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FOREWORD

This report was prepared in response to Mr. A. Giambusso's December 19,

1972 letter to Duke Power Company in regard to the consequences of pipe

rupture outside containment during the operation of the McGuire Nuclear

Station. This report meets the intent of NRC Branch Technical Positions,

MEB 3-1 and APCSB 3-1 with the exceptions identified in FSAR Table 3.6.1-3.

This report has been prepared under the direction of Duke Power Company's

Design Engineering Department, Mechanical and Nuclear Division.

3 The first phase of this report includes the criteria and

procedures used for evaluating the postulated failures and the results

of all evaluations for Unit 1. Subsequent revisions will include any

pertinent differences between Unit I and Unit 2. For resolutions

3 to unacceptable consequences detailed in Chapter 6, alternate resolations

that may accomplish the same results may be used.
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1.0 INTRODUCTION

This report presents the results of the evaluation of effects of

postulated pipe failures outside containment for McGuire Nuclear

Station. The report describes criteria and procedures used in the

analysis as developed from the Nuclear Regulatory Corrsnission Branch

Technical Positions MEB 3-1 and APCSB 3-1. The intent of this report

is to comply with all licensing commitments as provided in FSAR Section

3.6.

Postulated rupture locations and types were determined in accordance

with the criteria of Section 3.0. Systems and equipment essential to

achieve plant shutdown and mitigate effects of piping failures were

determined in accordance with Section 4.0. Sections 5.0 and 6.0 pro-

C vide the methods used to evaluate possible damage and the results of

the evaluation. All required mitigative devices are identified in

Section 6.0.

O

1-1
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2.0 PLANT DESCRIPTION

!2.1 General

The McGuire Nuclear Station is located on Lake Norman in Mecklenburg County,

North Carolina and consists of two 1180 MWe generating units. The Nuclear

Steam Supply System for each unit is a pressurized water reactor with four

coolant loops and is supplied by Westinghouse Ele ctric Corporation. Each

containment consists of a free standing cylindrical steel shield enclosed

by a separate reinforced concrete Reactor Building.

Major plant structures consist of the Reactor Buildings, the Auxiliary

Building, Service Building, and Turbine Buildings. The Reactor Building

houses the containment vessel, reactor olant and ice condenser. The common

Auxiliary Building contains the spend fuel storage facilities, diesel gene-

rators, safeguards system, waste disposal systems, reactor aJxiliary systems,

and control room. Non-safety shared equipment is housed in the Service

Building. The Turbine Building contains the turbine generators and associated

secondary system pumps and heat exchangers. These structures and their

relationship are shown in Figure 2-1. Figures 2-2 through Figure 2-6 show .

the various compartments of each Auxiliary Building elevation. Compartm;nt

locations are given by building elevation and compartment number.

O

2-1 -
,
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( 2.2 Piping Layout'

Main steam and feedwater piping represent the greatest damage

potential from pipe ruptures outside containment dee to their

large size and high operating pressure. These lines have been

routed outside the Auxiliary Building, which contains the bulk

of the safety related equipment. The main steam and feedwater

piping penetrate the Reactor Building in the doghouses (room

750-23, -24, -25, -26, Figure 2-5) and pass over the Auxiliary

Building roof into the Turbine Building. While the possibility

for structural damage resulting from main steam or feedwater

ruptures outside containment does exist, potential consequences

are minimized by this layout.

Separation of high energy piping from essential components is the
I

s- / most desirable method of precluding unacceptable pipe break damage.

Careful attention has been given to location of essential components

and the routing of piping systems. In every possible instance,

equipment susceptible to pipe break damage is located remote from the

piping postulated to fail. The extensive compartmentalization in the

Auxiliary Building provides separation of safety related fluid system
i
' components from redundant equipment and other high and moderate energy

piping systems.

The Turbine Buildings are located directly adjacent to the Auxiliary

Building as shown in Figure 2-1 This plant arrangement dictates that

Turbine Building piping be routed nearby the Auxiliary Building.

However, efforts have been made to separate Turbine Building high energy

piping from the Auxiliary Building to the greatest extent pratical.

(~ ,e Although the potential for some damage to the Auxiliary Building wall is
l
|

2-2
.
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possible due to Turbine Building piping failures, the interferences
+

| between a. broken pipe and Turbine Building structural members and

I . piping should prevent unacceptable consequences.
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3.0 CR ITER I A FOR POSTULATING PIPE RUPTURES

3.1 Piping Systems Subject to Postulated Pipe Rupture

Specified ruptures are postulated to occur in plant piping sysi uns,

and the potential for damage evaluated on the basis of the level of,

energy stored in the systern. Systems are classified as high-energy

or moderate-energy.

3.1.1 High-Energy Piping Systems

High-energy piping systems are those systems, or portions of

systems, that during normal plant conditions are either in

operation or maintained pressurized under conditions

.

where either or both of the following are met:

a) Maximum temperaturs exceeds 200* F, or

b) Maximum pressure exceeds 275 psig.

Except that (1) non-liquid piping systems (air, gas, steam)

with a maximum pressure less than or equal to 275 psis are

not considered high energy regardless of the temperature,

and (2) for liquid systems other than water, the atmospheric

boiling temperature can be applied.

Systems are classified as moderate energy if the total time

that either of the above conditions are met is less than
!

! either of the following:

a) One (1) percent of the normal operating 1ifespan of the
plant, or

b) Two (2) percent of the time period required to accomplish
I its system design function.

O
b

3-1
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3.1.2 Moderate-Energy Piping Systems

Moderate-Energy Piping Systems are those systems, or portions

of systems, that during normal plant conditions are either

in operation cr maintained pressurized (above atmospheric

pressure) under conditions where both of the following are

met:

a) Maximum temperature is 200* F or less (or less than the

atmospheric boiling temperature for non-water systems),

and

b) Maximum pressure is 275 psig or less.

3.2 Break Location and Configuration

3.2.1 Break Locations in Duke Class B. C. and F Pipina Runs

Breaks are postulated at the following locations in each

Duke Class B, C, ud F piping runs.

a) The terminal ends of the pressurized portions of the run,

b) At intermediate locations selected by either one of the

' following methods:

1. At each location of potential high stress or fatigue,

such as pipe fittings (elbows, tees, reducers, etc.),

valves, flanges, and welded attachments, or

2. At all locations where the stress, S, exceeds 0.8

l (1.2Sh + $ ), whereA

stresses under the combination of loadingsS =

associated with the normal and upset plant
!

| condition loadings, as calculated from the sum

of equations (9) and (10) in Subarticle NC-3600

O
V of the ASME Boiler and Pressure Vessel Code,

3-2
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basic material allowable stress at maximumS =
h

(hot) temperature from the allowable stress

tables in Appendix | of the ASME Boiler and

Pressure Vessel Code, Section Ill.

all wa le stress range for expansion stresses,S =
A

as defined in Subarticle NC-3600 of the ASME

Boller and Pressure Vessel Code, Section 111.

c) If there are not at least two intermediate locations where

h + I ), a minimum f two separatedS exceeds 0.8 (1.2S A

locations are chosen based upon highest stress. If the

piping run has only one change of direction, a minimum

of one intermediate break is postulated. The pattern of

postulated intermediate break locations shall be deter-

mined for the normal plant condition load combination and

upset plant condition which has the highest stress.

Intermediate breaks are not postulated in sections of

straight pipe where there are no pipe fittings, valves,

flanges, nor welded attactinents, nor in piping runs where

S is less than 0.4 (1.2Sh+ A) ver the length of the

run.

3.2.2 Break locations In Other Piping Runs

Breaks are postulated to occur at the following locations in

each Duke Class E, G, and H piping run.

a) At each location of potential high stress or fatigue, such

as pipe fittings (elbows , tees , reducers , etc.), val ves ,

flanges, and welded attachments.

3-3
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b) The terminal ends of the pressurized portions of the run.

3.2.3 Break configuration

3.2.3.1 High-Energy Piping

The following types of breaks are postulated in

I high-energy piping systems:

a) No breaks are postulated in piping having a

! nominal diameter less than or equal to one (1)

| Inch.

b) Circumferential breaks are postulated in piping

having a nominal diameter between one (1) and

four (4) Inches.

c) Longitudinal and circumferential breaks are postu-

lated, b'ut not concurrently, in piping having

a ncminal diameter equal to or greater than four

(4) inches. At terminal ends where piping has

no longitudinal welds, no longitudinal breaks

; are postulated. Also, at intermediate locations
1

where the criterion for a minimum number of'

break locations must be satisfied, only circum-

ferential breaks are postulated.

Where break locations are postulated at fittings without the

benefit of a detailed stress calculation, breaks are assumed

to occur at each pipe-to-fitting weld. If detailed stress

analyses or tests are performed, the maximum stressed loca-

tion in the fitting may be selected as the break location.

Where two or more breaks are postulated, break locations are

O

3-4
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rx
selected with at least 10% difference in stress, or, i f

stresses differ by less than 10%, locations are selected so

as to be separated by a change of direction of the pipe run.

A circumferential break results in pipe severence with full

separation, except as limited by structural design features.

The break is assumed perpendicular to the longitudinal axis

of the pipe, and the break area assumed to be the cross-

sectional flow area of the pipe at the break location. The

break discharge coefficient used may be substantiated ana-

lytically or experimentally. In the absence of this data,

the discharge coefficient is assumed to be 1.0.

A iodgitudinal break results in an axial split without

[G)
severence. The split is assumed to be oriented at any point

about the circumference of the pipe, or alternately at the

point (s) of highest stress, as justified by detailed stress

analyses. For the purpose of design, the longitudinal break

is assumed to be circular or eliptical (2D x iD) with an area

equal to the largest piping cross-sectional flow area at the

point of the break, a length equal to twice the piping inter-

nal diameter at that cross-section, and have a discharge coeffi-

cient of 1.0. Any other values used for the area, diameter,

or discharge coefficient associated with a longitudinal break

are verified by test data or analysis which define the

limiting break geometry.

For purposes of analysis, circumferential and longitudinal

) breaks are assumed to reach full size within one (1)

3-5
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O
millisecond after break initiation.

3.2.3.2 Moderate-Enerov Piping

Crack openings are assumed as a circular orifice of cross-

sectional flow area equal to that of a rectangle with a
;

length of one-half the pipe inside diameter and a width

of one-half the pipe wall thickness. The orifice is

asstaned to be oriented at any point about the circumference

of the pipe.

Cracks are not postulated in piping that contains no

pressurization equipment; i e., systems without pumps,.

pressurizing tanks, boilers, etc., and which operate only

from gravity flow or storage tank head. Also, cracks are

not postulated in portions of Class B, C, and F piping where

the stresses are less than 0.4 (1.2Sh*I}'A

33 High Enerav Pipinc. Outside Containment

High energy piping outside containment is reviewed by plant area.

Auxiliary Building high energy piping is identified in Table 3-i.

This table also lists the figure for the applicable flow diagranwnatic.

All high energy piping is shown by system on figures 3.10 through

3 3.16 . Table 3-2 identifies all Turbine Building piping that has

been reviewed for pipe rupture.

3.4 Moderate Enerov Pipina Outside Containment

Only Auxiliary Building moderate energy piping is reviewed in detail.

Turbine Building moderate energy piping is incapable of ctusing any

unacceptable damage due to its location away from essential co.npo-

nents. Auxiliary Building moderate energy piping systems are identi-

fied in Table 3-3.

Revisio., 3
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i Table 3-1

McGUIRE NUCLEAR STATION
1

AUXILIARY BUILDING

HIGH ENERGY PlPING REVIEWED FOR PIPE RUPTURE

1. Steam Generator Slowdown System - 88 (See Figure 3.1)

From: Containment Penetrations M-300, M-301, M-303, and M-304;
i To: 1. The outlet of valve 188101;

2. The service b1dg. side of the trench.

2. Auxiliary Feedwater System - CA (See Figure 3 2)

Motor Driven Aux. FWD Pumps 1 A and 18; 86,. M-3100 and
; From:

1. Containment Penetrations M-156, M-2To:
3

M-465 up to and including check valves
ICA37, ICA49, ICA53 and ICA65;

i 2. The outlet of valves ICA70 and ICA72.

3. Feedwater System - CF (See Figure 3.3)

From: The Turbine 81dg. header; '

- To: Containment Penetrations M-153, M-262, M-308, and M-440.

4. Safety Inlection System - NI (See Figure 3.4)

) From: Upper Head injection Nitrogen Accumulator;
To: Upper Head injection Water Accumulator.

From: Upper Head injection Water Accumulator;
To: 1. Containment Penetrations M-334 and M-349;

2. Four 4" Stand Pipes.
3. Valves INI326, INI255B

i 5. Boron Thermal Regeneration - NR (See Figure 3.5)

From: Valve INR92 (See NV System);
To: Letdown Reheat Hx.

From: Letdown Reheat Hx;
To: Valve INR95 (See NV System).

'

O
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Table 3-1 (Continued)

9 5. Chemical & Volume Control System - NV (See Figure 3.6)

From: 1. Reciprocating chargine pump
2. Letdown Hx
3. Sealwater injection Filters IA and IB

3 To: lA. Penetrations M-350, M-339, M-344, M-343 and M-329;
IB. Sea 1 water injection Filters IA and IB;
2A. Penetration M-347;
28. Valves INR92 and INR95;
2C. Valves INV121 and INV124;
3A. Valves INV225, INV231 and BIT outlets
38. Sealwater injection Filters A & B.

7 Main Steam Supply to Auxiliary Equipment - SA (See Figure 3 7)

From: Main Steam lines IB and IC;
To: The outlet of valves ISA48 and ISA49.

8. Main Steam System - SM (See Figure 3.8)'

9 Containment Penetrations M-154, M-261, M-393, and M-441;From:
To: 1. Turbine Bldg. 48" header;

2. The outlet of the safety valves and power operated
3 relief valves.

3 The outlet of low point drain valves.

Note: Piping less than or equal to 1" NPS need not be considered
for effects of pipe rupture.

-

'sv
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Table 3-2

McGUIRE NUCLEAR STATION
TURBINE BUILDING

HIGH ENERGY PIPING
-

.

1. Auxiliary Steam - AS
From: Valva ISMI3;
To: Valves 1ASil, IAS88.

3

2. Steam Generator Blowdow, - BB

From: Service Bldg. trench;
To: Valves 188123, 188124, 188125, 188126.

From: Steam Generator Blowdown Blowoff Tank;
To: Steam Generator Blowdown Blowof f Pumps I A and 18.

From: Steam Generator Blowdown Blowoff Tank Pumps IA and IB;
To: Condensate System.

3. Ileating Boiler Feedwater - CB

From: Aux. Electric Boller A and B Feedwater Pumps;
To: Aux. Electric Boller A and B.

W 4. Feedwater - CF .

From: Main FDV Pumps IA and 1B;
To: 1. HP Heaters 181, 182, 183;

2. Valves ICF75, ICF81, ICF76.

From: HP Heaters 101, 182, 183;
To: HP Heaters lAl, IA2, IA3 respectively.

From: 1. HP Heaters IAl, IA2,1A3;
2. Valve ICF75;

To: 1. Auxiliary Building Roof;
2. Valves ICF124, ICF107

5. FDWP Condensate Seal - CL
From: Valves ICLi, ICL4;

To: F0WP Seal injection Pumps I A and 18.

From: FDWP Seal injec' tion Pumps 1 A and 18;
To: FDWP Seal injection Rx 1A and IB.

From: FDWP Seal injection Hx 1A and IB;
To: Main FDW Pump 1A and 18.

U
Revision 3
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Table 3-2 (Continued)

9 6. Condensate - CM
From: 1. LP Heaters IFI, IF2, IF3;

2. Valves ICMl30, ICM420;
To: Condensate Booster Pumps IA, IB, IC.

From: Condensate Booster Pumps 1A, IB, IC;
To: 1. LP Heaters IEl, IE2, IE3;

2. Val res ICH230, ICL1, ICL4.

From: LP Heaters IEl, IE2, IE3; I,

To: LP Heaters 101, 102, 103 respectively. i

From: 1. LP Heaters 101, 102, 103;
2. Valve ICH230;

To: 1. LP Heaters IC1, IC2, IC3;
,

2. Valve ICH231.

From: 1. LP Heaters IC1, IC2', IC3;
2. Valves ICH231, IHW82, 1HW83, lHW84; ICF124;

To: 1. UST Dome;
2. Main Feedwater Pumps IA and 18.

7. "A" Heater Bleed Steam - HA
From: 1. HP Turbine;

s 2. Valves IHM19,1HM20, lHM21,1HM22,1HM23, IHM24;

') To: 1. HP Heaters lA1, IA2, IA3;
2. MSR's 1st Stage.

8. "B" Heater Bleed Steam - HB
From: 1. HP Turbine;

2. Valves IHM34, IHM35, lHM36,1HM37, lHM38,1HM39;
To: HP Heaters 181, 182, 183

3| 9 Moisture - Separator - Reheater Bleed Steam - HM |
From: Valves IHMI, lHM2, lHM3, lHM4, lHMS, lHM6, lHM13, lHM14, IMM15,'

lHM16, 1HM17, IHM18;
To: MSR's 2nd Stage.

From: MSR's 2nd Stage;
To: Valves lHMI9,1HM20, lHM21, IHM22, lHM23,1HM24.

From: MSR's 1st State;
To: Valves IHM34, IHM35,1HM36,1HM37, lHM38, lHM39

- - - . . . - _ . . . .
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Table 3-2 (Continued)

10. Polsture - Seoarator - Reheater Drain - HS
V From: MSR IAI, IA2, 181, 182, ICl, IC2;

To: 1, 1st Stage Reheater Drain Tank 1Al, IA2, IBI,182, ICI,
IC2 respectively; ,

2. 2nd Stage P.eheater Drain Tank !AI, l A2,181,182, ICI,
IC2 respectively; '

3. Noisture Separator Drain Tar.k IAl, lA2,181,182, ICI,
IC2 respectively.

From: 1st Stage Reheater Drain Tank 1A1, IA2, 181, 182, ICI, 1C2;
To: 1. MSR,1st Stage, I A1, lA2,181,182, IC1, iC2 respectively;

2. Valves IHS35, IHS36, lHS93, 1HS94, IHS151, lHS152 respec-
tively.

From: 2nd Stage Reheater Drain Tank 1Al, lA2, 181, 182, IC1, IC2;
To: 1. MSR, 2nd Stage, lA1, IA2, 181, 182, IC1, IC2 respectively.

2. Valves 1HS57, iHS58, 1HSil5, IHSil6, 1HS173, lHS174 respec-
tively.

.,

From: 1st Stage Reheater Drain Tank 1A1, IA2, 181, 182, IC1, IC2;
To: 1. HP Heaters 181, 182, 183 respectively;

2. Valves 1HS31, iHS32, lHS89, lHS90, lHSl47, IHS148 respec-
tively.

From: 2nd Stage Reheater Drain Tank 1A1, IA2, IBI, 182, ICI, IC2;
To: 1. HP Heater 1A1, I A2, I A3 respectively;

,

-} 2. Valves IHS53, IHS54, lHSill, IHSil2, lHS169, IHS170, respec-
tively.

.

From: Moisture Separator Drain Tanks IAl, I A2,181,182, ICI, IC2;
To: 1. Heater Drain Tanks ICl, IC2, IC3 respectively;

2. Valves IHS13, lHS14, lHS71, 1HS72, IHS129, lHS130 respec-
tively.

II. Heater Drain - HW
From: HP Heaters lAl, IA2, IA3;

To: 1. HP Heaters 181, 182, 183 respectively;
2. Valves lHW22, 1HW23, IHW24 respectively.

From: HP Heaters 181, 182, 183;
To: 1. Heater Drain Tanks ICI, IC2, IC3 respectively;

2. Valves IHW37, lHW38, lHW39 respectively.

From: Heater Drain Tank 1C1, IC2, IC3;
To: 1. Heater Drain Tank Pumps ICl, IC2, IC3 respectively;

2. Valves IHW43, 1HW44, 1HW45 respectively.

!

|

|O
,
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Table 3-2 (Continuzd)
j

!

9 From: Heater Drain Tank Pumps IC1, IC2, IC3;
To: 1. Heater Drain Tank ICl, IC2', IC3 respectively;

2. LP Heaters ICl, IC2, IC3 respectively;
3. Valves IHW85, IHW86, lHW87 respectively;
4. Valves IHW82, 1HW83, 1HW84 respectively.

From: LP Heaters 1D1, ID2, ID3;
To: 1. LP Heatets IEl, IE2, IE3 respectively;

2. Valves IHW106, lHW107, lHW108 respectively; ;

I
'

'From: LP Heaters IEl, IE2, IE3;
To: 1. LP' Heaters IFI, IF2. IF3 respectively

2. Valves IHW121, IHW122, lHW123 respectively.

12. Main S te a m Bypass to Condenser - SB -

From: Valve ISBl;
To: Valves ISB3, 1586, 1589, ISB12, 15B15, 15818, 15821, 15824,

1S327.

13. Main Steam - SM
From: Auxiliary Dullding Roof;

To: 1. HP Turbine
2. Valves ISV30, ISV32, ISV34, ISV36; ISV38, ISV40, ISV42, ISV44,

ISM 2, ISP1, ISP2, IZJ105, 1HM1, iHM2, 1HM3, lHM13, lHM14,
IHMIS, lHM4,1HMS,1HM6, lHM16,1HMl7, lHM18, ISM 12, IS81.

14. Maln Steam Supply to FDWP Turbine - SP
'# From: Valves ISPI, ISP2;

To: FDW Pump Turbines IA and 18.

15. Main Turbine Leakoff & Steam Seal - TL
From: Valves ITL21, ISM 2;

To: Valves ITL6 and ITL8.

16. Plant Heating - YH

i

3

i

|

l

17 Condenser Steam Air Elector - ZJ
From: Valves IZJ105, lZJiO6;

To: Valves lZJ2,1ZJ4, IZJ96

l

O
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MCGUIRE tiUCLEAR STATION

AUXILIARY BUILDING

MODERATE ENERGY PIPING SYSTEMS

AS1. Auxiliary Steam -

.

2. Steam Generator Wet Layup Recirculation .BW

3 Diesel Generator Engine Fuel Oil FD-

4. Refueling Water FW-
.

KC5 Component Cooling -

6. Diesel Generator Engine Cooling Water KD-

7. Spent Fuel Cooling KF-

KR8. Recirculated Cooling Water -

9 Diesel Generator Engine Lubricating Oil LD-

10. Boron Recycle NB-

11. Residual Heat Removal ND-

.

NF12. Ice Condenser Ref rigeration -

13 Nuclear Sampling NM-

14. Containment Spray NS-

RF15. Fire Protection -

16. Nuclear Service Water RN-

17. Containment Ventilatton Cooling Water RV-

18. Breathing Air VB-

19 Diesel Generator Engine Starting Air VG-

riesel Generator Engine Air intake & Exhaust VN20, -
e

21. Station Air VS-

WE22. Equipment Decontamination -

O
23 Waste Gas WG-

24 Liquid Waste Recycle WL --

.

, - , - , - , - - - ,.ce , - - - . , - - . . - - - , , - - - - , , , , -,,-,,.,-e , ,,, , , - , - , e - -, - - - - - - - ,- -,
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Table 3-3 (continued)

'O 25. Liquid Waste Monitor and Disposal WH t-

s

26. Diesel Generator Room Sump Pump WN-

27 Nuclear Solid Waste Disposal WS-

28. Groundwater Drainage WZ v-

YC29 Chilled Water -

30. Plant Heating YH-

31. Makeup Demineralized Water YM-

.

ZD32. Diesel Generator Engine Crankcase Vacuum -

,
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4.0 SYSTEMS AND EQUIPMENT EVALUATION

4.1 General

Protection is provided to those plant structures and equipment

essential to insure that a safe plant shutdown can be accomplished

and maintained, that consequences of the postulated pipe rupture

can be mitigated, and that the offsite dose consequences are less

than the 100FR100 allowaole limits for a rupture of the piping

system under consideration. This requirement is met by preventing

unacceptable levels of damage to essential structures and equiprent

by one or more of the following acceptable methods, listed in their

order of preference. Choice of method gives due consideration to

other plant design and system requirements,

p a) Separation and remote location of fluid system piping from

essential structures and equipment.

b) Structural enclosure of the fluid system piping or alternatively,

enclosure of the essential equipment.

c) Provision of system-redundant design features separated, or

otherwise protected, from the effects of the postulated pipe

rupture; or additional prote: tion features such as restraints

and barriers,

d) Design of essential structures and equipment to withstand the

effects of the postulated pipe rupture,

e) Addition of guard piping for the main purpose of diverting or

restricting blowdown flow.

f) In areas where none of the above can be met, or where unaccep-

table, more severe problems may be created, augmented inservicem

U
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/*\ ' Inspection may be used on a case by case basis with NRC approval*V
to reduce the probability of failure to acceptable levels and

not postulate the failure.

4.2 Protection From Rupture of High-Energy Piping Systems

4.2.1 High Energy Piping Systems Physically Separated From
Essential Systems and Structures

For the purpose of assuring canpliance with the separation

requirements of Section 4.1, trecPs are postulated in

accordance with Section 3.2; and it is clearly demonstrated

by review of piping layout that the effects of pipe whip,

jet impingement, compartment pressurization, environmental

conditions, and flooding associated with the escape of the

contained fluids cannot cause any damage to essential

structures and systems. In this regard, the following-

NI'
' assumptions are utilized in the evaluation of damage to

essential structure and systems.
'

a) Whipping Pipe and Jet Impingement Interactions

1) A whipping pipe or jet is assumed not to cause

failure of other pipes of equal or greater size
i

and equal or greater thickness. Smaller and

thinner pipes are assumed to encounter unacceptable
I

damage upon impact. A whipping pipe or jet is con-

sidered capable of developing through-wall leakage

cracks in larger nominal pipe sizes with thinner

wall thicknesses, except where experimental or analy-

tical data for the expected range of impact energies

demonstrate the capability to withstand the impact

\~_ I
~ ithout failure.w

4-2
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2) For purposes of evaluating the mecharical integrity

cTiects of the impact of a whipping pipe or Jet on

piping components (i .e. , pumps, val ves , flanges ,

etc.), piping component pressure boundaries are con-
.

sidered to be pipe of the same size and wall thick-

ness as the main process piping to which the compo-4

nents are attached. Bodies of valves (including
i

| check valves) are assumed not to fall upon impact by

a smaller whipping pipe or jet from a smaller pipe.

3) An active component is assumed to be incapable of per-,

forming !ts active function following impact by a

whipping pipe or Jet, unless proved otherwise by4

detailed impact analysis. External valve operators

are assumed to be incapable of performing their

intended function following impact by a whipping pipe

or jet.

4) Electrical and instrument cables are assumed severed

upon impact by a whipping ploe or Jet, unless it can

be demonstrated otherwise.

5) If pipe supports are damaged by whipping pipes or jets,

the target pipe supported by the hangers is assuned to

remain supported upon the loss of one hanger,

b) Environmental Interactions

i 1) Structures are assumed failed if their design pressure

is exceeded, unless integrity can be demonstrated.<

O
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f~'T 2) Electrical cabling and instrument wiring are assumed
J

to be severed upon exceeding the environmental

qualifications of the cabling or wiring, unless it

can be demonstrated otherwise.

3) An active component is assumed incapable of performing

its active function upon experiencing environmental

conditions exceeding the environmental qualifications

of the active component.

4.2.2 piping Svstems Enclosed Within Structures

For the purpose of assuring compilance with the requirements

of Section 4.1 for piping systems within enclosures, breaks

are postulated in accordance with Section 3.2, and it is

demonstrated by analysis that such enclosure is adequately

( designed to prevent damage to essential structures and

equipment from the effects of pipe whip, Jet impingement,

pressurization of the enclosure compartment, environmental

conditions, and flooding associated with the escape of the

1 contained fluid. Piping restraints within the enclosure may

by accounted for in Ilmiting the effects of the postulated

pipe rupture.

4.2.3 Other High-Energy Piping Systems

For the purpose of assuring compliance with the requirements

of Section .1 for piping systems neither physically separated i

from essential structures and equipment nor enclosed, breaks
,

|
are postulated in accordance with Section 3.2; and it is demon-

!
l

strated by analysis that the effects of pipe whip, jet impinge- |
l/''N ment, compartment pressurization, environmental conditions, and

4-4
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U flooding associated with the escape of the contained

fluids cannot cause unacceptable daaage to essential

structures and equipment.

4.3 Protection From Through-Wall Cracks in Moderate-Energy Piping

For the purpose of assuring compliance with the requirements of

Section 4.1, throurS-wall cracks are postulated in moderate-energy

systems in accordance with Section 3.2; and it is demonstrated by

analysis that environmenta) conditions and flooding associated with<

the escape of the contained fluids cannot cause unacceptaole leve s

of damage to essential structures and equipment. In this reg +rd,

the following assumptions are utilized in the evaluation of damasa
i

to essential structures and systems,

a) Electrical cabling and instrument wiring are assumed to be

severed upon exceeding the environmental qualifications of

th- cabling or wiring, unless it can be demonstrated otherwise.

b) An active component is assumed incapable of performing its sctive

' function upon experiencing environmental conditions exceeding the

environmental qualifications of the active component.

4.4 Protection Criterla And Assumptions
,

,

if separation, remote location, and enclosure of fluid piping or

essentici components and systems do not prevent all possib|e damage

resulting from a pipe rupture, then the following plant protection

criteria are utilized in determining which systems, structures, or

components must be protected to assure a safe plant shutdown,

a) Plant Operating Conditions

1) Power Level - At the time of the postulated pipe rupture,

4-5 I
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b the p 4nt is assumed to be in the normal mode of plant

operat i on in which the piping under investigation

experiences the maximum conditions of pressure and tem-

perature. In e,ases where this mode is full power operation,

the power level assumed is that assumed in the evaluation

of the loss-of-coolant accident, steamline break accident,

or feedwater line break accident, in Chapter 15 of the FSAR.

2) Offsite Power - If the pipe rupture results in a loss-of-

coolant accident, steam line break accident, or feedwater

line break accident, a loss of offsite power is assumed

to occur subsequent to the pipe rupture.

3) Seismic Loadings equivalent to either the Safe Shutdown

Earthquake (SSE) or the Operating Basis Earthquake (GBE),

as appropriate, will be used in the analysis of piping,,

equipment, protective devices, etc.

b) Consideration is given to the potential for a random single failure

of in active component subsequent to the postulated pipe rupture.

W ere the postulated piping rupture is assumed to occur in one of

two or more redundant trains of a dual-purpose moderate-energy

essential system, i e., one required to operate during normal plant

conditions as well as to shut down the reactor and mitigate the

consequences of the piping rupture, siagle failures of components

in the other train or trains of that system only are not assumed,

provided the systea is designed to seismic Category I standards, is

powered from both offsite and onsite sources, and is constructed,

operated, and inspected to quality assurance, testing, and inservice

4-6
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inspection standards appropriate for nuclear safety systems.

c) In the event of a postulated rupture in the piping in one unit,

safe reactor shutdown of the affected unit cannot preclude the

capability for safe shutdown of the reactor of the unaffected

unit.

d) Minimum essential systems performance is provided as required

for the type of break,

e) The conditions within the control room or any other location

where manual action is required to assure safe shutdown to

the cold condition is such as to assure habitability and comply

with the requirements of General Design Criterion 19

f) The effects of high-energy pipe ruptures are not allowed to

result in offsite doses in excess of 10CFR100 allowable limits.

g) A pipe rupture cannot cause a steam or feedwater line break.

h) All non-LOCA breaks (except Steam and Feedwater Line breaks) are

allowed to damage the non-LOCA portion of a single train of an

ESF System, provided that unit shutdown can be achieved.

I) All non-LOCA breaks (excluding Steam and Feedwater Line breaks)

are allowed to damage any non-LOCA, non-Essential lines (except

Steam and Feedwater Lines).

J) A pipe rupture in one train of a redundant essential system or a

pipe rupture which damages one train of a redundant essential

system cannot result in damage to the opposite train of that

system or any other essential system.

k) A pipe rupture in a non-Seismic system (Duke System Piping Class

E, G, H) cannot result in damage to an essential system.
Oi
V

4-7
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1) Steam and feed line ruptures are allowed to damage steam and

feed lines, respectively, of the same steam generator, provided

that the aggregate break size does not exceed the applicable maxi-

mum break size considered in the safety analysis.

|
m) Steam and Feedwater Line breaks can damage any non-LOCA 1Ines

except required Essential System Lines.,

n) If tes lines are connected to each other and are schematically

the same line, then a rupture of one of these lines is allowed

to damage the other.

o) The capability for automatic and manual shutdown of the reactor

shall be maintained.

j. p) The capat ility for the removal of decay heat shall be maintained.
!
i q) High anergy piping will oniy have sufficient energy to cause

: critical cracks in piping of larger nominal pipe size but thinrar

wall thickness. A critical crack is not deemed to significantly

inhibit the functionability of a piping system.

4.5 Essential Systems

!

This section describes the systems normally employed for safe shutdown

purposes. It goes on to enumerate the shutdown capability required |
for each event associated with the failures dealt with in this i

evaluation. Logic diagrams are given in Figure 4-1 through Figure 4-6.

These diagrams show logic for turbine trip, main and auxiliary feedwater

pump start / trip, reactor trip, reactor coolant pump start / trip, main
_

steam isolation valves, safeguards actuation, feedwater. isolation, and

; makeup control.

1

! 4-8
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U 4.5.1 Normal Shutdown

The systems necessary for normal, controlled safe shutdown

of the reactor are those systems associated with the major

functions in both the primary and secondary sides of the

Nuclear Steam Supply System. There are no individually

identifiable safe shutdown systems per se. However, pre-

scribed procedures for normally securing and maintaining

the plant in a safe condition will be instituted by appro-

priate alignment of selected fluid and control systems. The

system functions required to be aligned for maintaining normal,
'

controlled safe shutdown of the reactor are the minimum number

that will:

1) Prevent the reactor from achieving criticality.g

2) Provide an adequate heat sink such that design and

safety limits are not exceeded.

The designation of systems that can be used for a safe normal

shutdown depends on identifying those systems which provide

the following capabilities for maintaining a safe shutdown

condition:

1) Reactor coolant boration.

2) Adequate supply of auxiliary feedwater.

'
3

All systems required for a safe shutdown associated with these

functions have been designed in accordance with the single,

failure criteria, as stated in Section 4.4 The following

subsections identify systems which are required for safe

.

Revision 3
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O
V shutdown of the reactor in the specific faulted conditions

,

which this report is analyzing; these are conditions precipi-

tated by the rupture of piping systems outside containment.

4.5.2 Emergency Shutdown

An emergency shutdown may be caused by any natural or accidental

event of infrequent occurrence. This ineludes related conse-

quences which affect the plant operations and require the use

of other than preferred systems or Engineered Safety Feature (ESF)

Systems to bring the reactor to a safe shutoown condition. In

the context of this report, an emergency shutdown is also

considered to be precipitated by a pipe rupture that is of

sufficient magnitude that a plant shutdown is deemed necessary

even though normal shutdown systems can be used to affect a
b(j reactor shutdown. All events are analyzed independently and

are not ascumed to occur simultaneously. In this analysis,

loss of offsite power is assumed to occur in those events which

cause Protection System actuation effecting a plant trip, in

this case, loss of function of onsite a-c power (emergency

diesels) and batteries must be prevented.

4.5.2.1 Emergency Shutdown With A Main Steam Line Rupture

The equipment necessary for a safe shutdom of the

reactor is the same for any pipe break location on

the main steam line. The effect of any main steam

break on plant shutdown is the loss of one steam

generator for reactor decay heat removal insned i a t ely

after reactor trip.

O
1
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For a large steam line break, the following must
4

be available to accomplish safety functions:

1) Safety injection to pump borated water into
;

the core and, thereby, Ilmit the core power

transient fo11owing the break.

2) Isolation of main feedwater to the steam

generators to limit the Reactor Coolant

System (RCS) cooldown.

3) Closure of t'he main steam isolation valves

to limit RCS cooldown and reverse flow.

4) Auxiliary feedwater is required to dissipate

reactor decay heat. In the event of a con-

'

current loss of offsite power, at least one

\s_, of the auxiliary feed pumps would be required.

in order to cool the plant down to the Residual Heat

Removal System temperature and pressure, auxiliary

feedwater must be available and the steam generator

power-operated relief valves must be operable.

4.5.2.2 Emergency Shutdown with a Feedwater Line Rupture1

A feedwater rupture between the Containment and the

feedwater check valve is considered to be the worst-

case feedwater rupture because of the complete blowdown

of one steam generator in addition to almost unrestricted

flow from the feedwater pumps. For this rupture, the

following must be available to accomplish their <sfety

functions:

Oa

4-11
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7-
(, f i) Safety injection to pump borated water into

the core and, thereby, limit the core power

transient following the break.

2) Feedwater to the intact steam generators.

3) Closure of main steam isolation valves.

In order to cool the plant down to the Residual Heat

Removal System operating temperature and pressure,

auxiliary feedwater from at least one auxiliary feed-

water pump must be available and the steam generator

power-operated reifef valves must be operable.

For a large break between the feedwater pump and the

main feedwater check valve, the feed line check valve

will prevent water or steam release from any of the
O( ,) steam generators through the break. A large break

at this point is, thus, essentially a loss of normal

feedwater. In this case, the equipment that must be

available to accomplish the safety function consists

of the Auxiliary Feedwater System and the intact portion

of the Feedwater System; safety injection is not required.

This case covers all lesser Feedwater and Condensate

System high energy line breaks.

4.5.2.3 Emergency Shutdown With An Auxiliary Feedwater Pump
Steam Supply Line Rupture

A rupture of the auxiliary feedwater pump steam supply

line between the main steam line and the normally closed

piston-operated valves, shown in Figure 3.7, is con-
|

!

sidered a less severe main steam line rupture, and its

w/

4-12 |
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necessary emergency shutdown equipment is discussed
%:

in Section 4.5.2.1. After the rupture, Auxiliary

Feedwater can be provided by one of the motor-driven

Auxiliary Feedwater Pumps. The check valves in each

steam supply line limit the blowdown from this rupture

| to a single steam generator.

Based on the fact that the steam is supplied to the

turbine driver only during test conditions, and upon

the following considerations, the probability of a

rupture in this system between the motor-operated valves
r

! and the auxiliary feedwater pump turbine driver is con-

sidered to be extremely remote.

1) High level of system quality control.

2) Periodic inspection.

3) Low usage factor.

4) Short time the system exceeds 200* and 275 psig

annually.

Thus, the piping downstream of the isolation valves is
~

considered moderate energy based on total time of

operation.

4.5.2.4 Emergency Shutdown With A Steam Generator Blowdown
Line Rupture

A steam generator blowdown line rupture outside the

Containment would not cause a reactor or turbine trip.

1 .in this case, availability of offsite power is assumed

; and a " normal" plant shutdown can be effected.

;

,

4-13
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' O).(, For a steam generator blowdown line rupture, the

affected line could be isolated and an eveluation

of the severity of the leak or rupture would determine

the need to shut down the reactor. If needed, the

shutdown would use normal shutdown procedures.

4.5.2.5 Emergency Shutdown With A CVCS Letdown Line Rupture

For a break in the letdown line between the Containment

and the letdown heat exchanger, the following must be

available:

1) Charging plus either normal makeup or makeup from

the primary makeup water storage tank, to maintain

liquid inventory in the RCS until the break is

identified and the letdown line isolated.

) 2) Letdown line Containment isolation valves.

3) Auxiliary feedwater, to cool the plant down to the

conditions necessary to initiate operation of the

RHRS.

3

4.5.2.6 Emergency Shutdown With A CVCS Chargina Line Rupture

For a full area break in the charging line between the

Containment and the charging pumps, the following must

be available:

1) Charging (from safety injection pipe) plus either

normal makeup from the primary makeup water storage

tank, to maintain liquid inventory in the RCS.
A

Revision 3
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2) Auxiliary feedwater, to cool the plant down to

the conditions necessary to initiate operation

of the RHRS.

3
..

4.5.2.7 Emergency Shutdown With An Auxiliary Feedwater
Line Rupture

The Auxiliary Feedwater System is an ESF System. It is<

not only required to mitigate the consequence of acci-

dents, eg, loss of coolant, feedwater line break, etc.,

but it is also required as a means of dissipating the

energy from the RC3 during periods when the main heat

sink (main condenser dump and Main Feedwater System)

( ) is unavailable; for example, during a blackout situation.
,

A pipe rupture in the high energy portion of the Auxi-

liary Feedwater System, between the main feedwater line

and the first check valve is considered a less severe

main feedwater line rupture. The necessary emergency

shutdown equipment is discussed in Section 4.5.2.2

Following pipe rupture in one of the Auxiliary Feedwater

Pump discharge lines, feedwater could be provided by

one of the remaining two auxiliary feedwater pumps or

through the normal feedwater system assuming offsite

power availability."

,

l v.

Revision 3.
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5.0 DAMAGE EVALUATION

A damage evaluation has been performed for each of the breaks postulated

by application of the criteria in Section 3.0. *

5.1 Pipe Whip / Jet Impincement

The following describes the activities performcd to determine

acceptable and unacceptable damage caused by postulated high

energy pipe breaks.

5.1.1 Break Criteria

Breaks are postulated according to the criteria given

in Section 3.0.

5.1.2 Establish Plant Arrangement and Layout

The piping systems and other systems and equipment are

arranged to provide maximum separation between piping
d

subject to failure and those components requiring pro-

tection. Naturally other factors are considered, such

as space limitations and fluid flowrate requirements.

The combination of all layout considerations results in

the final plant arrangement design.

5.1.3 Preliminary interaction Matrices

Once all targets have been identified, an initial investi-

gation is performed that evaluates the effects of potential

interactions between source piping and targets. Due to the

size of the plant and the complexity of the piping layouts,

j the plant is divided, for analysis purposes, into sections.

The determinations of the size of each section is based

O
V
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b)g upon the amount of piping located and physical barriers

which provide separation. For example, a section may

comprise the area of a mechanical penetration room.

A Preliminary interaction Matrix is developed for each

,

area defined. The matrix documents the results of the

effects of pipe breaks within each area. Since this is

a preliminary interaction analysis, discrete break

locations are not postulated; instead, breaks are assumed

to occur throughout an entire piping run, in addition,

actual pipe whips and Jets are not postulated. IrStead,

if targets are within close proximity to the broken

piping, they are considered to be impacted by the soJrce

pipe. These occurrences are called unacceptable inter-

C\)g actions.
V

5.1.4 Final Interaction Analysis

Following plant layout modification resulting from the pre-

liminary interaction analysis, the final interaction analysis

is performed. This analysis is based on investigating the

actual pipe whip and Jet effects due to breaks at discrete
,

locations; i.e., terminal end and intermediate locations.

; The analysis of the terminal end breaks can be performed im-
i

mediately following the layout modifications. The analysis

of the intermediate breaks cannot be performed until the

piping stress analysis is completed.

The results of the final interaction analysi: art documented

on Pipe Whip Interaction Matrices and Jet im a i noement Inter-,

( action matrices. These matrices indicate if the targets are

5-2'
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'''' beyond the range of the whipping pipe and Jet, or if an

unacceptable interaction occurs. This determination is

accomplished through the use of the pipe whip and Jet

models that are developed prior to performing the final

interaction analysis. These models are based on the

criteria established in FSAR Section 3.6.

The unacceptable interactions must be prevented in order to

allow safe plant shutdown. The method of prevention depends

upon the cause of interaction. Typically, pipe whip restraints

are used to prevent unacceptable pipe whip interactions, while

Jet deflectors are used to prevent unacceptable Jet interactions.

5.1.5 Pipe Whip Model

-') In order to determine the extent of pipe whip, several factors

''' must be considered. These include location of plastic hinge,

direction of pipe whip, and degree of pipe whip. Each item

is described in the following paragraphs as they are postu-

lated to exist for circumferential breaks only. Pipe whip

is not expected to occur for longitudinal breaks.
1

A plastic hinge is considered to occur due to the jet thrust

force from a circumferential pipe break, Calculations were

performed on typical, unsupported piping runs to determine
]

the approximate location of the hinge. These calculations i

1

indicate that the hinge locations would occur within a few

feet of the break location.

The physical geometry of the piping runs, however, allowed the

n analysts to determine, based on force vector and moment arms,

V)t
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V the probable locations of the plastic hinge. This

typically occurs at the second elbow away from the

b rea k. Using this method, the hinge lengths were

considerably longer than the calculated lengths. For

conservatism, it was decided to use the geometrically

determined hinge length because this would result in

a larger sweeping of the whipping pipe and, thus,

a larger area of potential interactions.

The direction of the pipe whip is also determined based

on the geometric configuration of the pipe, and the resultant

force vector and moment arm due to the pipe breaks. The pipe

is assumed to move in the prescribed direction until it

f impacts another object (i.e., a target or structural inter-
(
b ference) or it impacts the attached portion of its piping

The pipe is assumed to Alp in only one direction; andrun.

once it impacts another object or its own piping run, it is

assumed to remain in that position.

5.1.6 Jet Model

The FSAR criteria of a 10* jet half angle is the basis for the

Jet model. This type of jet is postulated to emit from a

circumferential rupture throughout the range of pipe whip.

It is also postulated to emit from a longitudinal break as

the pipe remains in the stationary position.

The Jet is assumed to extend until it impacts either a target

or structural interference. If the Jet is partially obstructed,

: O
| O
| |
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O' It is assumed to extend beyond the interference at the

angle at the point of interference.

5.2 Corcartment Pressurization

Compartment pressurization analyses were performed for breaks of the
.

high energy lines outside containment containing pressurized gas,

steam, or subcooled water that could flash. Turbine Building

piping was considered uncapable of producing any unacceptable pressuri-

zation effects on safety class structures. The following lines and

locations were considered:

1) Main Steam, Doghouse; 2) Feedwater, Doghouse; 3) Main Steam

Supply to Auxiliary Equipment, Doghouse; 4) Blowdown Lines, Auxiliary

Building; 5) Letdown Line, Auxiliary Building and; 6) Upper

Head injection, Auxiliary Building.--

('~ 5.2.1 TMD Code - Short Term Analysis

The TMD Code was used to determine compartment pressures4

for main steam and feedwater breaks in the Doghouse. Flow

rates and energy release rates were calculated using hand
.

calculation methods based on Moody's two phase choled flow

model '. See Section 5.2.2 for Auxiliary Building breaks.

5.2.1.1 General Description

The mathematical modeling in TMD (Transient Mass

Distribution) is similar to that of the SATAN

blowdown code in that the analytical solution is

1 F. J. Moody, " Maximum Flow Rate of a S ing le Component, Two--Phase Mixture,"
Journal of Heat Transfer, Trans, ASME, Series C, Vol. 86, February, 1965, p.134

2 F. J. Moody, " Maximum Two--Phase Vessel Slowdown from Pipes," Journal of
) Heat Transfer, August, 1966, p. 285.s, ,

5-5
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V developed by considering the conservation equations

of mass, momentum and energy and the equation of state,

together with the control volume technique for simu-

lating spatial variation. The governing equations for

TMD are somewhat different in that a two phase (liquid

water droplets and steam - air vapor) two component

(air - water) system is considered.

The control volume technique is used to spatially

represent the structure. The structure is nodaIIzed

into many ccenpartments or elements to provide a detailed

representation of the structure transient pressures en

the internal concrete structures for the design basis

pipe break. The structural elements are connected into

a fIcw network with volumes, flow area, flow path length,-

flow resistance and initial conditions specified as input

for all elements and flow paths available.

For control volume analysis, time dependent equations of

conservation of mass, conservation of energy and state

are evaluated. The boundary conditions for each control

volume are provided by the adjacent one. Nothing is

lost in the integration process by shrinking the control

volumes as small as we please, thus a detailed spatial
' . solution is possible. As a second step in spatial repre-

sentatlon, the control volume in which momentum is con-

served is displaced from the control volume in which

mass and energy is conserved. Jf
,

! I

L 1

|
;

I
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O
The air and steam in each control volume are

assumed to be uniformly mixed throughout. Thermal

equilibrium is assumed whereby the temperatures

for these constituents are equal within'each control

volume. As a result of uniform mixed assumption,

each constituent occupies the entire control volume.

The total pressure is the sum of the partial pressures.

5.2.2 REl.AP Code

The RELAP Code was used to determine pressurization effects for

all Auxiliary Building high energy pipe breaks containing steam

or flashing water (see Section 5.2.1 for Doghouse Breaks).

Drogram RELAP4/MODSs a computer program for investigating the

3 transients expected in thermal-hydraulic systems. RELAP4/MdD5

was originally developed by W. H. Rittig, et al, at the Idaho

Nuclear Corporation and provides a numerical method for analyzing

the transient thermal-hydraulle behavior of pressurized water

reactors, boiling water reactors, and experimental water reactor
i

simulators.

3

RELAP4/ MODS is a corrpre-

hensive program that predicts the interrelated effects of

coolant thermal-hydraulics, system heat transfer, core neutronics,

and system component interactions. Because the program was

Revision 3
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O
developed to solve a large variety cf problems, the user must

specify the program and system to be analyzed.

3 The fluid dynamics portion of the RELAP4/M005 program solves

the fluid mass, energy and flow equations for the system being

modeled. In order to provide a reasonable degree of versatility

3 in RELAP4/H005, a choice of the follosing basic forms of :he flow

equation is provided:

a) Compressible single stream flow with momentum flux.

b) Compressible two-stream flow with one-dimensional
momentum mixing.

'

c) Incompressible single-stream flow without momentum flux.

The compressible two-stream flow equation has four forms to

represent different flow patterns of the streams. The fluid

- 3 system to be analyzed by RELAP4/ MODS must be specified by the

user and is modeled by fluid volumes and junctions (f1w paths)

between volumes. Fluid volumes (control volumes) are used to

represent the fluid in the system piping, plenums, reactor core, ;

pressurizer and heat exchangers. Any fluid volume may be chosen

independently to represent a region of the system associated with

a heat sink or source, such as fuel rods or a heat exchanger. ,

|

The fluid volumes are connected by junctions which are used to

transfer fluid into and out of fluid volumes. Options are

available for selecting pump, valve and bubble rise models.

i

|

1

3 |

LO
i i
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A heat conductor model is used to transfer heat to or from

the fluid in a fluid volume. The geometry and conditions

of the heat conductor are specified i,y the user.

3

Several options

are also availabla for describing heat exchangers.

RELAP4/M005 is the most recent of a series of computer programs
3

developed at the Idaho National Engineering Laboratory to

describe the thermal-hydraulic conditions attendant to various

postulated transients in light water reactor systems. RELAP4/|~
3

MOD 5 incorporates various improvements and modifications to

previous versions which include:

1. A metal-heat conduction solution is available and the

capability of- describing both the primary and secondary

ficav systems with a " heat exchanger" heat conduction path

connecting the two systems.

3 2. The RELAP4/M005 fluid conservation equations include approx 1-

matIons of ali terms contained in the theoretical derivations

for one-dimensional, homogeneous, thermal equilibrium flow.

The solution to the conservation equations describing the

flow of energy and momentum of the coolant has been extended

to include the kinetic and potential energy terms and an

optional one-dimensional momentum flux description of area

and density changes. This modification to the solution of

the conservation equations fundamentally allows description

,
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or ths incompressibio Bornoulli effect as asti as t.e
a

compressible fluid flow phenomena. Additicnolly, flow

chcking can be calculated f rom these modified equations.

The inclusion of the momentun flux and kinetic energy

3 terms makes the RELAP4/M005 conservation escations more

general than the equations contained in previous versions

and provides the program with the capability of predicting

the hydrodynamic behavior of jet pumps.

3. An improved pump model is available which accounts for

inertial and friction effects and allows the simulation

according to homologous characteristics.

4 Steam tables that contain the derivatives of fluid pro-

perties.

5. An implicit integration technique is included. The implicit
.

weighting factor can be modified to obtain a fully explicit

calculation as well as the normal fully implicit calculation

for the flaw solution.
6. Flew models have been incorportted in RELA?4/wM.c W ic '6

allow the flow of any combination of air, steam and water.
3

This homogeneous equalibrium (HEM) flow model uses a perfect

gas assumption for air.

5.2.3 Hand calculations

Conservative hand calculations oarc performed for the Upper

Head injection System in the Auxiliary Building. This method

asstenes a constant Isentropic choked flow into the ccenpartment

f rom the nitrogen source. After entering the compartment, the

nitrogen flow is asstmed to decelerate to stagnation conditions

and mix with the air in the compartment. The mixing is assumed

to occur at ec9stant temperatures. The air-nitrogen mixture

leaves the comps tment through sent ocenings at subsonic selo-
.

\

citles.

|

.
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O
V As lorig as the flow rate into the compartment exceeds the flow

rate out of the compartment, the pressure will rise. When the

flow into and out of the compartment is equal, the peak compart-
|

ment pressure can be obtained. [

5.3 Flooding Effects

All high energy and moderate energy systems have been reviewed to

| determine conservative maximum flooding levels in the Auxiliary

Building. The Auxiliary Building doorways, stairwells, and floor
i

drains are such that discharged fluids will drain into either the

Auxiliary Feedwater Pump Room at Elevation 716 (see Figure 2-3,
,

"

Rooms 10 and 53) or the Contalnment Spray and Residual Heat Removal

Pump Rooms at Elevation 695 (see Figure 2-2). Pipe breaks in the

Auxillary Feedpump Roum would be contained in the room. Breaks in'

<

'

all other areas containing fluid piping would eventually result in

'

flow to the pump rooms at Elevation 695.

5.3.1 Discharge Rates

Discharge rates are based on Bernoulli's equation for non-
4

flashing water and either Moody's two-phase choked flow model

or Duke program SONVEL (reference FSAR Section 3.6.4.2 ) for

steam and flashing water. All steam and steam / water mixtures

were assumed to condense for the flooding analysis.
:

5.3.2 Moderate Energy Piping
,

'

All moderate energy systems are reviewed by system to determine

maximum discharge rates from cracks. System fluid capacity is
|

j considered in determining the. severity of each system's

(''N flooding potential.

\

|
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5.3.3 Hioh Energy Ploina

Each high energy pipe break is reviewed to determine

maximum discharge rates from the break. In addition,

all piping or equipment (non-essential) that could be

damaged by an unrestrained whipping pipe is considered
4

failed and the resulting discharge of fluid considered.

5.4 Environmental Consecuences

Environmental consequences as discussed in this report include

the effects of water spray from all moderate energy piping and

the temperature effects from all high and moderate energy piping

containing steam or subcooled water that could flash to steam.

5.4.1 water spray

A
| All moderate energy piping has been reviewed to determine

if critical cracks could cause unacceptable damage to

essential components. Several methods were used to elimi-

nate unacceptable consequences: (1) relocate equipment,

(2) reroute piping, (3) eliminate cracks in Class B, C or

F piping by showing stresses are less than 0.4 (1.2Sh + S )'A

(4) upgrade equipment , (5) add spray shields.

5.4.2 Temperature Ef fects

All Auxiliary Buildir.y piping containing steam or subcooled

water capable of flashing has been reviewed to determine peak

temperatures due to postulated failures. The RELAP Code was

used to calculate compartment temperatures in the Auxiliary

|

l
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O
f Building. This code is discussed in Section 5.2.2. o

The following lines were considered: (1) Steam Generator

Slowdown, (2) Chemical and Volume Control, |

(3) Residual *

,

Heat Removal System, (4) Auxiliary Steam, (5) Boron

j Recycle System and (6) Liquid Waste Recycle System. [
-

i

J

Temperature effects in the Doghouses were evaluated using i
,

the RELAP4/M005 code and considering a circumferential break
h

within the guard pipe of the Main Steam (SM) system ;

(See Figure 3-16). The SM break enveloped all other !I
q

piping breaks in the Doghouse. t

|
4

>
,

't

4

}

4

;
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G.0 SUMMARY AND CONCLUS IONS'

in the following sections, the analysis of postulated high energy and

moderate energy piping failures is summarized. These sections include

the effects of the breaks and the plant modifications required to miti-

'

gate the effects.

6.1 Pipe Whio and Jet Impincement Effects

in accordance with the criteria and met'.,ods in Sections 4.0 and 5.0,

Table 6-1 and Table 6-2 have been prepared to identify each high

energy break considered in this anafssis and to identify those breaks

that result in unacceptable consequences. For those cases where

unacceptable consequences occur, pipe whip restraints, Jet impingement
,

barriers, guard pipes or other mitigation devices are provided. The

criteria used for design of these devices is presented in Appendix A.
'

6.1.1 Main Steam and Feedwater Systems

The Main Steam and Feedwater Systems have the greatest poten-

tial for damage from postulated pipe breaks. The pipe sizes,
4

operating temperatures and pressures, and the large amount of
r

stored energy require that these systems receive the most

thorough review with respect to pipe rupture effects. Portions
i

of the main steam and feedwater piping have been provided with

guard pipe to limit pipe movement and restrict blowdown flow

rates in the event of a process pipe failure inside the guard

pipe. Main steam and feedwater piping drawings are shown in

Figures 3.16 and 3.12 respectively.

Main steam breaks are chosen based on consequence as described

in FSAR Table 3.6.5-1. Pipe whip restraints are provided for

(''s j

\,
l
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each postulated break to assure that essential structuresx

and components are not damaged. Only circumferential

breaks are postulated since the stress at all locations is

less than 0.8 (1.2Sh+S). It should be noted that theA

main steam and feedwater penotrations are free floating

and do not constitute an anchor. Figure 6-I shows the main

steam system isometric drawings. Typical guard pipe to

process pipe Internal restraints are shown in Figure 6-2.

Energy absorber and rigid pipe rupture restraints are shown

in Figures 6-3 and Figure 6-4.

Feedwater break locations are chosen at those wations shown

on Figure 3.12 based on high stress points; only circumferen-

tial breaks are postulated since the stresses are less than

h + S ) at all locations. Pipe rupture restraints0.8 (1.2S A

are provided for all postulated feedwater breaks to assure that

essential components and structures are not damaged.

6.1.2 Steam Generator 81owdown System

The high energy portion of the blowdown system consists of one

blowdown line per steam generator entering the Auxiliary Building'

in the Elevation 716/733 penetration room and exiting to the

Turbine Building (see figures 3.1 and 3.10). Only circumferential

breaks are postulated since the piping is of seamless construction

h + S ) at all location [.3 and the stresses are less than 0.8 (1.2S A

The pipe whip and jet impingement evaluation indicates that

damage to several essential valves is possible for breaks

*In Section AB 716-07 only one intermediate break location is shown for 2 of'

3 the four lines because of the low stress levels.

6-2 Revision 3
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b
3 BB1-01, -03 Pipe whip restraints will be

provided to protect these valves.

6.1.3 Auxillary Feedwater System

The high energy portion of this systen consists of the

Motor Driven Auxiliary Feedwater Pump 1A and 18 discharges

3 from the pumps at Elevation 716 (room 716-10 on Figure 203)
,

to the main feedwater lines in the doghouse (rooms 750-23

3 and -26, Figure 205). The flow diagrannatic is shown in

Figure 3.2 and the piping layout is shown on Figure 3.11 and

3.12. The Turbine Driven pump is considered moderate energy

since it will only be used for emergency or testing conditions.

The stress levels in the system are less than 0.8. (1.2Sh*$A
A

and seamlessrpip!ng is used. As a result, only circumferential

breaks are postulated.

3
A review of the potential consequences resulting from ploe whio

and Jet impingement indicates pipe whio restraint and jet im-

pingement barriers are required for postulated breaks cal-51 and

cal-70A to protect essential electric equipment.

6.1.4 Safety inlection System (Upper Head)

The high energy portion of the Safety injection System consists

of the Upper Head injection Accumulator Tanks and connecting

piping. The flow diagranaatic is given in Figure 3.4, sheet 2

and the piping layout is shown on Figure 3.13. The stresses at

h * I ) and seamless pipingall locations are less than 0.4 (1.2S A

is used; therefore, only circumferential terminal end breaks e eg

i postulated.
! 3 I

s n3
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The pipe whip and let impingement evaluation of the UHI costu-

(D'

;v/ lated pipe breaks shows that no unacceptable damaae to essential:

3 components results for any of the postulated breaks. A rupture

restraint is proviced for the 12" diameter line break at Nil-02

to prevent unacceptable interaction with the 'uilding columno

at HH and 52. :
I

l

6.1.5 Boron Thermal Regeneration system

The high energy portion of this system consist of the piping

from the letdown line to the Letdown Reheat Heat Exchanger and"

back to the letdown line. This piping can be seen on the flow

diagram on Figure 3.5 and on the piping drawing shown on

Figure 3.14 Only circunferential terminal end brech: ucre

postulated (at inlet and outlet of Letdown Reheat Heat Exchanger)

3
since terminal ends are flanged; these would cause no unaccep-

table damage to essential components. No intermediate breaks

were postulated since the stress levels are less tSan 0.4 (1.2

Sh* A*

6.1.6 chemical and volume control system (cycs)

The high energy portion of the CVCS System consists of the

normal charging and sealwater injection lines and the letdown J

line. The flow diagrannatics for this system are shown in

Figure 3.6 while the pipe routings are shown in Figure 3.15

Circumferential breaks are postulated in the normal charging

and sealwater lines only at terminal ends since the stresses

h + S ) at all locations. The pipe whipare less than 0.4 (1.2S A

h and Jet impingement evaluation indicates that no damage to
b

essential components would occur for these breaks.

Revi.sion 3
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In the letdown line, breaks are postulated to occur at the

terminal ends and at the only two locations where stress levels )

3 )
in excess of 0.4 (1.2Sh+$A ;ccur.

Only circumferential breaks are postulated since

h + S ) at allthe stress levels are less than 0.8 (1.2S A

locations. The pipe whip and jet impingement evaluation

shows that damage to electrical cables, containment spray

pipirig and/or nuclear service water piping is possible due to

breaks NVI-07 and NVI-13. Pipe whip restraints will be pro-

vided to preclude this damage.

6.1.7 Main Steam Sunoly to Auxillary Equipment - SA

The high energy portion of the SA System consists of the piping

from main steam headers B and C to the normally closed piston

operated valves. Figure 3.7 shows the flow diagrams for the

d system while Figure 3.16 shows the piping configuration.

Circumferential pipe breaks are postulated at the terminal ends

and at the highest stressed intermediate locations in the seamless

3 piping. All other stresses in the nigh energy portion are less

than 0.4 (1.2S ^S). The pipe ship and jet evaluation indicate
h A

that no unacceptable damage would occur for the:e breaks.

6.2 Compartment Pressurization Effects

The only breaks outside containment that result in significant

differential pressures are the main steam and feedwater systems

which are located in the doghouse areas, inside the Auxiliary Build-

Ing, the venting through HVAC ducts, hallways and doors prevent

excessive pressure differentials from occuring.

- 6.2.1 Main Steam and Feedwater

Main steam and feedwater breaks in the doghouse were reviewed

for pressurization effects using the TMD Code (see Section

"** 'I " 3
6-5

.



5.2.1 for description). Pressure time histories were

calculated for Main Steam and Feedwater breaks. Figure

6-5 shows the daghouse model (see areas 23, 24, 25, and 26

an Figure 2-5 for location)used for all calculations.

The doghouses vent directly to atmosphere. Table 6-4
1

provides the compartment volumes, flow paths, areas, loss

coefficients, and blowdown data used in the analysis. The

most severe peak pressure calculated was 5.83 psig for main

steam breaks and 8.85 psig for feedwater breaks.

6.2.2 Upoer Head Infection System

The Upper Head injection Accumulator and piping are located

in Rooms 750-01, -04, and -05 (see Figure 2-5 and Figure 3.13).

Ruptures in the twelve inch piping would not cause unacceptable

consequences.

3
s

j Breaks Nil-07 through Nil-18

were reviewed using the methods described below. The most

severe differential pressure was found to be 0.03 psig. This

would not cause unacceptable consequences.

The differential pressures for Upper Head injection System breaks

were determined as follows.

) The nitrogen in the accumulator and the air in the compartment

are considered to be in thermal equilibrium initially, and the

discharge process is conservatively assumed to produce an iso-

thermal process in the nitrogen remaining in the tank.

The nitrogen flow from the accumulator into the compartment is

n !;
, v :

: |
.
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' - assumed to be a constant Isentropic choked flow:

'
AP 2 i

0 h | k-1W =

{ R k + 1/
*

where Wj Flow rate, Itam/sec.=

Pipe break flow area, In2A =

Reservoir pressure, psia.P =o

Reservoir temperature, RT =
o

Ratio of specific heatsk =

Gas constant, ftib/lbm R.R =

2Acceleration of gravity, ft/sec ,g =

After entering the compartment, the nitrogen flow is assumed
,

to decelerate to stagnation conditions and mix with the air

in the compartment. The mixing is assumed to occur at constant >

" temperature. The air-nitrogen mixture leaves the compartment

through the vent openings normally at subsonic velocities and

enters the atmosphere. The equation of flow thus is:

I k+T
1 .' P 1 2/k fP2a I kCPA\[iW A A k=

cc\)\ \P iEi
~

RT l K-I
ct i sc) s ct

_a

Flow rate, Ibm /sec.where W =
2

Pressure in the compartment, psia.P =

2Vent area of the compartment, in .A =

Atmospheric pressure, p ia.P =
A

Temperature in the compartment, R.T =
c

Same as previously defined.k,R,g =

Discharge coefficient (0.6).C =

As long as the flow rate into the compartment exceeds the ficw

,

1
|
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rate cut of the ccrnpartment, the pressure will rise. Whan

the flow rate into and out of the ccepartment are equal, the

peak ccanpartment pressure will be attained. Therefore,

setting wj w2:
=

( --

2A 9 )
fP

AP f
C P,A 23 k9 2 A 4=

T, R p + 1j (RT}\k+1j P (Pge

3 from which P can be obtained by iteration.g

6.2.3 Blowdown System

The Blowdown System piping is shown in Figure 3.10. All postu-

lated break locations are located in Volume 715-07 (see Figure 2-3).

The differential pressures were calculated using the RELAP Code

as described in Section 5.2.2. The most severe differential

{ i pressure was found to be 0.27 psig, at a time of 2.2 sec. This

condition would not result in unacceptable consequences.
\

d 6. 2. I+ Letdown Line, CVCS Svstem

The letdown line is shown on Figure 3.15, sheets 3, 5, and 6.

The letdown flow is restricted by a 0.272" diameter flow orifice

inside containment (see Figure 3.6, sheet 3). Differential

pressures calculated from the RELAP Code are negligible.
6.3 Flooding Effects

The review of flooding ef fects from postulated piping failures includes,

moderate energy and high energy systems. As discussed in Section C.3.

fluid discharged i n the Auxiliary Suilding wculd eventually drain to

3 either elevation 6*5 or to the Auxiliary Feedwater Pump rcoms, cepen-

ding on the location of the break. The dcghouse has been sealed to

prevent fluid from a main steam or feedwater break f rem draining to

t.*e Auxi l iary Feedwa ter ?umo reces . Q ros are Orevicec around

(n) :assageways to the Auxiliary.
V

5-3 tevisien 3

'.
__y _ . , ... 7-. , , - - . . . - , ~



f

O Building from the Turbine Building. These curbs are of adequate

height to contain flood water caused by the break of the main

condenser circulatir.3 water expansion joint, or the most severe Conden-

sate System failure for a minimum of fifteen minutes. There are no

pipe or cable chase entrances below the elevation of the top of

the curbs. This flooding condition does not render any essential

system or component inoperable.

6.3.1 Auxiliary Feedwater Pump Room

The most severe pipe rupture discharging into the Auxiliary

Feedwater Pump Roc'n (Room 716-10, Figure 2-3) is a break at

the discharge nozzle of one of the Auxiliary Feedwater Pumps.

This flow would be 700 gpm with a flooding capacity of

30,000 gal. in the room. Detection of such a break or similar

break would be from the redundant, high sump level alarms in the

control room. No damage to essential components would occur,

assuming operator action after thirty minutes.

6.3.2 Containment Spray / Residual Heat Removal Pump Rooms

A review of all postulated failures in the remainder of the

Auxiliary Building indicates that the most severe discharge

rate is due to a critical crack in the 36" nuclear service water

piping. This flow of 1335. gpm would accumulate in the pump

rooms and hall at Elevation 695 (see figure 2-2, rooms 1, 2, 3,

4, 8, 9, 10, 11, 12, 13, and 17). A capacity of 80,000 gallons

in these rooms is adequate assuming operator action af ter 30

minutes. Detection of such a break or similar break would be !

i

k

|

1

l
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f rom th:2 rtdundent high sump levol alarms in the control

room.
1

6.4 Envircemental Consecuences~'

\' 6.4.1 Water Sorav

Most essential components are sealed against the adverse effects

of water spray. Those components which cannot be sealed were

Identified and all high and moderate energy systems in the

Auxiliary Building were reviewed to determine water spray

effects. Those essential components that could be sprayed
3

and are not sealed are identified in Table 6-3

."
W .d *4

.

.

6.4.2 Temperature Effects

High energy lines identified in Table 6-5 are evaluated for direct

results of jet impingement and for all adverse environmental effects
I

(pressure and temperature). Moderate energy lines identified in

Taole 6-5 are evaluated for water spray and temperature effects. |

l

3
A relative humidity of 100% I: assumed to result free any high or

flashing moderate energy p;pe break. ;

i l

A matrix of lines, line breaks and safety-related equipment within

Auxiliary Su11 ding compartments was developed and the pipe breaks
i

determined in accordance with Section 3.0. Flow rates and enthalpy
1
1

release rates for each break were calculated using either the i

f3f RELAPh/M005 cooe or by hand calculation us t rg :r.e *ccav :wc-: nase

(~~} | choked ficw model . Non-restricted, frictionless bicwdewn .vas

I I\ ,/
:

j assumed in all break cases excape for the SS System breaks wnere

6-10 Revisien 3 -
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two-phase choked flow model . fion-restricted, frictionless
,

blowdown was assumed in all break cases except for the BB

system breaks where
t

I

i
, 1

|

1

|
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'
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d
|3 restrictions for friction and equipment were accounted for. Table

6-5 provides a list of the system line breaks, break types,

initial line conditions and mass and energy release rates of

the breaks under consideration.,

A preliminary enveloping was performed for all break cases

; identified in Table 6-5 by estimating the maximum temperatures

expected, either local to the rupture or throughout the build-

3 Ing. Detailec' RELAP4/ MOD 5 computer models were built for

each floor of the Auxiliary Building using as many as 50 volumes

I and 100 connecting flow paths. The regions in the vicinity where
;

the pipe break was postulatedwere extensively noda11:ed while the
3

more distant regions, including the upper and lower floors, were

mcdeled with less detail. All portals, stairw.sys, pipe chases

-- and HVAC equipment were modeled as flow paths in addition to

I doorways and corridors.

The break flow was introduced as a fill into the appropriate !

volume housing the broken piping ,and the temperature of each

3 volume in the model, as calculated by the RELAP4/M005 computer

code, was analyzed for environmental consequences. Through the

use of enveloping runs, the entire series of over 55 individual
!

i

break cases was reduced to a set of breaks causing the worst |,

l
*

case environmental responses. The peak node temperature which ;

occurs anywhere within the first 30 minutes following pipe rupture

j is considered as the criteria for defining the worst case or

i enveloping environmental temperature. The equipment design tem-

perature was then compared to the worst environmental temperature

' |

|'
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due to the break cases analyzed. Enveloping was performed

for the environmental response only and all individual break

I cases were considered for jet impingement or water spray effects.

6.4.2.1 Auxillary Butiding Environmental Analysis Assumptions

The following assumptions were made for all analyses:

1. Initial Auxiliary Building ccmpartment pressures

and temperatures were assumed to be 14.7 psia and
3

70*F.

2. All lines were assumed to be at their mar.imum

normal operating pressures and temperatures.

3. All blowdown mass and energy release rates were

based on unrestricted and frictionless blowdown

except for the Steam Generator Blowdown System (88).

Y The mass and energy release rates for the BB System

include restrictions for friction and mechanical

equipment in the piping system.

4. All doors were assumed to be closed. Consnunications

3 between floors occurs only via open HVAC

ducts, spiral stairways, and through gratings along

the containment penetration areas.

5. Through the use of temperature activated HVAC campers

and sealed portals, all connections between the

i regions where pipe ruptures occur and the Battery Rooms

(areas along columns AA to EE in E1. 733'), the Control|

Room (areas between columns AA to EE in El. 7678), the

HVAC equipment rocm (areas between columns DD to GG in
v

E1. 767') and also, areas along columns AA to EE in,

3 E1 750 and El. 716 are isolated.

'
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from pipe rupture offects.
3|

6. The YH line has a fluid boiling point temperature

I of 240*F and the fluid will not flash to steam in
,

the case of a pipe rupture. This line is, there-
"I

fore, reviewed only for water spray effects.

7. 'ni tia ? Gcenouse pret:ure and ter ocrature were
3

assumed to be 14.7 psia and 135*F.

!

M l ary Buildina Envi rcemental Anaivs ts Results6.4.2.2 A

I 6.4.2.2.1 Auxiliarv Steam Ling

A crack was postulated in the 2" Auxiliary

Steam line in the southwest corner (region
3

along coltsnns 51-52, PP-NN on El . 750',

Figure 6-6)of the Auxiliary Building. Line

fluid condicians of 65 psia and 298*F were

i used for this analysis.

No significant environmental effects will

occur due to the low mass and energy release

rates (90.6 BTij/sec, and 0.077 lbm/sec.)

calculated for this break.
3

Because the crack was postulated in an open

area, the temperature rise will be so slew

I that the environmental effects produced by this

crack are enveloped by the NV and ND line breaks

on this ficor. Thus, a detailed analysis was

not performed on this break.
3

!

I

5.h.2.2.2 Stean Generiter 31ewdewn '33T ;p ,

' 3es i gn bas i s C rcunferent i al breaks .se re :csta-

3j latec in t.*e 2" an: -" 33
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3
lines along the Unit I and 2 penetrations

between El. 716' and El. 733' (see

Figure 3.10). The 4" line was analy::ed

due to the fact that its higher mass and

energy release rates envelop the 2" lines.

This line has an initial temperature and

pressure of 557*F and 1107 psia. Due to

the friction and high upstream restrictions,

the blowdown flow rate was calculated to be

287 lbm/sec during the first 1.95 sec. of |

the break trar.tient. After 1.95 seconds,

the blowdown would stay at a constant |

rate of 75 lbm/sec. The energy release
3(d followed the same pattern with a value of

1-

55.9 x 10 BTU /sec for the first 1.95 seconds
1

3'

and 42.3 x 10 BTU /see thereafter.

Typical environmental temperature response

curves for this break are provided in Figure

6-7 which illustrates the environmental

response to the changing blowdown energy
:

release rates. Following a postulated ;
I

design basis break in the penetration area, 1

the whole penetration area and the pipe

shafts heat up rapidly, reaching a peak tem-

perature of 212* F. The steam soon propagates

3 to the icwer level (E1, 716') through the gratings
,

6-14 Revision 3
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around the penetration area, causing%

regions on that floor to heat up to a

peak of 212*F in 30 minutes.

6.4.2.2.3 Boron Recycle System (NB)

A crack was postulated in the 6" line

(Auxiliary Steam Supply) in the boron
I

recycle unit room (between columns 56-57, NN-PP)

at El. 710'. This line has an initial.

.

operating temperature and pressure of

298*F and 65 psia, and the blowdown rate

was alculated to be 0.75 lbm/sec.

No significant environmental effects will

occur. The temperature of the room in which

\ 3 the crack is postulated rises very slowly (7'

in 2 minutes) due to the small blowdown rate.
!The hot mixture vents through a small
l

opening to the rest of the building' thus, |
1

no rise in temperature will be observed !
I

in other regions. The room contains no i

essential equipment. It is concluded that

tnis crack is enveloped by other breaks on

this floor ano no aaverse results occur.

3

6.4.2.2.4 Residual Heat Removal (ND)

|O 1 Cracks were postulated to occur in the RHRg'
lines at their maximum normal operatirig

6-15 Revision 3
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condition of 350*F and 365 psia. The

cracks were assumed to occur in various

locations in the 3", 8", 14" and the 18"

piping. A total of 16 cracks were con-

sidered. Successive enveloping of the cracks
.

reduced them to three cases with severe

; environmental effects capability.

6.4.2.2.4a Residual Heat Removal Pump Room

Cracks were postulated to occur in the 8"

RHR lines in the residual heat removal

pump room at El. 695 (see Fig. 2-2-areas 1,2,
;

10,11). The floor reaches a maximum tempera-

ture of 212* In 30 minutes. The heated air /

.y steam misture soon fills the floor and propa-

3 gates to higher levels t' rough the spiral

staircase.

|
,

6.4.2.2.4b Pipe Chase at El. 6958

I
A crack postulated in the 18" ND line in the

lpipe chase at El. 6958 (see Fig. 2-2-areas 5,6, i

14,15) causes the break node to hean up to

212*F.

3

The

/''N air / steam mixture propagates into the other

6-16 Revision 3
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O
regions in El. 695', mainly through

I
the HVAC ducts. The mixture also vents

to El. 716 through pipe shafts

3

The heated air / steam mix-

ture also vents to the central regions of

1 El. 716' through HVAC ducts and El. 733'

through the gratings around the penetration

area,

3

iv
6.4.2.2.4c Residual Heat Removal Heat Exchancer Room

,

I A postulated crack in the 8" RHR pipe in the

heat exchanger room (see Fig. 2-5-areas 2,3,28,

3 29) causes the room temperature to rise to 212*F

in 30 minutes. The only communication between

this room and the rcst of the building is

through a wire gate at El. 750'. Due to the

fact that regions on this floor are quite

open and have comparatively few restrictions,

the air / steam mixture soon propagates freely

3 throughout the floor and establishes regional

I temperatures around the vicinity of the heat

6-17 Revision 3
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exchanger room between 132*F and 212*F in 30

minutes. Temperatures on Elevation 767

reach 130*F within 30 minutes.

6.4.2.2.5 Chemical and Volume Control (NV)

Based on break enveloping, two 3"NV IIne break

cases in the Letdown Line were analy::ed to dater"

mine environmental effects. The NV iine breaks

were postulated to occur at their maximum normal
.

operating condition of 350*F and 365 psia. The

postulated breaks considered are located in the

Mechanical penetration areas at El. 750' (see

fig. 2-5-areas I and 27

These breaks produced localized' temperature ef-

3 fects due to upstream restrictions. The tem-

peratures in.the areas reached 132*F within 30'

minutes with the rest of El. 750' being enve-

loped by ND breaks in the RHR Heat Exchanger

'
Rooms.

|

|

6.4.2.2.6 Liould Vaste Recycle (VL)

Two cracks were postulated to occur in the

I 4" VL line (Auxiliary Steam supply) at El.

710' (room between columns LL-KK, 60-61,

6-18 Revision 3
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Figure 6-6). This line has a blowdown con-
J

dition of 298'F and 65 psia and is enveloped

| by the ND break for environmental effects.

No computer simulation was performed for

this line. -

6.4.2.3. Doghouse Environmental Analysis Results

A circumferential break was postulated

within the guard pipe of the SM line inside

the Doghouse. Saturated steam conditions at

1107 psia were used for the analysis.

A peak temperature of 330"F was obtained

sec nds after the break initiation due to the
3

large mass and energy release (4655 lb/sec
6and 5.5 x 10 BTU /sec, respsectively) and

relatively small Doghouse volume. The steam

environment propagates directly to atmosphere

through large vents located in the upper

portion of the structure.

6.4.2.4 Temperature Effects Due to Jet Impingement & Water Spray

Jet Impingement and/or water spray effects were eva-

luated for each of over 55 Individual pipe rupture

locations identified in Table 6-5. Break case enve-

loping, which was performed for the Auxiliary Building
i

Environmental Analysis, was not permitted for the jet

impingement /mter spray analysis.

Targets were chosen by the construction of a jet cone

NI

6-19 Revision 3
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O with a 10* half angle from each circumferential or crack
V

break. Minor jet obstructions such as HVAC ducting or

mechanical equipment were not considered to be barriers

1
in the target selection and only permanent partitions

and structures were taken to be Jet barriers, in some

regions (notably, elevation 695') where the canpartments

are very small, the structural barriers themselves were

3 asstaned to act as Jet deflectors, directing the water spray ,

into the target, thus creating additional targets. i

Target Impingement temperatures were conservatively setj

! at the stagnation temperature of the source piping.

6.4.2.5 Evaluation of Consecuences

3
All essential equipment affected by these temperature

'- effects (both environmental and water sprcy) are re-

viewed to' assure that equipment qualification tempera-

tures are ,not exceeded. The worst case environdental

temperatures within the first 30 minutes for the Auxiliary

3 Building compartment due to breaks on both the Unit I

and Unit 2 sides are summarized in Figure 6-6.

A
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TABLE 6-1

HIGH ENERGY PIPE BREAK LOCATION Sheet I of 15
,

Break Stress Ratio to
Number System Description Fig. No. Location Allowable (1)

BB1-01 Steam Gen. 4" BB Blowdown "lA" T.E. 0 3.10 AB-716-07 lerminal End Break
Blowdown M-300 Sheet
Recycle Sys. 3 of 4

881-02 Steam Gen. 4" BB Blowdown "1B" T.E. 0 3.10 AB-733-06 Terminal End Break
Blowdown M-301 Sheet
Recycle Sys. 3 of 4

B81-03 Steam Gen. 4" BB Blowdown "lC" T.E. 0 3.10 AB-733-06 Tenninal End Break -
Blowdown M-303 Sheet

! Recycle Sys. 3 of 4
i

8B1-04 Steam Gen. 4" BB Blowdown "lD" T.E. 0 3.10 AB-716-07 Terminal End Break
Blowdown M-304 Sheet
Recycle Sys. 3 of 4

BB1-36B Steam Gen. 2" Intermediate break 0 3.10 AB-733-06 0.56
3 Blowdown inlet of 2nd tee downstream Sheet

Recycle Sys. of valve 1BB3B 3 of 4

BB1-27B Steam Gen. 2" Intermediate break 0 1st 3.10 AB-733-06 0.57
Blowdown standard elbow downstream Sheet

; Recycle Sys. of M-301 3 of 4 ;

) BB1-28 Steam Gen. 2" Intermediate break 0 3.10 AB-733-13 0.64 |
Blowdown outlet of' Ist tee downstream Sheet t

Recycle Sys, of valve 1BB32 4 of 4
'

'BBI-35 Steam Gen. 2" Intermediate break 0 3.10 AB-733-13 0.80
Blowdown outlet of 1st tee downstream Sheet

, ___

Recycle Sys. of valve 18829 4 of 4
:

h * S )); intermediate breaks only(1) Ratio = Stress, S/(0.8 (1.2S
A

; Revision 3
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\ # '--/ TABLw- -1

HIGli ENERGY PIPE BREAK LOCATION

DREAK STRESS RATIO TO
NO. SYSTEM DESCRIPTION FIG. NO. LOCATION ALLOWABLE (1)

,

cal-43A Auxillary inlet of elbow downstream of valve 3. IIA AB-750-23 0.836
Feedwater ICF135A -

cal-438 Auxiliary Outlet of elbow downstream of valve 3.11A AB-750-23 0.882
Feedwater ICF135A

cal-76A Auxiliary At inlet of elbow upstream of valve 3.11 AB-750-23 0.733
Feedwater ICF156 Sheet

7 of 8 .

C A l- 51 Auxiliary At 4" x 2" half coupling downstream 3.11 AB-750-23 0 784
Feedwater of valve ICF136A Sheet

5 of 8

cal-50 Auxiliary At 6" takeoff from 18" CF line 3.11 AB-750-23 Terminal End Break
Feedwater between valves ICF119 and ICF28 Sheet

5 of 8
,

cal-87 Auxiliary Terminal end at 6" takeoff from 3.11 AB-750-23 Terminal End Break
Feedwater 16" x 16" x 6" tee between the Sheet

valves ICF30 and ICF120 5 of 8

cal-96 Auxiliary Terminal end at 6" takeoff from 3.11 AB-750-23 Terminal End Break
Feedwater 18" x 18" x 6" tee downstream of Sheet

valve ICF135A 5 of 8

3' cal-62 Auxiliary Terminal end at 6" takeoff from 3.11 AB-750-23 Terminal End Break
C. 2 Feedwater 18" x 18" x 6" tee downstream of Sheet
2* valve ICF136A 5 of 8
mi
E o' -

(8) Ratio = Stress,S/(0.8(1.2Sh+SA));intermediatebreaksonly.
,

* "
4

g u,
5. (2) Stress is less than 0.4(1.2 Sh + SA).
%

-

a

.

.
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\m ,, TABis-o-1 Sh:et 4 of 15

HisH ENERGY PIPE BREAK LOCATION

BREAK STRESS RATIO TO
NO. SYSTEM DESCRIPTION FIG. NO. LOCATION ALLOWABLE (1)

cal-113 Auxiliary Terminal end at motor driven FDW pump 3.11 AB-716-10 Terminal End Break
Feedwater IA discharge Sheet

6 of 8

cal-126 Auxiliary Terminal end at motor. driven FDW pump 3.11 AB-716-10 Terminal End Break
Feedwater IB discharge Sheet

6 of 8

cal-70A Auxiliary intermediate break at inlet of elbow 3.11 AB-750-26 0.966
Feedwater downstream of valve ICF158 Sheet

8 of 8

cal-708 Auxiliary Intermediate break at outlet of elbow 3 11 AB-750-26 0 990
Feedwater downstream of valve ICF158 Shest

8 of 8
.

C Al- 110 Auxiliary Terminal end at 6" takeoff from 18" 3 11 AB-750-26 Terminal End Break
Feedwater CF line upstream of valve ICF160 Sheet

4 of 8

cal-120 Auxiliary Terminal end at 6" takeoff from 3.11 AB-750-26 Terminal End Break
Feedwater 16" x 16" x 6" tee downstream of Sheet

valve ICF134A 4 of 8

C Al- 109 Auxiliary Terminal end at 6" takeoff from 3 11 AB-750-26 Terminal End Break
Feedwater 18" CF line upstream of valve ICF163 Sheet

T 4 of 8
". n
27 JC A l- I SO Auxiliary Terminal end at 6" takeoff from 3.11 AB-750-26 Terminal End Break
mI Feedwater 16" x 16" x 6" tee downstream of Sheet
$ o' valve ICF137A 4 of 8
ma

w

{. (1) Ratio = Stress, S'/(0.8(1.2 S h + SA)); intermediate breaks only,

(2) Stress is less than 0.4(1.2 Sh + SA).i
.

.

.
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Sheet 5 of 15
3 ,

HIGH ENERGY PIPE BREAK LOCATIONS

$RE y
BREAK NUMBER SYSTEM DESCRIPTION FIGURE NO. LOCATION

C F t. -O l Feedwater @ inlet of first elbow Fig. 3.12 AB-750-23 0.519
before penet. M-262 Sht. I of 6

) CF1-02 Feedwater @ Outlet of first elbow Fig. 3.12 A8-750-23 0.465
before penet. M-262 Sht. I of6

CF1-03 Feedwater @ Inlet of first elbow Fig. 3.12 AB-750-23 0.630
before pene. M-308 Sht. I of6

CF1-04 eedwater @ Outlet of first elbow Fig. 3.12 AB-750-23 0.474
before penet. M-308 Sht. I of6

7eedwater @ init of first elbow Fig. 3.12 AB-750-26 0.431
CF1-05 8before penet. M-153 Sht. I of 6

CF1-06 Feedwater @ Outlet of first elbow Fig. 3.12 AB-750-26 0.41
before penet. M-153 Sht. I of 6

CF1-07 feedwater @ Inlet of first elbow Fig. 3.12 AB-750-26 0.511
before penet. H-440 Sht. I of 6

)
CF1-08 Feedwater @ Outlet of first elbow Fig. 3.12 AB-750-26 0.456

before penet. M-440 Sht. I of 6 )

(1) Rat io = St ress , S/ (0.8 (1.2Sh * S )); intermediate breaks onlyA

(2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh+S)*A

Revision 3 *
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Sheet 6 of 15

TABLE 6-1
HIGH ENERGY PIPE BREAK LOCATIONS

klREAKNUMBER SYSTEM DESCRIPTION FIGURE NO. LOCATION STRESS RATIO TO
ALLOWABLE (1)

.

CF1-09 Feedwater 18" CF to steam See Turbine TB-739 Terminal End
generator 1A 0 Building Break
feedwater header

~

CF1-10 Feedwater 18" CF to steam See Turbine TB-739 Terminal End
generator 1B 0 Building Break
feedwater header -

CF1-11 Feedwater 18" CF to steam See Turbine TB-739 Terminal End
3 generator 100 Building

feedwater header

CF1-12 Feedwater 18" CF to steam See Turbine TB-739 Terminal End
generator ID 0 Building
feedwater header

_ __

!

h * S )); intermediate breaks only(1) Ratio = Stress, S/(0.8 (1.2S
A

(2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh*S)A

i

Revision 3
i
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3 Sheet 7 of 15

TABLE 6-1
HIGH ENERGY PIPE BREAK LOCATIONS

f0 (1)BREAK NUMBER SYSTEM DESCRIPTION FIGURE NO. LOCATION
B

Hil-Ol Safety injection 12" NI-T.E. Brk. @ upper 3.13 AB-750-01 Terminal End
Breakhead injection nitrogen

accumulator (2)

) Hil-02 Safety injection 12" NI-T.E. Brk. @ Penet. 3.13 AB-750-01 Terminal End

M-334
' Break (2)

ti l l -03 Safety injection 12" H i-T.E . B rk. @ Penet . 3.13 AB-750-01 Terminal End

M-349 Break (2)
~

HIl-04 Safety injection 12" NI- From UHI nitrogen 3.13 AB-750-05 Terminal End
accumulator to water treak (2)
accumulator, T.E.' Brk. O
upper head inj. water acctn .

Nil-05 safety i nj ect ion 12" NI-To Valve IN1244B. 3.13 AB-750-05 Terminal End
T.E. Brk. @ upper Head inj Break (2),

water accumulator.

Nil-06 Safety injection 12" NI-To Valve 'IN12428. 3.13 AB-750-05 Tenn inal End

) T.E. Brk. @ upper head inj Break (2)
water accumulator. ,

Nil-07 Safety injection li"NI-To Viv. INI326. T.E. 3.13 AB-750-05 Terminal End
brk @ water accumulator. Break (2)

(1) Ratio = Stress, S/ (0.8 (1.2Sh * S )); intermediate breaks only.A

I (2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh+ A*
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Sheet 9 of 15

TABLE 6-1
'

HIGH ENERGY PIPE BREAK LOCATIONS

AI O -

BREAK NUMBER SYSTEM DESCRIPTION FIGURE NO. LOCATION ALLOWABLE (1)

Nil-16 Safety injection li" NI To valve IN1280. 3.13 AB-750-01 Terminal End
T.E. Brk. @ Nitrogen Break (2)
Accumulator.

Nil-17 Safety injection 2" NI To valve INI2558. 3.13 AB-750-05 Termina l End
T.E. Brk. @ 12" NI Line Break (2)

Hil-18 Safety injection li" To valve IN1279. T.E. 3.13 AB-750-05 Terminal End
brk. @ Water Accumulator. Break (2)

,

:

!

i

)

.

i

!

(1) Ratio - Stress, S/ (0.8 (1.2Sh * S )); intermediate breaks only.A

(2) Stresses at all locations in the piping run are less than 0.4 (1.25 +S),'

i
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Sheet 10 of 15

TABLE 6-1
'

HIGP ENERGY PIPE BREAK LOCATIONS

f0W )BREAK NUMBER SYSTEM DESCRIPTION FIGURE NO. LOCATION

NRl-01 Boron The rmal 4" NR to letdown reheat 3.14 AB-750-16 Te rminal End

Regeneration Sys. H .X . -T . E . Br k. @ Inlet of Break (2)
Letdown Reheat H.X.

I NRI-02 Boron Thermal 4" NR To letdown reheat 3.14 AB-750-16 Terminal End
Break (2)Regeneration Sys, ii.X . -T.E . B r k. @ Out let

of letdown reheat H.X.

,

,' .

I

(1) Rat io = S t ress , S/ (0.8 (1.2Sh* A }; " "'** * I*# * "Y*

i
(2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh*SA*
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TABLE 6-1
HIGH ENERGY PIPE BREAK l.0 CAT 10NS

'

Sheet 11 of 15
3

TRE
BREAK NUMBER SYSTEM DESCRIPTION FIGURE NO. 1.0 CAT 10N A 0 (1)

NVI-01 Chemical and 3"NV -Letdown H.X. T.E. @ Fig. 3.15 AB-750-17 Terminal End
Volume Control Inlet of Letdown H.X. Sht. 9 of 9 Break

NVI-02 Chemical and 3" NV-F rce Letdown H X. , Fig. 3.15 AB-750-17 Terminal End
Volume Control Outlet of Letdown H.X. Sht. 9 of 9 Break

f4VI-03 Chemical and 3" '"I-To Regenerat i ve H.X. Fig. 3.15 AB-716-06 Termiru l End
Volume Control T.E. Brk. @ Penet. M-329 Sht. 2 of 9 Break

tivi-04 Chemical and T.E. Brk. @ Discharge of Fig. 3.15 AB-716-01 Terminal End
Volume Control Reciprocating Charging Pmp Sht. 8 of 9 Break (2)

Terminal En
NVI-05 Chemical and 4" NV To Cent. Charging Fig. 3.15 AB-716-02

Break (2) ;Volume Control Pump "lA". T.E. @ Cent. Sht. 2 of 9
Chg. Pump 1 A Disch. Nozzle

tiV 06 Chemical and T.E. Brk. @ the Cent. Chg. Fig. 3.15 AB-716-03 Termina l End

Volune Control Pump "18". Discharge tiozzi Sht. 2 of 9 Break (2)

tivi-07 Chemical and 3" NV to Letdown H.X. T.E Fig. 3.15 AB-750-01 Terminal End
Volume Control Brk. # M-347 Sht. 6 of 9 Break

_

T.E. Brk. @ Outlet of seal- Fig. 3.15 AB-733-ll 3 Terminal EndNVl-08 Chemical and
Volume Control water Inj. Filter IB Sheet 4 of 9 Break (2)

i
'

; n e nne ea s nIY.(1) Rat io = St ress , S/ (0.8 (1.2Sh*bA

(2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh*SA*

'

i
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3 Sheet 12 of 15
,

TABLE 6-1
'

HIGH EtlERGY PIPE BREAK LOCATIONS

STRESS HATIO TO
BREAK t1 UMBER SYSTEM DESCRIPT10tl FIGURE NO. LOCATION ALLOWABLE (1)

flVI-09 Chemical and T.E. Brk. @ inlet of seal- Fig. 3.15 AB-733-10 Terminal End
Volume Control water inj. Filter "lA." Sht. 4 of 9 Break (2)

flVI-10 Chemical and T.E. Brk. @ Outlet of seal- Fig. 3.15 AB-733-10 Terminal End
Volume Control water i nj . Filter "lA." Sht. 4 of 9 Break (2)

t!V I- I l Chemical and T.E. Brk. @ inlet of Seal- Fig. 3,15 AB-733-Il Terminal End
Volume Control water inj . F i l ter "lB." Sht. 4 of 9 Break (2)

I4V I- 12 Chemical and int. Brk, in 3" t4V to Fig. 3.15 AB-750-17 0.5032Volume Control Letdown Reheat H.X. Sht. 3. of 9

flVl-13 Chemical and T.E. Brk. O Penetration Fig. 3.15 AB-733-7 Terminal End
,

Volune Control M-339 4" dia. Sht. 5 of 9 Break (2)

flVI-14 Chemical and T.E. Brk. O Penetration Fig. 3.15 AB-733-7 Terminal End
Volume Control M-344 4" dia. Sht. 5 of 9 Break (2)

flVI 15 Chemical and T.E. Brk. O Penetration Fig. 3.15 AB-733-7 Terminal End
Volume Control M-343 4" dia. Sht. 2 of 9 Break (2)

flVl-16 Chemical and T.E. Brk. O Penetration Fig. 3.15 AB-733-7 Terminal End
Volume Control M-350 4" dia.. Sht. 2 of 9 Break (2)

,

(1) Rat io = Stress , S/ (0.8 (1.2Sh* A)); intermediate breaks only.

(2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh*bA*
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. TABLE 6-1
'

HIGH ENERGY PIPE BREAK LOCATIONS

A 10 TO
BREAK HUMBER SYSTEM DESCRIPTION FIGURE NO. LOCATION

ALLOWABLE (1 1

sal-01 Main Steam Supply 6" SA To CA Turbine T.E brt Fig. 3.16 AB-750-23 Te rmi na l E nd

aSM Line IB Sht. 3 of 3 Breakto Aux. Equip. m

sal-02 Main Steam Supply 6" SA To CA Turbine T.E. Fig. 3.16 AB-750-23 Terminal End

to Aux. Equip. Brk. Ja SH Line IC Sht. 3,of 3 Break

sal-03 Main Steam Supply 6" S A int. Brk. G Inlet of Fig. 3.16 AB-750-23 0.5543
to Aux. Equip. valve lSAl+8 Sht. 3 of 3

1

i <

"

.

i

(1) Ratio = Stress, S/ (0.8 (1.25 + 5 )); intermediate breaks only. -

: (2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh*$}A

i
,

i
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Sheet 14 of 15
TABLE 6-1

HIGH ENERGY PIPE BREAK LOCATIONS
'

N

BREAK NUMBER SYSTEM DESCRIPTION FIGURE NO. l.0 CAT 10N
LLO (l)

SMI-01 Main Steam Inter. Brk. @ Inlet 1st(SM; Fig. 3.16 AB-750-23 0.3258
elbow downstream of M-261 Sht. I of 3

SMI-02 tta in S team Inter. Brk. @ outlet ist Fig. 3.16 AB-750-23 0.365
(SM) elbow downstream of Sht. I of 3
M-261

S til -03 Main Steam Inter. Brk. @ inlet 1st (SN) F i g. 3,16 AB-750-23 0.493
elbow downstream of M-393 Sht. 1 of 3

__

S tt i-04 Main Steam Inter. Brk. @ Outlet 1st Fig. 3.16 AB-750-23 0.520
(SM) elbow dcwnstream of Sht. 1 of 3
M-393

SMI-05 Main Steam Inter. Brk. @ inlet of is t Fig. 3.16 AB-750-26 0.323
(SM) elbow downstream of Sht. I of 3

M-154

SMI-06 tiain Steam Inter. Brk. J Outbt ist Fig. 3.16 AB-750-26 0.362
(St) elbow downstream of Sheet 1 of 3
M-154

S tt l -07 Main Steam Inter. Srk. @ inlet of Ist Fig. 3.16 AB-750-26 0.486

(SM) e bow downstream Sht. I of 3 -'

M-441.

(1) Rat io = St ress , S/ (0.8 (1.25 + S )); intermediate breaks only.
A

(2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh*S}A

Revision 3
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TABLE 6-1
HIGH ENERGY PIPE BREAK LOCATIONS

'

BREAK NUMBER SYSTEM DESCRIPTION F IGURE NO. LOCATION TO AL D' B (1)

SMI-08 Main Steam Inter. Brk. @ Outlet of Fig. 3.16 AB-750-26 0.510
lst (SM) elbow downst ream Sht. I of 3
of M-441.

_

SMi-09 Main Steam 34" (SM) IA @ High Pressure Turbine Bldg. TB-786 Terrinal End

Turbine T.E. @ Inlet of Break

H.P. Turbine
__--__

SMi-10 Main Steam 34" (SM) IB @ High Pressur e Turbine Bldg. TB-786 Terminal End
Turbine T.E. Brk. @ inlet Break

of H.P. Turbine

SMI-Il Main Steam 34" (SM) IC @ High Pressura Turbine Bldg. TB-786 Terminal End
Turbine. T.E. Brk. @ inlet Break i

of H. P. Tur bine

SMI-l? Main Steam 34" (SM) 1D @ H.P. Turbine Turbine Bldg. TB-786 Terminal End

T.E. brk. @ inlet of H.P. Break

Turbine.
-___ . _ _ _

.i

(i) Ratio u St ress , S/ (0.8 (1.2Sh * S )); intermediate breaks onlyA

(2) Stresses at all locations in the piping run are less than 0.4 (1.2Sh*S)*A

Revision 3
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TABLE 6-2
RESULTS OF DAMAGE EVALUATION

UNACCEPTABLE PIPE WHIP / JET IMPINGEMENT EFFECTS

BREAK NUMBER . TYPE BREAK EFFECT ON REQUIRED COMPONENTS
RESOLUTION

B81-01 Circumferential Pipe whip damage to: ValvelNI173A, Added pipe whip

(forward flow) INIl21A. restraint

Jet impingement damage to:Vlv.
INIl73A.

BB1-03 Circumferential Pipe whip damage to: Valve 1 nil 73A, Add pipe whip

(forward flow) INIl21A. restraint

Jet damage to valve 1 nil 73A.
3

Revision 3
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| TABLE 6-2 Sheet 2 of 6
RESULTS OF DAMAGE EVALUATION

UNACCEPTABLE PIPE WHIP / JET IMPINGEMENT EFFECTS

BREAX NUMBER TYPE BREAK EFFECT ON REQUIRED COMPJNENTS
RESOLUTION

cal-51 Circumferential Pipe whip and Jet impingement on Add whip restraint.

(forwardflow) essential electrical cable to and Jet barrier,
valve ICA508,

3 |

. - -

$

cal- 70A Circumferential det impingement on essential Add jet barrier,,,

(forward flow) electrical cables to valves ICA38B
-,

and ICA428.
,

4

)

i
4

!

4

3

;
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TABLE 6-2 Sheet 3 of 6
RESULTS OF DAMAGE EVALUATION

UNACCEPTABLE PIPE WHIP / JET IMPINGEMENT EFFECTS

BREAK NUMBER TYPE BREAK EFFECT ON REQUIRED COMPONENTS
RESOLUTION

CF1-01 Circumferential Unacceptable damage to Doghouse Add pipe whip

(forward flow) structure and essential components restraint.
(reverse flow) located inside the doghouse.

CF1-02 Circumferential Unacceptable damage to Doghouse Add pipe whip

(forward flow) structure and essential component restraints.
(reverse flow) located inside the doghouse..

CF1-03 Circumferential Unacceptable damage to Doghouse Add pipe whip

(forward flow) structure and essential components restraint.
(reverse flow) located inside the doghouse. ,

CF1-04 Circumferential Unacceptable damage to Doghouse Add pipe wnip

(forward flow) structure and essential components restraints.
3 (reverse flow) located inside the doghouse.

CF1-05 Ciacumferential Unacceptable damage to Doghouse Add pipe whip

((orward flow) structure and essential components restraint.
(reverse flow) located inside the doghouse.

CF1-06 Circumferential Unacceptable damage to Doghouse Add pipe whip

(forward flow) structure and essential components restraints.
(reverse flow) located inside the doghouse.

CF1-07 CircumferentiO1 lJnacceptable damage to Doghouse Add pipe whip

(forward flow) structure and essential components restraint.
(reverse flow) located inside the doghouse.

-

CF1-08- Circumferential Unacceptable damage to Doghr,use Add pipe whip_

(forward flow) structure and essential conponents restraints.
(reverse flow) located inside the doghoue.s.

8

i

' Revision 3
.
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Sheet 4 of 6
TABLE 6-2

RESULTS OF DAMAGE EVALUATION
UNACCEPTABLE PIPE WHIP / JET IMPINGEMENT EFFECTS ,

BREAK fiUMBER TYPE BREAK EFFECT ON REQUIRED COMPONENTS RESOLUTION

Hil-02 Circumferential Pipe whip damage to Column Add pipe whip

(forward flow) at till and 52 restraint.

] -

IIVl-03 Circumferential Essential electiical components Add pipe whip
restraint.(forward and

reverse flow)
.

IIV I-07 Circumferential Pipe whip damage to:
. (forward flow) a) 8" NS - To M-362
'3 b) NSR Electrical "B"

c) Valves: INS 32A, INS 43A, INV78

Jet damage to:

a) NSR Electrical "B"
b) NS Valves
c) 8" RN - To Pond Add pipe whip

restraint.d) 8" ND/NS - To M-369
t,) e) 8" NS - To M-362

,

,

NVI-07 Circumferential Jet damage to:

(reverse flow) a) NSR Electrical "B"

b) 8" NS - To M-362
c) Valve INV78

Revision 3-
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Sheet 5 of 6
3 TABLE 6-2

RESULTS OF DAMAGE EVALUATION
UNACCEPTABLE PIPE WHIP / JET IMPINGEMENT EFFECTS

BREAK NUMBER TYPE BREAK EFFECT ON REQUIRED COMPONENTS RESOLUTION

s

.)
2

-

.

SHI-Ol Circumferential Unacceptable damage to Doghouse Add pipe whip

(forward flow) structure and essential components restraint.

(reverse flow) loc ated in the doghouse.

SMI-02 Circumferential Unacceptable damage to Doghouse Add pipe whip

(f orward flow) structure and essential components restraint.

(reverse flow) located in the doghouse.

) SM1-03 Circumferential Unacceptable damage to doghouse Add pipe whip

(forward flow) structure and essential components restraint.

(reverse flow) located inside the doghouse.

Revision 3
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Sheet 6 of 6
3 TABLE 6-2

RESULTS OF DAMAGE EVALUAT 10N
UNACCEPTABLE PIPE WHIP / JET IMPINGEMENT EFFECTS

BREAK NUMBER TYPE BREAK EFFECT ON REQUIRED COMPONENTS RESOLUTION

SMI-04 Circumferential Unacceptable damage to doghouse Add pipe whip
(foniard flow) structure and essential components restraint.

(reverse flow) located inside the doghouse,
9

b Stil-05 Circumferential Unacceptable damage to doghouse Add pipe whip
(forward flow) structure and essential components restraint.

(reverse flow) located inside the doghouse.

Sitl-06 Circumferential Unacceptable damage to doghouse Add pipe whip

(forward flow) structure and essential components restraint.

(reverse flow) located inside the doghouse.

Stil-07 Circumferential Unacceptable damage to doghouse Add pipe whip
(forward flow) structure and essential components restraint.

(reverse flow) located inside the doghouse.

SMI-08 Circumferential Unacceptable damage to doghouse Add pipe whip
(forward flow) structure and essential components restraint.

(reverse flow) located inside the doghouse.
_

k

Revision 3
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TABLE 6-3

RESULTS OF DAMAGE EVALUATION

WATER SPRAY - H0DERATE ENERGY PIPING

3|
| Attachment # 2 Sheet I of 7

LOCATION EFFECT ON
(SEE FIGURES 2-2 thru 2-6) ESSENTIAL COMPONENTS RESOLUTION

As-695-1 Water spray affecting the followi ng: Add seal to cabinet doors -

and add sealant to cable
TB212

entrance.
_

AB-695-3 Water spray affecting the following: Add seal to cabinet doors
and add sealant to cable

TB211
entrance.

AB-716-06 Water spray affecting the following: Add seal to cabinet doors
add sealant to cableAB-733-07 a) TB182 entrance,

b) TB183
c) TB189
d) TB184
e) TB185

AB-716-12 Water spray affecting the following: Add seal to cabinet doors

^ ~ ' ~' add sealant to cable
a) TB108 h) ATB149 entrance.
b) TB188 i) TB150
c) TB201

| d) TBil3
e) 1ATC21'

x

@ f) 1ATC3
I g) TB192

b'
3 '

w

?

|

i

t

.
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TABLE 6-3

RESULTS OF DAMAGE EVALUATION

WATER SPRAY - MODERATE ENERGY PIPING

3 Sheet 2 of 7

LOCATION EFFECT ON

(SEE FIGURES 2-2 thru 2-6) ESSENTIAL COMPONENTS RESOLUTION

s

'

AB-716-10 Water spray affecting the following: Add seal to cabinet doors,
add sealant to cable

a) TB406 entrance.
b) TB232
c) TBIl2
d) TB203
e) Aux. Shutdown Panel

3.

AB-716-53 Water spray affecting the following: Add seal to cabinet doors,
dd sealant to cable

a) TB407
*"*'"""**'

b) TB195
'

c) TB204
) d) TB202
: e) TB193
j f) TB233
!

! AB-733-42 Water spray affecting the following: Add seal to cabinet doors,2,

$. a) TBill and add sealant to cable
ent rance.,

O *
3

4 vs
1

i.

< i
'

I
! !.
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TABLE 6-3

RESULTS OF DAMAGE EVALUATION

WATER SPRAY - MODERATE ENERGY PIPING

Sheet 3 of 7
LOCATION EFFECT ON

(SEE FIGURES 2-2 thru 2-6) ESSENTIAL COMPONENTS RESOLUTION
_

AB-733-16 Water spray affecting the following: Add seal to cabinet doors, -

AB-733-17 add sealant to cable
a) TB107

,

entrance,
b) lATC22
c) lATC4A
d) 1ATC4

AB-750-01 Water spray affecting the following: Add seal to cabinet doors,
*" * *** """ * '* I*

a) TB415 ""*' ""**
b) TB416
c) TB146
d) TB224
e) TB239
f) TB225

' g) TB238
. _ . _ _ .

AB-750-09 Water spray affecting the following: Add seal to panel doors,
add sealant to cablea) Refueling water storage
entrance.

tank panel.
-

AB-750-18 Water spray affecting the following: Add seal to cabinet doors,
dd sealant to cabley AB-750-19 .

a) lATC2A d) TBl48
5.- AB-750-20 en rance.

b) 1ATC2 e) TBl47
j {- c) TB109 f) Nuclear Ser. Water

Relay Cabinet # l'a
u

4

4

.
,

I

l |
'

-
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TABLE 6-3

RESULTS OF DAMAGE EVALUATION

WATER SPRAY - H0DERATE ENERGY PIPING

3 Sheet 4 of 7
'

! LOCATION EFFECT ON .

(SEE FIGURES 2-2 thru 2-6) ESSENTIAL COMPONENTS RESOLUTION

*

Ab-750-26 Water spray affecting the following: Add seal to cabinet doors, .

add sealant to cable
a) TB262

entrance.

AB-767-05 Water spray affecting the followir.g: Add seal to cabinet doors,
add sealant t cable

a) IRBECPS entrance.

AB-750-23 Water spray affecting the following: Add seal to cabinet doors,
add sealant to cable

a) TB260
entrance.

b) ISMTC,

..

AB-767-Il Water spray affecting the following: Add seal to cabinet doors,
add sealant to cablea) lATCIO entrance.

b) 1RBECP4
.

e . ma

5.
T.
8 t

m

1

9

f

I

i4
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TABLE 6-3

RESULTS OF DAMAGE EVALUATION

WATER SPRAY - H0DERATE ENERGY PIPING

: 3 Sheet 5 of 7

LOCATION EFFECT ON
(SEE FIGURES 2-2 thru 2-6) ESSENTIAL COMPONENTS RESOLUTION

AB-767-08 Water spray affecting the following: Add seal to cabinet doors, *
'

a sealant to cable
a) HVAC-A "" *"
b) HVAC-B

*
<

| c) R-CP-3
d) TB368
e) TB367
f) 1ATCll
9) CRAC-1
h) CRAC-2
i) CRA-0APFT-2
J) CRACPI
k) CRACP2
I) R-CP-2'

m) R-CP-1
n) CRA-0APFT-1

1 AB-767-10 Water Spray affecting the following: ' Add spray shield
3

a) IEMXG
<

$
5.

'

r.
8'

m

<

!.

|
'

i

.

!
*
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TABLE 6-3

RESULTS OF WATER SPRAY EVALUATION

'

SH. 6 of 7
LOCATION EFFECT ON

(SEE FIG. 2.2 - 2-6) ESSENTI AL COMPONENTS RESOLUTION

AB-733 Unit 1 IELXD Add spray shields.
Switchgear Room IEHXB4

Busswork
D/G Relay Cab. 1B
1ETB
D/G Load Seq. Pnl. 1B

AB-750 Unit 1 Aux. Relay Cabinet Add spray shields.
Cable Splitting Room

AB-750 Unit 1 IELXC Add spray shields.
Swi tchgear Room IELXE

ISSFARC
D/G Load Seq. Pnl. IA
lETA
1ATC7
1ATC23
D/G Relay Cab. 1A

AB-767 Unit 1 West RX Trip Switchgear Add spray shields.
Elec. Penetrat ion Roon

AB-767-8 2EHXG Add spray shields.

f AB-767-10 1EHXG Add spray shields,

me
$j' AB-750-27 2EHXA Add spray shields.

2EHXA-1,,

.

4 em

.
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TABLE 6-3

RESULTS OF WATER SPRAY EVALUATION

SM. 7 of 7

10 CAT 10N EFFECT ON
(SEE FIG. 2.2 - 2-6) ESSENTIAL COMPONENTS RESOLUTION

/AB-733 Unit 4 D/G Load Seq. Pnt. 28 Add spray shields.
Switchgear Riiom 2ATC9

-

D/G Relay Cab. 28
2ETB
2ELXF
2ELXD

AB-750 Unit 2 Aux. Relay Cab. Add spray shields.
Cable Splitting Room 2iR2

21R3
2108
2|C5 -

AB-750 Unit 2 D/G Load Seq. Pni. 2A Add spray shleids.
Switchgear Room 2ATC7

2ATC23
2 ETA
2ELXC
2EHXA-3

AB-767 Unit 2 West RX Trip Switchgear Add spray shields.
Elec. Penetration Roon

,

AB-750 21 IEHXA Add spray shields,

fE
2 <

;- AB-733-17 2EHXA Add spray shields.y

35-
a a

u

.

.
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TABLE 6-4

MCGUIRE NUCLEAR STATION
D0GHOUSE PRESSURE RISE ANALYS IS

Data for TMD Model

! 1. Ocghouse ambient conditions

135* FTemperatu e =

20%Relative Humidity =

28.06-30.14 In HgBarometric Pressure =

2. Compartment Net Volumes

3Compartment Number _ Compartment Net Volume (FT )

1 2683
2 2824
3 4834
4 1743
5 2674
6 2603

! 7 2998
8 3388;

9 4981
10 2403

l
11 3080

l
12 2505
13 4221
14 4360
15 6598
16 3397
17_ 3619
18 3315
19 2840
20 2530
21 4154
22 2953
23 2668
24 2953

: O
,

!

l
|

| .
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TABLE 6-4 (Continued)

(
\s /

3 Flow Path Minimum Areas, Inertial Lenghts, and Loss Coefficients (K-Factor)

Flow Path Minimum Area (FT ) Inertial Lenath (FT) K-Factor

1-2 38 7.75 0.86
1-4 12 3.38 1.37
1-7 119 12.73 0.24
2-3 158 13.54 0.10
2-5 107 6.09 0.76
2-8 135 12.50 0.24
3-6 78 5.98 0.90
3-9 182 11.23 0.32
4-5 82 15.57 0.08
4-10 66 10.05 0.34
5-6 109 16.93 0.08
5-11 120 13.98 0.08
6-12 107 13.32 0.10
7-8 101 13.64 0.26
7-10 96 6.24 0.77
7-13 118 13.92 0.28
8-9 133 13.23 0.28
8-11 144 7.23 0.58
8-14 135 15.05 0.28
9-12 102 6.91 0.75
9-15 199 14.33 0.26

x 10-11 112 17.00 0.06
10-16 84 13.76 0.28
11-12 112 17.00 0.08
11-17 80 11.77 0.48
12-18 74 11.63 0.48
13-14 191 18.54 0.06
13-16 110 5.71 0.77
13-19 135 11.48 0.39
14-15 174 14.04 0.34
16-17 132 4.53 0.80
14-20 125 11.04 0.37
15-18 93 6.02 0.90
15-21 232 12.78 0.19
16-17 154 18.99 0.04
16-ATM(Front) 40 4.40 1.41
16-22 134 13.32 0.58 !
17-18 144 17.80 0.17
17-ATM(Front) 54 4.50 1.41
17-23 126 12.99 0.27
18-24 136 13.64 0.24
18,4TM(Front) 38 4.38 1.42
19-20 94 18.34 1.74
19-22 187 10.90 0.98
19-ATM(S i de) 99 11.10 2.71
20-21 104 16.38 1.96

f''N 20-23 165 10.76 0.96
(_) 21-24 187 10.90 0.98

21 -ATM (S ide) 208 11.10 2.71
22-23- 8-8 13.47 2.04
22-ATM (F ront) 187 7.16 1.94
22-ATM (S i de) 88 8.33 2.87

'23-24 88 13.47 2.04 .



. _ . __ __

n. TABLE 6-4 (Continued)

;

3. (Continued)

,F_ low Path Minimum Area (FT ) Inertlai Length (FT) h-Factor,

23-ATH(Front) 165 6.78 1.92
24-ATM(Front) 187 7.16 1.94
24-ATM(Side) 88 8.33 I*07

4 Blowdown Flowrates
a. Main Steam

Blowdown in compartment # 1

Constant flow = 2300 lbm/sec
Enthalpy 1188.0 btu /lbm=

b. Main Steam
Blowdown in compartment # 2

4830 lbm/secConstant flow =

Enthalpy 1188.0 btu /lbm=

c. Main Steam
Blowdown in compartment # 14 or #17

Constant flow 4830 lbm/sec=

V Enthalpy 1188.0 btu /lbm=

d. Feedwater Blowdown in compartments 3, 4, 6, & 9

Flow Direction Time (sec) Enthalpy (Btv/lbm) Total Flow
Forwa rd 0< t <l.648 424.6 7090.0
Forward 1.648 7e 424.6 5252.23
Reverse 0 <t <1.665 424.6 7090.0
Reverse 1.6657 t 0 0

5. Computer Runs

Time
oca on o b lNhn M ationRun # System

1 Main Compartments #1 and # 14 simultaneously 2.00 sec
|Steam
J
:2 Main Compartments # 2 and # 17 simultaneously 2.00 sec
|Steam 1

3 Feedwater Compartment # 3 2.00 sec !

.4 Feedwater Compartment # 4 2.00 sec

p 5 Feedwater Compartment # 6 2.00 seca
6 Feedwater Compartment = 9 2.00 sec

Revision 3
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TABLE 6-5
LIST OF SYSTEl41 1.INE CONDITIONS. HREAK AHEAS. AIASS AND ENERGY HELEASE HATES ,

Line Line
IIPipe Size Arca Fluid Temp. Fluid Pressure blass Flux Energy Flux

2 2 2System (in) Type (in ) ( F) (psla) (#m/sec-ft ) (lltu/sec-ft )

AS 2" Crack 0.08 298 65 138 163069

lill 4" Circum (2) 557 1107 (2) (2)
1111 2" Cireum (2) 557 1107 (2) (2)
ND 18" Crack 1.617 350 365 2888 930514
ND 14" Crack 0.844 350 365 2888 930514
ND 8" Crack 0.508 350 365 2888 930514
ND 3" Crack 0.166 350 365 2888 930514

NV 3" Circum 7.303 350 365 2888 930514
Nil 6" Crack 0.42 298 65 138 163069
WL 4" Crack 0.239 298 65 138 163069
Yli 6" Crack 28.890 240 140 (3) (3)

Yli 5" Crack 20.005 240 140 (3) (3)

Yll 4" Crack 12.73 240 140 (3) (3).

.

Yli 3" Crack, 7.303 240 140 (3) (3)

Yll 21" Crack- 4.778 240 140 (3) (3)

Yll 11" Crack 2.036 240 140 (3) (3)'

SH 31.5 Circum 291.5(4) 557 1107 2300 2732800
.

(1) Circumferential areas shown here are for single ended break only.
(2) See text. (Section 6.4.2.2.2.)

'

(3) Non-flashing licluid, included for water spray only.
(4) Area considers guard pipe restrictions and is total flow area.

,

'

Revision 3
Entire Page Revised

'
.



_ _ . _ _ _ _ _ _ _

TABLk-u-6-

ESSENTIAL COMPONENTS WITH EXCESSIVE
ENVIRONMENTAL CONSEQUENCES

r *

SH. I of 5

DESIGN PIPE BREAK
LOCATION EQUIPMENT TEMPERATURE TEMPERATUP.E RESOLUT10N

El. 716' TB1366 150 212 Requalified for environment.

IATC 21 150 212 Requalified for environment.

Nuclear Service
Water Pump Motors 104 212 Requalified for environment.

Centrifugal Charging
Pump Motors 110 212 Requalified for environment.

Safety injection
Pump Motors 110 212 Requallfled for environment.

2ATC3 150 212 Requalified for environment.
.

2ATC21 150 212 Requalified for environment.

2ATC6 165 212 Requalified for environment.

TB366 150 212 Requallfled for environment.

IATC3 150 212 Requalified for environment.

TB408 150 212 Requalified for environment.

E'
.w

2$.
y r.
W8 -

,

2'"
5.
E -

a

.
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\-'' table'6-6

ESSENTIAL COMPONENTS WITH EXCESSIVE
ENVIRONMENTAL CONSEQUENCES

SH. 2 of 5

DESIGN PIPE BREAK|
l LOCATION EQUIPMENT TEMPERATURE TEMPERATURE RESOLUTION

El. 733' 2ATC4 150 212 Requalified for environment.

2ATC4A 150 212 Requalified for environment.

2ATC22 150 212 Requalified for environment.

TB1184 311 350 (JET) Requalified for environment.

1ATC22 125 212 Requalified for environment.

1ATC4 150 212 Requalified for environment.

IATC4A 125 212 Requalified for environment.

Nuclear Service
Water Cabinet #2 150 212 Requalified for environment.

Component Cooling
Pump Motors 104 212 Requalified for environment.

.

"-'
2 5.
~ 2.
8 O

,m

-
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L/ TABl.co-6 '

ESSENTIAL COMPONENTS WITN EXCESSIVE
ENVIRONMENTAL CONSEQUENCES

^

SH. 3 of 5

DESIGN PIPE BREAK
LOCATION EQUIPMENT TEMPERATURE TEMPERATURE RESOLUTION

El. 750' TB415 150 293 (JET) Rupture restraint added for break.

TB416 150 293 (JET) Rupture restraint added for break.

IATC2 150 240 (JET) Detailed stress analysis showed all
stresses less than 0.4 (1.2 Sh +
SA).

IATC2A 150 240 (JET) Detailed stress analysis showed all -

stresses less than 0.4 (1.2 Sh + SA) .
.

Nuclear Service Detailed stress analysis showed all
Water Cabinet #1 150 240 (JET) stresses less than 0.4 (1.2 Sh + SA) .
Component Cooling 104 240 (JET) Detailed stress analysis showed all
Pump Motors stresses less than 0.4 (1.2 Sh + SA).
2EMXA 125 240 (JET) Spray shield added.

2EHXA-1 125 240 (JET) Spray shleid addei.

Feedwater Level 110 208
Control Panel 2 Requalified for environment.

TB1238 185 191 Requalified for environment. -

l ( TB1239 185 191 Requalified for environment.

TB1489 150 208 Requalified for' environment..
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'' TABLu u-6

ESSENTIAL COMPONENTS WITH EXCESSIVE
ENVIRONMENTAL CONSEQUENCES

SH. 4 of 5

DESIGN PIPE BREAK
LOCATION EQUIPMENT TEMPERATURE TEMPERATURE RESOLUTION

El. 750' TB1490 150 208 Requalified for environment.
(cont.)

TB1491 150 208 Requalified for environment.

2ATC2 150 240 (JET) Requalified for environment.

2ATC2A 150 240 (JET) Requalified for environment.
;

>

TB1415 150 191 Requalified for environment.

TB1416 150 191 Requalify for environment.*

350 (JET) Rupture restraint added for break.

IEMXH 125 240 (JET) Spray shield added.

TB416 150 350 (JET) Rupture restraint added for break.

Feedwater Level
Control . Panel 1 114 132 Requalify for environment.
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TABL -6 '

ESSENTIAL COMPONENTS WITH EXCESSIVE
ENVIRONMENTAL CONSEQUENCES

SH. 5 of 5
DESIGN PIPE BREAK

LOCATION EQUIPMENT TEMPERATURE TEMPERATURE RESOLUTION

El. 767' 2ATC10 90 130
240 (JET) Requalify for environment.

2RB-ECP-4A 150 240 (JET) Requalify for environment.

TB1442 150 240 (JET) Requalify for environment.

TB1443 150 240 (JET) Requalify for environment.

ISMTcl 150 204 Requalify for environment.

IATC10 90 130
240 (JET) Requalify for environment.

TB442 150 240 (JET) Requalify for environment.

TB443 150 240 (JET) Requalify for environment.

Doghouse TB260 150 330 Relocate to auxiliary building.

TB261 311 330 Relocate to auxiliarf building.
,

TB262 311 330 Relocate to auxiliary building.
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APPENDIX A

() A.1 General Design Considerations

Pipes which have been identified as creating unacceptable
adverse effects due to pipe movement are provided with means
of controlling their motion through the use of separation,
restraints, barriers, or some other acceptable method of
protection.

i

In order to properly determine the adequacy of a system
including pipe and restraints following a postulated pipe
rupture, two design considerations are evaluated, the dynamic
event and steady-state equilibrium.

The following references are used in pipe whip restraint design:

1. USNRC Regulatory Standard Review Plan, Section 3.6.2,
March, 1975, Washington, D.C. 20545

2. ANSI-N176 Draft 4, May 1975, Section 6, Washington, D.C.
20555

3. AISC Manual of Steel Construction, Seventh Edition, 1970,
New York, New York

a) Dynamic Event.
/~
(,,N) Upon the occurrence of the postulated pipe rupture, the pip-

'

ing system, consisting of pipe, restraint structures, etc.,
will respond dynamically to the applied fluid dynamic forces.
The pipe will acquire kinetic energy as the forces move it to
impact against the restraint system. The additional energy
imparted to the system after initial contact is also con-
sidered. The total kinetic energy is dissipated and absorbed
in the piping and restraint systems. Elastic rebound is not
cons!iered because all restraint designs utilize plastic
mater..a1 deformation in the energy absorber.

b) Steady-State Equilibrium

Following the occurrence of the dynamic event (when motion
ceases and the fluid dynamic forces reach steady-state values),
the system is capable of supporting the steady-state blowdowni

! thrust force. All systems satisfy the requirements of a
static equilibrium analysis.

A.2 Restraints

The primary function of a pipe whip restraint is to control
pipe motion upon the occurrence of a pipe rupture. As used
in this context, a restraint is considered to be different
from a support. In certain instances, a pipe rupture restraint

.T may also fux.9 ion as a pipe support and should be designed
/ according to Tables 3.9.2-3 and 3.9.2-4 of the McGuire FSAR

with hanger materials per the McGuire hanger specification.

A-1
.
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Tables 3.9.2-3 and 3.9.2-4 limit stress under faulted conditions
to the yield stress.y

- The pipe whip restraint system is separated into three primary
components: a) the Energy-Absorbing Device, b) the Restraint
Structure, and c) the Plant Structure.

a. The Energy-Absorbing Device is a structural, mechanical
hydraulic cushion or other material or device which is
designed to minimize the forces imposed on the Re-
straint Structure by absorbing kinetic energy.

b. The Restraint Structure is that structural assemblage
which connects the Energy-Absorbing Device to an
anchorage, generally an embedded plate in the Plant
Structure.

c. A Plant Structure is any major portion of a building
which transmits loads to the building foundation.

A.2.1 Design Limits for Energy Absorbing Devices

Pipe whip restraints are designed for one-time usage, and as
such are allowed to have greater distortion, plastic deforma-
tion, etc., than is normally permitted for support design.

s When an elastic dynamic system analysis is performed to deter-
'

mine the restraint loadings, the amount of permanent deforma-
tion is limited in order to preserve the validity of that
analysis. For a plastic dynamic system analysis, wherein
the effects of strain-rato, strain-hardening, etc., are
included, the permitted strain in metallic ductile materials
is limited to the following ductility fac2 ors (u):

bending:u< 12.5 (open sections; I, WF, T, etc.)
u7 25.0 (closed sections; pipe, box, etc.)
ul 6.0 (members where shear governs design)

axial tension: u<- 50%Cu where,

cp

Cu = uniform ultimate strain
Cy = yield strain

columns: ductility factors are not used for columns'

in compression.

The ductility f actor, u , is defined as the ratio of
allowable deflection to the elastic deflection at i

specified yield stress:

{s_,T u = allowable deflection
/ elastic deflection at yield

A-2
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When crushable materials are used for Energy-Absorbing Devices,
the energy-absorbing capacity is determined from recommended
design values provided by the material manufacturer. Conserva-
tive Estimates of the energy absorbing capacity of materials
supplied by Duke Power Company are substantiated with test data.;

A . 2. :2 Design limits for Restraint Structures

Stresses in restraint structural members are limited to the yield;

stress at operating temperature according to Tables 3.9.2-3 and
3.9.2-4 of the McGuire FSAR. However, deflection may exceed the
values predicted by elastic theory providing the ductility factors
established in A.2.1 are not exceeded.

A.3 Method of Analysis i

A.3.1 Simplified Method

Simplified methods have been developed to determine the dynamic
and steady-state blowdown loads imposed on the Energy-Absorbing
Device and on the Restraint Structure. The steps involved in
this method are outlined below.
A.3.1.1 Analysis of Energy-Absorbing Device

a) The blowdown thrust at the time of rupture is calculated
! by equation 6.1, using the fluid properties at normal op-
! erating conditions. The calculated blowdown thrust is
1 assumed to develop instantaneously at rupture, and remains,

; constant until the fluid reservoir nas dissipated.
b) The energy to be absorbed by the Energy-Absorbing Device

from the whipping pipe is calculated to be the steady-state,

blowdown force times the distance the pipe travels, less
the rotational strain energy developed in the pipe at the
hinge point. The rotational strain energy may be set equal
to zero for conservatism. The distance traveled by the
pipe is considered to be the distance between the face-of-
pipe and the face of the Energy-Absorbing Device plus the
deflection of the Energy-Absorbing Device and the deflection
of the restraint structure.

c) The energy to be absorbed by the El.ergy-Absorbing Device
in "b" above is equated to the energy absorbing capability
of the device as represented by its force-deflection curve.,

2

For an Energy-Absorbing Device whose response is represented I

by a bi-linear force deflection curve, the resulting equa-
tion is

F(g + d +6 ) PdEE+PE E(d~d ) +=

'

h(P - P,) (d-d.) + P1
s s 2

where '

|F = blowdown thrust force,

g = gap distance
d = deflection of the Energy-Absorbing Device

required to bring the whipping pipe to rest

A-3
.
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.

P =_ yield forra of bi-linear force-deflection curveg

() d = deflection at. yield on force-deflecion curveg

P =. Energy-Absorbing Device maximum force

A = Elastic deflection of the restraint structure
at load

.

Force

P K'
't

E
K

.

_g_______________.-- 3~- Deflection
! E

; Bi-linear force-deflection curve
'

In addition to the maximum deflection and force calculated r

' above, optionally a time history of force and deflection may
be obtained by computer techniques using a single-degree-,

of freedom model of the whipping pipe impacting an Energy-
Absorbing Device described by the bi-linear force-deflec-
tion curve.

:

A.3.1.2 Analysis of Restraint Structural System
*

The maximum load realized by the structural system will be
j the maximum load transferred by the Energy-Absorbing Device
; (designated as P in Section A.3.1.1), times the Dynamic

Amplification Factor.
l

f.
F restr = P x DAF

s

Pwhere: restr = Force imposed on the Structural System
,

{ DAF = the Dynamic Amplification Factor

The dynamic amplification of the structural system is a
'

function of the dynamic loading, the frequency of the
Structure and the structural damping. If the structural
damping is conservatively assumed equal to zero, and
the dynamic loading assumed to be an instantaneously~

1~ apolied constant load, the Dynamic Amplification Factor
for a single degree-of-freedom system can be written
as follows:.

DAF = 1 - COS(wt)<

A-4
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where: w = The frequency cf the simple degree-ot-freedom
(^N system represr.nting the structural system

IQ t = Length of time after initial loading

The maximum Dynamic Amplification Factor for the assumed
*

conditions is equal to 2.0.

! If the maximum Dynamic Amplification factor is applied to the
restraint structure, the resulting loads transmitted to the
plant structure can be treated as equivalent static forces.

! A.3.2 Detailed Method
1

The larger and more complex piping and restraint systems some-
times require more detailed analysis than can be provided by
the energy balance method. When these circumstances are
encountered, one of the analytical methods outlined below is
used:

a) Complete System Dynamic Time History Analysis
:

The piping and pipe whip restraint system is modeled in
-

sufficient detail to reflect its dynamic characteristics.
The lumped-mass approach is employed. Inertia and stiff-
ness effects of the system, and gaps between piping and'

! the restraints, are included. The pipe rupture time his-
| tory forcing function (s) is applied and time history"'x
'

(\ -) are computed by numerical integration. This approach
responses of restraint loads, pipe deformations, etc.,,

requires the use of digital computer programs.

b) Simplified Dynamic Time History Analysis

A dynamic time history analysis of a portion of a piping
system is performed instead of an analysis of the com-
plete system. Consideration is given to dynamic coupling
and forcing functions acting on the completo system in
the representation of the flexibility and inertial
effects of the remainder of the system,

c) Quasi-Dynamic Time History Analysis

Dynamic time history analysis is performed on representa-
tive systems to develop design data in the form of curves,
graphs, etc., to be used for restraint location and
design. The study should be parametric in nature, con-
sidering dynamic coupling, system forcing functions, the
effects of gaps, support flexibilities, the pipe size,
and schedule. This approach allows interpolation between
the calculated data, and therefore avoids continued

; reanalysis of standard designs due to small chanues in a |particular parameter.
ab |

t

V
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A.4 Piping Design Limit]''

(V} Whipping pipes are considered to be controlled when the ,

'

motion of the pipe is halted, or when the pipe in prevented
from impacting essential components. In order to verify that i

pipe motion will be controlled, the energy absorbed in the
pipe and restraint'systen during the dynamic event is shown
to be less than their energy-absorbing capacity.

When the energy balance method is used, the energy-absorbing
capacity of the pipe is considered to be the rotational
strain energy of the pipe at the hinge point; when more
detailed methods are used, the energy-absorbing capacity of
the pipe is determined f rom the total force-displacement .

characteristics of the pipe as determined by analysis. |
|

In order to assure stability of the pipe after the dynamic p

event, the load-carrying capacity of the pipe is shown to be +

greater than the loads imposed by the steady-state blowdown
thrust,

A.4.1 Material Properties

Because higher yield strengths are developed during dynamic
loading, a 10% increase in the minimum specified yield
strength of the process pipe, S is used in the dynamic, ,

analysis. !!aterial properties Ef the pipe are based on the'
;

data provided in Section III of the ASME Boiler & Pressure
Vessel Code.

.

I

r S)(
s.-

A-6
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i

APPENDIX B BLOWDOWN FORCES AND METHODS OF CALCULATION

All high-energy pipe breaks are assumed to occur within one milli-second and

result in either a circumferential or longitudinal rupture as defined in Section 3.

Circumferential and longitudinal breaks are not assumed to occur simultaneously.

B.1 Frictional Losses -

In calculating forces acting on the piping system, credit is taken for any
i

restrictions or line losses between the break and the pressure reservoir (s).

Typical restrictions to flow which are considered are: orifices, nozzles,

valves, reduced cross sections, spargers, friction, and elbows. '

B.2 Closed-End Lines

Depending upon the proximity of the closed-end of the line (dead end or

normally closed valves) to the postulated break, if it is shown that the

energy contained within the line is insufficient to cause pipe whip, the ;
,

pipe whip response is not considered. However, the effects of Jet impinge-

ment on non-whipping closed-end or limited flow lines are evaluated.

S.3 Calculation of Fluid Reactions

The simplified method used to calculate blowdown forces utilizes the following

; formula-
'

T C AP=
gg T ;

where- C Steady-state thrust coefficient.=
T

;

Initial total pressure in the pipe.P =

A Break area of the pipe.=

T Steedy-state blowdown force.=
gg

Steady-state forces are assumed to be reached instataneously at the time of

rupture and to remain constant with time thereafter. The steady-state forces

.

B-1 |.
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|
|

|,

1

!

are based upon the fluid properties at normal operating conditions.
,

Figure B.I shows typical pipe reaction rupture thrust force transients

; for friction and frictionless flow from a constant-pressure.

The steady-state thrust coefficient is dependent on the fluid properties i,

!

l and frictional characteristics of the pipe. In the following subsections,

the steady-state thrust coefficient (C ) is established as a function of
T

; the fluid state for incorporation'into Eq. B-1.

B.3.1 Saturated Gas-Liould Mixtures
,

Predictions of steady-state saturated gas-liquid, or two-phase |

| mixture, flows have been made by several investigators, notably

; Henry and Fauske, and Moody. Moody's work generally overpredicts
!

; flow (and therefore thrust coefficient)for all but low-quality
i

g cases and non-equilibrium flow. The steady-state frictionless

', thrust coefficient as predicted by Moody is shown in Figure B-2.

J Henry and Fauske's work has been used for calculation of low-quality

flowrates and subcooled bicwdown; this is discussed in the following

| subsectlon.
1

B.3.2 Subcooled Gas-Liould Mixture

; The steady-state frictionless thrust coefficient for subcooled 1: quid
t will be between the values for gas, C = 1.25, and for liquid,

T

C = 2.0, as shown in Figure B-2. Flashing occurs very close to theT

exit plane, if not just beyond, depending on frictional losses in the

pipe. Effects of friction on subcooled blowdown are shcwn in Figure B-3.

B.3.3 Subcooled water
7

Figure B-4 gives the subcooled water thrust coefficient as a function

Da
,

B-2,
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.

of total (stagnation) enthalpy, b , for total (stagnation)

pressures, P , ranging from 800 to 2400 psi. These results were
o

calculated using the Henry-Fauske technique developed for appil-

cation to subcooled water, saturated water, and low-quality stesm-

water mixture blowdown through nozzles. The model is based on

homogeneous non-equilibrium flow process. This method is not

applicable to the case of long pipes with friction, and assumes
4

there is negligible flashing at the exit.

Figures B-5 and B-6 give the thrust coefficient for the case of
a

subcooled water blowdown through long pipes with friction. Smooth

entrance geometry is assumed. Flashing may occur in the pipe or at
i

the exit plane. This model is also based on a homogeneous non-!

equilibrium flow process. This method gives the maximum (critical)
%i

mass flowrate, exit pressure, and exit quality in terms of stagnation

pressure and enthalpy of initially subcooled or staurated water by

calculating the pressure losses due to acceleration at the pipe

entrance, flashing in the pipe and pipe friction.
.;

B.3.4 Incompressible Liquid

Blowdown of cold water is treated as flow of an incompressible IIquid.
,

The expression for the thrust coefficient is-

(B-2)! 2c-
j 7

1+ fL/D

This is seen as the lower curve in Figure B-3

oO
|
|
t

! B-3 .
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PICURE B-5 :SUBCOOLED WATER BLOWDOWN TilRUST FORCE AS A FUNCTION OF STAGNATION
ENTIIALPliY FOR VARIOUS VALUES OF PIPE FR1'' TION PARM1ETER, fL/D
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O APPENDIX CG
. Break Postulation on the Main Steam,

Feedwater and Auxiliary Feedwater Systems
Inside Containment

C.1 INTRODUr *.ON

This appendix presents the results of the evaluation of effects of postulated
pipe failures inside containment for the Main Steam, Feedwater and Auxiliary
Feedwater Systems of McGuire Nuclear Station. The appendix describes criteria
and procedures used in the analysis as developed from the Nuclear Regulatory
Commission Branch Technical positions APCSB 3-1 and MEB 3-1. The intent of
this appendix is also co comply with Regulatory Guide 1.46. All the terminal
ends and intermediate breaks in high energy piping have been analyzed. Some
break locations are snbject to change if as-built stress conditions are differ-
ent. Postulated rupture locations and types were determined in accordance with
the criteria of Section C.3. Systems and equipment essential to achieve safe
plant shutdown and mitigate effects of piping failures were determined in accor-
dance with Section C.4. Sections C.5 and C.6 provide the methods used to evalu-
ate possible damage and the results of the evaluation. All required mitigative

; devices are identified in Section C.6.

C.2 PIPING LAYOUT

/'''i Main Steam and Feedwater piping represent the greatest damage potential from
(_,1 pipe ruptures inside containment due to their large size and high operating

pressure. The Main Steam lines are enclosed within guard pipe from the steam
generator nozzles to the containment penetrations. While the possibility for
structural damage resulting from main steam ruptures in the containment does

4 exist, potential consequences are minimized by this layout. Careful attention
' has been given to location of essential components and routing of piping sys-

tems to minimize the effect of piping failure.

C.3 CRITERIA FOR POSTULATING RUPTURES

Refer to Section 3.0 of the main body of this report for criteria for the feed-
'

water and auxiliary feedwater systems. Breaks on the main steam system are
chosen based on consequence as described in FSAR Table 3.6.5-1.

C.4 SYSTEMS AND EQUIPMENT EVALUATION

Refer to Section 4.0 of the main body of this report.

C.5 DAMAGE EVALUATION

A damage evaluation has been performed for each of the breaks postulated by
application of the criteria in C.3. Main Steam, Feedwater and Auxilia ry Feed-
water lines have been provided with pipe rupture restraints for all postulated
break locations having unacceptable targets in the containment. This ensures
that essential systems, structures and components are not damaged. Pipe rupture

/''N)
restraints are designed using methods of Section 5.0 of the main body of the

( report and Appendix A.
,

C-1 Revision 3
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C.6 SUMMARY AND CONCLUSIONS

In the following sections, the analysis of postulated high energy piping failure
is summarized. These sections include the effects of the breaks and the plant
modifications required to mitigate the effects.

C.6.1 Pipe Whip and Jet Impingement Effects

In accordance with the criteria and methods of Sections C.4 and C.5, Tables
C-1 through C-3 have been prepared to identify each high energy break considered
in this analysis which results in unacceptable consequences. Pipe whip rescraints,
jet impingement barriers, guard pipes or other mitigative devices provioed are
listed in Tables C-4 through C-6. The criteria used for design of these devices
is presented in Appendix A.

C.6.2 Main Steam System

The main steam systea has the greatest potential for damage from postulated pipe
breaks. The pipe size, the operating temperature and pressure, and the large
amount of stored energy dictates the most thorough review with respect to pipe
rupture effects. The Main Steam system has been provided with guard pipe to
limit pipe movement and restrict blowdown flow rates in the event of a process
pipe failure inside the guard pipe. Main steam breaks are chosen based on con-
sequence as described in FSAR Table 3.6.5-1. Pipe rupture restraints are pro-
vided for each postulated break to assure that essential structures and components
are not damaged. Only circumferential breaks are postulated since the stress

[' ) at all locations is less than 0.8 (1.2Sh v SA). Figure C-6-1 shows postulated
\_./ breaks on the main steam system isometric drawing.

C.6.3 Feedwater System

Feedwater break locations are postulated at the steam generator nozzles as in-
dicated in Figure C-6-2. No intermediate breaks are postulated inside the con-

tainment since the stresses are less than 0.4 (1.2Sh + SA) at all locations. It

should be noted that main steam and feedwater penetrations are free floating and
do not constitue an anchor. Pipe rupture restraints are provided for postulated
feedwater breaks to ensure that essential components and structures are not dam-
aged. Pipe break locations are listed in Table C-2 and results of the damage
evaluarion are given in Table C-5.

C.6.4 Auxiliary Feedwater System

Break locations for the Auxiliary Feedwater System are postulated as shown on
Figure C-6-3.1 and C-6-3.2. The Auxiliary Feedwater penetrations ara the float-
ing type and do not constitute anchors. Stresses in the auxiliary feedwater
lines fall between 0.4 (1.2Sh + SA) and 0.8 (1.2Sh + SA). The distribution is
such that intermediate break locations for only one loop are postulated inside
containment. Pipe rupture restraints are provided for all the breaks causing

; unacceptable interactions. Pipe break locations are listed in Table C-3 and
results of the damage evaluation are given in Table C-6.

! s
7
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TABLE C-1

liigh Energy Pipe Break Locations
For Main Steam Line Inside Containment

li rea k Figure Stress Ratio
Number System Description No. Location To Allowable (l)

SHI-0IR Hain Steam Terminal End at Steam Generator IA Nozzle C-1 RB-E1.809 Terminal End fireak

SHI-02R Hain Steam At top of Main Steam Riser at outlet of second C-1 RB-E1.813 Intermediate lireak
elbow downstream of Steam Generator IA

SHI-0:lR Hain Steam At outlet of third elbow downstream of Steam C-1 RB-E1.760 Intermediate lireak
Generator IA

SHI-04R Hain Steam Terminal End at Steam Generator IB Nozzle C-1 RB-E1.809 Terminal lireak

Sill-05R Hain Steam At top of Main Steam Riser at. outlet of second C-1 RB-E1.813 Intermediate lireak
elbow downstream of Steam Generator IB

SHI-06ft Main Steam At outlet. of third elbow downstream of Steam C-1 RB-E1.760 Intermediate Break
Generator IB

SHI-07R Hain Steam Terminal End at Steam Generator IC Nozzle C-1 RB-E1.809 Terminal lireak

SHI-OHR Hain Steam A t. Lop of Hain Steam Riser at outlet of second C-1 RB-E1.813 Intermediate lin eak

elbow downstream of Steam Generator IC

yy SMi-09R Hain Steam At outlet of third elbow downstream of Steam C-1 RB-E1.760 Intermediate lireak

< g Generator IC

EE
gg SHI-10R Hain Steam Terminal End at Steam Generator ID Nozzle C-1 RB-E1.809 Terminal lireak

u
o SHI-IIR Hain Steam At top of Hain Steam Riser at out.let of second C-1 RB-E1.813 Intermediate lireak

elbow downstream of Steam Generator ID

Stil - 12 R Hain Steam At outlet of third elbow downstream of Steam C-1 RB-E1.760 Intermediate Rreak
Generator ID

,

- ._. . _ _ - - - _ _ _ _ .
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TABLE C-2

Ifigh Energy Pipe Break Locations
For Feedwater Lines Inside Containment

Break Figure Stress Ratio
-

Number System Description No. Location To Allowable (l)
_

CF1-0IR Feedwater Terminal End at Steam Generator IA nozzle C-2 RB Terminal End fireak

CF1-02R Feedwater Terminal End at Steam Generator IB Nozzle C2 RB Terminal End fireak

C F I-0.lR Feedwater Terminal End at Steam Generator IC Nozzle C-2 RB Terminal End lireak

CF1-04R Feedwater Terminal End at Steam Generator ID Nozzle C-2 RB Terminal End Hreak

?2 <:
-
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TABLE C-3

iligh Energy Pipe Break Locations
For Auxiliary Feedwater Lines Inside Containment

lirea k Figure Ftress Ratio
Number System Description No. Location "lo Allowable (l)

cal-0IR Aux. Feedwater Terminal End at Steam Generator IA Nozzle C-6-3.1 RB Terminal End Break

cal-02R Aux. Feedwater Terminal End at Steam Generator IB Nozzle C-6-3.1 RB Terminal End Hreak

cal-03R Aux. Feedwater Terminal End at Steam Generator IC Nozzle C-6-3.2 RB Terminal End Hicak

cal-04R Aux. Feedwater Terminal End at Steam Generator ID Nozzle C-6-3.2 RB Terminal End Break

cal-OSR Aux. Feedwater Intermediate Break at the inlet of C-6-3.1 RB Intermediate Break
elbow C08

cal-06R Aux. Feedwater Intermediate Break at the outlet of C-6-3.1 RB Intermediate lireak
elbow C08

$$
51
2' E.

%8;
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TABLE C-4

Results of Damage Evaluation

Unacceptable Pipe Whip / Jet Impingement Effects
For Main Steam Line Inside the Containment

Break Number Type Break Effect on Required Components Resolution
_

SMI-0IR Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
(Forward Flow) and essential Piping Systems and Components
(Revecse Flow) located Inside Containment

SMI-02R Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
,

(Forward Flow) and essential Piping Systems and Components ,

(Reverse Flow) located Inside Containment
'

SMI-03R Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
(Forward Flow) and essential Piping Systems and Components
(Reverse Flow) located Inside Containment

SMI-04R Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint-
,

(Forward Flow) and essential Piping Systems and Components

,
(Reverse Flow) located-Inside Containment

!

! SMI-OSR Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
1 (Forward Flow) and essential Piping Systems and Components

(Reverse Flow) located Inside Containment

N$<< SMI-Ot'sk Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint

gs{ (Forward Flow) and essential Piping Systems and Components

gg (Reverse Flow) located Inside Containment

"
SMI-0IR Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint

] (Forward Flow) and essential Piping Systems and Components
| (Reverse Flow) located Inside Containment
!

_ . _
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TABLE C-4
(Continned)

Results of 9amage Evaluation

Unacceptable Pipe Wt'ip/ Jet. Impingement Effects
For Main Steam Lire Inside the Containment

lireak Number Type Break Effect on Required Components Resolution

Stil-08R Ci rcumfe rentia l Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
(Forward I' low) and essential Piping Systems and Components
(Reverse Flow) loco-ed Inside Containment

Sill-09R Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
(Forward Flow) and essential Piping Systems and Components
(Reverse Flow) located Inside Containment

SMI-010R Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
(Forward Flow) and essential Piping Systems and Components
(Reverse Flow) located luside Containment

Stil-011R Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
(Forward Flow) and essential Piping Systems and Components
(Reverse Flow) located Irside Containment

Stil-012R Circumferential Unacceptable damage to Structural Concrete Add Pipe Whip Restraint
(Forward Flow) and essential Piping Systems and Components
(Reverte Flow) located Inside Containment

,

b

- C<
mr $
$o
aa

GJ .

I

__



_ - - . _ _ _ _ - _ - - - - . _ . - - .. . ..-

(%/n)[mG] ,

%

,

TABLE C-5

Results of Damage Evaluation

Unacceptable Pipe Whip / Jet Impingement Effects
For Feedwater Line

fireak Number Type Bresk Effeet on Required Components Resolution
_

CFI-0IR Circumferential Unacceptable damage to Crane Wall and Add Pipe Whip Restraint
(Furward Flow) essential Piping Systems and Components
(Reverse Flow) located Inside Containment

CF1-02R Circumferential Unacceptable damage to Crane Wall and Add Pipe Whip Restraint
vorward Flow) essential Piping Systems and Components
(Reverse Flow) located Inside Containment

C F I -O'IR Circumferential Unacceptable damage to Crane Wall and Add Pipe Whip Restraint
(Forward Flow) essential Piping Systems and Components

(Reverse Flow) located Inside Containment

CF1-04R Ci rcumfe rent ia l Unacceptable damage to Crane Wall and Add Pipe Whip Restraint
(Forward Flow) essential Piping Systems and Components

(Reverse Flow) located inside Containment
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TABLE C-6

Results of Damage Evaluation

Unacceptable Pipe Whip / Jet Impingement Effects
For Auxiliary Feedwater Line

;

lireak Numiner Type Break Effect on Required Compoaents Resolution
i

CAI-0!R Ci rcumferential linacceptable damage to Steel Enclosure Add Pipe Whip Restraint
(Forward Flow) of Steam Generator
(Reverse Flow)

cal-02R Ci rcum ferentia l Unacceptable damage to Steel Enclosure Add Pipe Whip Restraint
(Forward Flow) of Steam. Generator
(Reverse Flow)

cal-u3R Circumferential Unacceptatile damage to Steel Enclosure Add Pipe Whip Restraint
(Forward Flow) of Steam Generator
(Reverse Flow)

cal-04R Circumferential Unacceptable damage to Lteel Elosure Add Pipe Whip Restraint
(Forward Flow) of Steam Generator
(Reverse Flow)

cal-05R Circumferential Electrical Cable Tray segments 11202 and Add Pipe Whip Restraints
(Forward Flow) 11149, 3" NC Line including valve INC64,

,

*

(Reverse Flow) 2" NI Lines including valves INIl57 and
zm INil60
EO
ns $ cal-Ot>H Circumferential Electrical Cable Tray segments 11202 and Add Pipe Whip Rest raint
$ cI (Forward Flow) 11149, 3" NC Line including valve INC64,** (Reverse Flow) 2" NI Lines including valves INIl57 and

"
INIl60
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