vr at the desired temperature resulting in flows at
14 |standard conditions (See cells F6 through M11) used in Multiflow.

vitsat_97(Temperature) is the specific volume of water at a specific temperature, it is a thermodynamic property of water
15 Jobtained from STMFUNC excel add-in program (Ref. 2.25) (See cell B3 through B11)
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TABLE 6
Unit 1
LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NFSH
(1) (fv) (psia) margin
‘ - (1))
LOCA 1A @95°F RHR/A | 33.28 259 14.4 7.38
CS Pumps A/B/C/D-3125gpm each RUR/B
RHR A/C Pumps -10,000 gpm each 32.33 30 144 2:33
RHR B/D Pumps —11,000 gpm each RHR/C | 31.89 25.7 14.4 6.19
RHR/D | 33.91 29 14.4 4.91
CS/A 34.75 27 14.4 7.75
CS/B 36.93 27 14.4 9.93
CS/C 36.73 27 14.4 9.73
CS/D 35.13 27 14.4 8.13
LOCA 1B @1554°F | RHR/A | 31.07 259 16.7 5.17
CS Pumps A/B/C/D-3125gpm each RHR/B
RHR A/C Pumps —10,000 gpm each 30.13 30 167 013
RI_IR B/D Pumps _l 1’000 gpm each RI'IR/C 29.68 25.7 . 16.7 3.98
RHRD | 31.71 29 16.7 271
CS/A 32.55 27 16.7 5.65
CS/B 34.73 27 16.7 7.73
Cs/C 34.52 27 16.7 7.52
CS/D 32.92 27 16.7 592
LOCA2A @95°F RHR/A | 32.39 29 14.4 3.39
CS Pumps A/B/C/D-3125gpm each RHRB | 3350 | 264 14.4 7.10
RHR A/C Pumps —11,000 gpm each ;
RHR B/D Pumps ~10,000 gpm each RHR/C | 30.71 29 14.4 1.71
RHRD | 34.80 258 14.4 9.00
CS/A 34.72 27 14.4 7.72
CS/B 36.90 27 14.4 9.90
Cs/IC 36.70 27 14.4 9.70
CS/D 35.10 27 | 14.4 8.10
LOCA 2B @1554°F | RHR/A | 3118 29 17.0 - 2.18
CS Pumps A/B/C/D-3125gpm each RHR/B | 32.28 264 17.0 5.88
RHR A/C Pumps —11,000 gpm each RHR/C | 29.50 29 | 17.0 0.50
RHR B/D Pumps -10,000 gpm each RHR/D | 33.58 258 17.0 7.78
CS/A 33.50 27 | 17.0 6.50
CS/B 35.68 27 | 17.0 8.68
CS/C 35.48 27 | 17.0 8.48
CS/D 33.88 | - 27 | 17.0 6.88
LOCA 3A @1554°F | RHR/A | 35.92 237 14.4 1222
CS Pumps A/C-3125gpm each RARIC | 3533 | 237 | 144 | 1163
B/D-0 gpm each 3 el : .
RHR A/C Pumps-6500 gpm each CS/A 31.83 27 | 14.4 4.83
B/D-0 gpm each cSIC | 3381 | 27 144 6.81
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LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NFSH
10 ft) (psia) margin
(1t)
LOCA 3B @I172°F RHR/A | 31.24 23.7 14.4 7.54
CS Pumps A/C-3125gpm each
B/D-0 gpm each NpsHa=Npspr | RER/C | 30.65 23.7 14.4 6.95
RHR A/C Pumps-6500 gpm each CS/A 27.15 27 14.4 0.15
B/D-0 gpm each CSIC | 29.13 | 27 144 2.13
LOCA 3C @187.3°F | RHR/A | 31.25 23.7 16.9 7.55
cs Pmrﬁ% 1_\0/0-31258£m each RHR/C | 30.66 | 237 16.9 6.96
gpm eac]
RHR A/C Pumps-6500 gpm each CS/A 27.16 27 16.9 0.16
B/D-0 gpm each CS/IC | 2944 | 27 16.9 2.14
LOCA 4A @1554°F RHR/A | 35.93 23.7 14.4 12.23
CS Pumps B/D-3125gpm each RHR/C | 35.34 23.7 14.4 11.64
A/C-0 gpm each CS/B_ | 33.70 27 14.4 6.70
RHR A/C Pumps-6500 gpm each CS/D | 31.89 27 14.4 489
B/D-0 each
LOCA 4B @172°F RHR/A | 31.25 23.7 14.4 7.55
CS Pumps B/D-3125gpm each RHR/C | 30.66 | 237 14.4 6.96
AJC-0 gpm each NPSHeNPSr I —GsB [ 2802 | 27 144 2.02
RHR A/C Pumps-6500 gpm each : : .
B/D-0 gpm each CS/D 27.21 27 14.4 0.21
LOCA 4C @187.3°F | RHR/A | 31.26 23.7 16.9 7.56
Cs Pufgr;sc 130/D-3 1258£m each RHR/C | 30.67 | 23.7 16.9 6.97
gpm eac
RHR A/C Pumps-6500 gpm each CS/B 29.03 27 16.9 2.03
B/D-0 gpm each CS/D 27.22 27 16.9 0.22
LOCA SA @155.4°F RHR/B | 35.64 23.7 14.4 11.94
CS Pumps B/D-3125gpm each RHRD | 36.19 | 237 14.4 12.49
A/C-0 gpm each CS/B | 3367 | 27 144 6.67
RHR B/D Pumps-6500 gpm each CsSDh 31.87 57 134 2.57
A/C-0 gpm each ' ) )
LOCA SB @172°F RHR/B | 30.96 23.7 144 7.26
CS Pumps B/D-3125gpm each RHRD | 3151 | 237 | 144 7.81
A/C-0 gpm each NPSHa=NPSHr | - 31.5 3 i
RHR B/D Pumps-6500 gpm each CSB | 2899 | 27 14.4 1.99
A/C-0 gpm each E CS/D 27.19: 27 14.4 0.19
LOCA5SC @187.3°F | RHR/B | 30.97 '] 23.7 16.9 727
CS Pumps B/D-3125gpm each — e
A/C-0 gpm each RHRD | 3152 | 237 [ 169 7.82
RHR B/D Pumps-6500 gpm each CS/B | 29.01 | 27 16.9 2.01
A/C-0 gpm each : — ‘
.CSD | 27.20° 27 16.9 020
LOCA 6A @1554°F | RHR/B | 3562 | 237 14.4 11.92
CS Pumps A/C-3125gpm each -
RHR B/D Pumps-6500 gpm each CS/A | 3187 | 27 144 287
A/C-0 gpm each
Cs/IC 33.85 27 14.4 6.85
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CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NPSH
(1) 1 (psia) margin
(v
LOCA 6B @172°F RHR/B | 30.94 23.7 14.4 7.24
CS Pumps A/C-3125gpm each 2 7.
B/D-0 gpm each NPSHa=NPSHr RHR/D | 31.49 23.7 14.4 79
RHR B/D Pumps-6500 gpm each CS/A 27.19 27 14.4 0.19
A/C-0 gpm each Cs/C 29.17 27 144 217
LOCA 6C @187.3°F | RHR/B | 30.95 237 16.9 7.25
Cs Purg% %/0-3125ggm each - RHR/D | 3150 | 237 16.9 7.80
gpm eac
RHR B/D Pumps-6500 gpm each CS/A 27.20 27 } 16.9 0.20
A/C-0 gpm each L Cs/C 29.18 27 . 16.9 2.18
LOCA 7 @166°F RHR/A | 30.75 23.71 14.4 7.05
cs Pun}lg% {\010-3 125gﬁm each | RHRB | 30.76 | 237 14.4 7.06
gpm cac RHR/C | 3017 | 237 14.4 6.47
RHR A/C/B/D Pumps-6500 gpm each RERD | 3131 | 237 | 144 | 7.61
CS/A 27.61 27 14.4 0.61
CS/C 29.59 27 14.4 2.59
ATWS Pump/Flow Combination Pool Temp. | Pump | NPSHa | NPSHr | Pressure | NI'SH
‘ (4{9] (0 (psia) margin
. (f0)
ATWS @214.6°F | RHR/A | 24.48 23.7: 21.0 0.78
RHR A/C/B/D Pumps-6500 gpm each | RHR/B | 2453 | 237 | 210 0.83
CS Pumps A/C/B/D-0 gpm each
RHR/C | 23.90 23.7 21.0 0.20
‘ RHRD | 25.08 23.7 21.0 1.38
Appendix R Pump/Flow Pool Temp. | Pump | NPSHa | NPSHr | Pressure | NI'SH
Combination v ) (ft) (psia) margin
' (fe)
App-RA @227°F A 23.93 237 24.1 0.23
RHR Pump A-6500 gpm { ‘ C
App-RB @227°F B 23.91 237 | 241 0.21
RHR Pump B-6500 gpm } ‘ f R
App-RC @227°F C 23.81 23.7 241 011
RHR Pump C-6500 gpm [ N
App-RD (@227°F D 2399 | 237 |, 241 0.29
RHR Pump D-6500 gpm | o |
SBO Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NPSH
5 (ft) (ft) ' | (psia) margin
: ‘ i (10
SBO1A/C @197.3°F A 24 .44 23.7 16.0 0.74
RHR Pump A/C-6500 gpm each g C | 2385 | 237 16.0 0.15
SBO 2 B/D @197.3°F B 23.89 23.7 16.0 0.19
RHR Pump B/D-6500 gpm each D | 2444 | 237 | 160 0.74
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CALCULATION SHEET

Table 7.1: Unit 1 NPSH Calculations Case 1A 95F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(#t’/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
95 0.816362332 0.016115213 2.320590685 Pool Press. (psia)| 14.4]
[ RHR Pressure (psig) NPSHa (ft) NPSHT (ft) NPSH margin (ft)
1PUMPA 0.757222 33.28 259 7.38
2PUMPB 0.350229 32.33 30 2.33
3PUMPC 0.159882 31.89 25.7 6.19
4PUMFD 1.02991 33.91 29 _ 4.91
‘ CS _ Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUMPA 1.39134 34.75 27 7.75
2CSPUMPB 2.33064 36.93 27 9.93
3CSPUNMPC 2.24387 36.73 27 9.73
4CSPUMPD 1.5537 35.13 27 8.13

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table; 7.2: Unit 1' NPSH Cia\iculations Case 1B 155.4F

NPSH Evaluation of Browns Ferry RHR and S pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) | © 1 V(ft/Ib) psia to feet of head
60 10.256389624 10.016034992 1 2.309038802 :
155.4 4.249928506 10.016369309 2.357180486 ' ] Pool Press. (psia)J1sﬂ
P H L o :
"RHR _| Pressure (psig) | - NPSHa (i “NPSHr (f) NPSH margin (ft) |
1PUMFA ¢ 0.732314 i 31.07 25.9 | 5.17
2PUMFB 0.332824 30.13 30 0.13
3PUMFC 0.143287 29.68 25.7 | 3.98
4PﬁU_MF'D | 1.00271 311 29 | 2.71
CS Pressure (psig) . NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUMPA] ' 1.35744 32.55 27 5.55
2CSPUMPB | 2.28199 34.73 27 | 7.73
3CSPUMPC 2.19655 34.52 27 7.52
4CSPUMPD 1.51634 32.92 27 5.92

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.



MD-Q0999-970046, Rev. 8

Page:30
CALCULATION SHEET

Table 7.3: Unit 1 NPSH Calculations Case 2A 95F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure ] Specific Volume ] Conversion Factor
Temp(°F) psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 .
95 0.816362332 0.016115213 2.320590685 Pool Press. (psia)| 14.4]
RHR Pressure (psig) NPSHa (ft) NPSHr (ft) . NPSH margin (ft)
TPUMFA | 0.373923 32.39 29 3.39
2PUMFB 0.850622 33.50 26.4 7.10
3PUMPC -0.34906 30.71 29 1.71
4PUMFD 1.41222 34.80 25.8 9.00
CS | Pressure (psig) | NPSHa (ft) NPSHr () | NPSH margin (ft)
1CSPUNPA 1.37851 34.72 27 1.72
2CSPUNMPB 2.31816 .36.90 27 9.90
3CSPUNPC 2.23104 36.70 27 9.70
4CSPUNPD 1.54122 35.10 27 8.10

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.4: Unit 1 NPSH Calculations Case 2B 155.4F

NPSH Evaluation of Browns Ferry RHR and S pumps

Vapor Pressure [ Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 ‘
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)] 17 |
RHR | Pressure (psig) NPSHa (ft) NPSHT (ft) "NPSH margin (1t
1PUMFA 0.477709 31.18 29 218
2PUMFB 0.94292 32.28 26.4 5.88
3PUMPC -0.23507 29.50 29 0.50
4PUMFD 1.49653 33.58 258 . s 7.78
CS " Pressure (psig) NPSHa (ft) NPSHr (f) | NPSH margin (ft)
1CSPUNIPA 1.46104 33.50 27 6.50
2CSPUMPB 2.38859 35.68 27 8.68
3CSPUNPC 2.30015 35.48 27 8.48
4CSPUMPD 1.62294 33.88 27 6.88

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.5: Unit 1 NPSH Calculations Case 3A 155.4F |

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft'/b) | psia to feet of head

60 0.256389624 0.016034992 2.309038802 | _ ‘

155.4 4.249928506 0.016369309 2.357180486 | | Pool Press. (psia)] 14.4]

RHR__| Pressure (psig) NPSHa (ft) NPSHr (). | NPSH margin (f)

1PUMPA 5.08703 35.92 237 i 12.22
2PUMPB ‘ R

3PUMPC 4.83846 35.33 . 237 . 11.63
4PUMFD — x — —

CS _ “Pressure (psig) NPSHa (ft) NPSHr (ft): |} NPSH margin (ft)
1CSPUMPA 3.35325 31.83 27 4.83
2CSPUMPB : . Lo
3CSPUMPC 4.19236 33.81 27, L 6.81
4CSPUNMPD ‘ D

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.6: Unit 1 NPSH Calculations Case 3B 172F

Vapor Pressure  Specific Volume Conversion Factor
Temp(°F) {psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _ ‘
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia)] 14.4]
RHR | Pressure (psig) "NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMFA 5.05889 31.24 23.7 7.54
3PUMPC 4.81158 30.65 23.7 6.95
WR_ Pressure (psig) NPSHa (ft) NP—Sl-ir (ft) NPSH margin (ft)
1CSPUNIPA 3.33511 27.15 27 0.156 ‘
3CSPUNPC 4.16951 29.13 27 213

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.7: Unit 1 NPSH Calculations Case 3C 187.3F

© NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft'/lb) psia to feet of head |
60 0.256389624 0.016034992 2.309038802 |
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia)| 16.9]
EE N
RH§_ Pressure {psig) ~NPSHa (ft) - EKP_'SHLjft) : NPSH margin (ft)
1PUMPA 5.03185 31.25 ’ 23.7 - . 7.55
2PUMFB ' N ;
3PUMFC 4.78583 30.66 . 23.7  6.96
4PUMFD ‘ — —

CS___| Pressure (psig) NPSHa (ft) _NPSHr (ft) - NPSH margin (ft)
1CSPUMPA 3.31809 27.16 27 0.16
2CSPUMPB
3CSPUNIPC 4.14776 29.14 27 2.14
4CSPUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
| P
Table 7.8: Unit 1 NPSH Calculations Case 4A 155.4F.
Vapor Pressure | | Specific Volume } Conversion Factor
Temp(°F) _(psia) 1 wiitib) |} psia to feet of head
60 0.256389624 0.016034992 | 2.309038802
155.4 4.249928506 | 0.016369309 | 2.357180486 | Pool Press. (psia)] 14.4]
! ' v | oy [ o BT .
RHR | Pressure (psig). NPSHa (f) | NPSHr (ft). | NPSH margin (ft)
1PUMFA 5.09288 . : 35.93 r L 237 . '12.23
2PUMFB ¥ ! Lo v
3PUMFC 4.84431 | 35.34 | . 2307 i 11.64
APUMFD ‘ 8 IR ‘ | Lol I
CS___|_Pressure (psig). NPSHa (ft) | NPSHr (f) | NPSH margin (f)
1CSPUNMPA 3 i G
2CSPUMPB 4.14542 - 33.70 i 21 ¢ 6.70
3CSPUNMPC ; ‘ ,
4CSPUNMPD 3.37977 ‘ 31.89 ] 27 - 4.89

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 7.9: Unit 1 NPSH Calculations Case 4B 172F

Evaluation of Browns Ferry RHR and ('S pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) psia) | V(§t/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _ :
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia) | 14.4]
RHR __| Pressure (psig) NPSHa (ft) NPSHTr (ft) NPSH margin (ft)
1PUMPA 5.06468 31.25 23.7 7.55_
2PUMPB
3PUMPC 4.81738 | 30.66 23.7 6.96
4PUMPD ! : \ :
CS _ Pressure (psig) ﬁSHﬂft) NPSHr (ft) NPSH margin (1))
1CSPUNMPA ; ‘ ‘
2CSPUNPB 4.12286 1 29.02 27 2.02
3CSPUMPC :
4CSPUMPD 3.36135 - 27.21 27 0.21

Note 1:See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.10: Unit 1 NPSH Calculations Case 4C 187.3F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) | V(ft'Ib). | | Ipsiato feet of head |

60 0.256389624 .0.016034992 |11 2.309038802 _ :

187.3 8.822339971 0.01655191; ' 2.383475045 ] Pool Press. (psia)] 16.9 1

‘ ! T I I

RHR | Pressure (psig) | __'NPSHa (ft). ] NPSHr () . NPSH margin (ft)
1PUMFA | 5.0376 31.26 . | . 23.7 7.56_
2PUMFB L || s
3PUMFC 4.79159 P 30670 Q1 23.7 -6.97
4PUMFD | I T .

‘ CS Pressure (psig) 'NPSHa (ft) [ _NPSHr(ft) - ] NPSH margin (ft)
1CSPUNMPA TR R b i K I
2CSPUMPB 4.1014 129.03 |1 BN 27 2.03
3CSPUMPC RS K o o
4CSPUMPD 3.34408 27.22 | 27 0.22

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 7.11: Unit 1 NPSH Calculations Case 5A 155.4F

NPSH I;:\)alualion of Browns Ferry RHR and S pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 Lo L ‘
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)| 14.4 |
P I ; ‘ !
RHR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (f)
1PUMPA - C
2PUMPB 4.97132 35.64 23.7 11.94
3PUMPC o
4PUMPD ___ 5205 _36.19 23.7 | 1249
‘ CS Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUMPA ) ; B
2CSPUNPB 4.13602 33.67 27 6.67
3CSPUMPC
4CSPUMPD] 3.37038 31.87 27 4.87

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.12: Unit 1 NPSH Calculations Case 5B 172F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) _(psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia)| 14.4}
~ RHR Pressure (psig) | _ NPSHa (ft) NPSHr (ft) NPSH margin (it)
TPUMFA | —
2PUMFB 4.94375 30.96 23.7 7.26
3PUMFC
4PUMFD |  5.17623 31.51 237 7.81
CS Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
TCSPUNPA — —
2CSPUMPB 4.11355 28.99 27 1.99
3CSPUMPC
4CSPUMPD 3.35204 27.19 27 0.19

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.13: Unit 1 NPSH Calculations Case 5C 187.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V({t*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
187.3 8.8622339971 0.01655191 2.383475045 . Pool Press. (psia)| 16.9]
RHR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMPA
2PUMPB 4.91731 30.97 23.7 7.27
3PUMPC
APUMPD | 5.14856 31.52 237 7.82
CS Pressure (psig) NPSHa (ft) NPSHrr (ft) NPSH margin (ft)
[TCSPUNIPA - —
2CSPUMPB 4.09216 29.01 27 2.01
3CSPUMPC
4CSPUMPD 3.33485 27.20 27 0.20

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7. 14 Unit 1 NPSH Calculatuons Case 6A 155 AF . i

NPSH Evaluation of Browns Ferry RHR and S pumps

Vapor Pressure | Specific Volume | : Conversion Factor
Temp(°F) | (psia) V(#t*/1b) i psia to feet of head
60 0.256389624 0.016034992 . 2309038802 | . ‘
155.4 4.249928506 ‘ 0.016369309 : 2, 357180486 . | Pool Press. (psia)] 14.4]
| ‘ P : BT C K
" RHR Pressure w) NPSHa (ft) .« NPSHr (f) | NPSH margin ()
1PUMFA B P ¢ | S
2PUMFB 4.96227 . 35.62 23.7 : 11.92
3PUMFC } ] T —
4PUMFD +5.19595 ¢ - 1 36.17 237 . |un: 12.47
CS__ | Pressure (psig) | __NPSHa (ft) | NPSHr (ft) | NPSH margin (f)
1CSPUNMPA| __ 3.37058 . " 31.87 27 487
2CSPUMPB \ : i !
3CSPUNMPC 4.20969 33.85 27 i 6.85
4CSPUNIPD ; | : L

Note 1: See Table 8 for steps taken in éalculating NPSHa and NPSH margin.
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Table 7.15: Unit 1 NPSH Calculations Case 6B 172F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) | | - V(ft*/Ib) psia to feet of head
60 0.256369624 0.016034992 |  2.309038802__ |
172 6.281035863 0.016460423 | _ 2.370300872 | Pool Press. (psia)] 14.4]
o ol : o ' 0o | i
 RHR Pressure (psig) NPSHa (ft) ~ NPSHr(ft) | NPSH margin (ft)
1PUMPA o R |
2PUMPB 493475 | ~ 30.94 | 237 7.24
3PUMPC e L i P f
4PUMFD 516723 | || 3149 12371 7.9
CS___ | Pressure (psig) NPSHa (ft) | NPSHr (ft) 'NPSH margin (ft)
1CSPUNIPA 3.3523 || | 27.19 " 27 0.19
2CSPUMPB 1K — .
3CSPUMPC 418671 29.17 27 247
4CSPUMPD T - -

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.16: Unit 1 NPSH Calculations Case 6C 187.3F

NPSH Evaluation of Browns Ferry RHR and 'S pumps

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _ -
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia)| 16.9 |
|__RHR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMPA
2PUMFB 4.90836 30.95 237 7.25
3PUMFC
4PUMFD | 5.13961 31.50 23.7 7.80
CS __| Pressure (psig) NﬁS_Ha (ft) N?Sﬂrﬁt) NPSH margin (ft)
1CSPUMPA 3.33516 27.20 27 0.20
2CSPUMPB
3CSPUMPC 4.16483 29.18 27 2.18
4CSPUMPD
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Table 7.17: Unit 1 NPSH Calculations Case 7‘ 166F

NPSH Eva]uaﬁon of Browns Ferry: RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor.
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 112.309038802 _
166 5.468938413 0.016426501 112.365416198 ; . :| Pool Press. (psia)| 14.4 ]
1 ‘ I A
RHR | Pressure (psig) "NPSHa () " _NPSHr (ff) | NPSH margin (ft)
1PUMFA 4.07008 30.75 b 2307 0 1 7.05
2PUMFB 4.07366 30.76 oo 237 7.06
3PUMFC 3.82229 | 30.17 | 23.7 + . : 6.47
4PUMFD __4.30658 | 31.31 o230 0 P 7.61
CS Pressure (psi NPSHa (ft) " NPSHr(ft) | NPSH margin (ft)
1CSPUNIPA] 2.73989 27.61 27 | 061
2CSPUMPB !
3CSPUNMPC 3.57642 29.59 27 - 2.59
4CSPUNIPD ‘

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 7.18: Unit 1 NPSH Calculations;ATWS é14.6F

NPSH Evaluation of Browns Ferry RHR and ('S pumps

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.

Vapor Pressure ] Specific Volume | Conversion Factor.
Temp(°F) _ (psia) V(fthb) | | psia to feet of head.
60 0.256389624 0.016034992 | 2.309038802 o
214.6 15.4840075 0.016732744 . . 2.409515179 Pool Press. (psia) | 21 |
RHR Pressure (psig) NPSHa (ft) . "NPSHr (ft) NPSH margin (ft)
PUMPA 4.64472 24.48 ! - 237 0.78
PUMPB 4.66355 24.53 23.7 0.83
PUMPC 4.40126 23.90 23.7 0.20
PUMPD 4.89238 25.08 23.7 - 1.38
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CALCULATION SHEET
Table 7.19: Unit 1 NPSH Calculations App-R A 227F

Vapor Pressure ] Specific Volume | Conversion Factor

Temp(°F) (psia) V(ft}/lb) psia to feet of head
60 0.256389624 0.016034992 2.309038802
227 19.65726995 0.016822324 2.422414688 Pool Press. (psia)] 24.1 |}
[_RHR Pressure (psig) NPSHa (ft) NPSHr (ft) | NPSH margin (ft) |

1PUMPA 5.43419 23.93 23.7 0.23
2PUMPB
3PUMPC
4PUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 7.20: Unit 1 NPSH Calculations AEEB B 227F .
Conversion Factor

MD-Q0999-670046, Rev. 8

Vapor Pressure | Specific Volume
Temp(°F) _(psia) V(ft’/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802

227 19.65726995 0.016822324 2.422414688 Pool Press. (psia)] 24.1 |

RHR | Pressure (psig) ()] NPSHa () NPSHTr (ft) NPSH margin (ft)
1PUMPA Lo | ,
2PUMPB 542775 '23.91 23.7 0.21
3PUMFC
4PUMPFD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
Table 7.21: Unit 1 NPSH Calculations App-R C 227F
Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(ft/ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802 :

227 19.65726995 0.016822324 2.422414688 ;. | Pool Press. (psia) | 24.1]

[_RHR Pressure (psig) | NPSHa (ft) NPSHr (ff) ]| NPSH margin (ft)

1PUMPA
2PUMPE
3PUMPC 5.38615 23.81 23.7 0.11
4PUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 7.22: Unit 1 NPSH Calculations App-R D 227F
‘ Vapor Pressure ] Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft’/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
227 19.65726995 0.016822324 2422414688 Pool Press. (psia)| 24.1 |
RHR Pressure (psigl NPSHa {(ft) NPSHr (ft) NPSH margin (ft)
1PUMPA
2PUMPB
3PUMPC
4PUMPD) 5.46124 23.99 23.7 0.29

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATIONSHEET | 1|
Table 7.23: Unit 1 NPSH Calculations Case SBO A-C197.3F ' | = |
Vapor Pressure | Specific Volume | Conversion Factor, :
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2309038802 | - ..
197.3 10.90873195 0.016615541 2.392637845 | [ Pool Press. (psia)| 16 |
RHR | " Pressure (psig) NPSHa (ft) NPSHr (ft) . | NPSH margin (ft)
1PUMPA 5.12276 24.44 23.7 t 0.74
2PUMPB .
3PUMPC 4.87763 23.85 23.7 ; i 0.15
4PUMPD ,

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
Table 7.24: Unit 1 NPSH Calculations Case SBO B-D 197.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2,309038802 .
197.3 10.908731950 0.016615541 2.392637845 Pool Press. (psia) 15.9]
-
RHR ] Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
TPUMPA — T
2PUMPB 4.99429 23.89 23.7 0.19
3PUMPC C
4PUMPD 5.22469 2444 23.7 0.74

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

A | B ] [ | D | E IT'FT ¢ | H 1] [ | J
1 Table 8: Unit 1 NPSH Calculations Case 1A 95F
2 Vapor Pressure § Specific Voiume | Conversion Factor
3| Temp(°F) (psia) V(ft°Nb) psia to feet of head
4 60 =ptsat_97(60) =viisat_97(Ad) __ |=CA'144
5 {95 =ptsat_97(A5) =vftsat_ﬁ(A5) =C5'144 Pool Press. (psia) [14.4 |
6
7 RHR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin ()
8 | 1PUMPA ]0.757222 =(B8-B5+F5)*'D5 §25.9 =C8-D8
9 | 2PUMPB ]0.350229 =(B9-B5+F5)*'D5 |30 =C9-D9
10] 3PUMPC [0.159882 =(B10-B5+F5)*D5 §25.7 =C10-D10
11| 4PUMPD_11.02991 =(B11-B5+F5)"D5 |29 =C11-D11
12 CS Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
13 ] 1ICSPUMPA]1.39134 =(B13-B5+F5)*D5 |27 =C13-D13
14 ] 2CSPUMPB}2.33064 =(B14-B5+F5)*D5 |27 =C14-D14
15 ] 3CSPUMPC|2.24387 =(B15-B5+F5)*D5 {27 =C15-D15
16 | 4CSPUMPD|1.5537 =(B16-B5+F5)*D5 |27 =C16-D16
17
18 | This table depicts the calculation of NPSHa (See cells in coumn C under NPSHa heading)
T9
20 |All pressures are in psi, which requires the conversion at the desired temperature (Cell D5 ) to obtain NPSHa in feet. The conversion factor (See cell DS5) is obtained by
21 |multiplying specific volume of water at the desired temperature (See cell C5) by 144.

N
N

23

[NPSHa = [ suction pressure (pressure at pump inlet nodes obtained from Multiflow output files) (See cells in column B under Pressure heading (psig)) — vapor pressure (See
cell BS (p5|a)) + poo| pressure (See ceII F5 (pSIa))] X conversion factor from psia to feet (See D5)

24

25

- {NPSH margin (See cells in column E under NPSH margin headmg) is obtained by subtracting NPSHr (values determined from vendor pump curves (Ref. 2.1 and 2.2)) (See

column D under NPSHr heading) from NPSHa (See column C under NPSHa heading).

2D

27

vitsat_97(Temperature) is the specific volume of water at a specific temperature, it is a thermodynamic property of water obtained from STMFUNC excel add-in program
(Ref. 2.25) (See cells C4 and C5) .

i

29

ptsat_97(Temperature) is the vapor pressure of water at a specific temperature, it is a thermodynamic property of water obtained from STMFUNC excel add-in program (Ref.

2.25) (See cells B4 and B5)




Document: MD-QO999-97004'6

‘ J Rev.: 8

Plant: BFN U1, 2&3 l Page: 53

Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date____
CALCULATION SHEET
TABLEY9
Unit 1
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
: : (psid)
LOCA 1A - @95°F Strainer 1 14464.2 2.5
CS Pumps A/B/C/D-3125gpm each :
RHR A/C Pumps —10,000 gpm each Strainer 23 13122.7 2.142
RHR B/D Pumps —11,000 gpm each Strainer 27 13502.9 2.317
Strainer 5 13136.2 2.159
LOCA 1B @155.4°F Strainer 1 14727.2 2.489
CS Pumps A/B/C/D-3125gpm each Strainer 23 129318 | 2127
RHR A/C Pumps —-10,000 gpm each -
RHR B/D Pumps -11,000 gpm each Strainer 27 13238.2 2.298
Strainer 5 12943.8 2.142
LOCA2A @95°F Strainer 1 14499.5 2.528
CS Plgxgs Pﬁm/B/C/?fggggpm eac}}ll | Strainer 23 13131.8 2.154
RHR ps —11,000 gpm eac :
RHR B/D Pumps —10.000 gpm cach Strainer 27 13448 4 2.326
Strainer 5 13146.3 2.172
LOCA 2B @155.4°F Strainer 1 13870.5 2.399
CS Pumps A/B/C/D-3125gpm each Strainer 23 13199.5 2.012
RHR A/C Pumps -11,000 gpm each Strainer 27 13225.8 2.182
RHR B/D Pumps -10,000 gpm each Strainer § 13090.1 2.038
LOCA 3A @155.4°F Strainer 1 4923.85 0.1765
CS Pumps A/C-3125gpm each Stainer 23 | 453697 | 0.1043
B/D-0 gpm each ) )
RHR A/C Pumps-6500 gpm each ‘ Strainer 27 4621.3 0.119
B/D-0 gpm each ; Strainer 5 477388 | 0.1472
LOCA 3B @172°F Strainer 1 4896.25 0.1755
CS Pumps A/C-3125gpm each -
B/D-0 gprn cech NPSHa-NpsHr | Strainer 23 451232 | 0.1038
RHR A/C Pumps-6500 gpm each Strainer 27 4596.07 0.1185
B/D-0 gpm each | Strainer 5 474736 | 0.1464
LOCA 3C , @187.3°F Strainer 1 4868.75 0.1745
Cs ng% 1-‘6/0-3 12§sﬁm each Strainer 23 4487.58 | 0.1033
-0 gpm eac! :
RHR A/C Pumps-6500 gpm cach St.ralfler 27 4570.78 0.1179
B/D-0gpmeach ' | " Strainer 5 472089 | 0.1456
LOCA 4A @155.4F Strainer 1 4861.33 0.1641
CS Pumps B/D-3125gpm each : Strainer 23 4616.42 0.1182
A/C-0 gpm each | Strainer 27 4695.98 | 0.1326
RHR A/C Pumps-6500 gpm each | Strainer 5 468226 | 0.1301
B/D-0 each ‘ | ‘
LOCA 4B ) {‘ @172°F Strainer 1 4834.22 0.1632
CS Pumps B/D-3123gpm each Strainer 23 459107 | 0.1176
AC-Ogpmeach ) N T 467016 | 0.1319
RHR A/C Pumps-6500 gpm each trainer 2 1 :
B/D-0 gpm each Strainer 5 4656.55 0.1294
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date____
Checked Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) | Drop
(psid)
LOCA 4C @187.3°F Strainer 1 4807.19 0.1623
CS PumA;;i: BO/D-3125g£>m each Strainer 23 4565.69 0.117
-0 gpm eac :
RHR A/C Pumps-6500 gpm each Strainer 27 4644.31 0.1312
LOCA 5A @155.4°F Strainer 1 4669.87 0.1278
CSs PumA% B0/D-3 125gpm each Strainer 23 4757.96 0.1442
-0 gpm each Strainer 27 48689 0.1656
RHR B/D Pumps-6500 gpm each Strainer 5 455926 | 0.1081
A/C-0 gpm each
LOCA 5B @172°F Strainer 1 4644.41 0.1272
CS Pumps B/D-3125gpm each Strai 473146
A/C-0 gpm each NPSHa=NPSHr trafner 23 31. 0.1434
RHR B/D Pumps-6500 gpm each Strainer 27 4841.57 0.1647
AJC-0 gpm each Strainer 5 4534.56 0.1077
LOCA 5C @187.3°F Strainer 1 4618.88 0.1266
CS Pumps B/D-3125gpm each -
A/C-0 gpm each Strainer 23 4705.02 0.1426
RHR B/D Pumps-6500 gpm each Strainer 27 4814.34 0.1637
A/C-0 gpm each ‘
Strainer 5 4509.75 0.1071
LOCA 6A @155.4°F Strainer 1 4743.94 0.1415
CS Pumps A/C-3125gpm each -
B/D-0 gpm each Strainer 23 466505 01269
RHR B/D Pumps-6500 gpm each Strainer 27 479596 | 0.1514
A/C-0 gpm each -
Strainer 5 4651.04 0.1244
LOCA 6B @172°F Strainer 1 4717.9 0.1408
CS Pumps A/C-3125gpm each :
B/D-0 gpm cach NPSHa=NPSHr Strafner 23 4639.35 0.1263
RHR B/D Pumps-6500 gpm each Strainer 27 4769.18 0.1506
A/C-0 gpm each Strainer 5 4625.57 0.1238
LOCA 6C @187.3°F Strainer 1 4691.82 0.1401
Cs Purg% %/0-312581'}?“ each Strainer 23 4613.64 | 0.1256
-0 gpm eac. :
RHR B/D Pumps-6500 gprm each Stralfler 27 4742.47 0.1497
A/C-0 gpm each Strainer 5 4600.06 0.1231
LOCA7 @166°F Strainer 1 8339.61 0.8902
cs Puné% /?)/C-?' 125g}1;m each Strainer 23 7506.83 0.6977
~Y gpm cac Strainer 27 7849.45 0.7709
RHR A/C/B/D Pumps-6500 gpm each Strainer 5 7786.11 | 0.7568
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared ____ Date_

Checked Date__
CALCULATION SHEET
ATWS Pump/Flow Combination Pool Temp. Strainer Flow Pressure
(sgpm) Drop
(psid)
ATWS @214.6°F Strainer 1 8911.34 0.183
RHR A/C/B/D Pumps-6500 gpm each Strainer 23 411141 0.039
CS Pumps A/C/B/D-0 gpm each .
Strainer 27 7046.99 0.1145
Strainer 5 4846.26 0.0541
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @227°F Strainer 1 2352.86 0.0128
RHR Pump A-6500 gpm Strainer 23 998736 | _ 0.0023
Strainer 27 1641.59 0.0062
Strainer 5 1202.82 0.0034
App-RB @227°F Strainer 1 1864.65 0.0081
RHR Pump B-6500 gpm
Strainer 23 1202.94 0.0034
Strainer 27 2106.25 0.0103
Strainer 5 1022.17 0.0024
App-RC @227°F Strainer 1 2352.86 0.0128
RHR Pump C-6500 gpm Strainer 23 998.736 0.0023
Strainer 27 1641.59 0.0062
Strainer 5 1202.82 0.0034
App-RD @227°F Strainer 1 1864.65 0.0081
RHR Pump D-6500 gpm Strainer 23 1202.94 | 0.0034
Strainer 27 2106.25 0.0103
Strainer 5 1022.17 0.0024
SBO Pump/Flow Combination Pool Temp Strainer Flow Pressure
! (sgpm) Drop
(psid)
SBO1A/C @197.3°F Strainer 1 4754.18 0.0517
RHR Pump A/C-6500 gpm each Strainer 23 2029.55 | 0.0094
Strainer 27 3320.54 0.0252
Strainer 5 2441.73 0.0136
SBO 2 B/D @197.3°F Strainer 1 3775.42 0.0326
RHR Pump B/D-6500 gpm each Strainer 23 344347 | 00137
Strainer 27 4250.71 0.0414
Strainer 5 2076.4 0.0099
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps . | | | Prepared Date
. | Checked Date___
CALCULATION SHEET
TABLE 10
Unit 2 j
LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NI'SH
(ft) ft) (psia) margin
A (fe)
LOCA 1A @95°F RHR/A | 33.51 25.7 14.4 7.81
CS Pumps A/B/C/D-3125gpm each RHR/B | 32.51 | 29.0 14.4 351
RHR A/C Pumps ~10,000 gpm each RHR/C | 32.21 26.0 14.4 6 21
RHR B/D Pumps ~11,000 gpm each RERD | 3407 | 280 | 144 607
CS/A 34.88 27.0 14.4 7.88
CS/B 37.06 27.0 14.4 10.06
Cs/C 36.86 27.0 14.4 9.86
CS/D | 35.26 27.0 14.4 826
LOCA 1B @1554°F | RHR/A | 30.11 25.7 16.2 441
CS Pumps A/B/C/D-3125gpm each 1
RHR A/C Pumps ~10,000 gpm cach RHR/B | 29.12 29.0 6.2 0.12
RHR B/D Pumps 11,000 gpm each RHR/C | 28.81 26.0 16.2 2.81
RHR/D | 30.67 28.0 16.2 267
CS/A 31.49 27.0 16.2 449
CS/B 33.68 27.0 16.2 6.68
Cs/C 33.47 27.0 16.2 6.47
CSD | 31.88 | 27.0 16.2 4.88
LOCA2A @95°F RHR/A | 32.54 29.0 14.4. 3.54
CS Pumps A/B/C/D-3125gpm each RHRB | 33.60 | 26.0 144 7.60
RHR A/C Pumps -11,000 gpm each
RHR/D | 34.88 24.4 14.4 10.48
CS/A 34.77 27.0 14.4 777
CS/B 36.95 27.0 14.4 9.95
CS/C 36.75 27.0 14.4 9.75
CS/D 35.14 | 27.0 14.4 8.14
LOCA 2B @1554°F | RHR/A | 31.67 | 29.0 17.2 2.67
CS Pumps A/B/C/D-3125gpm each RHR/B | 32.72 26.0 17.2 6.72
RHR A/C Pumps —11,000 gpm each RHR/C | 30.09 | 300 17.2 0.09
RHR B/D Pumps -10,000 gpm each RHR/D | 34.01 | 244 17.2 9.61
CS/A | 33.89 /| 27.0 17.2 6.89
CS/B 36.07 || 27.0 17.2 9.07
CS/C 35.87 | 27.0 17.2 8.87
CS/D 34.27 | 27.0 17.2 7.27
LOCA3A @1554°F | RHR/A | 3593 .| 23.7 144 12.23
CS Pumps A/C-3125gpm each ' :
B/D-0 gpm each RHR/C | 35.38 23.7 14.4 1.68
RHR A/C Pumps-6500 gpm each CS/A 31.83 27.0 14.4 4.83
B/D-0 gpm each CSIC | 3381 | 270 | 144 6.81
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Document: MD-Q0999-970046
Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
‘ Checked Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NISH
(v (ft) (psia) margin
| | \ (t)
LOCA 3B @172°F. RHR/A | 31.26 23.7 14.4 7.55
CS Pumps A/C-3125gpm each
B/D-0 gpmm coch NPsHa-Npsi: | RERC | 30.70 | 23.7 144 7.00
RHR A/C Pumps-6500 gpm each CS/A 27.16 27.0 144 0.15
B/D-0 gpm each CSIC | 2943 | 270 | 144 213
LOCA 3C @187.3°F | RHR/A | 31.26 23.7 16.9 7.56
CS Purrg/E%C-S 12581131“1 each, RHR/C | 30.71 | 237 16.9 7.01
gpm eac : ‘
RHR A/C Pumps-6500 gpm each ‘CS/A: 27.16 27.0 . 16.9 0.16
LOCA 4A @155.4°F | RHR/A | 35.94 (. 23.7 14.4 12.24
CS Pumps B/D-3125gpm each RHR/C | 35.39 23.7 14.4 11.69
A/C-0 gpm each CS/B' | 33.70 |. 27.0 14.4 6.70
RHR A/C Pumps-6500 gpm each CSD | 3190 | 27.0 14.4 4.90
B/D-0 each ‘ ‘ 3
LOCA 4B @172°F RHR/A | 31.26 | 23.7 14.4 7.56
cs Pwrgz 13)’9-31258}?“ cach | sy | FHRC | 3071 | 237 14.4 7.01
gpm eac a= ‘
RHR A/C Pumps-6500 gpm each CS/B 29.02 27.0 14.4 2.02
B/D-0 gpm each ,CSD 27.22 27.0 - 14.4 0.22
LOCA 4C @187.3°F RHR/A | 31.27 23.7 16.9 7.57
Cs P“mA% 1_30/D-3 1258gm cach RHR/C | 30.72 | 23.7 .| 169 7.02
gpm eac . )
RHR A/C Pumps-6500 gpm each CS/B. | 29.03 27.0 | 169 203
B/D-0 gpm each .CSD, | 2723 |+ 27.0 | 16.9 0.23
LOCA 5A @1554°F | RHR/B | 35.65 | 237 | 14.4 11.95
CS Pumps B/D-3125gpm each " | RHRD | 36.20 |. 23.7 || 144 12.50
A/C-0 gpm each CS/B | 33.68 | 27.0 14.4 6.68
RHR B/D Pumps-6500 gpm each [7CsD | 3187 | 270 || 144 4.87
A/C-0 gpm each : e I s ’
LOCA 5B @172F | RHR/B | 30.97 [+ 237 || 144 7.27
CS Pumps B/D-3125gpm each . 'RARD 52 | 237 . 4.4 782
A/C-0 gpm each NPSHa=NPSHr | ‘ 315 f 23 f
RHR B/D Pumps-6500 gpm each .CS/B; | 29.00 |: 27.0 14.4 2.00
A/C-0 gpm each - |csmi| 2149 | 270 [ 144 0.19
LOCA SC @187.3°F W | 30.98 |: 23.7 | 16.9 7.28
CS Pumps B/D-3125gpm each —— - -
RHR B/D Pumps-6500 gpm each 'CS/B | 29.01 | 27.0 || 169 2.01
A/C-0 gpm each P I - i
‘ CS/Di 27.20 27.0 | 16.9 0.20
LOCA 6A @155.4°F RHR/B} | 35.63 | 23.7 f 14.4 11.93
CS Pumps A/C-3125gpm each = ' — =
B/D-0 gpm each RHRD | 36.18 |[ 237 || 144 12.48
RHR B/D Pumps-6500 gpm each 'CS/A | 31.87 | 27.0 /| 144 4.87
AJ/C-0 gpm each
Cs/C 33.85 27.0 144 6.85
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared Date

Checked Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NFPSH
(ft) (ft) (psia) margin
‘ ('t)
LOCA 6B @172°F RHR/B | 30.95 23.7 14.4 7.25
CS Pumps A/C-3125gpm each RHR/D 14 23.7 14.4 7.79
B/D-0 gpm each NPSHa=NPSHr 31.49 -
RHR B/D Pumps-6500 gpm each CS/A 27.19 27.0 14.4 0.19
A/C-0 gpm each CS/C 29.17 27.0 14.4 217
LOCA 6C @187.3°F | RHR/B | 30.96 23.7 16.9 7.26
cs Purg% 1}0/0-3 IZSsEm each RHRD | 3151 | 237 16.9 7.81
gpm eac|
RHR B/D Pumps-6500 gpm each CS/A | 27.20 27.0 16.9 020
A/C-0 gpm each CS/IC | 29.18 | 27.0 16.9 2.18
LOCA7 @166°F RHR/A | 30.81 23.7 14.4 7.1
CS Pmr}xg;;ls) A/C-3 125g€m each RHR/B | 30.80 23.7 14.4 7.10
-0 gpm eac RHR/C | 30.26 | 23.7 14.4 6.56
RHR A/C/B/D Pumps-6500 gpm each RHRD | 31.35 | 237 | 144 | 7.65
CS/A | 27.61 27.0 14.4 0.61
CS/C 29.59 27.0 14.4 259
ATWS Pump/Flow Combination | Pool Temp. | Pump | NPSHa | NPSHr | Pressure | NPSH
(1) [01)) (psia) margin
‘ (ft)
ATWS @2146°F | RHR/A | 24.585 23.7 21.0 0.85
RHR A/C/B/D Pumps-6500 gpm each RHR/B | 2457 | 237 21.0 087
CS Pumps A/C/B/D-0 gpm each :
RHR/C | 24.00 23.7 21.0 030
RHRD | 25.11 237 21.0 1.41
Appendix R Pump/Flow Pool Temp. | Pump | NPSHa | NPSHr | Pressure | NI'SH
Combination ft) ft) (psia) margin
(1Y
App-RA @227°F A 23.93 237 24.1 0.23
RHR Pump A-6500 gpm 1 P ‘ c
App-RB @227°F B -23.91 237 24.1 . 021
RHR Pump B-6500 gpm N ‘ b
App-RC @227°F C 2385 | 237 241 | 0.15
RHR Pump C-6500 gpm | ‘ P
App-RD @227°F D ||.2399 | 237 241 | 029
RHR Pump D-6500 gpm | [ |
SBO Pump/Flow Combination Pool Temp | Pump || NPSHa |:NPSHr [ Pressure | NPPSH
o | ft) (psia)| | margin
Lo 7 ST Vs
SBO1A/C @197.3°F A | 2445 | 237 160 0.75
RHR Pump A/C-6500 gpm each C [ 2390 | 237 | 160 | 020
SBO 2 B/D @1973°F B 2390 | 237 | 159 | 020
RHR Pump B/D-6500 gpm each D | 2444 | 237 | 159 0.74
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Table 11.1: Unit 2 NPSH Calculations Case 1A 95F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft'/Ib) psia to feet of head
60 0.256389624 0.016034992 12.309038802 1 !
95 0.816362332 0.016115213 2.320590685 | Pool Press. (psia)] 14.4]
; - I ‘

RHR Pressure (psig) NPSHa (ft) " NPSHr (ff) NPSH margin (ft)
1PUMPA 0.8557 33.51 ‘ 25.7 C7.81 |
2PUMFB 0.4278 32.51 29 | 0 3.51
3PUMFC 0.2945 32.21 - 26 0 6.21
4PUMFD 1.0980 34.07 28| . 11 6.07

CS | Pressure (psig) NPSHa (ft) —NPSHr (ft) NPSH margin (ft)
1CSPUNPA 1.4476 34.88 2T | 7.88
2CSPUNPB 2.3860 37.06 N 27| 110.06
3CSPUMPC 2.3008 36.86 o 27 9.86 -
4CSPUMPD 1.6090 35.26 27 8.26

Note 1:See Table 8 for steps taken in calculating NPSHa and NPSH ﬁnrgin.
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Table 11.2: Unit 2 NPSH Calculations Case 1B 155.4#1

NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ftib) . { |psia to feet of head
60 0.256389624 0.016034992; || | 2.309038802 P
1565.4 4.249928506 0.016369309! | i | 2.357180486 Pool Press. (psia)] 16.2]
[ . [ A ' i
~RHR Pressure (psig) NPSHa (ft): . | | NPSHr (ft). NPSH margin ()
1PUMPA 0.8239 30.11 Lo 2850 4.41
2PUMFB 0.4022 2912 5 ] - 29 0.12
3PUMFC 0.2707 2881 - i it ::26 L 2.81
4PUMFD 1.0630 3067 i Qi 1128 o [ 2.67
CS | Pressure (psig) NPSHa (ff) | NPSHr(f) | NPSH margin (ft)
1CSPUMPA 1.4106 3149 |1 27 s . 4.49
2CSPUNMPB 2.3385 33.68 o 27 6.68
3CSPUNIPC 2.2503 33.47 ’ 27 6.47
4CSPUNIPD 1.5728 31.88 : 27 4.88

Note 1: See Table 8 for steps taken in calculating NPSHa énd NPSH margin.
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Table 11.3: Unit 2 NPSH Calculations Ca_s_g 2A 95F

NPSH evaluation of Browns Ferry RHR and CCS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) _(psia) V(ft’/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
95 0.816362332 0.016115213 2.320500685 | Pool Press. (psia)] 14.4 ]
_RAR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMPA 0.4393 32.54 29 3.54
2PUMPB 0.8944 33.60 26 7.60
3PUMPC -0.2399 30.97 30 0.97
4PUMPD 1.4481 34.88 24.4 10.48
CS | Pressure (psig) NPSHa (it) NPSHT (ft) NPSH margin (ft)
1CSPUMPA 1.3999 34.17 27 7.7
2CSPUMPB 2.3371 36.95 27 9.95
3CSPUMPC 2.2531 36.75 27 9.75
4CSPUMPD 1.5602 35.14 27 8.14

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.4: Unit 2 NPSH Calculations Case 2B 95F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft/1b) psia to feet of head |
60 0.256389624 0.016034992 2.309038802 IR
1566.4 4.249928506 0.016369309 2.357180486 . | Pool Press. (psia)| 17.2'
L o
RHR | Pressure (psig) | NPSHa (f) NPSHr (f) ] NPSH margin (ft)
1PUMPFA 0.4860 31.67 129 2.67
2PUMFB 0.9305 32.72 . 20 6.72
3PUMPC -0.1834 30.09 i 30 0.09
4PUMFD 1.4766 34.01 1244 | 1 9.61 |
CS __ Pressure (psig) NPSHa (ft) NPSHT (ft NPSH margin (ft)
1CSPUMPA 1.4290 33.89 127 - 6.89 i
2CSPUMPB 2.3531 36.07 | 27 9.07 !
3CSPUMPC 2.2687 35.87 o 27 8.87 i
4CSPUMPD 1.5875 34.27 r 27 71.27

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.



MD-Q0999-970046, Rev. 8

Page:63

CALCULATION SHEET

Table 11.5: Unit 2 NPSH Calculations Case 3A 155.4F

NPSH evaluation of Browns Ferry RHR and CCS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 .
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)] 14.4 |
RHR Pressure {psig) NPSHa (ft) NPSHr (ft) NF-"éﬁmargin (ft)
TPUMPA 5.0929 35.93 23.7 12.23
2PUMPB
3PUMFC 4.8594 35.38 237 11.68
4PUMFD e
CS ~ Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUNIPA] 3.3527 31.83 27 4.83
2CSPUMPB
3CSPUMPC 4.1924 33.81 27 6.81
4CSPUNPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.6: Unit 2 NPSH Calculations Case 3B 172F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) {psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia)] 14.4]
RHR | Pressure (psig) NPSHa (ft) NPSHT (ft) NPSH margin (ft)
— 1PUMPA | 5.0647 31.25 23.7 7.55 |
2PUMPB
3PUMPC 4.8324 30.70 23.7 7.00
4PUMPD _

CS | Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
“TCSPUMPA 3.3346 27.15 27 0.15
2CSPUMPB
3CSPUMPC 4.1696 29.13 27 2.13
4CSPUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.



MD-Q0999-470046, Rev. 8 : Page;65 NPjSH evaluation of Browns Ferry RHR and CCS pumps
CALCULATION SHEET ‘
: !

Table 11.7: Unit 2 NPSH Calculations Case 3C 187.3F

Vapor Pressure; | Specific Volume |} Conversion Factor

Temp(°F) (psia) ] V(Ehb) psia to feet of head

69 0.256389624 | :0.016034992 2.309038802 1 Lﬁ

187.3 8.822339971 . | ' 0.01655191 2.383475045 | . | Pool Press. (psia)] 16.9]

Pt R

RHR Pressure (psig) | _ NPSHa () NPSHr (ft) | NPSH margin (ft)
1PUMPA 5.0376 1 o 131.26 23.7 ! 7.56
2PUMFB ‘ ol | 1
3PUMFC 4.8065 ; - 1.30.71 23.7 : ‘ 7.01
4PUMFD_| 3 .

CS___| Pressure (psig) | ' NPSHa (ft) NPSHr (f) | NPSH margin (ft)
1CSPUMPA 3.3175 C 12716 27 < 0.16
2CSPUMPB ) ol ;
3CSPUMPC 4.1478 © 1 29.14 27 ‘ 2.14
4CSPUNPD . a L

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.8: Unit 2 NPSH Calculations Case 4A 155.4F
Vapor Pressure Specific Volume Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)] 14.4]
[_RHR Pressure (psig) NPSHa (ft) NPSH (ft) NPSH margin (f0) |
1PUMPA 5.0991 35.94 23.7 12.24
2PUMPB ‘
3PUMPC 4.8656 35.39 23.7 11.69
4PUMPD
CS Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUMPA ] —
2CSPUMPB 4.1471 33.70 27 6.70
3CSPUNMPC ‘
4CSPUMPD 3.38145 31.90 27 4.90

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.9: Unit 2 NPSH Calculations Case 4B 172F

Vapor Pressure } Specific Volume | Conversion Factor
Temp(°F) _(psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 B
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia)] 14.4
~ RHR Pressure (psig) NPSHa (ft) NPSHr (ft NPSH margin (f)
1PUMPA 5.0708 31.26 - 237 756
2PUMPB
3PUMPC 4.8385 30.71 23.7 - 7.01
4PUMPD ‘ ‘
CS —_Pressure (psig) NPSHa (ft) NPSHr (ft) "NPSH margin (it)
[1CSPUMPA —
2CSPUMPB 4.1245 29.02 27 2.02
3CSPUMPC
4CSPUMPD 3.36302 27.22 27 0.22

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.10: Unit 2 NPSH Calcﬁlaiions Case 4C 187.3F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) _(psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 o _
187.23 8.822339971 0.01655191 2.383475045 | Pool Press. (psia)} 16.9}
| L : o
m_ Pressure (psig) NW}JQ) > NPSI-Lr(ft) NPSH margin (ft)
1PUMPA 5.0437 31.27 23.7 ‘ L 7.57
2PUMFB R : ' !
3PUMPC 4.8126 . 30.72 23.7 L 7.02
4PUMFD I . ‘ ‘ Lo
CS___| Pressure (psig) "NPSHa (ft) NPSHr (f) ] NPSH margin (f)
1CSPUMPA ‘ ‘ :
2CSPUMPB 4.1031 29.03 27 . 2.03
3CSPUMPC ‘
4CSPUMPD 3.34574 27.23 27 0.23

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.11: Unit 2 NPSH Calculations Case 5A 155.4F

NPSH evaluation of Browns Ferry RHR ard S pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia)] 14.4]
RHR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMPA
2PUMPB 4.9760 35.65 23.7 11.95
3PUMFC
4PUMFD 5.2064 36.20 23.7 12.50
CS Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
[ 1CSPUNIPA - —
2CSPUMPB 4.1375 33.68 27 6.68
3CSPUMPC
4CSPUMPD 3.37187 31.87 27 4.87

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.12: Unit 2 NPSH Calculations Case 5B 172F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) _(psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2309038802 |
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia)] 14.4]
|__RHR ~ Pressure (psig) NPSHa (ft) NPSHTr (ft) "NPSH margin (ft)
1PUMPA
2PUMPB 4.9484 30.97 23.7 7.27
3PUMPC ,
4PUMPD 514777 _31 52 23.7 7.82
CS Pressure (psig) NPSHa (ft) NPSHTr (ft) NPSH margin (ft)
“1CSPUMPA 3 ‘ ‘ )
2CSPUMPB 4.1150 29.00 27 2.00
3CSPUMPC
4CSPUNMPD 3.35352 27.19 27 ‘ 0.19

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.13: Unit 2 NPSH Calculations Case 5C 187.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 |
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia) | 16.9 |
cS Pressure (psig) NPSHa (it) NPSHr (ft) | NPSH margin (ft)
1PUMPA - » -
2PUMPB 4.9220 30.98 23.7 7.28
3PUMFC
4APUMFD 5.1500 31.53 . 23.7 7.83
CS Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUMPA — T —
2CSPUMPB 4.0936 29.01 27 2.01
3CSPUNPC
4CSPUMPD 3.33632 27.20 27 0.20

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.14: Unit 2 NPSH CaléuiatiorLs Case 6A 155.4F

: NPSH evaluation of Browns Ferry RHR and CCS pumps

Vapor Pressure

Specific Volume

Conversion Factor

Temp(°F) (psia) V(ft’/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 Lo
155.4 4.249928506 0.016369309 2.357180486 '] Pool Press. (psia)] 14.4]
B [ E L
RHR | Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMPA - I t ‘ ‘
2PUMPB 4.9665 1 35.63 | 23.7 11.93
3PUMPC I i ; Lo
4PUMPD _ 5.1969 ‘@QBI ‘ 23.7 12.48
[ Pressure Spsig) NPSHa | (ft) NPSHTr (ft) NPSH margin (ft
1CSPUMPA 3.3714 -31.87 ¢ 27 4.87
2CSPUMPB :‘ ;
3CSPUMPC 4.2111 33.85: 27 6.85
4CSPUMPD '

Note 1: See Table 8 for steps taken in calcuiating NPSHa and NPSH margin.
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Table 11.15: Unit 2 NPSH Calculations Case 6B 172F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 | .
172 6.281035863 0.016460423 2.370300872 . | Pool Press. (psia)| 14.4 ]
RHR Pressure (psig) NPSHa (ft) NPSHr (ft) | | NPSH margin (ft)
—1PUMPA — }
2PUMPB 4.9390 30.95 237 7.25
3PUMPC ‘
4PUMPD 5.1682 31.49 23.7 | 7.79
CS Pressure (psig) NPSHa (ft) NPSHr (ft) i | NPSH margin (ft)
TCSPUMPA 3.3531 27.19 27 0.19
2CSPUMPB 1
3CSPUMPC 4.1881 29.17 27 ‘ 2.17
4CSPUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.



MD-Q0999-970046, Rev. 8

Page:74

CALCULATION SHEET

Table 11.16: Unit 2 NPSH Calculations Case 6C 187.3F

Conversion Factor

NPSH evaluation of Browns Ferry RHR and S pumps

Vapor Pressure ] Specific Volume '
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 ‘
187.3 8.822339971 0.01655191 2.383475045 Pool Press. (psia) 16.9]
RHR Pressure (psig) NPSHa (ft) NPSHTr (ft) NPSH margin (ft)
1PUMPA
2PUMPB 4.9126 30.96 23.7 7.26
3PUMPC
4PUMPD 5.1406 31.51 23.7 18
CS | Pressure (psig) NPSHa (ft) "NPSHr (ft) NPSH margin (ft)
1CSPUMPA 3.3360 27.20 27 0.20
12CSPUMPB
3CSPUMPC 4.1662 29.18 27 2.18
4CSPUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.



MD-Q0999-970046, Rev. 8

Page:75

CALCULATION SHEET

Table 11.17: Unit 2 NPSH Calculations Case 7 166F

NPSH evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume } Conversion Factor
Temp(°F) _(psia) V(ft/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _ '
166 5.468938413 0.016426501 2.365416198 - Pool Press. (psia)| 14.4 ]
P ' ,
_RHI-Z Pressure (psig) NPSHa (ft) N5§Hr;(ft) Nﬁmargin Sftz ‘
1PUMPA 4.0924 30.81 23.7 7.11
2PUMPB 4.0911 30.80 23.7 7.10
3PUMFC 3.8597 30.26 23.7 6.56
4PUMPD 4.3208 31.35 237 7.65
CS 4Pressu_re (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUNPA 2.7421 27.61 27 0.61
2CSPUMPB ‘
3CSPUMPC 3.5792 29.59 27 2.59
4CSPUNPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.18: Unit 2 NPSH Calculations ATWS 214.6F

NPSH evaluation of Browns Ferry RHR and 'S pumps

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _ .
2146 15.4840075 0.016732744 2409515179 Pool Press. (psia) | 21 |
[ RHR_ | Pressure (psig) NPSHa (ft) NPSHTr (ft) NPSH margin (ft)

PUMPA 4.6737 24.55 23.7 0.85
PUMPB 4.6813 24.57 23.7 0.87
PUMPC 4.4451 24.00 23.7 0.30
PUMPD 4.9070 2511 23.7 1.41
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Table 11.19: Unit 2 NPSH Calculations App-R A 227F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
227 19.65726995 0.016822324 2.422414688 Pool Press. (psia)] 24.1 |
. Lo i Co
[__RHR Pressure (psig) NPSHa (ft) NPSHF (f() NPSH margin (ft
1PUMPA 5.4375 23.93 23.7 0.23
2PUMFB ‘
3PUMFC
4PUMFD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.20: Unit 2 NPSH Cal(lzula'tionslApp-R B 227F

NPSH evaluation of Browns Ferry RHR and €S pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) _(psia) V(ft'ib) . . | psia to feet of head
60 0.256389624 0.016034992 2.309038802 ‘
227 19.65726995 0.016822324 | 2422414688 Pool Press. (psia) 24.1]
i ! L L

RHR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMPA I
2PUMPB 5.4287 23.91 23.7 0.21
3PUMPC r
4PUMPD i

Note 1: See Table 8 for steps taken in calculéting NPSHa and NPSH margin.
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o | L
Table 11.21: Unit 2 NPSH Calculations App-R C 227F
Vapor Pressure | Specific Volume | Conversion Factor |

Temp(°F) _(psia) | V(ttb) | || psiato feet of head | -

60 0.256389624 0.016034992 | 2.309038802 1|\ .

227 19.65726995 0.016822324 1| __ 2.422474688 | Pool Press. (psia) 24.1]

ol o K ‘i IR

RHR Pressure (psig) | | NPSHa (ft) | " NPSHr (ft) NPSH margin (ft)
1PUMPA TR L : o ‘
2PUMPE Y : 1 .
3PUMPC 5.4042 2385 | 23.7 f 0.15
4PUMPD B | ——

|

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.22: Unit 2 NPSH Calculations App-R D 227F

Vapor Pressure § Specific Volume ] Conversion Factor

Temp(°F) (psia) V(ft*/Ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802

227 19.65726995 0.016822324 2420414688 | Pool Press. (psia) 24.1]

"RHR Pressure (psig) NPSHa (ft) "NPSHr (f) | NPSH margin (ft)

1PUMPA
2PUMPB
3PUMP(
4PUMPD 5.4591 23.99 23.7 0.29

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 11.23: Unit 2 NPSH Calculations SBO A-C 197.3F
Vapor Pressure [ Specific Volume | Conversion Factor

Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802° _
197.3 10.90873195 0.016615541 . 2.392637845. | Pool Press. (psia) 16 |
RHR | Pressure (psig) NPSHa (ft) _J ~ NPSHr(ft) .| NPSH margin (ft)
1PUMPA 5.1289 24.45 . 1237 - ‘ 0.75
2PUMPE ‘ | e
3PUMPC 4.8986 23.90 : i123.7. 0.20
4PUMPD <

Note 1: See Table 8 for steps taken in caiculating NPSHa and NPSH margin.
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Table 11.24: Unit 2 NPSH Calculations SBO B-D 197.3F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
197.3 10.90873195 0.016615541 2.392637845 Pool Press. (psia) 15.9]
RHR Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
TPUMPA — -
2PUMPE 4.9975 23.90 23.7 0.20
3PUMPG
4PUMPD 5.2248 24.44 23.7 0.74

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
TABLE 12
Unit 2
LOCA Pump/Flow Combination' | Peel Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
LOCA 1A @95°F Strainer 1 14272.5 2.451
CS Pumps A/B/C/D-3125gpm each :
RHR A/C Pumps —10,000 gpm each Strainer 23 13418.6 2.089
RHR B/D Pumps ~11,000 gpm each Strainer 27 13444.5 2.289
Strainer § 13090.4 2.104
LOCA 1B @1554°F Strainer 1 14131 2434
CS Pumps A/B/C/D-3125gpm each Strainer 23 | 128955 | 2.083
RHR A/C Pumps -10,000 gpm each .
RHR B/D Pumps -11,000 gpm each Strainer 27 13290.3 2.276
Strainer 5 13069.3 2.099
LOCA2A @95F Strainer 1 14428.6 2.498
CS Px/ngs P;Af/C/?fé gggpm eacl}ll Strainer 23 13122 2.142
RHR ps —11,000 gpm eac :
RHR B/D Pumps ~10,000 gpm each Strainer 27 13545 2336
Strainer 5 131304 2.152
LOCA 2B @1554°F Strainer 1 13734 2.426
CS Pumps A/B/C/D-3125gpm each Strainer 23 13208 2.057
RHR A/C Pumps ~11,000 gpm each Strainer 27 13233 2.25
RHR B/D Pumps -10,000 gpm each Strainer 5 13210.6 2.072
LOCA 3A @1554F Strainer 1 4906.49 0.173
CS Pumps A/C-3125gpm each Stamer23 | 45548 | 0.1073
B/D-0 gpm each
RHR A/C Pumps-6500 gpm each Strainer 27 4642.08 0.1228
B/D-0 gpm each Stamer5 | 475264 | 0.1432
LOCA 3B @172°F Strainer 1 4878.95 0.1721
CS Pumps A/C-3125gpm each -
B/D-0 gprn each NPSHa-Npsie | Staimer23 | 4530.07 [ 0.1069
RHR A/C Pumps-6500 gpm each Strainer 27 ' | 4616.77 0.1222
B/D-0 gpm cach Stainer5 | | 472621 | 0.1424
LOCA 3C @187.3°F Strainer 1 4851.52 0.1711
CS Pun];r;ls) AOIC-3 IZSgp];m each Strainer 23 4505.26 0.1064
-0 gpm eac. ‘ - :
RHR A/C Pumps-6500 gpm each Stralfler 27 ¢ 4591.39 0.1216
B/D-0 gpm each ﬁ Strainer5 | | 4699.83 | 0.1416
LOCA 4A @1554°F Strainer 1 | | 4834.86 | 0.159
cs Purz;;sc BO/D-3125gEm each Strainer 23 | | 4649.62 | 0.1241
-0 gpm eac : - ‘ -
RHR A/C Pumps-6500 gpm each Straxfler 27 | 4730.9 0.1391
B/D-0 each ‘ Strainer 5 4640.62 0.1225
LOCA 4B @172°F Strainer 1 4807.85 0.1581
CS Pumps B/D-3125gpm each Strainer 23 462413 | 0.1235
A/C-0 gpm cach N = Stiner 27 | 4704.94 | 0.1383
RHR A/C Pumps-6500 gpm each tramner : :
B/D-0 gpm each Strainer 5 4615.09 0.1219
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps

Prepared Date_____

Checked Date
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
‘ (psid)
LOCA 4C @187.3°F Strainer 1 4780.92 0.1572
CS PumA;;z BO/D-3125g£m each Strainer 23 4598.6 0.1229
-U gpm €ac. -
RHR A/C Pumps-6500 gpm each Strainer 27 4678.94 0.1377
B/D-0 gpm each Strainer 5 4589.54 0.1212
LOCA 5A @155.4°F Strainer 1 4641.86 0.1227
CS Pumps B/D-3125gpm each Strainer 23 4785.4 0.1494
,BVC'O gpmeach Strainer 27 4901.46 | 0.172
RHR B/D Pumps-6500 gpm each Straimer 5 453729 | 0.1026
A/C-0 gpm each N
LOCA 5B @172°F Strainer 1 4616.51 0.1221
A/C-0 gpm each NPSHa=NPSHr Strafner 23 8. X
RHR B/D Pumps-6500 gpm each Strainer 27 4873.98 0.1711
A/C-0 gpm each Strainer 5 4502.73 0.1022
LOCA 5C @187.3F Strainer 1 4591.11 0.1215
CS Pumps B/D-3125gpm each -
A/C-0 gpm each Strainer 23 | 473221 |  0.1478
RHR B/D Pumps-6500 gpm each Strainer 27 4846.6 0.1701
A/C-0 gpm each
Strainer 5 4478.08 0.1017
LOCA 6A @155.4°F Strainer 1 4723.27 0.1377
CS Pumps A/C-3125gpm each -
B/D-0 gpm cach Strainer23 | 4678.05 [ 0.1293
RHR B/D Pumps-6500 gpm each Strainer 27 482348 | 0.1567
A/C-0 gpm each -
Strainer 5 4631.2 0.1208
LOCA 6B @172°F Strainer 1 4697.33 0.137
B/D-0 gpm each NPSHa=NPSHr ner : ;
RHR B/D Pumps-6500 gpm each Strainer 27 4?96.54 0.1559
A/C-0 gpm each ‘Strainer 5 4605.83 0.1202
LOCA 6C @187.3°F ‘Strainer 1 4671.37 0.1363
CS ng% /})/0-3 1258£m each Strainer 23 4626.52 0.128
-0 gpm eac :
RHR B/D Pumps-6500 gpm each Stnufler 27 4769.68 0.155
A/C-0 gpm each Strainer 5 4580.42 0.1196
LOCA7 @166°F Strainer 1 8281.33 0.8749
CS Purlr;p;ls) %/0-3 lZSgEm each Stratner 23 7547.79 0.7061
- gpm cac Strainer 27 793133 | 0.7895
RER A/C/B/D Pumps-6500 gpm each “Strainer 5 772155 | 0.7428
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
ATWS Pump/Flow Combination Pool Temp. Strainer Flow Pressure
(sgpm) Drop
(psid)
ATWS @214.6°F Strainer 1 8741.02 0.1761
RHR A/C/B/D Pumps-6500 gpm each Strainer 23 405177 | 0.0378
CS Pumps A/C/B/D-0 gpm each .
Strainer 27 7351.21 0.1246
Strainer 5 4771.99 0.0525
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @227°F Strainer 1 2331.73 0.0126
RHR Pump A-6500 gpm Strainer 23 984.885 | 0.0022
Strainer 27 1691.65 0.0066
Strainer 5 1187.74 0.0033
App-RB @227°F Strainer 1 1818.73 0.0077
RHR Pump B-6500 gpm
Strainer 23 1178.54 0.0032
Strainer 27 2198.02 0.0112
Strainer 5 1000.71 0.0023
App-RC @227°F Strainer 1 2331.73 0.0126
RHR Pump C-6500 gpm Strainer 23| 984.885 | 0.0022
Strainer 27 1691.65 0.0066
Strainer 5 1187.74 0.0033
App-RD @227°F Strainer 1 1818.73 0.0077
RHR Pump D-6500 gpm Strainer 23 1178.54 | 0.0032
Strainer 27 2198.02 0.0112
Strainer 5 1000.71 0.0023
SBO Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
SBO1A/C @197.3°F Strainer 1 4710.92 0.0508
RHR Pump A/C-6500 gpm each Stainer 23 | 2001.19 | 00092
Strainer 27 3423.1 0.0268
Strainer 5 2410.79 0.0133
SBO2B/D @197.3°F Strainer 1 3681.88 0.031
RHR Pump B/D-6500 gpm each Stamer 23 | 239353 | 00131
Strainer 27 443798 0.0451
Strainer 5 2032.61 0.0095
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date_____
: b Checked ___ Date____
CALCULATION SHEET
TABLE 13
Unit 3
LOCA Pump/Flow Combination | Pool Temp. | Pump | NPSHa | NPSHr | Pressure | NI'SH
(fv) (t) (psia) margin
1 (fe)
LOCA 1A @95F RHR/A 33.38 239 14.4 9.48
CS Pumps A/B/C/D-3125gpm each RHR/B 32.40 270 | 144 5.40
RHR A/C Pumps -10,000 gpm each RHR/C | 31.98 | .23.7 14.4 8.28
RHR B/D Pumps -11,000 gpm each RHRD | 33.96 | 30.0 14.4 3.96
CS/A 3486 |  27.0 14.4 7.86
CS/B 37.02 27.0 14.4 10.02
CS/IC 36.84 27.0 14.4 984
CSD | 3522 | 27.0 14.4 822
LOCA1B @1554°F RHR/A 29.65 23.9 16.0 575
CS Pumps A/B/C/D-3125gpm each RHR/B | 28.67 | :27.0 16.0 167
RHR A/C Pumps -10,000 gpm each RHR/C | 28.25 23.7 16.0 4 55
RHR B/D Pumps -11,000 gpm each RHRD [ 30.23 | 30.0 16.0 0.23
CS/A 31.12 27.0 16.0 412
CS/B 33.29 27.0 16.0 6.29
CS/C 33.10 27.0 16.0 6.10
CS/D 3148 | 27.0 16.0 448
LOCA 2A @95°F RHR/A | 3261 | 27.0 14.4 5.61
CS Pumps A/B/C/D-3125gpm each RHR/B | 33.71 | 248 14.4 8.91
RHR A/C Pumps ~11,000 gpm each RHR/C | 30.91 | 27.0 144 3.91
RHR B/D Pumps 10,000 gpm each RHR/D | 3500 | 260 | 14.4 9.00
CS/A 3499 | 27.0 14.4 7.99
CS/B 37.17 27.0 14.4 10.17
CS/C 36.97 |:27.0 14.4 9.97
CS/D 35.37 27.0 14.4 8.37
LOCA2B @155.4°F RHR/A 28.79 27.0 16.08 1.79
CS Pumps A/B/C/D-3125gpm each RHR/B | 29.87 24.8 16.08 5.07
RHR A/C Pumps —11,000 gpm each RHR/C 27.09 | 27.0 16.08 0.09
RHR B/D Pumps -10,000 gpm each RHRD | 31.16 |. 26.0 16.08 5.16
CS/A 31.12 27.0 16.08 4,12
CS/B 33.28 | 27.0 16.08 6.28
CS/C 33.09 |: 27.0 16.08 6.09
CS/D 31.48 27.0 16.08 4.48
LOCA3A @155.4°F RHR/A 35.93 |. 23.7 14.4 12.23
cs ng% 13)/0-3 1258}?;m each RHR/C | 35.33 | 23.7 14.4 11.63
m cac
RHR A/C Pumps, 6500 gpm each CS/A_ | 3184 | 270 | 144 | 484
LOCA 3B @172°F RHR/A | 31.25 | 237 144 7.55
CS Pumps A/C-3125gpm each )
BI;D 0 gpm eaﬁlﬁ NpsHe=nps: | RER/C | 8065 | 237 14.4 6.95
RHR A/C Pumps-6500 gpm each CS/A 27.16 27.0 14.4 0.16
B/D-0 gpm each CS/C 29.14 27.0 14.4 2.14
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date____
Checked Date____
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp. | Pump | NPSHa | NPSHr | Pressure | NFSH
(1) (ft) (psia) margin
(0]
LOCA 3C @187.3°F RHR/A 3126 | 237 16.9 7.56
CS Pumps A/C-3125gpm each RHR/C | 38066 | 237 | 169 6.96
B/D-0 gpm each CSIA | 2747 270 | 169 | 047
RHR A/C Pumps-6500 gpm each : . : :
B/D-0 gpm each CSIC 2915 | 27.0 169 215
LOCA 4A @155.4°F RHR/A 3594 | 237 14.4 12.24
Cs P‘“’X}E 13)/D-3 125ggm each RHR/C | 3535| 237 14.4 11.65
gpm eac
RHR A/C Pumps-6500 gpm each CS/B 3370 27.0 14.4 6.70
B/D-0 gpm each CS/D 31.89 | 27.0 14.4 4.89
LOCA 4B @172°F RHR/A 3126 | 237 14.4 7.56
Cs Pungz }-30/D-3 IZSgEm each NPSHe<NPSHs RHR/C 3067 | 237 14.4 6.97
gpm eac a=
RHR A/C Pumps-6500 gpm each CS/B 29.021 270 14.4 2.02
B/D-0 gpm each CSD 2721 270 144 0.21
LOCA 4C @187.3°F RHR/A 3127 | 237 16.9 7.57
CS Pumps B/D-3125gpm each RHRIC | 30.68| 237 | 169 6.98
A/C-0 gpm each
RHR A/C Pumps-6500 gpm each CS/B 29.03| 27.0 16.9 2.03
B/D-0 gpm each CS/D 2722 27.0 16.9 0.22
LOCA 5SA @1554°F RHR/B 35.65 23.7 14.4 11.95
CS Pumps B/D-3125gpm each RERD | 36.19| 237 | 144 | 1249
A/C-0 gpm each
RHR B/D Pumps-6500 gpm each CS/B 33.68 27.0 14.4 6.68
A/C-0 gpm each CS/D 3187 27.0 14.4 4.87
LOCASB @172°F RHR/B 3097 | 237 14.4 7.27
CS Pumps B/D-3125gpm each
AIC-0 gom cach NpsHa-Npsi | RARAD | 8161 | 237 | 144 7.81
RHR B/D Pumps-6500 gpm each CS/B 29.00 | 27.0 144 2.00
A/C-0 gpm each CsiD 2719 | 270 | 144 0.19
LOCASC @187.3°F RHR/B 30.98 23.7 16.9 7.28
CS Pumps B/D-3125gpm each RARD | 3152 237 | 169 7.82
A/C-0 gpm each = T ) )
RHR B/D Pumps-6500 gpm each CS/B 29.01( 27.0 16.9 2.01
A/C-0 gpm each CSD | 2720| 270 | 169 | 020
LOCA 6A @155.4°F RHR/B 35.63 237 14.4 11.93
CS Pumps A/C-3125gpm each RERD | 3617 | 237 | 144 | 1547
B/D-0 gpm each '» : : -
RHR B/D Pumps-6500 gpm each CS/A 31.88 ) 27.0 14.4 488
AJC-0 gpm each CSIC 3386 | 27.0 | 144 686
LOCA 6B @172F RHR/B 3095 237 14.4 7.25
CS Pumps A/C-3125gpm each '
B/D-0 gpm cach NpsHa=NpsHr | RHR/D 3149 237 14.4 7.79
A/C-0 gpm each cs/IC 2018 27.0 14.4 2.18
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date____
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp. | Pump | NPSHa | NPSHr | Pressure | NPSH
(¢))] (fv) (psia) margin
ay
LOCA 6C @181.3°F RHR/B 30.96 | 23.7 16.9 7.26
CS Pumps A/C-3125gpm each RARD | 3150 | 237 | 169 | 7.80
B/D-0 gpm each
RHR B/D Pumps-6500 gpm each CS/A 2121 | 27.0 16.9 0.21
A/C-0 gpm each Cs/C 2919 27.0 16.9 219
LOCA 7 @166°F RHR/A | 30.77 237 14.4 7.07
CS Punlms;;ls) /}0/0-3 lZSg}p;m each RHR/B | 30.78 237 14.4 7.08
gpm e RHR/C | 30.18 | 237 14.4 6.48
RHR A/C/B/D Pumps-6500 h - - - -
POt gpm eac RORD | 3132 | 237 | 144 7.62
CS/A 2763| 27.0 14.4 0.63
CSs/C 2961 | 27.0 14.4 2.61
ATWS Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr | Pressure | NFSH
(§19) - (ft) (psia) margin
(lt)
ATWS @214.6°F | RHR/A | 24.52 237 21.0 0.82
RHR A/C/B/D Pumps-6500 gpm each
CS Pumps A/C/B/D-0 gpm each RHR/B 24.55 23.7 21.0 0.85
RHR/C | 23.93 237 21.0 0.23
RHR/D | 25.09 237 21.0 1.39
Appendix R Pump/Flow Pool Temp | Pump | NPSHa | NPSHr | Pressure | NP'SH
Combination (ft) (ft) (psia) margin
(fe)
App-RA @227°F A 23.93 23.7 24.1 0.23
RHR Pump A-6500 gpm
App-RB @227°F B 23.90 23.7 24.1 020
RHR Pump B-6500 gpm P
App-RC @227°F C 23.81 23.7 24.1 0.11
RHR Pump C-6500 gpm L :
App-RD @227°F D 2398 | ‘237 | 241 028
RHR Pump D-6500 gpm P o
SBO Pump/Flow Combination Pool Temp | Pump | NPSHa | NPSHr ‘| Pressure | NI’SH
(fo)! (ft) - | (psia) | margin
: (ft)
SBO1A/C @1971.3°F A 2445 | 237 16.0 0.75
RHR Pump A/C-6500 gpm each
C 23.85 23.7 16.0 0.15
SBO 2 B/D @197.3°F B 2385 | 237 15.9 0.15
RHR Pump B/D-6500 gpm each :
D 24.40 237 15.9 0.70
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CALCULATION SHEET

Table 14.1: Unit 3 NPSH Calculations Case 1A 95F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) psia) V(ft’/lb) : | psiato feet of head
60 0.256389624 0.016034992 2.309038802 _
95 0.816362332 0.016115213 2.320590685 Pool Press. (psia) | 14.4|
; |
RHR Pressure (psig “NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1PUMFA 0.80107 33.38 23.9 9.48 ‘
2PUMFB 0.378837 32.40 27 5.40
3PUMFC 0.196499 31.98 '23.7 8.28
4PUMPD R 1.04947 33.96 30 3.96
CS___| Pressure (psig) "NPSHa (ft). NPSHr (1) NPSH margin ()
1CSPUNIPA 1.43727 34.86 27, 7.86
2CSPUNIPB 2.3699 37.02 . 27. 10.02
3CSPUN.PC 2.29033 36.84 27 9.84
4CSPUNPD] 1.59296 35.22 - 27 8.22

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.2: Unit 3 NPSH Calculations Case 1B 155.4F
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CALCULATION SHEET

NPSH Evaluation of Browns Ferry RHR and (CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psla to feet of head
60 0.256389624 0.016034992 2.309038802 -
155.4 4,249928506 0.016369309 2.357180486 Pool Press. (psia)| 16
RHR Pressure (psig) NPSHa (ft) NPSHr (ft) . NPSH margin (ft)
1PUMPA 0.628492 29.65 23.9 5.75
2PUMFB 0.414702 28.67 27 1.67
3PUMPC 0.232564 28.25 23.7 4.55
4PUMPD 1.07595 30.23 30 0.23
CS Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUNPA 1.45158 31.12 27 4.12
2CSPUNPB 2.37214 33.29 27 6.29
3CSPUMPC 2.29119 33.10 27 6.10
4CSPUNPD 1.60649 31.48 27 4.48

Note 1: Sze Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 14.3: Unit 3 NPSH Calculations Case 2A 95F

NPSH Evaluation of Browns Ferry RHR and ('S pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft’/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
95 0.816362332 0.016115213 2.320590685 Pool Press. (psia) 14.4]
RHAR Pressure (psig) NPSHa (ft) NPSHr () NPSH margin (ft) |
1PUMPA 0.469288 32.61 27 5.61
2PUMFB 0.944092 33.71 24.8 8.91
3PUMPC -0.26239 30.91 27 3.91
4Pl_JtMF’D _ 1.49817 35.00 26 9.00
CS __| Pressure (psig) NPSHa (tt) NPSHr (ft) NPSH margin Sfti
1CSPUMPA 1.49582 34.99 27 7.99
2CSPUMPB 2.43307 37.17 27 10.17
3CSPUMPC 2.34888 36.97 27 9.97
4CSPUMPD 1.65613 35.37 27 8.37

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 14.4: Unit 3 NPSH Calculations Case 2B 155.4F

Vapor Pressure

Specific Volume

Conversion Factor

NPSH Evaluation of Browns Ferry RHR and ('S pumps

Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 _
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia) 16.08|
m_ Pressure Spsig) : NP§H_a (ft) NPSHr (ft) NPSH margin Sft)
1PUMPFA 0.383607 28.79 27 1.79
2PUMFB 0.84087 29.87 24.8 5.07
3PUMFC -0.33748 27.09 27 0.09
4PUMFD 1.3873 31.16 26 5.16
CS | Pressure (psig) “NPSHa (ft) NPSHT (ft) NPSH margin (ft)
1CSPUNIPA 1.37023 31.12 27 412
2CSPUNMPB 2.28972 33.28 27 6.28
3CSPUNMPC 2.20984 33.09 27 6.09
4CSPUMPD 1.52407 31.48 27 4.48

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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; CALCULATION SHEET ’

Table 14.5: Unit 3 NPSH Calcuiatibns Case 3A 155.4F

NPSH Evaluation of Browns Ferry RHR and ('S pumps

Vapor Pressure | Specific Volume ] Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 ]
155.4 4.249928506 0.016369309 2.357180486 Pool Press. (psia) 14.4]
| | I . o
RHR | Pressure (psig) NPSHa (ft) NPSHr (ft) NPSH margin (ff)
1PUMPA | 5.09137 35.93 23.7 12.23
2PUMPB ‘
3PUMPC 4.83981 35.33 23.7 . 11.63
4PUMFD | o l T
CS___| Pressure (psig) NPSHa (ft) NPSHr (ft) | NPSH margin (ft) |
"1CSPUMPA 3.35622 31.84 27 4.84
2CSPUNPB ;
3CSPUMPC 4.19583 33.82 27 6.82
4CSPUMPD 1

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 14.6: Unit 3 NPSH Calculations Case 3B 172F

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft¥/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 .
172 6.281035863 0.016460423 2.370300872 | Pool Press. (psia) 14.4]
RHR Pressure (psig) NPSHa (ft) FPSHr(ft) “J NPSH margin (ft)
TPUMPA | 5.06319 31.25 23.7 7.55
2PUMPFB
3PUMPC 4.81293 30.65 23.7 6.95
4PUMFD _ |
TS “Pressure (psig) NPSHa (ft) "~ _NPSHr(ft) . | NPSH margin (ft)
1CSPUNIPA] 3.33804 27.16 27 0.16
2CSPUMPB ; | ‘
3CSPUMPC 4.17294 29.14 27 ‘ 2.14
4CSPUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
Table 14.7: Unit 3 NPSH Calculations Case 3C 187.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(fnb) | psia to feet of head
60 0.256389624 ' | . 0.016034992 2.309038802 .
187.3 8.822339971 0.01655191" | 2.383475045 Pool Press. (psia) 16.9]
i I | | Yo ' i
RHR __| Pressure (psig) NPSHa (ff) NPSHr (ft) | NPSH margin (ft
1PUMFA 5.03611 ! 1131.26 | 1237 - 71.56
2PUMFB : ; o
3PUMFC 4.78719 :30.66 - | 1237 6.96
4PUMFD ; H I P ;
CS —Pressure (psig) NPSHa (ft) NPSHr (ff)_ NPSH margin (f) |
1CSPUNMPA 3.321 2747 - 27 - 0417
2CSPUMPB T
3CSPUMPC 4.15116 ,29.15 27 2.15
4CSPUNIPD \

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.8: Unit 3 NPSH Calculatlons Case 4A 155, 4F f
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft’ib) | | psiato feet'of head.
60 0.256389624 0.016034992 2.309038802 | J _
155.4 4.249928506 0.016369309 - 2.357180486 || Pool Press. (psia) 14.4]
N P |
RHR | Pressure (psig) NPSHa (ft) NPSHr (ff) | NPSH margin (ft) |
1PUMFA 5.0976 3594 | 237 12.24
2PUMFB N | I
3PUMFC 4.84605 3535 | - 23.7 ; 11.65
4PUMFD il i I L
_CS___| Pressure (psig) NPSHa (ft)| NPSHr (f) | NPSH margin (f)
1CSPUMPA | o ‘
2CSPUNPB 4.14542 33 70 27 6.70
3CSPUNMPC
4CSPUNIPD 3.37977 31 89 27 4.89

Note 1: See Table 8 for steps taken in calculéting NPSHa and NPSH margin.
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CALCULATION SHEET

Table 14.9: Unit 3 NPSH Calculations Cése 4B 172F

NPSH Evaluation of Browns Ferry RHR and C'S pumps

Vapor Pressure | Specific Volume | Conversion |Factor
Temp(°F) psia) V(ftlb) ] psia to feet of head
60 0.256389624 0.016034992 2.309038802 o
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia) 14.4]
RHR Pressure (psig) NPSHa (ft) NPSHTr (ft) NPSH margin (ft)
" 1PUMFA | 5.06937 31.26 23.7 7.56
2PUMFB | | -
3PUMFC 4.81912 30.67 23.7 6.97
4PUMFD ‘ o
CS___| Pressure (psig) NPSHa (ft) NPSHr (ff) | NPSH margin (ft)
1CSPUMPA 3 ‘ '
2CSPUMPB 4.12286 29.02 27 2.02
3CSPUNMPC
4CSPUNMPD 3.36135 27.21 27 0.21

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.10: Unit 3 NPSH Calculations Case 4C 187.3F |
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802| L l
187.3 8.822339971 0.01655191 2.383475045 | Pool Press. (psia) 16.9]
S . | i |
RHR | Pressure (psig) NPSHa (ft) NPSHr(ft) | NPSH margin (ft) |
1PUMPA 5.04225 31.27 23.7 L 7.57 1
2PUMFB ‘ |
3PUMPC 4.79333 30.68 23.7 . 6.98!
4PUMPD P |
CS __Pressure (psig) 'NPSHa (ft) NPSHr (ft) NPSH margin (ft)
1CSPUNPA 1
2CSPUNMPB 41014 29.03 27 1 2.03
3CSPUMPC ‘ :
4CSPUNMPD 3.34409 27.22 27 1 0.22,

Note 1: Sese Table 8 for steps taken in calculating NPSHa and NPSH margin.

|
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Table 14.11: Unit 3 NPSH Calculations Case 5A 155.4F

Vapor Pressure | Specific Volume | Conversion Factor,
Temp(°F) (psia) V(ft’/Ib) psia to feet of head
60 0.256389624 0.016034992 2309038802 |
155.4 4.249928506 0.016369309 2.357180486 | ] Pool Press. (psia) 14.4]
RHR Pressure (psig) NPSHa (ft) NPSHTr (ft) NPSH margin (ft)
—1PUMFA 3 —
2PUMFB 4.97346 35.65 23.7 11.95
3PUMFC
4PUMFD 5.20404 36.19 23.7 ! 12.49
CS Pressure (psig) NPSHa (ft) NPSHr (ft) ["NPSH margin (ft)
" 1CSPUMPA ] }
2CSPUNVPB 4.13718 33.68 27 6.68
3CSPUMPC
4CSPUMPD 3.37154 31.87 27 4.87

Note 1: Sze Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.12: Unit 3 NPSH Calculations Case 58 172F ’
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft’/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 .
172 6.261035863 0.016460423 2.370300872 | Pool Press. (psia) 14.4]
i ' : !
RAHR | Pressure (psig) | NPSHa (ft) NPSHr (ft) NPSH margin (ft)
[ 1PUMFA ‘
2PUMFB 4.94591 30.97 23.7 7.27
3PUMFC : .
4PUMFD 517532 31.51 T 23.7 7.81
CS “Pressure (psig) NPSHa (ft) "NPSHr (ft) NPSH margin (ft)
1CSPUMPA — ‘ o
2CSPUNPB 411471 29.00 27 2.00
3CSPUMPC '
4CSPUMPD 3.3532 27.19 27 0.19

Note 1: Sze Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
: P ; L :
Table 14.13: Unit 3 NPSH Calculations C[ase 5C187.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) “V(ftNb) - || psia to feet of head
60 _ 0.256389624 0.016034992 | | 1  2.309038802; | .
187.3 8.822339971 0.01655191 || 2383475045 | | Pool Press. (psia) 16.9]
T T
RHR | Pressure (psig) NPSHa(ft) | NPSHr() | NPSH margin (ft
1PUMFA - P i ‘ o]
2PUMFB 4.91948 - 30.98 | 23.7 ! . 7.28
3PUMPC i TS B S | s
4PUMPD |  5.14769 3152 . 1! 237 0 1] 1 7.82
CcS Pressure (psi NPSHa (ft) | ~NPSHr.(ft) | | NPSH margin (ft)
1CSPUNPA T - )
2CSPUNMPB 4.09332 . 29.01 | 27 | - 2.01
3CSPUMPC I e |
4CSPUNPD 3.33601 ¢ 27.20 | 27 ‘ - 0.20

| ! . ‘
Note 1: Sse Table 8 for steps taken in calculating NPSHa and NPSH margin.
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: . 3 4o :
Table 14.14: Unit 3 NPSH Calculations Case 6A?1 55.4F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) . V(*b) i . | psia to feet of head
60 0.256389624 0.016034992 | 2.309038802 ‘ 3
155.4 4.249928506 0.016369309 - 2.357180486 - : | Pool Press. (psia) 14.4]
P R 1 C
RHR ~ Pressure (psig) iNPSHa (ft) . INPSHr (ft) -~ | NPSH margin (ft)
1PUMFA - z K L ; o
2PUMFB 4.96393 . 3563 237 . 11.93
3PUMFC ! i -
4PUMFD 5.19451 3647 237 1247
cS Pressure (psig "NPSHa (ft) INPSHr (ff) | NPSH margin (ft) |
1CSPUMPA| 3.37547 ~ 31.88 T 27 4.88
2CSPUMPB : R ; -
3CSPUMPC 4.21507 | 33.86 _ P27 6.86
4CSPUMPD N B , -

Note 1: Sze Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET

Table 14.15: Unit 3 NPSH Calculations Case 6B 172F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft°/Ib) psia to feet of head
60 0.256389624 0.016034992 @9038802
172 6.281035863 0.016460423 2.370300872 Pool Press. (psia) 14.4]
RHR Pressure (psig NPSHa (ft) NPSHr (ff) | NPSH margin (ft) |
1PUMFA ‘ ‘
2PUMFB 4.93642 30.95 23.7 7.25
3PUMFC
4PUMFD 5.16583 3149 _ 23.7 7.79
CS___ | _Pressure (psig) NPSHa (ff) _ NPSHr (ft) NPSH margin (ft)
1CSPUNIPA 3.357156 27.20 27 ‘ 0.20
2CSPUNPB '
3CSPUNPC 4.19204 29.18 27 2.18
4CSPUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.16: Unit 3 NPSH Calculations Case 6C 187.3F

NPSH Evaluation of Browns Ferry RHR and CS pumps

Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ftib) | | psia to feet of head
60 0.256389624 0.016034992 2.309038802: | - .
187.3 8.822339971 0.01655191 | .2.383475045. .| Pool Press. (psia) 16.9}
RHR Pressure (psig) _ NPSHa (ft) : NPSHr (ft) . . NPSH margin (ft)
1PUMPA " ‘ ‘
2PUMFB 4.91004 30.96 23.7 7.26
3PUMFC ‘ - o
4PUMFD 513825 31.50 L 23070 i 7.80 |
CS Pressure (psig) NPSHa (ft) NI'?SHtr (ft) ' NPSH margin gftz
[1CSPUNPA| 3.33996 271.21 27 ~0.21
2CSPUMPB L P
3CSPUMPC 4.17012 29.19 27 2.19
4CSPUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.17: Unit 3 NPSH Calculations Case 7 166F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) {psia) V({t/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 s
166 5.468938413 0.016426501 2.365416198 | Pool Press. (psia) 14.4|
RHR Pressure (psig) NPSHa (ft) NF’EHJr(ft) "NPSH margin (ft)
1PUMFA 4.0793 30.77 23.7 7.07
2PUMFB 4.08192 30.78 23.7 7.08
3PUMFC 3.82856 30.18 23.7 6.48
4PUMFD 4.31176 _31.32 23.7 1 7.62
[of] Pressure {psig) NPSHa (ft) NPSHTr (ft) NPSH margin (ft)
1CSPUNIPA] 2.74921 27.63 27 0.63_
2CSPUMPB
3CSPUNMPC 3.58624 29.61 27 2.61
4CSPUNIPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.18: Unit 3 NPSH Calculations Case ATWS 214.6F

Vapor Pressure

Specific Volume

Conversion Factor

Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 )
214.6 15.4840075 0.016732744 2.409515179 Pool Press. (psia) 21 |
RHR Pressure (psig) NPSHa (ft) NPSHr (f) NPSH margin (ft)
[ PUMPA 4.66078 24,52 23.7 —0.82
PUMPE 4.67186 24.55 23.7 0.85
PUMPC 4.41446 23.93 23.7 0.23
PUMPD 4.89771 25.09 23.7 1.39

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
Table 14.19: Unit 3 NPSH Calculations Case App-R A 227F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802
227 19.65726995 0.016822324 2422414688 Pool Press. (psia) 24.1}]
__RHR_ | Pressure (psig) NPSHa (ft) NPSHF (ft) NPSH margin (ft)
(1PUMPF | 5.43696 23.93 23.7 0.23
2PUMPH
3PUMPC
4PUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.20: Unit 3 NPSH Calculations Case App—R B 227F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) (psia) V(ft%/Ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802

227 19.65726995 0.016822324 2.422414688: Pool Press. (psia) 24.1}
__RHR__ | Pressure (psig) NPSHa (ft) NPSHr (f) | NPSH margin (9
1PUMPA :
2PUMPE 5.42391 23.90 23.7 . 0.20
3PUMPC
4PUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.21: Unit 3 NPSH Calculations Case App-R C 227F

Vapor Pressure | Specific Volume | Conversion Factor

Temp(°F) psia) V(ft%/Ib) psia to feet of head

60 0.256389624 0.016034992 2.309038802

227 19.65726995 0.016822324 2.422414688 Pool Press. (psia) 24.1]
_RHR_ | _Pressure (psig) NPSHa (ft) NPSHr (ff) | NPSH margin (ft) ]
1PUMPA
2PUMPB
3PUMPC 5.38608 23.81 23.7 0.11
4PUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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P < P
Table 14.22: Unit 3 NPSH Calculations Case App-R D 227F

NPSH Evaluation of Browns Ferry RHR and ('S pummps

Vapor Pressure | Specific Volume | Conversion :Factor

Temp(°F) (psia) V(ft*/Ib) | ] psia to feet of head |

60 0.256389624 0.016034992 - | 2.309038802 i .

227 19.65726995 0.016822324 , | 2422414688 Pool Press. (psia) 24.1]

% S - oo HE K |

RHR Pressure (psig) NPSHa (ft) 'NPSHF (ft) _ NPSH margin ()
1PUMPA i ‘ : !
2PUMPER |
3PUMPC ;
4PUMPD 5.45444 23.98 23.7 0.28

o |
Note 1: Sze Table 8 for steps taken in calculating NPSHa and NPSH margin.
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Table 14.23: Unit 3 NPSH Calculations SBO A-C 197.3F
Vapor Pressure | Specific Volume | Conversion Factor
Temp(°F) (psia) V(ft*/ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802 |
197.3 10.90873195 0.016615541 2.392637845 Pool Press. (psia) 16 |
RHR Pressure (psi NPSHa (ft) NPSHr (ft) NPSH margin !ft!
TPUMPA 5.12658 24.45 23.7 0.75 |
2PUMPB _
3PUMPC 4.87856 23.85 23.7 0.15
4PUMPD

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.
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CALCULATION SHEET
Table 14.24: Unit 3 NPSH Calculations SBO B-D 197.3F
Vapor Pressure ] Specific Volume ] Conversion Factor
Temp(°F) (psia) V(ft*/Ib) psia to feet of head
60 0.256389624 0.016034992 2.309038802

197.3 10.90873195 0.016615541 2.392637845 Pool Press. (psia) ] 15.9}

RHR Pressure (psig) NPSHa (ft) NPSHT (ft) NPSH margin (f)
1PUMPA P
2PUMPE 4.97858 23.85 23.7 0.15
3PUMPC N
4PUMPD) 5.20597 2440 23.7 0.70

Note 1: See Table 8 for steps taken in calculating NPSHa and NPSH margin.



Plant: BFN Ul, 2&3 Page: 113

Document: MD-Q0999-970046 Rev.: 8
Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date____
Checked Date____
CALCULATION SHEET
TABLE 15
Unit 3
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
LOCA 1A @95F Strainer 1 14354.6 2.469
CS Pumps A/B/C/D-3125gpm each - ‘
RHR A/C Pumps 10,000 gpm each Strainer 23 13421.3 2.101
RHR B/D Pumps -11,000 gpm each Strainer 27 13167.1 2.365
Strainer 5 13283.1 2.1‘16
LOCA 1B @155.4°F Strainer 1 13772.1 2415
CS Pumps A/B/C/D-3125gpm each ;
RHR A/C Pumps 10,000 gpm each Stra}ner 23 13093 2029
RHR B/D Pumps -11,000 gpm each Strainer 27 13313.7 2.274
Strainer 5 13207.2 2.052
LOCA 2A @95F Strainer 1 14264.8 2442
CS Pﬁ/ngs P;Afnl?/C/l?fggggpm eac}}l1 Strainer 23 13309.3 2.039
RHR ps —11,000 gpm eac -
RHR B/D Pumps ~10,000 gpm each Strainer 27 13237 2.286
Strainer 5 13414.9 2.063
LOCA 2B @1554°F Strainer 1 14262.7 2.485
CS Pumps A/B/C/D-3125gpm each Strainer 23 12921.5 2.115
RHR A/C Pumps —-11,000 gpm each Strainer 27 13265.2 2.354
RHR B/D Pumps -10,000 gpm each Strainer 5 12936.6 2.133
LOCA 3A .| @1554%F Strainer 1 4905.66 0.1729
CS Pumps A/C-3125gpm each Strainer 23 255166 | 0.1068
B/D-0 gpm each '
RHR A/C Pumps-6500 gpm each Strainer 27 4648.25 0.1239
B/D-0 gpm each Strainer 5 475043 | 0.1428
LOCA 3B @172°F Strainer 1 4878.12 0.1719
CS Pumps A/C-3125gpm each :
B/D-0 gpm each NPSHa=NPSHr Strainer 23 4526.95 0.1063
RHR A/C Pumps-6500 gpm each Strainer 27 4622.91 0.1233
B/D-0 gpm each Strainer 5 472401 0.142
LOCA 3C @187.3°F Strainer 1 4850.69 0.1709
CSs Purg;]s) A0/C-3 lZSgﬁm each Strainer 23 4502.16 0.1058
-0 gpm eac -
RHR A/C Pumps-6500 gpm each Stralfler 27 4597.51 0.1227
B/D-0 gpm each Strainer 5 4697.64 0.1412
LOCA 4A @1554°F Strainer 1 4835.65 0.1591
CS Pumps B/D-3125gpm each Strainer 23 4647.75 0.1238
A/C-0 gpm each Strainer 27 4731.51 0.1392
RHR A/C Pumps-6500 gpm each Strainer 5 4641.08 0.1226
B/D-0 each i
LOCA 4B @172°F Strainer 1 4808.63 0.1582
CS Pumps B/D-3125gpm each Strainer 23 4622.27 0.1232
A/C-0 gpm each NPSHa=NPSHr Staer 27 770
RHR A/C Pumps-6500 gpm each tramer 5.55 0.1385
B/D-0 gpm each Strainer 5 4615.54 0.122
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
o Checked Date_
CALCULATION SHEET
LOCA Pump/Flow Combination Pool Temp Strainer Flow Pressure
~ (sgpm) Drop
(psid)
LOCA 4C @187.3F Strainer 1 4781.69 0.1573
CS P“mﬁc BO’D'3 1258§m each Strainer 23 4596.76 0.1225
-0 gpm eac -
RHR A/C Pumps-6500 gpm each Strainer 27 4679.56 0.1378
B/D-0 ¢gpm each Strainer 5 4589.99 0.1213
LOCA 5A @155.4°F Strainer 1 4642.35 0.1228
CS Pumps B/D-3125gpm each Strainer 23 4773.43 0.1471
B /3/19'0 gpm each Strainer 27 4913.97 0.1745
RHR B/D Pumps-6500 gpm each Strainer 5 4526.25 0.1024
A/C-0 gpm each
LOCA 5B @172°F Strainer 1 4617 0.1222
A/C-0 gpm each NPSHa=NPSHr fncr i i
RHR B/D Pumps-6500 gpm each Strainer 27 4886.42 0.1735
A/C-0 gpm each Strainer 5 4501.7 0.102
LOCA 5C @187.3°F Strainer 1 4591.6 0.1216
CS Pumps B/D-3125gpm each -
A/C-0 gpm each Strainer 23 4720.38 0.1455
RHR B/D Pumps-6500 gpm each Strainer 27 4858.97 0.1725
A/C-0 gpm each
Strainer 5 4477.05 0.1015
LOCA 6A @155.4F Strainer 1 4720.96 0.1372
CSP A/C-3125 h :
VBP0 gom cncty Stminer23 | 466124 | 0.1262
RHR B/D Pumps-6500 gpm each Strainer 27 4846.9 0.1613
A/C-0 gpm each -
Strainer 5 4626.89 0.12
LOCA 6B @172°F Strainer 1 4695.03 0.1366
CS Pumps A/C-3 125gpm each 3 4 5 0.1256
B/D-0 gpm cooh NPSHa<NPSH: Stxafner 23 635.59 )
RHR B/D Pumps-6500 gpm each Strainer 27 4819.83 0.1604
A/C-0 gpm each Strainer 5 '4601.55 0.1195
LOCA 6C @187.3°F Strainer 1 4669.07 0.1358
Cs Punér;IS) AO/C-3 125s£m each Strainer 23 4609.93 0.1249
-0 gpm eac : )
RHR B/D Pumps-6500 gpm each - Straxfler 27 :4792.84 0.1595
A/C-0 gpm each Strainer 5 4576.16 0.1188
LOCA 7 @166°F Strainer 1 '8289.24 0.877
Cs Purgr;ls) /‘6/0-3 125g£m each Strainer 23 7500.75 0.6964
-V gpm eac Strainer 27 17988.88 0.8029
RHR A/C/B/D Pumps-6500 gpm each Strainer 5 770314 0.7388
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Subject: NPSH Evaluation of Browns Ferry RHR and CS Pumps Prepared Date
Checked Date
CALCULATION SHEET
ATWS Pump/Flow Combination Pool Temp. Strainer Flow Pressure
(sgpm) Drop
(psid)
ATWS @214.6°F Strainer 1 8797.52 0.1784
RHR A/C/B/D Pumps-6500 gpm each Strainer 23 3842.31 0.034
CS Pumps A/C/B/D-0 gpm each
Strainer 27 7688.36 0.0017
Strainer 5 4587.81 0.0485
Appendix R Pump/Flow Pool Temp. Strainer Flow Pressure
Combination (sgpm) Drop
(psid)
App-RA @227°F Strainer 1 233637 0.0126
RHR Pump A-6300 gpm Strainer 23 936046 |__ 0.002
Strainer 27 1767.64 0.0072
Strainer 5 1155.95 0.0031
App-RB @227°F Strainer 1 1707.37 0.0118
RHR Pump B-6500 gpm
Strainer 23 1252.23 0.0064
Strainer 27 2088.01 0.0177
Strainer § 1148.39 0.0053
App-RC @227°F Strainer 1 2336.37 0.0126
RHR Pump C-6500 gpm Strainer 23 936.046 0.002
Strainer 27 1767.64 0.0072
Strainer § 1155.95 0.0031
AppRD @227°F Strainer 1 1707.37 00118
RHR Pump D-6500 gpm Strainer 23 125223 | 00064
Strainer 27 2088.01 0.0177
Strainer 5 1148.39 0.0053
SBO Pump/Flow Combination Pool Temp Strainer Flow Pressure
(sgpm) Drop
(psid)
SBO1A/C @197.3°F Strainer 1 472036 0.051
RER Pump A/C-6500 gpm each Strainer 23 1901.72 | 0.0083
Strainer 27 3578.79 0.0293
Strainer 5 2345.14 0.0126
SBO2B/D @197.3°F Strainer 1 3456.45 0.0478
RHR Pump B/D-6500 gpm each Strainer 23 75408 | 00259
Strainer 27 4218.78 0.0713
Strainer 5 2329.97 0.0217




Calculation MD-Q0999-970046 Page A3-10f3
Appendix 3

Evaluation of the ECCS Strainer to Ingest a Steam Plame/Bubble

This appendix determines the vertical and horizontal distances between the MSRV T-qoenchers and various poirits on the
ECCS suction strainers. The horizontal distance is compared 10 the MSRV T-Quencher to ECCS separation critxia
contained in the Brookhaven National Laboratory attached to the NRC Safety Evaluation Repart for NEDO- 308%2-A,
“Elimination of Limit on BWR Suppression Pocl Temperaturc Limit for SRV Discharge with Quenchers”

Assumftions:

None

References: '

1. Drawing 2/3-E20, “T'VA Containment Vessel”, Pintsburgh-Des Moines Steel Co.
2. Drawing 2/3-47W401-5, “Mechanical Main Steam Relief Valve Vent Piping™.
3. General Electric Drawing 10SE2202 Rev 1, “Suction Strainer”

Design Input Data:
1. Distance from ring header centerline to weld on penetration X-204A-D =1’ 10" (Ref. 1)

2. Distance from weld on penetration X-204A-D to exterior or suppression chamber shell = 8 5" (based on field
measurement)

3. Distance from exterior of suppression chamber shell 1o strainer flange = 0° 11 5/16” Ref. 1)

4. Length of suction strainer = 49.8” (Scaled from Ref. 3)

" 5. Hydraulic Diameter of suction strainer = 45" (Ref. 3)

6. Anglc of suction strainer 1o horizontal = 40° 08° 36™ = 40.14° (Ref. 1)

7. Distance from centerline of ring header to centerline of suppression chasiber = 13 10 (Ref. 1)

8. Distance from cemestine of suppression chamber to centedine of MSKV T-Quencher = 15 (Ref. 2)
9. Diameter of MSRV T-Quencher = 127 (Ref. 2) |

10, Elevation of ring header = 525" 4” (Ref. 1)

11. Elevation of MSRV T-Quencher= 526" 6” (Ref. 2)

Computations and Results:

The following calculation is based on the sketch shown in Figure A3-1. The figare is based on the above design inpnt
data |

Xy =(1" 10" +8.5" + 11 5/16” + 49.8™) * COSINE 40.14° = 70.0"

X1 =225 * SINE 40.14°=14,50"



Calculation MD-Q0999-970046 ‘ Page A3-2 of 3
Appendix 3 (Cont’d)

Evaluation of the ECCS Strainer to Ingest a Steam Plume/Bubble

Harizontal Wm= Sg=13’10"-X; - X5+ 15"« 6" = 13" 10" -70.0" - 14.50” + 15" - 6" = 90.5” = 7.54 fxt
= 23 meters

L= 16" +8.5" + 11 5/16” + 49.8") * SINE 40.14° = 59.1"
&2=225* COSINE 40.14° = 172"
E=591".172"=41.9" ~ 42"
Elevation of tip oi.'stxainer- Centerline of ring header + E = 525° 47 + 42”7 = 528’ 10~
Vertical Scparation = Elevation of tip of strainer - Elevation of MSRV T-Quencher
=528"10"-526"6"=2'4"
-Concluion:
The horizontal separation distance from the Brookhaven report is 1.5 meters. Since the BEN separation (2.3 metets)

cxceeds the Brookhaven criteria, it is not expected that the steam/thermal plume from an MSRV would be ingested by an
ECCS suction strainer,
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The purpose of this calculation is to determine that the Residual Heat Removal {RHR) pump and the Core Spray {CS)
pump Net Positive Suction Head (NPSH) Is adequate and that margin is available for the Emergency Core Cooling
System (ECCS) replacement strainer design.
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This revision adds the Unit 1 mé'rgin to the calculation.
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Abstract:

Tha puiposs of this calculation is 1o determine that the Residual Heat Remova! {RHR) pump and the Core Spray (CS) pump Net Positiv: Suction Head
(NPSH) is adequaie and that margin is available lor the Emergency Core Cooling System (ECCS) replecement strainer design.
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cacid | IvPE | oRc | miant | pRanch NUMBER CUREREV | NEW REV
REVISION
CURRENT CN NUC BFN MEB | MDQ0999570046 006 APPLICABILITY
Entrecalc [X
NEW CN NUC 007 Selected pages [
No CZRIS Changes [X
ACTION | NEW O j DELETE [J | SUPERSEDE [J } CCRIS UPDATE ONLY O {For calc revision, CCRIS
REVISION [ i RENAME [ j DUPLICATE  [J | (Verilier Approvel Signatures Not Required) | beon reviewed and no
CCRIS changss required)
UNITS SYSTEMS UNIDS -
001,002,003 | 064 074 075 A
RCN.EQC.NA s NA CLASSIFICATION
NA . f £
QUALTY RAFETY BELATED? | UNVERIFIED g REQUIREM | DESIGNQUTPUT | SAR/TS AFF
7 (I yes, OR = yes) SSUMPTION | AND/OR LIMITING CONDIT 2 | "ATTAC 2
Yes @ NolJ Yes No ) Yos 1 No ) Yes [ Nod Yes[J Nol3 Yes [J No[D
PREPARER ID PREPARER PHONE NO § PREPARING ORG (BRANCH) ' | VERIFICATION METHOD | NEW METHD OF ANALYSIS
Ed Rink 256 729 7000 x 18393 Mech/Nuc " | DesonReview | | DOYes BnNo
CHECKER SIGNATURE L ATE
el v 1 [i4]o4
KP% SIGNATURE / DATE
o V. < / /e

MICROFICHE/EFICHE

Yes {) No[X)

FICHE NUMBER(S)

LOAD INTO EDMS AND DESTROY
[J LOAD INTO EDMS AND RETURN CALCULATION TO CALCULATION LIBRARY
[ _LOAD INTO EDMS AND RETURN CALCULATION 10:

ADDRESS:

TVA 40632 [07-2001)

Fage1ot2

NED#>.2+1 07-09-2001)

|



""‘5 ;{ o

B ' '
Attochmmemt ~-2— Foge Fo-

cos By TAY.

To: Those Listed
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From: Thomas Newton, BFN EPU Project
Subject: ECCS NPSH Calculation Revision Differences from EPU Task Report- T0406
Date: 7/16/02

BFN Calculation MD-Q0999-970046 was revised at Revision 3 to incorporate the approved
license value of containment overpressure credit. This meant adding 1 psi to the short term
results for RHR snd subtracting J psi from the long term results for CS in Tables 1 and 2 since the
calculstion alresdy considered 2 psi in its original deterministic results. Revision 3 modified the
calculztion results per the NRC SER of approved overpressure for NPSH. ‘The conversion factor
for 1 psi used in perforxmng this calculation was 2.31 fi/psi. The original results of the calculation
utilized the conversion factor corresponding to the suppressxon pool tc:npemure 2s listed in Table
3 of the calculazion, .

In Extmded Powcr Uprate apalysis, Gcnera! Electric made the fo]lowing,na!emem inFinal Task
Report T0406, *ECCS Net Positive Suction Head", Section 3.3.2, Jtem 2, primary bullet 3,
"CLTP NPSH margins from previous NPSH calculation (MD- QO999-970046) were obuined,
margms inchide containmerit Gverpressure credits; NPSH masging without: the credits - -
aiBes Were-cAlCBlated T Bis calculafion nies 5. ﬁxcd-tonvennoﬁ factorof2:31;. T 1
i.ianie as t’hat usedin; (MD—QOQ”&]ONST to conveﬂ psi to‘fccl =of =water The . "
‘lnfng :NPSB &:lmlﬁ%m 0865 :onvcn"x‘on factors calculalcd bued onahe -\yater e
=mﬁpm§nn : -

Tberefore, GE’s malyses used & conversion factor of 2.3 fifpsi to mbhsh the baseline NPSH
mergin from the TVA calculation and then wsed a vapor head conversion factor conecdy based
on the suppression pool waier temperature for the additive effect of increased suppress:on pool
temperature (and vapor pressure) on NPSH margin.

GE vtilized 2 spreadsheet and table (amchcd with marked changes per the 'I'VA calculauon) to
support or report Task Report T0406 resulis which reflected the dctcrmimsuc atiributes above, If
one vtilizes conversion faciors based on suppression pool temperature, the values for NPSH
margin in Task Report T0406, Section 3.3.1.1, are slightly different. Revision 4 of MD-Q0996~
970046 was performed using conversion factors based on the suppress)on pool watér tempersture
and a coptainment overpressure of 3 p3j . Results are refected in Case 1 (NPSH margin for
the worst-case RHR pump), Case 2 (NPSH-maygin for the worst case.CS pump) and Table d and
some values are slightly different from the content of Task Report T0406per thuxphnmon
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DONALD L To FADYS GAIEDléargenﬁlundy@Sargentlundy

MCQUEEN/Sargentiundy ce
02/16/2006 11:32 AM boc o
Subject Fw: Pump/Flow Combination Cases for MULTIFLOW EPU

Revision to NPSH Calculation '

- Forwarded by DONALD L MCQUEEN/Sargémlundy on 02/16/2006 11:32 AM ~—

"Newton, Thomas F . , : : o .
<thewton@va.gov> - | To <donald.L.mcqueen@sargentiundy.com>
01/23/2006 10:39 AM . cc "Housley, Denzel A" <dahousley@tva.gov>, *Jones, Henry
‘ L." <hljones@tva.gov>, "Wolcott, J. D." <jdwolcoti@tva.gov>
Subject Pump/Flow Combination Cases for MULTIFLOW £PU
Revision to NPSH Calculation

Don,

. The attached is a listing of the cases we have agreed upon. The number:oi cases is very similar to that of
the existing calculation. It doesn't take long to modify the input and run each case - the largest effect is
formatting and presenting the results.’ | am leaving the office for the day, but will be here most of the day
tomorrow. | will call you when I get in so that we can discuss any questions on the cases listed.

)

LOCA Cases for MULTIFLOW Revision to NPSH Caiculation. doc

Tom Newton
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Pump/Flow Combinations for MULTIFLOW Revision to NPSH Calculatioh

Note 1 - All cases to be run at 0 containment overpressure conditions
Notc 2 ~ LOCA strainer resistance 1o be developed as a function of strainer flow and
inpul as a resistance element in MULTIFLOW model, special event strainer resistance

taken as zero.
Note 3 — All cases at EPU conditions only

Note 4 — Cases at which NPSH; = NPSH; will require iteration on pool temperature to

determine final pool temperature

LOCA Pump/Flow Combinations

Suppression Pool Temperature

CS Pumps A/B/C/D - 3125 gpm each
RHR A/C Pumps - 10,000 gpm each
RHR B/D Pumps — 11,000 gpm each

Temperature @ 95°F
Temperature @ 10 minutes EPU

CS Pumps A/B/C/D - 3125 gpm each
RHR A/C Loop - 11,000 gpm each
RHR B/D Loop - 10,000 g¢pm each

Same as above

CS Pumps A/C - 3125 gpm each, B/D - 0
RHR A/C Pumps — 6500 gpm each, B/D - 0

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH, = NPSH;
Temperature @ Timax EPU (187.3°F)

CS Pumps B/D - 3125 gpm each, A/C-0
RHR A/C Pumps - 6500 gpm each, B/D - 0

Temperature @ 10 minutes EPU (155.4°F)
Temperature where NPSH, = NPSH,
Temperature @ Tp, EPU (187.3°F)

CS Pumps B/D - 3125 gpm each, A/C - 0
RHR B/D Pumps - 6500 gpm each A/C-0

Temperature @ 10 minutes EPU (155 A4°F)
Temperature where NPSH, = NPSH;
Temperature @ Tmax EPU (187.3°F)

CS Pumps A/C - 3125 gpm each B/D 0
RHR B/D Pumps - 6500 gpm each AIC-0

Temperature @ 10 minutes EPU (155.4%) -
Temperature where NPSH, = NPSH,
Temperature @ Tmax EPU (187.3°F)

CS Pumps A/C -~ 3125 gpm each, B/D-0
RHR A/B/C/D Pumps — 6500 gpm each

Temperature @ 166°F

ATWS Pump/Flow Combinations

HPCI] Pump Flow - 4500 gpm
RHR A/B/C/D Pumps — 6500 gpm each

Temperature @ 214.6°F(EPU Task Repoit
T0902)

Appendix R Pump/Flow Combinations

One RHR Pump (non specific) — 6500 gpm

Temperature @ 227°F (EPU Task Report
T061 l)

SBO Pump/Flow Combinations

|

One RHR Pump (non specific) - 6500 gpm

Temperature @ 197. 3°F (EPU Task Report
T0903)'




ENCLOSURE 7 0

TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN)
UNIT 1

CONTAINMENT CALCULATION FOR NPSH EVALUATIONS

Following are the inputs, assumptions, methodology,‘and results
for the containment calculations performed for input into the
NPSH evaluations. The calculations are performed with
assurmptions which maximize the suppression pool  temperature.
This calculation however differs from the EPU DBA LOCA
containment calculation described in PUSAR Sectlon 4. 1,
“Containment System Performance,” in that thlS calculatlon uses
inputs, which minimize the resultant contalnment (wetwell
airsrace) pressure.

Kevy 2Analysis Inputs

TABLE 7-1 D

1. Reactor:PQwer 102% of EPU power o 4031§MWt
2. |Reactor Steam Dome Pressure il 1055 psia
3. | Decay Heat ; 1 i|ANs 5.1 - 1979 +20
4. | Initial Suppression Pool volume ,;g 1?1;5003ft3
corresponding to minimum suppression. ||
pool level : BN

5. | Drywell Volume | | ;i 15§,Oodfft3

6. | Initial Wetwell Airspace Volume 129, 3oo £t
7. | Initial :Drywell Pressure : ;;ié Tﬁgéjpeia
8. InitialéDrywell Temperature ;: ifE 1%932;(

9. InitialEWetwell Alrspace Temperaturei é%?gﬂﬂi
10. InitialgWetwell‘AirspacelPresspreghik‘ #?H%Wﬁ%ia
11. | Initial Suppression Pool Temperature 9S°F

E7-1



TABLE 7-1

12. | Initial Drywell Relative Humidity 100%

13. | Initial Wetwell Relative Humidity 100%

14. |Ultimate Heat Sink/RHR Service Water 95°F
Temperature

15. | RHR Heat Exchanger K value 223 Btu/sec-°F

16. | Pump Heat Per RHR/LPCI Pump 2000 hp

17. | Pump Heat Per LPCS 600 hp

Analysis Method

The GE SHEX code is used to calculate the containment response,
including suppression pool temperature and wetwell airspace
pressure.

Analysis Description

The DBA LOCA for NPSH is analyzed for two time periods: up to
600 seconds (no containment sprays) called “short-term” DBA LOCA
for NPSH and after 600 seconds (containment sprays on) called
“long-term” DBA LOCA for NPSH. , For the short-term, all ECCS
pumps are assumed to be‘operating, as the worst assumption,
whereas the long-term analysis 'assumes that only one RHR loop

(2 RHR pumps and 2 SW pumps) is operating.

E7-2



Assumptions for DBA LOCA Short-Term NPSH Evaluation

i TABLE 7-2

at its maximum expected value of
100%. ?

1. | The break is modeled as an This assumption
instantaneous double-ended guillotine |would produce a
break of a recirculation discharge ‘peak suppression
line (1.94 ft?). pool temperature

| ‘and a minimum
‘containment
pressure.

2. | Containment heat sinks are included Heat transfer to
in the model. ‘ the wetwell and

drywell heat
structures
decreases the
containment
pressure, which is
worse for NPSH
calculations

3. | The four LPCI pumps operate during Minimize the
the event, with the flow from two pressure response.
pumps injected into the broken loop
(going directly to the drywell
through the break) at
11,000 gpm/pump. The other two pumps
inject into the intact loop at
10,000 gpm/pump.

4. | The four LPCS pu@ps operate during Minimize the
the event injecting 3125 gpm/pump. pressure response.

5. | Initial drywell and wetwell pressures |Minimize the
are at their minimum expected values pressure response.
of 15.5 psia and 14.4 psia,
respectively. :

6. | Initial drywell relative humidity is Minimize the mass

of non-condensadsle
gas to minimize
the pressure
response.
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Heat transfer between the wetwell
airspace and suppression pool is
mechanistically calculated.

This is a
conservative
approach for
determination of
wetwell
temperature and
pressure for NP3H.

No RHR heat exchanger operation for
the short-term analysis time period
of 600 seconds.

No operator action
before 600
seconds.

Containment mass leakage of 2%/day
was used to evaluate the impact on
the wetwell pressure.

Minimize the
containment
pressure.

Assumptions for DBA LOCA Long-Term NPSH Evaluation

TABLE 7-3

9,000 gpm/pump to control RPV level
for the first 600 seconds of the
event.

1. | The break is modeled as an This assumption
instantaneous double-ended guillotine |would produce a
break of a recirculation suction line |peak suppression
(4.2 ft?). . pool temperaturs

and a minimum
containment
pressure.

2. | RHR cooling is initiated for Minimize the
containment spray with 2 RHR pumps pressure response.
(5,850 gpm/pump), 2 SW pumps, 95°F SW
temperature, and a heat exchanger
K-value of 223 BTU/sec-°F. The RHR
pump flow is split 95%/5% between
drywell and wetwell spray.

3. | Two LPCI pumps actuate and provide Minimize the

pressure response.
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4. | Two LPCS pumps actuate and provide Minimize the
3,550 gpm/pump to control RPV level pressure response
throughout the event.

5. | Initial drywell and wetwell pressures |Minimize the

are at their minimum expected values pressure response.
of 15.5 psia and 14.4 psia,
respectively.

6. | Initial drywell relative humidity is |Minimize the mass
at its maximum expected value of 100% | of non-condensable
gas to minimize
the pressure

response.
7. | Heat transfer between the wetwell ° This is a
airspace and suppression pool is conservative
mechanistically calculated. approach for
determination of
wetwell

temperature and
pressure for NP3H.

8. | Containment mass lsakage of 2%/day Minimize the
was used to evaluate the impact on containment
the wetwell pressure. ‘ pressure.

Analyvsis Results

The results of the SHEX short -term and long—term containment
analyses for evaluating NPSH, 1nclud1ng suppre551on pool
temperature and wetwell airspace pressure, are provided in
Attachment A to this enclosure. o |

'
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DBA LOCA SHORT TERM AND LONG TERM CONTAINMENT ANALYSIS
SUPPRESSION POOL TEMPERATURE AND WETWELL PRESSURE
‘ FOR NPSH EVALUATIONS

ATTACHMENT At

Note:

1. Acjusted wetwell airspace pressure including 2% leakage per

day.

A.1: Short-Term Results for Input to NPSH Evaluation

TABLE 7-A.1

0.00 14.40 95.00 14.40
0.25 14.86 95.02 14.86°
0.87 17.72 95.16 17.72
1.50 - 20.45 95.37 20.45
2.59 24,07 . 95.83 24.07
4.15 1 27.46 96.61 27.46 "
6.65 | 30.58 98.07 30.58
11.40 ' |  33.09. 101.20 '33.09:
16.90 34.10 105.00 34.10
26.90 , | 34.96 | 111.70 34.96
36.40 35.61 117.20 35.61 -
47.65 36.34 123.00 36.34
54.34 . 36.73 125.90 36.73
66.59 | 37.35 130.30 37.35.
73.59 |  37.65, 132.30 37.65
79.09 | | ' 37.86 133.60 37.86
84.21 , |  38.04: 134.70 '38.04
88.06 | | | 38.17 135.:40 || ,/38.16 °
91.34; | | 38.14 | | 135.90 || {[38.14]
93.25] || 38.12 136.20 || {38.12]
94.66 38.10 136.30 '38.09
95.53 38.08 136.40 38.08
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96.22 138.07 | 136.40 || ' 38.07
96.94 '38.06 ‘| 136.40 | @ 38.06
97.81 '38.04 | 136.40 | ' 38.04
98.91 '38.02 | 136.40 /| | 38.02
101:31 '37.98 | 136.40 /| @ 37.98
103.81 '37.95 | 136.40 .| 37.95
106.31 '37.92 | 136.40 | | 37.91
108.87 '37.89 | 136.40 | . 37.89
111.47 '37.56 | 136.40 37.56
113.97 '37.03 'l 136.50 ‘| " 37.03
116.47 '36.54 | 136.60 ' 36.54
118.97 36.01 136.80 ‘|  36.01
121.47 /35.48 .| 136.90 | @ 35.48
123.97 34,95 | 137.00 | ' 34.95
126.47 '34.42 | 137.20 | ' 34.42
128.97 '33.91 | 137.30 | 33.91
131.47 '33.40 | 137.50 ‘| ; 33.40
133.97 '32.88 137.60 32.88
136.47 '32.41 | 137.80 /| . 32.41
138.97 '31.92 138.00 | 31.91
141.47 '31.42 138.20 '| = 31.42
143.97 '30.99 | 138.40 '| i 30.99
146.47 ,30.56 | 138.60 | | 30.56
148.97 130.11 | 138.80 .| | 30.11
151.47 '29.67 | 139.00 | ' 29.67
153.97 '29.27 .| 139.20 || 29.27
156.47 | .28:87 .| 139.40 /| | 28.87
158.97 '28.49 ' | 139.60 || 28.48
161.47 '28.11 | 139.70 || 28.11
163.97 | |27.74 .| 139.90 || 27.74
166.47 27.38 140.20 27.38
168.97 27.02 140.40 27.02
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TABLE 7-A.1

171.47 26.66 140.60 26.66
173.97 26.32 140.80 26.32
176.47 25.98 141.00 25.98
178.97 25.65 141.20 25.65
181.47 25.33 141.40 |  125.33
183.97 | 25.02 .| 141.60 25.02
186.47 24,70 141.80 24.69
188.97 24.39 | 142.00 '24.39
191.47 24.06 142.30 24.06
193.97 23.73 142.50 23.73
196.47 23.41 142.70 23.41
198.97 23.10° | 142.90 23.10
201.84 22.73 | 143.10 22,72
204.72 22.39 143.30 22.39
207.72 22.03 143.50 22.03
210.59 21.71 | 143.70 21.71
213.34 21.40 143.90 21.40
215.97 21.13 | 144.10 21.13
218.72 20.86 144.30 120.85
221.22 20.60 " | 144.50 120.59
223.72 '20.35 | 144.60 120.34
226.28 | 20.10 144.80 | ]20.10
229.09 19.89 | | 144.90 |19.89
231.97 19,63 | 145.10 119.%63
234.84 | . 19.43. |. 145.30 ]19.42
237.91 19.20 | | 145.40 119,20
240.50 | . 19.02'' | 145.50 119.02
243.00 | '18.85 | 145.70 /18.85
245.62 | '18.68 | |, 145.80 '|18.67
248.34 | 118.53, | 145.90 | ,]18.53
251.97 18.34 | 146.10 '18.34
254.94 18.18 146.20 '18.18
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- TABLE 7-A.1

257.44 18.07 146.30 18.07
259.66 17.99 146.40 17.99
264.12 17.95 146.60 17.94
274.25 17.98 147.10 17.98
281.62 18.00 147.50 18.00
287.12 18.02 | 147.70 18.02
292.00 18.03 147.90 18.03
296.94 18.04 148.00 18.04
301.19 18.02 . 148.20 18.02
304.94 17.95 148.30 17.94
309.00 17.86 148.50 17.86
313.06 17.79 148.60 17.79
316.81 17.71 148.80 17.71
320.81 17.64 148.90 17.64
325.06 17.56 | 149.10 17.56
329.25 17.51 | 149.20 17.51
333.44 17.44 149.40 17.44
337.87 17.39 | 149.50 17.39
342.31 17.33 149.70 17.33
347.19 17.28 | 149.80 17.28
351.75 17.23 149.90 17.23
356.25 17.17 | | 150.10 17.16
360.87 17.14 | 150.20 17.14
365.62 17.10 | 150.30 17.10
370.00 17.07 150.50 17.06
374.87 17.04 | 150.60 17.04
379.62 17.02 || 150.70 17.01
385.06 16.97 | [ 150.90 16.96
389.87 | 16.96 | | 151.00 16.96
394.87 |. 16.93 | 151.10 16.92
399.94 16.92 151.20 16.92
404.87 16.90 151.30 16.90




TABLE 7-A.1

414.75 16.87 151.60 16.87
419.62 16.87 151.70 16.87
424.50 16.84 151.80 16.84
429.50 16.84 151.90 16.84
434.50 16.84 152.00 | @ 16.83
439.87 16.83 152.10 16.83
445,25 16.83 152.20 16.83
450.50 16.83 152.30 16.83
455.87 | 16.83 152.40 16.83
461.37 | 16.83 152.60 16.82
467.00 || 16.82 152.70 16.82
472.56 | 16.82 152.80 16.82
478.25 | | 16.82 152.90 16.82
483.75 || 16.82 153.00 16.82
489.50 || 16.82 153.10 16.81
495.06 | 16.82 153.30 16.81
500.87 | 16.81 153.40 16.81
506.62 |, 16.81 153.50 16.81
512.62 | 16.81 153.60 16.81
518.37 || 16.81 153.70 . 16.81
524.25 || 16.81 153.90 16.81
530.06 || 16.81 154.00 16.81
535.81 || 16.81 154.10 16.81
541.81 || 16.81 154.20 16.81
547.69 |, 16.81 154.40 | 16.81 .
553.69 || 16.81 154.50 16.81
559.69 || 16.81 154,60 | 16.81 |
565.69 || 16.81 154.70 | 16.81 |
571.69 || 16.81 154.80 ]’ 16.81
577.62 16.81 155.00 16.81
583.62 16.81 155.10 16.81
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589.62 16.81 155.20 16.81
595.62 16.81 155.30 16.81
600.12 lo.81 155.40 16.81

A.2: Long-Term Results for Input to NPSH Evaluation

TABLE 7-A.2

0.00 14.40 95.00 14.40
0.52 17.16 '95.20 17.16
1.52 23.84 96.11 23.84
4.96 32.32 100.60 32.32
12.21 34.96 111.00 34.96
23.83 ''36.84 125.90 36.84
32.33 37.24 131.90 37.24
36.57 37.33 133.30 37.33
37.29 37.35 133.40 37.35
40.91 37.47 134.40 37.47
43.98 37.56 135.10 37.56
46.48 1137.64 135.60: 37.64
48.98 - 37.70 136.10 37.70
52.60 1137.81 136.80 37.81
56.48 1:37.93 137.40 37.93
60.16 1.38.05 138.00 38.05
64.10 i38.17 138.50 38.17
67.48 '138.26 138.90 38.26
70.85 ,38.32 139.30 38.32
73.51 1138.34 139.60 38.34
76.10 1138.36 139.80 38.35
78.79 38.37 140.00 38.37
81.54 38.38 140.30 38.38
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TABLE 7-A.2

140.50

84.01 38.39 ©38.39
85.91 38.40 140.60 38.40
87.41 38.40 140.70 38.40
88.66 38.41 140.70 38.41
89.91 38.42 140.80. 38.42
91.19 38.42 140.80 38.42
92.54 38.42 140.80 '38.42
93.88 38.43 140.90 | 38.42
95.29 38.43 140.90 138.43
96.73 38.44 140.90 | .38.44
98.13 38.44 141.00. 138.44
99.63 38.45 141.00" 38.45
110.79 38.56 141.30 38.56
123.19 38.38 141.40 . 38.38
135.69 38.06 141.50 | - 38.06
148.19 37.74 141.60 | .37.74
160.19 37.50 141.80 | . 37.50
172.91 37.44 142.00 37.43
185.32 37.04 142.30 37.04
197.82 36.64 142.60° | 36.64
210.32 36.34 142.80; | ..36.33
222.82 36.04 143.00: | 1 36.04 |
235.32 - 35.73 143.10! | 1 35.73
247.82 | ' 35.43 143.30: | 35.43
260.26 35.13 143.40! | 135.13
272.76 34.83 143.50 | |34.83
285.26 | 34.55 143.60 | 134.54
297.76 34.35 143.70. | ./ 34.35
310.01 034,19 143.80! | |34.19
322.51 .| . 33.75 144.00; | [33.75
335.01 33.39 144.20 33.39
347.23 32.94 144.50 32.94
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359.41 |
371.63 32.14 145,10 | 32.14
383.63 31.78 . | 145.50. | . 31.78
395.79 31.40 ¢ 145.80 | + 31.40
408.10 31.00 . | 146.20 - 30.99
420.23 30.66 146.60 | . 30.66
432.16 30.26 147,00 - 30.26
444.10 29.94 147.40 | . 29.93
456.13 29.59 147.80 ' 29.58
468.16 29.25 - | 148.20 | 29.24
480.38 28.92 - | 148.60 28.91
492.79 28.53 | 149.10 | 28.52
505.29 28.24 | 149.50 | 28.24
517.79 27.90 | 149.90 27.90
530.29 27.56 | 150.30 27.56
542.79 27.30 150.70 27.29
555.60 26.96 ¢ | 151.10 |. 26.96 |
568.54 26.68 | 151.50 |  26.68 |
582.79 26.35 152,00 26.35 |
596.23 26.02 | 152.40 26.02 |
607.18 24.43 | 152.80 24.43 |
618.52 22.64 153.30 22,63
630.43 21.94 | 153.80 21.94 |
642.18 21.16 . | 154.40 21.15 |
654.08 20.49 ' | 154.90 20.49
667.40 19.96 155.50 19.95
681.12 19.57 | . 156.00 19.57
695.49 19.28 || 156.40 19.28 |
711.08 19.04 . | 156.90 | 19.04 |
726.52 18.82° | 1 157,301 |1 . 18.82 |
742.71 18.67 157.70 18.67
760.62 18.59 158.10 18.59
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TABLE 7-A.2

780.77 18.67 158.60 18.67
802.55 18.75 159.00 18.74
821.49 18.58 159.30 18.58
844.58 18.68 159.70 18.68
867.08 18.76 159.90 18.75
886.77 18.80 | 160.10 18.80
903.90 18.84 || 160.20 18.84
919.52 18.87 || 160.40 18.87
942.33 18.91 /| 160.50 18.91
966.08 18.94 /| 160.70 18.94
990.33 | 18.98 160.90 18.97
1014.96 19.01 | 161.10 19.00
1039.27 | 19.04 .| 161.30 19.04
1063.46 | 19.08 ]| 161.50 19.07
1087.59 19.10 , | 161.60 19.10
1111.59 | 19.13 ] 161.80 19.12
1135.27 | 19.15] 162.00 19.14
1159.84 | 19.17| | 162.20 19.17
1183.96 | 19.20;| 162.30 19.19
1208.27 19.22 || 162.50 19.22
1232.59 | 19.25/| 162.70 19.25
1257.02 19.28 /|| 162.80 19.27
1281.55 | 19.28] | 163.00 19.27
1306.15 | 19.28 /]| 163.20 19.27 '
1330.68 | 19.28 | 163.30 19.27
1355.71 | 19.28] ] 163.50 19.28 -
1380.55 | 19.29||| 163.70 19.28
1404.90 | 19.29]//| 163.:80 | 19.29
142943 || 19.30]/|| 164:00 | | .19.29 .
1455002 | 19.30]||| 164.10 "'19/30
1478.80 19.31 | 164.30 19.30
1503.27 19.31 164.40 19.31
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1527.87 || -19.32 | 164.60 '19.31
1552.40 [ 19.32 164.80° 19.31
1577.30 19.32 164.90- 19.31
1600.90 | 19.32 | 165.10 19.31
1624.74 || 19.32 | 165.20 19.31
1647.68 || 19.29 | 165.30 1 19.28
1671.99 || 19.32 165.50° 19.31
1695.40 '}| 19.31 165.60 0 19.31
1718.46 || 19.28 165.80 | 19.28
1741.65 | 19.32 ' | 165.90 | ' 19.31
1765.30 || .19.31 166.00. 19.31
1789.59 || 19.31 166.20 19.31
1814.74 | 19.32 166.30 19.31
1839.34 ||| 19.32 166.50 19.31
1864.93 || 19.32° 166.60 | 19.32 -
1889.02 | 19.32 166.70 1 19.32
1914.80 || 19.32 166.90 | . 19.32
1941.15 || 19.33 | 167.00 19.32
1966.37 ||| 19.33 167.20 19.32
1992.71 || 19.33 167.30 |  19.33
2037.93 || 119.31 167.50 | .19.30
2090.24 || +19.32 167..80: 19.31
2142.21 || 19.35" 168.10 | . 19.34
2193.77 ||| 19.36 168.30 |, 19.35
2245.62 ||| 19.39 . 168.60 | 19.38
2297.49 ||| 19.39 168.80 | 19.38
2347.46 || 19.42 169.10 | ' 19.41',
2398.74 || 19.45 169.30 || 19.44,
2448.74 ||| 119.44 | 169.50 | 1. 19.44):
2498.84 |} :19.47 | | 169.80, [|/119.46/
2548.74 19.50 170.00 19.49
2597.55 19.50 170.20 19.49
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TABLE 7-A.2

2647.15 19.53 170.40 19.52
2695.90 19.53 170.70 19.52
2745.74 19.56 170.90 19.55
2794.99 19.56 171.10 19.55
2844.52 19.60 171.30 19.59
2893.46 | - 19.61 171.50 19.59
2942.99 | 19.64 171.70 19.63
2992.30 | 19.65 171.90 19.64
3041.55 19.66 172.10 19.65
3091.40 19.69 172.30 19.68
3140.52 19.69 172.50 19.68
3189.59 19.69 172.70 19.68
3239.43 19.73 172.80 19.72
3288.49 19.73 173.00 19.71
3338.09 | . 19.75 173.20 19.74
3387.40 | 19.74 173.40 19.73
3436.99 19.76 173.60 19.75
3486.96 |  19.78 173.70 19.77
3536.55 19.80 173.90 19.78
3585.99 | 19.79 174.10 19.77
3635.84 | , 19.81 174.20 19.79
3685.09 | | 19i80 174.40 19.78
3735.18 | | 19i82 174.60 19.80
3785.77 | . 19.84 174.70 19.82
3835.59 | |, 19.83 174.90 19.82
3885.43 | | 19.85 175.00 19.84
3934.74 | 19.84 175.20 19.83
3985.09 | | 19:86 175.30 19.85
4034.77 | | 19.85 175.50 19.84
4084.18 | | 19.88 175.60 19.86
4134.27 19.90 175.80 19.88
4183.99 19.92 175.90 19.90
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14234.21 . 176.10 19.92
4284.30 | [19.95 176.20 19.93
14334.24 19.94 176.30 19.92
4383.90 | 19.95 176.50 | , 19.94
14431.74 | 119.97 176.60 +19.95
4481.02 | 19.98 176.70 19.97
:4530.99 | 120.00 176.80 .19.98
'4580.46 | |20.02 177.00 20.00
4630.43 | :20.04 177.10 120.02
4681.02 | | 20.05 177.20 20.04
14731.37 | 120.07 177.40 | | 20.06
4781.59 | . 20.09 177.50 . 20.07
14831.68 | [20.11 177.60 | | 20.09
'4882.09 | . 20.13 177.70 . 20.11
14931.93 | '120.14 177.80 | 20.13
4981.96 | [20.16 178.00 | | 20.14
5031.71 | !20.14 178.10 | |.20.13
'5081.68 20.16 178.20 | '20.14
'5131.77 120.18 178.30 |'20.16
5182.49 | 120.20 178.40 | |:20.18
15230.27 120.21 178.50 1:20.19
'5277.87 | |20.23 178.60 | |'20.21
15323.15 | |20.26 178.70 1 20.24
'5368.52 | [20.25 178.80 | | 20.23
.5411.12 | | 20.23 178.90 | | 20.21
'5457.09 | 120.26 179.00 | | 20.24.
.5506.99 | | 20.29 179.10 .{|:|i20.27 :.
'5557.02 | {20.32 179.20 | '|:20.30
15607.90 | || 20.36 179.30 11/ 20.34! :°
.5658.90 | | 20.41 179.40 | i[{20.39 |
5709.77 20.40 179.50 20.38
5760.49 20.42 179.60 20.40

E7-17




TABLE 7-A.2

5810.87 20.41 179.70 20.39
5857.21 20.42 179.80 20.40
5907.21 20.42 179.90 20.40
5957.24 20.44 180.00 20.41
6006.87 20.43 180.10 20.41
6057.02 20.45 180.20 20.43
6106.80 | 20.47 180.30 20.44
6155.93 20.46 180.40 20.44
6205.59 20.48 180.50 20.45
6252.99 20.49 180.50 20.47
6303.27 | '20.51 180.60 20.48
6352.93 | -20.52 180.70 20.50
6402.46 20.54 180.80 20.52
6452.62 | 20.55 180.90 20.53
6481.46 | .20.56 180.90 20.54
6506.46 | 20.58 181.00 20.55
6550.77 120.56 181.00 20.53
6601.40 | 120.59 181.10 20.57
6636.30 20.59 181.20 20.57
6661.30 | 20.61 181.20 20.59
6686.30 | :20:62 181.30 20.60
6732.43 | :20.60 181.30 20.58
6782.43 | 120.63 181.40 20.61
6825.34 |' :20.63 181.50 20.61
6850.34 | .20.64 181.50 20.62
6875.34 | :20.66 181.50 20.63
6900.34 | .20:67 181.60 20.64
6944.09 | 120.64 | 181.60 20.61
6994.46 | 120.66 181.70 20.64
7045.09 || [20.69 181.80 20.66
7080.05 20.68 181.80 20.65
7105.05 20.69 181.90 20.66

E7-18




TABLE 7-A.2

7130.05 20.70 181.90 20.67
7155.05 20.70 182.00 20.68
7180.05 20.71 182.00 20.68
7228.68 20.68 182.10 20.65
7279.55 20.70 182.10 20.68
7329.68 20.72 182.20 20.69
7369.96 20.71 182.30 20.68
7394.96 20.72 182.30 20.69
7419.96 20.73 182.30 20.70
7444.96 20.73 182.40 20.71
7469.96 20.74 182.40 | 20.71
7494.96 20.75 182.40 20.72
7519.96 20.75 182.40 20.72
7567.46 20.72 182.50 20.70
7617.46 20.74 182.60 20.71
7667.71 20.76 182.60 20.73
7718.21 20.78 182.70 20.75
7743.24 20.76 182.70 20.73
7768.24 20.77 182.80 20.74
7793.24 20.77 182.80 20.75
7818.24 20.78 182.80 20.75
7843.24 20.78 182.90 20.75
7868.24 20.79 182.90 20.76
7893.24 20.79 182.90 20.76
7930.62 20.75 183.00 20.'72
7980.74 20.77 183.00 20.74
8030.74 20.78 183.10 20.!75
8081.37 20.80 183.10 20.77
8131.37 20.81 183.20 20.78
8158.46 | 20.80 183.20 20.177
8183.46 20.80 183.30 20.77
8208.46 20.81 183.30 20.78
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TABLE 7-A.2

8233.46 20.81 |1 183.30 20.78
8258.46 20.82 1 183.30 20.79
8283.46 20.82 183.40 20.79
8308.46 20.82 183.40 - 20.79
8333.46 20.83 | 1183.40 20.80
8358.46 20.83 1 183.40 20.80
8383.46 20.83 | 1183.50 £ 20.80
8408.46 20.83 | 183.50 20.80
8433.46 20.83 | 183.50 20.80
8458.46 20.83 183.50 20.80
8483.46 20.84 | 1183.60 20.81
8508.46 20.84! 1183.60 20.81
8533.46 20.84 | 183.60 20.81
8558.46 20.84 | 183.60 20.81
8583.46 20.84 | 183.70 20.81
8608.46 20.84, | 183.70 20.81
8633.46 20.84 183.70 $20.81
8658.46 20.84; |1183.70 | 20.81
8683.46 20.85 | 183.80 20.82
8708.46 20.85 |  183.80 . 20.82
8733.46 20.85 | [183.80 | . 20.82 i
8758.46 20.85/ | |183.80. | 20.82
8783.46 20.85 | 1183.90 | ' 20.82
8808.46 20.85: 1183.90 - 20.82
8833.46 20.85 | 183.90 - 20.82
8858.46 20.85 | 183.90 | : 20.82
8883.46 20.85 | |184.00 |, 20.82:
8916.77 20.81/ | !184.00 |  20.78
8966.77 20.83| | |184.00 | . 20.80 '
9016.77 20.85/ | 184.10 | ! 20.82 ],
9066.77 20.87 184.10 20.84
9102.49 20.86 184.20 20.83
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TABLE 7-A.2

9127.49 20.87 184.20 . 20.83
9152.49 20.87 184.20 . 20.84
9177.49 20.88 184.20 1 20.85
9202.49 20.88 184.30 . 20.85
9227.49 20.89 184.30 - 20.86
9266.93 20.85 184.30 .20.81
9316.93 20.86 184.40 '20.83
9366.93 20.88 184.40 .20.85
9416.93 20.89 184.40 | 20.86
9466.93 20.91 184.50 | | 20.87
9494.21 20.89 184.50 '1'20.86
9519.21 20.90 184.50 | 20.86
9544.21 20.90 184.50 - 20.87
9569.21 20.91 184.60 - 20.87
9594.21 20.91 184.60 | 20.88
9619.21 | 20.91 184.60 | 20.88
9644.21 20.92 184.60 . 20.88
9669.21 20.92 184.60 . 20.88
9705.27 20.87 184.70 . 20.84
9755.27 20.89 184.70 . 20.85
9805.27 20.90 184.70 1.20.86
9855.27 20.91 184.80 |.20.88
9905.27 20.92 184.80 |'20.89
9952.62 | 20.91 184.90 1120.87"
9977.62 | 20.92 184.90 1720.88"
10027.62 20.93 184.90 1.20.89
10152.62 20.94 185.00 120,90
10277.62 20.95 185.10 | 120,91
10402.62 | 120.95 185.20 1120.91
10527.62 | 20.95 185.20 |120.91
10652.62 20.95 185.30 - 20.91
10842.43 20.94 185.40 20.90
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TABLE{ 7-A.2

11048.02 20.96 185.60
11173.02 20.98 185.60

11298.02 20.98 185.70

11423.02 20.98 185.70

11548.02 20.97 185.80

11673.02 20.97 185.80

11798.02 20.97 185.90

11923.02 20.96 185.90

12048.02 20.96 186.00

12173.02 20.96 186.00

12298.02 20.95 186.10 .
12423.02 20.95 186.10 20.90
12548.02 20.94 186.20 20.90
12673.02 20.94 186.20 20.89
12798.02 20.93 186.20 20.89
12932.40 20.93 186.30 20.89
13182.40 20.99 186.30 20.94
13432.05 20.99 186.40 20.94
13682.05 21.00 186.40 20.96
13932.05 21.01 186.50 20.96
14182.05 21.00 186.50 20.95
14432.05 21.00 186.50 20.95
14682.05 20.99 186.60 20.94
14932.05 20.98 186.60 20.93
15182.05 20.97 186.60 20.92
15432.05 20.96 186.60 20.91
15682.05 20.96 186.60 20.91
15932.05 20.95, 186.60 20.89
16182.05 20.93 186.60 20.88
16432.06 20.92 186.60 20.87
16682.06 20.91 186.60 20.86
16932.06 20.90 186.60 20.84
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1

[ i
1

117182.06 | 20.89 186.60| ’
'17432.06 | 20.88 186.60] || 20.82
17682.06 | 20.87 186.60' | 20.81
17932.06 | 20.86 186.60 20.80
18182.06 20.85 186.60, /| 20.78
18432.06 20.84 | 186.60, | 20.78
18682.06 20.83 | 186.50 | 20.77
18932.06 20.82 186.50 | 20.76
'19182.06 20.82 186.50 | 20.75
19432.06 20.81 186.50' | 20.74
'19682.06 20.80 . | 186.40 | 20.73
19932.06 20.80 186.40' | 20.73
20182.06 | 20.79 186.40 | 20.72
20432.06 20.78 186.30 | 20.71
20682.06 | 20.79 186.30] 20.72
20932.06 20.80 . | 186.30| i 20.73
21182.06 20.85 | 186.20' i} 20.77
21431.77 20.89 ;| 186.20 | 20.82
21680.81 20.93 .| 186.10| | 20.86
21929.18 20.95 186.10/ /| 20.87
22177.37 21.00 | 186.00| | 2092
'22426.49 20.99 186.00, | 20.92
22676.49 20.98 185.90 | 20.91
22926.49 20.94 | 185.90': 20.86
23176.49 20.89 185.90, ;| 20.81
23426.49 20.83 | 185.80/ i 20.75
123676.49 20.79 .| 185.80| 4 '20.71
'23926.49 20.77 .| 185.80] i|.! -~ 20.69
124176.49 20.76 ;| 185.70] i -20i67
24426.49 20.74 || 185.70] || '20l66
24676.49 | 20.74 185.70 20.65
24926.49 | 20.73 185.60 20.65
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TABLE 7~A.2

25176.49 | 20.73 185.60 | = 20.64
25426.49 | 20.72 185.60 20.63
25676.49 | 20.72 185.50 20.63
25926.49 | 20.72 185.50 20.63
26176.49 | 20.71 185.50 20.62
26426.49 | 20.70 185.50 20.61
26676.49 | 20.68 185.40 | @ 20.59
26926.49 | 20.66 185.30 [  20.57
27176.49 | 20.65 185.30 20.55
27426.49 | 20.63 185.20 20.54
27676.49 | 20.62 185.20 20.53
27926.49 | 20.61 185.10 20.51
28176.49 | 20.60 185.00 20.50
28426.49 | 20.58 185.00 - 20.49
28676.43 | 20.57 184.90 20.47
28926.43 | 20.56 184.80 | .20.46
29176.43 20.54 184.70 20.44
29426.43 20.53 184.70 20.43
29676.43 20.51 184.60 | | 20.41
29926.43 20.51 184.50 - 20.40
30176.43 20.49 184.50 || 20.39
30426.43 | 20.47 184L40 || 20.37
30676.43 |1 20.46 184.30 | '20.36
30926.43 20.44 184.20 | 20.34
31176.43 | 20.43 184110 | | 20.32
31426.43 20.41 184.10 || 20.31
31676.43 | 20.40 184L00 | | 20.29
31926.43 | 20.38 183L90 || 20.28
32176.43 | 20.37 183.80 | | 20.26
32426.43 | 20.36 183.70 | |, 20.25
32676.43 | 20.34 183.60 20.23
32926.43 | 20.33 183.60 20.21
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TABLE 7-A.2

33176.43 20.31 183.50 20.20
33426.43 20.30 183.40 20.18
33676.43 20.28 183.30 20.17
33926.43 | 20.27 183.20 20.15
34176.43 20.25 183.10 20.14
34426.43 20.24 183.00 20.12
34676.43 20.22 182.90 20.11
34926.43 20.21 182.80 20.09
35176.43 20.19 182.70 20.07
35426.43 20.17 182.70 20.05
35676.43 20.16 182.60 20.04
35926.43 20.14. 182.50 . 20.02
36176.43 20.12 182.40 20.00
36426.43 | 20.11 182.30 19.99
36676.43 20.10° 182.20 19.97
36926.43 20.08" 182.10 19.96
37176.43 20.07 182.00 19.94
37426.43 | 20.05: 181.90 19.93
37676.43 | .20.03 | 181.80 | 19.91
37926.43 20.02" 181.70 | 19.89 °
38176.43 | . 20.00; 181.60 | 19.87 |
38426.43 | 19.98° 181.50 | 19.85
38676.43 | 119.97 181.40 | 19.84 i
38926.43 | 119.95" 181.30 | 19.82
39176.43 | 19.93; 181.20 | 19.80
39426.43 | 119.91: 181.10 | 19.78
39676.43 | 19.90° 180.90 | 19.76
39926.43 | ;19.88. 180.80 | 19.75
40176.43 | 19.86; | 180.70 | 19.73
40426.43 | '/19.85; | 180.60 | 19.71 i
40678.81 19.83 180.50 19.69
40929.93 19.81 180.40 19.68
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‘TABLE 7-A.2

41179.93 19.79 180.30 19.66
41429.93 19.78 180.20 19.64
41679.93 19.77 180.10 19.63
41929.93 19.75 180.00 19.61
42179.93 19.74 179.90 19.60
42429.93 19.72 179.80 19.58
42679.93 19.70 179.70 19.56
42929.93 19.69 179.60 19.54
43179.93 19.67 179.50 19.53
43429.93 19.66 179.40. 19.51
43679.93 19.64 179.30 19.49
43929.93 19.62 179.20 19.48
44179.93 19.61 179.10 | 19.46
44429.93 19.59 | 179.00 19.44
44679.93 19.58 178.90: 19.43
44929.93 19.56 | 178.80 19.41
45179.93 19.55 ‘| 178.70 - 19.40
45429,93 19.53 .| 178.60 19.38
45679.93 19.52 | 178.50 19.36
45929.93 19.50 178.40 | 19.35
46179.93 19.49 178.30 | 19.33
46429.93 19.47 178.20, 19.32
46679.93 19.46 178.10 19.30
46929.93 19.44 178.00 19.29
47179.93 19.43 ‘| 177.90 19.27
47429.93 19.41 | 177.80 | 19.26
47679.93 | 19.40 | 177.70 | 19.24
47929.93 19.39 .| 177.60/ | 19.23
48179.93 19.38 | 177.50: || 19.22
48429.93 19.36 ;| 177.40| || 1 19.20
48679.93 19.35 177.30 19.19
48929.93 19.33 177.20 19.17
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TABLE 7-A.2

49179.93 19.32 177.10 19.16
49429.93 19.31 177.00 19.14
49679.93 19.29 176.90 19.13
49929.93 19.28 176.80 19.11
50179.93 19.27 176.70 19.10
50429.93 19.25 176.60 19.09
50679.93 19.24 176.50 19.07
50929.93 19.23 176.40 19.06
51179.93 19.21 176.30 19.04
51429.93 19.20 176.20 19.03
51679.93 19.19 176.10 19.02
51929.93 19.18 176.00 19.01
52179.93 19.16 175.90 18.99
52429.93 19.15 175.80 18.98
52679.93 19.14 175.70 18.96
52929.93 19.12 175.60 18.95
53179.93 19.11 175.60 18.94
53429.93 19.10 175.50 18.92
53679.93 19.08 . 175.40 18.91
53929.93 19.07 175.30 18.89
54179.93 19.06 175.20 18.88
54429.93 19.05 175.10 18.87 !
54679.93 19.03 175.00 . 18.85 |
54929.93 19.02 174.90 18.84 |
55179.93 | 19.01 174.80 18.83 |
55429,93 18.99 174.70 | - 18.81 !
55679.93 18.98 174.60 18.80 i
55929.93 18.97 174.50 18.79 |
56179.93 18.96 174.40 . 18.77 |
56429.93 18.94 174.40 18.76
56679.93 18.93 174.30 18.75
56929.93 18.92 174.20 18.73
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TABLE 7-A.2

57179.93 18.91 174.10 18.72
57429.93 18.89 174.00 18.71
57679.93 18.88 173.90 18.69
57929.93 18.87 173.80 18.68
58179.93 18.86 173.70 18.67
58429.93 18.84 173.60 18.65
58679.93 18.83 173.50 18.64
58929.93 18.82 173.50 18.63
59179.93 18.81 173.40 18.62
59429.93 18.80 173.30 18.60
59679.93 18.78 1173.20 18.59
59929.93 18.77 173.10 18.58
60179.93 18.76 | 173.00 18.56
60429.93 18.75 [ 172.90 18.55 .
60679.93 18.74 172.80 18.54
60929.93 18.73 | 172.70 18.53
61179.93 18.72 || 172.70 18.52
61429.93 18.71 | 172.60 18.51
61679.93 18.69 || 172.50 18.49
61929.93 18.68 || 172.40 18.48
62179.93 18.67 | 172.30 || 18.47
62429.93 | 18.66 | 172.20 || 18.46
62679.93 18.65 | 172.10 || 18.45"
62929.93 18.64 || 172.10 || 18.44
63179.93 18.63 | 172.00 |: 18.43
63429.93 18.62 !|. 171.90 18.41
63679.93 18.61 || 171.80 18.40
63929.93 18.60 ||| 171.70 .|| 18.39
64179.93 18.59 ||! 171.60 || 18.38
64429.93 18.58 ||, 171.60 || 18.37"
64679.93 18.57 171.50 18.36
64929.93 18.56 171.40 18.35
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65179.93 18.55 | | 171 ;
65429.93 18.54 | 17120 | 18.33
65679.93 18.53 171.20 18.31
65929.93 18.52 { | 171.10". 18.30
66179.93 18.51 | 171.00 ° 18.29
66429.93 18.50 { | |170.90 18.28
66679.93 18.49 i | 170.80 18.27
66929.93 18.48 ' | 170.80 . 18.26
67179.93 18.47 i | 1170.70 | . 18.25
67429.93 18.46 | | 1170.60 18.24
67679.93 18.45 ! | 1170.50 18.23
67929.93 18.44 ' | 170.50 18.22
68179.93 18.43 1170.40 - 18.21
68429.93 18.42 170.30 | 18.20
68679.93 18.41 1170.20 | 18.19
68929.93 18.40 170.10 | 18.18
69179.93 18.39 170.10 . 18.17
69429.93 18.38 . | 1170.00 | 18.16
69679.93 18.37 i | 1169.90 18.15
69929.93 | ,18.36 | | i169.80 18.14
70179.93 18.35 , | 1169.80 ; 18.13.
70429.93 18.34 | | 1169.70 | 18.12
70679.93 18.33 ;| 169.60 .|  .18.11
70929.93 18.33 || 169.60 | 18.10
71179.93 18.32 . | [169.50 | | 18.09
71429.93 | 18.31 || |169.40 {{: 18.08
71679.93 | [18.30 | | |169.30 ,|:[i18.07
71929.93 | |18.29 || |169!/30:||'|{18.06
72179.93 | |18.28 | || |169.20 |]/|{18.05
72429.93 | 118.27;| || |169.10 ||:|i118.04
72679.93 18.26 169.00 18.03
72929.93 18.25 169.00 18.02
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TABLE 7—A.2

73179.93 | 18.24 168.90 18.01
73429.93 | 18.24 168.80 18.00
73679.93 18.23 168.80 17.99
73929.93 | - 18.22 168.70 17.98
74179.93 | - 18.21 168.60 17.97
74429.93 | 18.20 168.50 17.96
74679.93 18.19 168.50 17.95
74929.93 | 18.18 168.40 17.94
75179.93 | 18.17 168.30 17.93
75429.93 | 18.16 168.30 17.92
75679.93 | ' 18.16 168.20 17.91
75929.93 | " 18.15 168.10 17.90
76179.93 | ., 18.14 168.10 17.89 .
76429.93 | 118.13 168.00 17.88
76679.93 | '18.12 167.90 . 17.87
76929.93 | [ 18.11 167.90 17.87
77179.93 } 118.10 167.80 17.86
77429.93 |/ 1 18.10 167.70 17.85
77679.93 |:118.09 167.60 17.84 .
77929.93 |11, 18.08 1 167.60 | 17.83
78179.93 | 1118.07 167.50 17.82
78429.93 || 18.06 167.40 . 17.81,
78679.93 | ; 18.05 167.40 17.80
78929.93 |:1118.05 167.30 . 17.79
79179.93 |/} 18.04 167.20. 17.78"
79429.93 |, 18.03 . 167.20 17.77:
79679.93 |||/ 18.02 | 167.10 ‘| 17.77
79929.93 {/||'18.01 167.00 17.76
80179.93 |'ll18.00 | . 167.00 .| 17.75;
80429.93 18.00 166.90 | 17.74
80679.93 17.99 166.80 17.73
80929.93 17.98 166.80 17.72
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81179.93 | 17.97 166.70 17.71
81429.93 17.97 166.70 17.70
81679.93 17.96 166.60 17.70
81929.93 | 17.95 166.50 17.69
82179.93 | 17.94 166.50 17.68
82429.93 | 17.93. 166.40 17.67
82679.93 | 17.93 166.30 17.66
82929.93 | 17.92 166.30 17.65
83179.93 | [17.91 166.20 17.64
83429.93 | 17.90- 166.10 17.64
83679.93 | 17.90. 166.10 17.63
83929.93 17.89 166.00 17.62
84179.93 | 17.88 166.00 17.61
84429.93 17.87 165.90 17.60
84679.93 | 17.87 165.80 17.59
84929.93 | 17.86 165.80 17.59
85179.93 | [17.85. 165.70 17.58
85429.93 | 17.84 165.60 17.57
85679.93 | [17.84 165.60 17.56
85929.93 | [17.83" 165.50 17.56
86179.93 | [17.82} 165.50 17.55
86400.06 | [17.82! | 165.40 17.54
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ENCLOSURE 8

TENNEéSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN)
- UNIT 1
!
MARKUP OF PUSAR SECTION 4.2.5 INDICATING CHANGES ASSOCIATED
WITH REVISED NPSH CALCULATION

This enclosure provides a markup of the text previously provided
in the PUSAR regarding Embrgency Core Cooling System (ECCS) net
positive suction head (NPSH). The marked changes indicate the
impact resulting from the revision to the NPSH calculation as
described in the cover letter.

Changes are shown as follows:
+ Deleted material is bold and is struck through. (deteted)

+ New material is bold and double underlined. (new _item)

PUSAR MARKUP

4.2.5 ECCS Net Positive Suction Head

Following a LOCA, the RHR and CS pumps operate to provide the
required core and containment cooling. Adequate margin (NPSH
available minus NPSH required) is required during this period to
ensure the essential pump operation. The limiting NPSH
conditions occur during either short-term or long-term post-LCCA
pump operation and depend on the total pump flow rates, debris
loading on the suction strainers, and suppression pool
temperature.

TVA previously requested containment overpressure credit for
Browns Ferry Units 2 and 3 (Reference 20). In that submittal,
TVA indicated that the need for containment overpressure in the
short term was based on RHR requirements, and in the long term
was based on CS requirements. The pre-EPU analysis indicates
that up to 3 psi of overpressure credit (considering whole
number value) is required for the short-term case for RHR pump
operation to maintain adequate NPSH. One (1) psi of
overpressure credit is required pre-EPU for the long-term case
for CS pump adequate NPSH.

For the pre-EPU and the EPU analyses, the assumptions used

maxinized suppression pool temperature and minimized containment
pressure. EPU RTP operation increases the reactor decay heat,
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which increases the heat addition to the suppression pool
follcwing a LOCA. Therefore, changes in vapor pressure
corresponding to the increase in suppression pool temperatures
affect the NPSH margin. After 10 minutes, operation of the RHR
pumps for containment cooling in the containment spray mode with
continued operation of a CS loop for ECCS injection is also
assumed.

The NPSH margins were calculated based on conservatively
assuming RHR maximum flow rates and CS design flow rates during
the short-term, and RHR and CS design flow rates during the
long-term. The system flow rates for the short-term case are
42,000 gpm total RHR flow and 12,500 gpm total CS flow. The
system flow rates for the long-term case are 13,000 gpm total
RHR flow and 6,250 gpm total CS flow. The methodology used to
determine the amount of debris generated and transported to the
ECCS strainers is generally based on NEDO-32686, the BWROG
Utility Resolution Guidance for ECCS Suction Strainer Blockage.
The minimum quantity of paint chips recommended by this guidance
is 85 1lbs. BFN has identified a maximum surface area allowable
of 157 ft? for unqualified coatings within the primary
conteinment, which represents an additional 18 lbs of debris;
therefore, 103 lbs of paint debris were assumed in sizing the
strainers. This quantity did not change with EPU. Because the
ECCS pump flow rates were unchanged for EPU, strainer approach
velocities were not affected. Therefore, the debris loading on
the suction strainers for EPU is the same as the pre~EPU
condition. The assumptions used in the Browns Ferry Unit 1 ECCS
NPSH calculations for friction loss, static head, strainer loss,
flow, and NPSH required have not changed since the responses to
NRC GL 97-04 (Reference 15) and NRC Bulletin 96-03 (Reference
21).

The short-term EPU NPSH analysis (0 to 600 seconds) indicates
that with a containment overpressure (suppression chamber air
space pressure) credit of 3 psi the RHR pumps have adequate NFSH
margin. The short- term analysis also indicates that greater
than 3 psi of overpressure is available from the beglnnlng of
the event until approximately 350 seconds. From 350 seconds to
600 seconds, the short-term analysis (using 1nputs that
conservatively maximized suppression pool temperature and
minimized containment pressure) indicates an avallable
overpressure of less than '3 ps1g For—the%brtef—ttme—that—the
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addttten——htstertea% n;g;gx;ggl plant testlng has demonstrated
that the RHR pumps are capable of operating for short periods of
time at NPSH values less than (approximately 9 feet) the
manufacturer’s required NPSH without degradation or substantial
loss of flow. Therefore, RHR pump operation is not adversely
affected by containment pressure less than 3 psi. This was
previously presented for pre-EPU conditions and approved by the
NRC in Reference 16. In the SER accompanying Reference 16, the
NRC stated that “the use of 3 psi of containment overpressure
above the initial airspace pressure is acceptable for the first
10 minutes after a LOCA.” Reference 16 also concludes that CS
pump operation is not affected by this lower containment
overpressure during the short term.

The long-term EPU NPSH analysis (0 until the end of the event)
indicates that up to 2 2.8 psi -{econsidering-whole—-number—value)
contzinment overpressure credit is required. Containment,
overnressure credit is reguired when the suppression pool
temperature exceeds #8%* 1Z1°F to obtain adequate NPSH margin for
the long-term operation of the CS pumps. This is an increase
from the 1 psi of overpressure credit currently approved for
pre-EPU conditions. The long-term analysis demonstrates that
greater than 4 psi of containment overpressure is available
during this period.

Tables 4-2 and 4-3 provide the results of the short-term and
long-term containment response. Table 4-4 provides the
suppression pool temperature and required containment
overpressure required to maintain NPSH marglns during the DBA
LOCA for EPU conditions.

Based on the above, Browns Ferry is irequesting approval of 3 psi
of overpressure credit to meet both ithe short-term and long-term
NPSH requirements. A single containment overpressure credit
value is requested both to account for potential future
contingencies and to provide consistency between the inputs to
the short- and long-term analyses. Other means to increase the
NPSH margin were found to hot:be‘feasible.

gxggL* 7EPUﬂRTP operatlonilncreasesAthe reactor_decay heat,
which increases the heat addition to the suppression pool
following these events (see Sections 6.7.1..9.3.1, and 9.3.2).
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As a result, the long-term peak suppression pool water
temperature and peak containment pressure increase. The NPSH
evaluation at these peak pool temperatures shows adequate NPSH
margins during the SBOL ATWS. and Appendix R events with
containment overpressures of * 2 psi.,_Z . pai, and 10 psi,
respectively.

The HPCI system primary function is to provide reactor inventory
makeup water and assist in depressurizing the reactor during an
intermediate or small break LOCA. The HPCI system can operate
with suction from the suppression pool at a temperature below
140°F during the first 10 minutes after initiation of the event.
EPU has an insignificant effect on the time for the suppression
pool temperature to reach 140°F. If the HPCI pump operates
beyond the first 10 minutes following the event, the reactor
operator may terminate HPCI pump operation when the suppression
pool temperature reaches 140°F. The HPCI pump NPSH margin
remains adequate as long as the suppression pool temperature
does not exceed 140°F during HPCI operation.

HPCI system operation is credited during ATWS—appendix—R; and
SBO events. The suppression pool temperature does not affect
the NPSH margin, because the HPCI pump takes suction from the
CST curing these events.
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Table 4-4

Browns Ferry EPU DBA LOCA NPSH Margins and Containment
Overpressure Credit

Minj
RER | Minimum
Time Suppression | Containment pump CS pump
Afterx Pool Overpressure NPSH NPSH
Loca Temperature Required margin margin
(sec) (°F) (psi) (fE) * (fL)x Description/Easis
600 155.4 246 ] 6=75 | Short-term
2.8 0,09 4.12 analysis.
Overpressure
required to meet
RHR NPSH
Fequirements.
601 1524 0 3295 €55 Long—-term analysis
A55.4 AL.63 4.83
43560 37583 0 €32 e Greater than C psi
2,690 172 6.95 0,15 of overpressure
(171 is required for long-
used to term for CS pumps.
provide
margin),
F-650 18385 * 632 e Sreater—than—J—pei
of—overpressun
| reqrired—for—ong
| term—feor—CS8—ptumps
14,700 866 1956 €32 - Peak Suppression
187.3 2.5 6,96 Q'1§ Pool temperature
37,500 38385 £l 632 8 Less than % @ psi
£4.,000 172 1] £.95 a.1s of overpressure
(171 is ’ required for long-
used_to term for CS pumps.
Rrovide
pargin)
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