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Washington Public Power Supply System
A JOINT OPERATING AGENCY

P. O. Box 968 3000 GrOo, WASHINGTON WAY RICHLAND, WASHINGTON 99352 PHONE (509) 375.3000
Docket No.-50-397 ‘ March 26, 1980 -
G02-80-81

Director, Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington D.C. 20555 .

Attention: Mr. L. Rubenstein, Chief
. Branch No. 4 .
Division of Project Management
Subject: WPPSS NUCLEAR PROJECT NO. 2 .
RESPONSES TO ROUND ONE QUESTIONS
SET 7 - MECHANICAL ENGINEERING BRANCH (MEB)

Dear Mr. Rubenstein:

Attached please find sixty (60) copies of the responses to Round One,
Set Seven (Mechanical Engineering Branch). These responses are to
’ be incorporated formally into the FSAR in the next amendment.

The responses have been delayed due to efforts related to our work
on Three Mile Island Lessons Learned and the realization that your
review of our docket had been temporarily suspended due to similar

reasons.

Very truly yours, .

D. L. RENBERGER

Assistant Director-Technology
DLR:CDT:ct
Attachment

cc: JJ Verderber, B&R, w/o attachment
RC Root, B&R, w/o attachment
RE Snaith, B&R, w/o attachment
J Ellwanger, B&R, w/attachment
A Lageraaen, B&R, w/attachment

JR Lewis, BPA, w/attachment \

E Chang, GE, w/attachment Up

FA Maclean, GE, w/attachment <zj 5343' éj)
NS Reynolds, D&L, w/attachment \

ND Lewis, EFSEC, w/attachment i .

i 80041703, 057,




" STATE"OF ‘WASHINGTON) WPPSS NUCLEAR PROJECT NO. 2 :
S ss  RESPONSES TO-ROUND ONE QUESTIONS . :
COUNTY OF BENTON ) SET 7 - MECHANICAL ENGINEERING BRANCH (MEB)

D. L. RENBERGER, Being first duly sworn, deposes and says: .That he is the
Assistant Director, Technology, for the WASHINGTON PUBLIC POWER SUPPLY
‘SYSTEM, the applicant herein; that he is authorized to submit the fore-
going on behalf of said applicant; that he has read the foregoing and
knows the contents thereof; and believes the same to be true to the

M

‘best of his knowledge. . - .

pateD _ Mordn A5 1980

- -
. N
4 -
.

D. L. RENBERGER ~

‘On this day personally appeared before me D. L. RENBERGER to me known to
be the individual who executed the foregoing. instrument and acknowledged
‘that he signed the same as his free act and deed for the uses and purposes
therein mentioned. '

GIVEN under my hand and seal this RS day of ;§ZZQ/L4,14 . , 1980 7

. 7E£Z{ﬁ1x/ z42?42£;/€R&7¢=kC—/

Yoy Notary Public in and for the State

C of Washington .
e Residing at 44 oA Lbvert
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‘. ~ Q. 010.011° .. . - L
. (3.5) : :

\ We require you to provide an evaluation .of the environmental
effects resulting from a postulated failure of the maimsteam

‘ lines and the main feedwater lines. Your evaluation should

. ) demonstrate conformance with our requirements that:

a. Those compartments and tunnels which house the
main steam lines, the feedwater lines, including
the isolation valves for these lines, are de€signed
to withstand the. environmental effects (pressure.,

. temperature and humidity) and the potential flood-
) ing resulting from a postulated crack equivalent
5 to the flow area of a single-ended p1pe rupture
e e  in these L1nes.

vt "

. b. The essential equipment' located within these com-
partments, including the main steam line isola-
tion valves and the feedwater valves and their
associated valve operators, are capable of opera-
ting in the environment resulting from the crack

. postulated in Item (a) above. .

0 t. If the forces resulting from this postufated crack
. ‘could cause the structural failure of these com-
partments, the consequent failure of these compart-

ments will not jeopardize the safe shutdown of the
plant.

d. The rema1n1ng port1on of the p1pe in the tunnel
bétween the outboard safety valve and the Turbine
Building meet the guidelines of Branch Technical
Position APCSB 3-1., "Protection Against Postulated
Piping Failures in Fluid Systems Outside Contain-
ment", with respect to the stress levels in this
. portion of the pipe and with respect to the location
of the postulated break points.
We further require that you submit an analysis of the sub-
compartment pressure buijldup following a postulated pipe
break, including the structural evaluation of the affected
,subcompartments, to demonstrate that the design of the pipe
tunnel conforms with our positions as stated above. If you
cannot demonstrate conformance with our positions in this
matter, indicate any design changes which may be required to _
0 comply with our positions. This evaluation should  -demonstrate



“
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A
.
v

. ‘ that the methods used to 'calcﬁtate the pressure transient
in the subcompartments.outside of the primary containment
are the same as thoSe used for.subcompartments inside the
containment for postulated pipe break. pDemonstrate that
the margin against a structural failure resulting from the’
pressure trans1entf‘are the same as those in subcompartments
inside the primary containment. If you propose to use
methods of analysis for subcompartments outside of contain-
ment which are different from those used inside containment.,
demonstrate that the methods of analysis for subcompartments
outside containment assure adequate design margins. Identify
the computer codes and the assumptions regarding the mass
and energy release rates which you used in your analysis.
"Provide sufficient design data so that we may perform

- - was anse cw a2

Response:

independent calculations.

-

The compartments.and tunnels which house the main steam
lines and the reactor feedwater lines, including the

‘ isolation valves for these Lines between the primary

. containment vessel and the turbine generator building,

the main steam tunnel- extension in the.turbine generator

@ are the main steam tunnel in the reactor building and

building.

Overpressurization of the main steam tunnel

and tunnel extension due to a postulated pipe break is

prevented by venting the main steam tunnel and tunnel

extension to the turb1ne building, by way of the tunnel
ww . . . . wextension.,.and to the atmosphere,.by way .of the ventway

structure. The following sections, .tables and figures

address, either totally or in part, the main steam

" tunnel, ventway and tunnel extension:

3.6-1.18-3.1’ 3.6-1.18.3.2’ 306.1.20’*

43.8.4.1.1-4, 3.8.4.1.3’ 3.8-4.3.3f’ 3.8.4.401

Tables 3.6-11 through 3.6-17

Figures 1.2-5, 1.2-6, 3.6-6g through 3.6-6k,

- 3.6-38, 3.6-39, 3.6~4Ca, 3.6-40b, 3.6-44,

3.6-49, 3.6-123 through 3.6-146, 3.8=-2,
3.8-30 through 3.8-33, 3.8-38, 3.8-39, 3.8~-54.,
and 3.8-55.

. An evaluation of the environmental effects resulting from
a postulated pipe break in the main steam line or the
O reactor feedwater line demonstrates conformance with NRC

*Draft FSAR page changes attached.
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requirements, as described in the following paragraphs z, b/
¢ and d, which paragraphs correspond to paragraphs of the
same designation in the question:

2. The 'mzin steam tunnel, including the blast doors
removable concrete plugs, ventway and tunnel
extension, Jare designed to withstand the environ=-
mental effects of the predicted pressure, tempszra-
ture and humidity <given—in—these—t-abtes) and the
.potentizl Tlooding effects (described in paracraph
b below) resulting from a postulated crack equiva-
lent to the flow area of 2 single-ended pipe break

“in the main steam line or the reactor feedwater
line.

. b. The essential equipment. including the main steam
~isolation valves a2nd the feedwzter valves and
‘their essociated valve operators, are, or wilt be.,
shown capable of operating in the environment
resulting Vrom the crack postulzted in (a) above.
WPPSS hes an extensive environmental qualification
program ongoing to verify required ecuipment
operability. Equipment listed in Tzbles 10.11=1
and 10.11-2 will ‘be .appropriately listed in Tables
in 3.11 with qualification information to the

' listed criteria. .

Table @, 010.11-1 and Table- Q. 010.11-2 List the

essential equipment in the main steam tunnel and

veememe e .o tunnel, extension..., There.is no essential equip—- .

‘ment in the ventway. The tzbles compzre the ‘
design environmental conditions to the maximum
predicted environmental conditibnﬁ (pressure.,
temperature, humidity) resulting ¥from the crack
postulzted in (3a) above.

v L
The main steam tunnel and tunnel extension face
no potential Tlooding problem resulting from the
poestulated crack in the main steam line, because
the closure of the main steam isolation valve
terminates flow from the reactor side of the
main steam ‘line within a maximum closure fime.
of 5.5 seconds, as discussed in the response
to Question 010.13.

With regard to 7Tlooding resulting from & postu-
-lated reactor feedwater line crack occurring in
the tunnel extension, water will flow directly

upon the mezzanine floor at elevation 471'-0" in

2
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the turbine building by way of the opening in the
tunnel extension at elevation 501'-0". However.,
the water is eventually removed by the turbine
building drainage system. If the postulated
reactor feedwater Lline crack occurs in the main
steam tunnel rather than in the tunnel extension.,
‘the water Will flow through the openings created
by the displacement of the blow-out panels at

the north end of the main steam tunnel and at the
north- end of the main steam tunnel east wall. The
blow-out panels are designed to blow off at a
differential pressure of 0.5 psi, as noted in
3.6.1.20.3.2. If the blow-out panels were to
fail to open, in the case of a smaller break.,

the blow—-out panels will open under the water

rere ce - pressure developed by the water accumulated on

the tunnel floor, before the flood lLevel reaches
any safety-related equipment. The water will
accumulate to a height of 15-inches before fail-
ure of the blow-out panels and consequent release
of the headwater occurs.’

¢c. The forces'resulting from the postulated crack
do not cause structural failure of the tunnel.,
tunnel extension, or the ventway.

d. The portion of the pipe in the main steam tunnel
between the outboard safety valve and the turbine
building meets the guidelines of Branch Technical

eee———s — ..Position APCSB 3=1.,.!'Protection Against Postulated

Piping Failures in Fluid Systems Outside Contain-

ment", with respect. to the stress levels in this

portion of the pipe and with respect to the lLoca-

tion ' of the postulated pipe,6break points.
The method used to calculate blowdown is discussed in . '
3.6.1.20.1.3.* The mechanism which terminates the blow-
down is discussed in the response to Question 010.03.

An analysis of the subcompartment pressure buildup in the
main steam tunnel, ventway and tunnel extension following
a postulated main steam line crack (equivalent to the
flow area of a single~-ended pipe rupture) in the main

‘steam tunnel or the tunnel extension, and verification

of the structural adequacy of the tunnel, ventway and
tunnel extension are discussed in 3.6.1.20.3.* The sub-
compartment analysis following the postulated crack in

the reactor feedwater line (equivalent to the flow area of
a single—-ended pipe rupture) is not discussed because, in

¢

*Draft FSAR page changes attached. .



" WNP-2

comparing the postulated crack analyses of both the reactor
feedwater and the main steam Llines, the postulated main

steam line crack is the Limiting case as stated in
3-6-‘1-20-3.* .

The methods used to calculate the pressure transient

in the main steam tunnel, tunnel extension and ventway
are the same as those used for subcompartment pressure
analyses inside the-primary containment vessel for a
postulated pipe break. The structural design of the
tunnel, tunnel extension and ventway has the same margin
against structural failure resulting from the pressure

_transient as the structural design of the subcompartments

inside the primary containment vessel.

.. The computer-codes used .in the analysis are identified

in 3.6.1.20 and in 3.12.* The assumptions regarding the

mass and energy release rates used in the analysis are

identified in 3.6.1.20.%

*Draft FSAR page changes attached. .



COMPARISON OF DESIGN AND PREDICTED ENVIRONMENTAL CONDITIONS

TABLE 010,111

FOR ESSENT!ALIEQUIPMENT IN MAIN STEAM TUNNEL'!)
A

Pago 1 of 3

) ’ EQUIPMENT ENVIRONMENTAL CONDITIONS — IN MAIN STEAM TUNNEL ]
! MAXIMUM PREDICTED,
: FOLLOWING POSTULATED .
ESSENTIAL EQUIPMENT i PIPE CRACK IN MAIN
~IN MAIN STEAM TUNNEL(4) - " DESIGN STEAM TUNNEL(2)
) : BR
DESIG- | LOCATION TEMP.  |'PRESSURE | HUMIDITY| TEMP. | PRESSURE | HUMIDITY | REFERENCE )
NAME NaTioN | 1w Tunned  (°F) . (PS1) (£) ¢F) | (psi) (£) DRAHING REMARKS
Main Stoam Body | MS-V-67A South 340 to 212| 45 100 - | 307 12 100 M695,M697 " :
Draln Shutoff MS-V-678 South - | 340 to 212 45 100 307 12 100 M695,M697
Valves  * | Ms-v-67C South ‘| 340 to 212{* 45 100 307 12 . 100 *| M695,M697
MS=V-67D South 340 fo 212|: 45 100 307 12 100 M695,M697
Maln Steam Draln | MS-V=~19 _South 340 - |.-2 to 445 100 307 12 100 1695,4697
Block . : ’
Maln Stoan MS=V~28A- South 340 =2 to +45 100 307 12 100 M695,M697
Isolatlon MS-V-268 South 340 -2 to 45 100 307 12 *100 M695,M697
Valvos-Outboard | MS-v-28C South 340 ~2 1o 445 100 307 12 100 M695,M697 _
MS-V=280 South 340 -2 o +45 100 307 12 100 M695,M697
| Main Steam MSLC-V-2A South 340 -2 to 445 100 307 12 . 100 M698
Loakago MSLC~V-20 South 340 -2 to +45 100 307 12 100 M698
Control Valves | MSLC-V-2C South® 340 -2 to +45 100 307 12 100 M698
MSLC-V-20 South 340 -2 to +45 100 - 307 12 " 100 MG698
MSLC-Y-3A South - 340 -2 to +45 100 307 12 100 M698
- | usLe-v-38 South 340 -2 to 445 | . 100 307 12 100 M698 .
MSLC-V-3C South 340 -2 to +45 100 307 12 100 M698
MSLC-V-3D South 340 -2 to +45 100 307 12 100 M698 ¥
Maln Stoam MSLC-V-4 North " 340 ~2 to +45 100 305 12 100 M690 -
Loakago MSLC-V-5 North® * 340 2 1o +45 100 305 12 100 M698
Control Valves | MSLC-V-9 North 340 -2 to +45 100 305 12 100 M698
. MSLC=V-10 Horth 340 -2 to 445 100 305 12 100 M698

. vmas g
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: TABLE 010.11=-1 (Contlinued) Pago 2 of 3
" EQUIPMENT ENVIRONMENTAL CONDITIONS — IN MAIN STEAM TUNNEL
: MAXIMUM PREDICTED,
‘ . ; FOLLOWING POSTULATED
ESSENTIAL EQUIPMENT ) PIPE CRACK IN MAIN
IN MAIN STEAM TUNNEL(4) : DESIGN. STEAM TUNNEL(2)
. ; , BAR
DESIG- | LOCATION TEMP,  |'PRESSURE | HUMIDITY| TEMP. | PRESSURE | HUMIDITY | REFERENCE
NAME NATION | IN TUNNEd  (°F) G D (%) (°F) | _(PS1) (£) DRAWING REMARKS
Roactor Food | RFH-Y-32A3] south - | 340 1o 212|" 45 100 | 307 | 12 w00 |uns
Water Valves ‘| RFW-v-328(31 South | 340 to 212|, 45 100. | 307 12 100 | un3
RFH~Y-65A South 340 to 212|. 45 100 307 12 100 M713
RFH-V-658 South 340 to 212(; 45 100 307 1?2 100 MI13
= ! ; i
Goneral Eloctric| E31- NO 29A] MNorth 350 rtater. | LATERL | 305 12 100 E697
Temporature - E31~ HO 298} North . 350 305 12 100 £697
Elomonts ~ | E31- NO 29C| Morth 350 . 305 12 100 €697 .
E31~ NO 29D| Horth 350 305 12 100 €697 )
Goneral Electric| E31- NO 30A| South 350 ’ 307 12 160 E697 <
Tomperaturo E31- N0 308| South 350 307 12 100 £697 .
Eloments E31- N0 30C| South 350 307 . 12 100 E697
E31- NO 30D| South 350 307 12 100 €697
Genoral Electric] E31- NO 31A| South 350 307 12 100 E697
Tomperature E31- NO 31B| South 350 307 12 100 E697
Elements E31- NO 3iC| South 350 V l/ 307 12 100 E697
. E31- HO 3ID| South 350 | \ \ 307 12 100 €697
Cables, Elec- Hono Varlous 340 -2 to #45 | Soo 307 12 100 | £683,E697| O to 3 hrs.(6)
“trical, and Hone Varlous 320 -2 to +45 | Footnoto| 307 12 100 | E683,E697| 4 to 9 hrs.(6)
Instrumentation None Varlous 200 0 to 25 5 -} 307 12 100 E683,E697| 10 to 33 hrs, (6
and Control {3) Nono™ Yarlous 194 0.5 1o 2.0 307 12 100 E683,E697 Remalndor (6)

-
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(1)

(2)

(3)

(4)

(5)

(6)

WNP-2 .

Page 3 of 3
TABLE 010.11-1 (Continued)

NOTES  FOR TABLE

The main steam tunnel is in the reactor building. The
tunnel extension, Table Q. 010.11-2, is inkFurbine-
generator building. s

The maximum predicted conditions correspond to a time
duration of 0 to 2 hours. From 2 hours to 6 hours,
the predicted temperature is 212°F and the predicted
pressure approaches atmospheric.

Valves RFW-~V-32A and 32B are swing check valves. -&&

1. 2 3. FN £y 4 3 » 'ﬂleir
operabilitg,; is not .impaired by the maximum predicted
pressure.-

There is no tubing in the main steam tunnel and tunnel
extension for air lines operating instrumentation and
control equipment and components or for any other appli-
cations.

Electrical power cables and instrumentation and control
cables were given qualification tests for nuclear power
services, in accordance with IEEE Standard No. 323-1974.
The tests: included steam environment exposure under
simulated normal operating conditions and LOCA con-

.ditions.  Associated test documents are:

a. For power cables: The Okonite Company, Ramsey, New
Jersey, Engineering Report No. 266, dated July 17,
1975 submitted to Burns and Roe as Transmittal 622a-
00-0004, in accordance with Contract Specification
2800-62a.

b. For power cables and instrumentation and control

cables: The Raychem Corp., Menlo Park, California,
Report No. RABR~62B-75~028, dated November 12,
1975, submitted to Burns and Roe as Transmittal
62B-00-0094, in accordance with Contract
Specification 2800-62B.

LOCA ratings

.
PA T RUICTRTEEL L B

e

u e v aa
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TABLE 010, 11-2 Page 1 of 1

COMPARISON OF DESIGN AND PREDICTED ENV IRONMENTAL CONDITIONS
FOR ESSENTIAL EQUIPMENT IN MAIN STEAM TUNNEL EXTENSION

.
i *

EQUIPMENT ENVIRONMENTAL CONDITIONS ~ 1N MAIN STEAM TUNNEL EXTENSION

.

.

MAXIMUM PREDICTED, (2)
FOLLOWING POSTULATED

L
ESSENTIAL EQUIPMENT PIPE CRACK [N MAIN

IN MAIN STEAM TUNNEL(3) - DESIGN STEAM TUNNEL EXTENSION
LOCATION . ' N
. . INTUN- | © - . B&R
DESIG~ | NEL EX- TEMP, PRESSURE | HUMIDITY | TEMP, | PRESSURE | HUMIDITY | REFERENCE
NAME . NATION | TENSION (*°F) (PS1) (%) (°F) | (pPSD) (%) DRAWING REMARKS
- iLAaTE LATeL
Gonoral Electric|D17-H003A | hortn | LATER |iLATER - 313 8 100 | Es07
Radiation I ’ .
Dotoctors D17-H0038 North . 313 8 100 E607
D17-4003C North | : ’ 313 i 100 £607
D17-N003D North g ' 313 8 100 £607
—" / v
Cables, Eloc- Data samo as In Tablo Q.010.11-1 and assoclated footnotes 4 and' 5 £590,607
trical and -
Instrumentation
and Control

(1) The maln steam tunno! oxtenslon Is In tho turbine-gonorator bullding. The maln stoam tunnel,
Table Q. 010.11-1, Is In tho reactor bui iding.

(2) The maximum prodicted conditlons correspond to a time duration of 0 to 2 hours, From 2 hours
16 6 hours, tho prodictod tomporature Is 212°F and tho prodicted prossuro approschos atmospherlc, -

(3) Thoro Is no tublng In the maln stoam tunnel and tunnol oxtonslon for alr |ines oporating In-
strumentatlion and control oquipment and components or*for any other application.
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3.6.1.18.3.6 Postulated Ruptures of the Auxiliary Steam,
Heating Steam, Auxiliary Condensate and Heating
Steam Condensate Piping

The consequences of a rupture in any of the above, including

the dynamic effects of pipe whip and the'resulting environmen-—

tal conditions, are investigated as described in 3.6.1.11. 1In

no instance does a postulated rupture of these systems

preclude reactor shutdown to a cold condltlon.

These systems provide no emergency functlon which would be
required -to mitigate the consequences of a postulated piping
failure. Therefore, normal reactor shutdown as well as the

emergency methods descrlbed would not be simultaneously
‘impaired.

.3.6.1.18.3.7_ " Postulated Rupture of the Reactor Water Cleanup
’ System Piping .

The consequences of a reactor water cleanup system piping rup-
ture are investigated as discussed in 3.6.1.11. 1In no cir-
cumstance, does the postulated failure of reactor water
cleanup system piping preclude the availability of all shut-
down modes. Since the reactor water cleanup system does not
fulfill any safety function, nonoperability has no impact on
the safe shutdown of the reactor.
3.6.1.19 Seismic and Quality Classifications of Piping Used
in the Synamic Analysis

Table 3.6-7 gives the seismic and quality classifications of
all piping“listed in Table”3.6-6." Refer to 3.2 for descrip-
tions of the various seismic and quality classifications.

3.6.1.20° Method Used to Predict Blowdown Rates and Sub-
compartment Pressure Transient After a Postulated
Pipe Break .

3.6.1.20.1 Blowdown Analysis for a Postulated Pipe Break
Outside the Primary Containment

The analytical approech used to detefmine the blowdown mass
and energy rates from’'a postulated pipe break outside the pri-
mary containment are described in 3.6. l 20.1.1 through
3.6.1.20.1.3.

3.6-22 o
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3.6.1.20.1.1 Method! of Analysis for a Postulated Pipe Break
in Larger Pipes o

For larger pipes, the blowdown mass and energy release are
predicted by using the computer'programs'RELAP3 (reference
3.6-9) or RELAP4/MODS (reference 3.6-21).: In the computer
model, the piping system is nodalized into a number of volumes
connected by flow junctions. A multiplier of 1.0 is used with
the choked flow correlation. Except in special cases, all
breaks are assumed to be the double-ended circumferential type
which.open instantaneously. Initial conditions and other’
assumptions necessary for the analysis are such that the .
result is on the conservative side.

3.6.1.20.1.2 Method of Analysis for a Postulated Pipe Break
in Smaller Pipes ‘

"For smaller pipes, a constant blowdown profile’ with an appli-

cable choked flow correlation is used. The initial conditions
are chosen to maximize the blowdown mass and energy release
rates.

3.6.1.20.1.3 Blowdown Mass and Energy Release Rates for a
Postulated Pipe Break in the Main Steam Line

, and the Reactor Feedwater Line in *the Main
Steam Tunnel ’

[t
v

Refer to 3.6.1.20.3.2 for a description, of the arfangement
and features of the main steam tunnel:. For subcompartment

analysis in the'main steam tunnel, the postulated break in the

mainisteam line and in the feedwater line is assumed to be a
crack-with -the flow area equivalent to the flow area of a
single-ended pipe. The blowdown mass and energy release rates
are computed by the RELAP3 Program. ‘

Figures 3.6-123 and 3.6-124 show the mass and energy release
rates after a postulated crack in the main steam line in the
main steam tunnel. Figures'3.6-125 and 3.6-126 show the mass
and‘energy release rates after a postulated crack in the reac-
tor feedwater line in the main steam tunnel. .

3.6.1.20.2 Subcompartment Analysis for Postulateleipe Break
Outside the Primary Containment Excluding the
Main Steam Tunnel, Ventway and Tunnel Extension

3.6.1.20.2.1 Method of Analysis - | f
e

The pressure transient in the reactor building after a posgu- ..

lated pipe break is analyzed with the computer programs LAP3
(reference 3.6-9) or RELAP4/MODS5 (reference 3.6-21). In the

.

3.6-22a
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computer model, subcompartments are represented by nodes, and
flow paths between two nodes are represented by flow junc-
tions. Volumes, vent areas, flow resistances, initial
atmospheric conditions, as well .as the blowdown mass and
energy release rates from the pipe breaks, are input to the
computer program. Since the absolute pressure within the sub-
compa tments after a pipe break outside the primary contain-
ment ! low in all cases, no significant pressure gradient
exists within a subcompartment itself. Therefore, a subcom-
‘partment is not nodalized in the analysis and sensitivity
study is not performed.

3.6,1.20.2.2 Initial Atmospheric Conditions

The initial atmospheric conditions within the subcompartments
. used for the analy51s ares

- W

a. Pressure = 14. 7 psia
b. Temperature = 1l10°F
c. Relative Humidity = 0.0%

"These conditions are 'simulated in the computer analysis as a
homogeneous saturated steam - water mixture at 14.7 psia with
an average density equivalent to the density of air at the
above conditions.

3.6.1.20.2.3 Vent Flow . ’

The_vent flow, between the subcompartments is assumed to be a
homogeneous steam - water mixture with 100% water entrainment.
For choked flow, a multiplier,of 0.6 is used for Moody two-
phase flow correlations. For unchoked flow, the £flow
resistance consists of an entrance loss, an exit loss, and
frictional losses. For conservatism, an entrance loss of 0.5
and an exit loss of 1.0 are assumed for most of the vents.

3,6.1.20.2.4 Results of Subcompartment Analyses
Subcompartment analyses are performed for all subcompartments:
containing high energy piping. The results are summarized in
Table 3.6-12.

3.6.1.20.2.5 Verificaton of Structural Adequacy

Verification of structural adequacy of compartments, or of

structural elements thereof, subjected to pressure generated
by a postulated pipe break and to the local effects in the

1
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’

structure generated by the postulated pipe break, namely, a
broken plpe reaction, jet impingement and pipe whipping
impact, is furnlshed-ln 3.6.1.6 through 3 6.1.10.

3.6.1.20.3 Subcompartment Analysis for a Postulated Pipe
’ Break 'in the Main Steam Tunnel

Refer to 3.6.1.20.3.2 for a description of the arrangement and

features of the main-steam tunnel. Subcompartment analysis in
the main steam tunnel, ventway and tunnel extension is per-
formed for a postulated crack in 'the main steam line *(refer to
3.6.1.20.1.3). Comparlson of mass and energy release rates
for the postulated crack in the main steam line to that of a
postulated crack in the reactor ‘feedwater line (Figures 3.6~
123 through 3.6-126) shows that the.main steam line crack is
the limiting case. - Other lines inside the main steam tunnel.

..ot _its extension are of smaller sizes and a break in those

llnes is less’. severe. :
3.6.1.20.3.1 General Approaches

The pressure and temperature transients in the main steam tun-
nel, ventway and tunnel extension after a postulated crack in
the main steam line are computed by the RELAP4/MOD5 program
(reference 3.6-21). The general approaches discussed in
3.6.1.20.2.1 through 3.6.1.20.2.3 also apply to this case.

3.6.1.20.3.2 Description of the Main Steam Tunnel, Ventway
and Tunnel Extension

Descriptive information of the main steam tunnel, ventway and

- tunnel—-extension is- provided  in-3.8.4.1.1.4. Figures 3.6-127

and 3.6-128 show a sectional plan view and a sectional eleva-
tion view, respectlvely, of the main steam tunnel, ventway and
tunnel extension.

In plan, the main steam tunnel is located at 0° azimuth of the
north side of the reactor building; in elevation, it extends
from elevation 501'-0" to elevation 522'-0". At the interface
.of the reactor building and the turbine generator building,
the main steam tunnel continues for a short distance into the
turbine generator building; the portion in the turbine’ genera-
tor building is referred to as the tunnel extension. -Fr—ele-
vu%eea—é%é——@ly—the—wuane;—extens&on—extenée—érem—elevet*ea—-
5631—0l pomelev-abiony—as—do es~the—main—steam—tunned—in—the—
‘reaetermbam%é@ng-— The ventway starts at the same level as the
main steam tunnel and extends horizontally from the main steam
tunnel in the easterly direction; and continues upward to the
underside of the corridor floor- above at elevation 548'-0",
where a blow-out-panel in the north wall of the ventway provi-
des a ventilating path to "the atmosphere.

3
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Four blow-out panels are used, as shown in Figures 3.6-127 and
3.6-128:

a. Panel A, vertical, part of secondary containment,
located between the north end of the main steam
tunnel {in the reactor building) and the tunnel
extension (in the turbine generator building),
bolted :in place, of sheet steel.

b. Panel Bf vertical, part of secondary containment,
located in the east wall of the main steam tun-
nel, bolted in place, of sheet steel.

c. Panel C, horizontal, part of secondary contain-
ment, located at the top of the main steam tun-
nel, the north edge of panel is hinged, other
edges are free and not bolted in place, of sheet
steel.

d. Panel D, vertical, not part of secondary contain-
ment, located in the north exterior wall of the
ventway, bolted in place, of insulated metal
siding.

The fasteners of the blow-out panels which are bolted in place
(namely, panels A, B and D) are designed to fail in single
shear, and all blow-off panels (namely, panels A, B, C and D)
are designed to blow-off and permit venting when the pressure
generated in the main steam tunnel, ventway and tunnel exten-
sion by a postulated pipe break within the main steam tunnel

or tunnel extensxon exceeds 1/2 p51.

o tew mwe v A G e o ma

3.6.1.20. 3 3 Analysxs for a Postulated Pipe Break in the
Main Steam Tunnel

Section 3.6.1.20.3.4 discusses the analysis for a postulated
pipe break in the tunnel extension.

Flgure 3.6-129 shows the nodalization scheme for a postulated
pipe break in the main steam tunnel. For conservatism
blow-out panels A and B are assumed to remain in place during
the pressure transient. Therefore, the tunnel extension and
the turbine generator building are not modeled in this case.
Nodes 1 and 2 represent the main steam tunnel. Nodes 3, 4, 5
and 6 represent the ventway. Tables 3.6~13 and 3.6-14 provide
the volume and flow junction data, respectively.

The hinged panel C is modeled as an inertia valve in the

RELAP4/MOD5 analysis (refer to reference 3.6-21). The dif-
ferential equation of motion for the valve gate is:

3.6-224
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I8 (t)=27P(t) -K8 (t) (Eq. 3.6.1.20.3.3-1)
where:

© = opening angle (radians)

t = time (sec.)

& = de
at
6 = a2%e
dt?

I = moment of inertia (lbs.pmagg - ££2)

X = area X moment ;rm (ft.3)

" P = differential pressure (lbs/ft2)

K = damping constant (1bs°mass'ft2)
e sec.

Let © angular velocity in radians/sec. and substituting

O =6 and (= 6 in Eq. 3.6.1.20.3.3~-1.

I(> + Kw = AP

—...LIt has the solution:

T =Kt

e=eo+b}o_*=* ;“‘°°) E‘“' (I—QT)J

(EQ. 3.6.1.20.3.3-2)

Where 85 and (g are values for 8 and W at t = O.

.For panel D, the differential equation of motion is:

"M% (t) + AP (t) " (EQ. 3.6.1.20.3.3-3)
where:
M = mass of panel (1PS.mass - se°-2>
. £t
s = displacement (ft.)

3. 6-22e
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v = veloéity (ftysec) '

o
il

linear acceleration (ft/sec?)

A = area of panel (ft2)
P = average pressure (lbs/ft2)°
t = timel(see)

The frictional force is neglected. The solution of the above
. equation .is:

s = s + (vo + %_ t) t (Eq. 3.6.1.20.3.3-4)
m .

..where sg and vgo are values for s and v at t = O.

The displacement, s, of the panel and the opening‘area as func-
tions of time are determined by iterative procedures.

Pertlnent properties of blow-out panels C and D are furnished
in Table 3.6-15.

Figures 3.6-130 and 3.6-131 are plots of the pressure tran-
sients and Figures 3.6-132 and 3.6-133 are plots of the tem-
perature transients for a postulated pipe break in Node 1.

Figures 3.6-134 and 3.6-135 are plots of the pressure tran-

sients and Figures 3.6-136 and 3.6-137 are plots of the tem-
perature transxents for a postulated plpe break in Node 2.’

Blow-out panels C and D are assumed to blow off at the dif-

ferential pressure noted in 3.6.1..20.3.2.

3.6.20.3.4 Analysis for a Postulated Pipe Break in the
Tunnel Extension

_Flgure 3.6~-138 shows the nodalization 'scheme for a postulated
pipe break in the tunnel extension. WNodes 1 and 2 represent
the tunnel extension. The vertical pipe restraint (see
Figures 3.6-6g, 3.6-6h, 3.6-63 and 3.6-6k) divides Node 1 and
2. Nodes 3, 4 and 5. represent the following portions of the
turbine generator building:

a. Node 3 represents the portion between the mez-

zanine floor at elevation 471'-0" and the
operating floor at elevation 501'-0".
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b. Node 4 represents the portion between the ground
floor at elevation 441'-0" and the mezzaine
floor at elevation 471'-0" ‘

c. Node 5 represents the portlod between the
operating floor elevation 501'0" and the roof of
the turblne generator bulldlng

For conservatism, pane A (in Flgures 3.6~127 and 3. 6-128) is
assumed to remain in pllace during the pressure transient, and
only 10% of the insulatd metal siding comprising the exterior
walls above the operating floor (see Figure 1.2-8) of the tur-
bine generator building is assumed to blow off the structural
steel frame at a differential pressure of 1/2 psi. Tables
3.6-16 and 3.6-17 provide the volume and flow junction data,
respectively. .

"Figures 3. 6-159 and 3.6-140 are plots of the pressure tran-
sients and Figures 3.6-141 and 3.6-142 are plots of the tem-
perature transients for a postulated pipe break in Node 1.

Figures 3.6-143 and 3.6-144 are plots of the pressure tran-
sients and Figures 3.6~145 and 3.6-146 are plots of: the
pressure transients for a postulated pipe break in Node 2.

3.6.1.20.3.5 Verification of Structural Adequacy

Verification of structural adequacy of the main steam tunnel
ventway and tunnel extension, or of structural elements
thereof, subject to load combinations ‘involving pressure
.generated by a postulated plpe break and local effects in the
structure generated by ‘the postiilated pipe break, namely,
broken pipe reaction, jet impingement and pipe whip impact, is
furnished in 3.6.1.6 through 3.6.1.10,

3.6.1.21 Description of Methods of Analyses to Ensure That
Primary or, Secondary Containment Integrity Is Not
Compromised by a Postulated Passive Component
Failure

The previous twenty sections present the results of analyses
that indicate that postulated piping failures do not adver-
sely affect safe reactor operation. Implicit in these analy-
ses is the necessity of conforming to relevant standards with
‘regard to offsite radiological consequences.

3.6~22g
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Compar%monf ¥Yhere Break Occurs

t . TABLE 3.6-12 :
SUMMARY OF SUBCOMPARTMENT PRESSURE ANALYS1S () Pago 1 of 2

Plplhg System Differontlal Prossure

B Max imum Timo

I Differ- Difforentlal of the Deslgn

Lino ential - Botwoen the Peak Pressure
Deslgnation {psi) Rooms (sec) {psi)
an AS (11)-2 0.09 R11, R106/R206 " 1.6 0.15

- 0.09 R11, RIO6/R12, R114 1.6 0.15

: 0.09 R11, RI06/R10, R105 1.6 0.15
4" RCIC(13)-4 0.33 R14, R113/R206 0.33 0.50

0.33 R14, RI13/R12, R114 0.33 .0.50
0.33 R14, RI13/R15, R112 0.33 - 0.50

4" RCIC(13)-14 0.51 R15, R112/R206 0.53 0.76

. 0.51 R15, RI12/R14, R113 0.53 0.76

‘ 0.51 R15, RI112/R6, R116 0.53 0,76
4 AS (11)-2 0,05 R206/R103, R105, R106 0.35 0.08

. R305, R308, R310, R306, )

. R315

: 0.05 R206/R114, RI13, R112 0.35 0,08

; 0.05 R206/R116, R115 0.35 0.08
4" RCIC(13)4 0.32 R308/R305, R206, R313 0.03 0.50
6" gzv}cum-4 0.48 R308/R305, R206, R313 0.35 0,60
8" CRD(12)~3 0.03 R404/R305, R504, R508 0.05

Eleva-

tlon Room

(ft.) "Number Dascription

422 RII/RI06  HPCS Pump Room

422 RI4/R113  RIR Pump Rooms

422 RI5/R112  RCIC Pump Room
* 471 R206 El. 4711 Opon~

Floor Area

501 R308 TIP Room

501 R308 TIP Room

522 RAO4 El. 522' Opon

Floor Area

(a) Table applios to recactor buliding socondary contalnment,
oxclusive of the main steam tunnel, tunnel ventway and

tunno! extension.

0.04
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t TABLE 3.6-12 (Continuod)

i Pago 2 of 2
]
Compartment Whore Break Occurs Piplng System Differential Pressure
i Maximun 1imo
Elova- : . Diffor- Differontial of tho Dosign
tlon Room . : Lino entlal Botweon the . Peak Prossure
(ft.) Number Description Doslqnatlor (psl) Rooms (soc) ~(psl)
522 R409 RWCU Pump Room 6% RWCU(1)~4 1.0 R409/R404, R504 0.7 16.5
' 6.3 R409/RA05 0.5 9.5
5.6 R405/R404 0.8 8.4
. 11,0 R406, R4A07/R404, R305 0.7 16.5
522 R406/R407T* RWCU Pump _Room" 41 RWCU(2)-4 15.0 R406/R404, R305 1.3 22,5
. " . . | R H] R406/R407, R409 | 1 1645 .-
4.2 R409/R504, R404 1.8 6.3
. 1.7 R405/R305, R404, R504 1.5 2,6
2.4 R409/R405 1.7 3.6
522 R408 Yalve Room 64" RWCU(2)-4 1.0 RA08/R404 0.2 1.5
! 1.0 . - RA08/R305 0.2 1.5
548 R509 Yalvo Room 6"' RHCU(2)-4 2.1 R509/R508, R408 0.44 3:2
. v 2.1 R509/R607 0.44 3.2
L] .
548 R510 Yalvoe Room 6" RHCU(1)~4 1.8 R510/R504, R508 1.1 2,7
- 1.8 R510/R404, R604 1.1 2.7
548 R511/R511A Valve Room 6" RWCU(1)-4 4.4 RS511/R404, R504 0.75 6.6
. 4.4 R511/R604 0.75 . 6.6
572 R604 El., 572¢ Open 4u HS (1)-2 0,045 R604/R504 0.35 0.05
Floor Aroa 0.045 R604/R704 0.35 0.05

* Break could occur In olthor room; break assumed In R106
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TABLE 3.6-13 . Page 1 of 1

SUBCOMPARTMENT ANALYSIS

[ : -

NODAL VOLUME DATA FOREA POSTULATED PIPE BREAK:IN THE MAIN STEAM puNNEL(a)

. NODE ; . VOLUME ELEVATION
NUMBER DESCRIPTION : _ ~ (CU.FT.) : (FT.)
1 MAIN STEAM TUNNEL, SOUTH . 7427' ' 501
2 MAIN STEAM TUNNEL,’NéRTH a 4345 ) 501’
3 VENTWAY, EL. 501'-0"‘TO EL. 519°'-0" I 3629 501
4 VENTWAY, EL. 519'—0":T0 EL. 532'-0", WEST 3672 - X B
5 VENTWAY, EL. 519'-0"'TO EL. 532'-0", EAST 2340 519
6 VENTWAY, EL. 532'-0":TO EL. 548'-0" - 7855 532

96-9°¢€

a

(a) For nodalization scheme, see Figure 3.6-129.
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TABLE 3. 6-14 : . Page 1 of 1

. SUBCOMPARTMENT ANALYSIS

FLOW JUNCTION DATA FOR A {POSTULATED PIPE BREAK IN THE MAIN STEAM TUNNEL(a)

JUNCTION *©  JUNCTION JUNCTION  FORM LOSS COEFFICIENT(P) FRICTIONAL
FROM TO FLOW AREA ELEVATION INERTIA FORWARD REVERSE LOSS .
NODE NODE  (SQ.FT.) (FT.) (Fr.~1 ) FLOW ~  FLOW COEFFICIENT (P)
] 1. 2 438.7 509 0. 02656 1.06 1.14 0.1 ‘
2 3 SEE FOOTNOTE (c) 1
2 4 218.4 519 0.06044 2.66 2.69 B R
> n 3 5 170.0 ‘ 51§ 0.08014 0.163 0.116 0.1
é 4 5 84.6 .szé 0.378 0.6 0.6 0.1
4 6 1310.4 532 0.368 0.6 0.6 ‘0.1
5 6

170.0 - 532 0.0486 0.145 0.206 0.1

{4} For nodalization scheme, see Figure 3.6-129.
(b) fThese data are dimensionless.

(c) No data furnished since Panel B between Nodes 2 and 3
. 1is assumed closed during postulated pipe break.
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MAIN STE!AM TUNNEL SliBCOMPARTMENT ANALYSIS
- INFORMATION FOR BLOW-OUT PANELS C"AND D

® »

i
i

1. PANEL 'C (HORIZONTAL, HINGED, NON-BOLTED, SHEET STEEL BLOW-OUT PANEL)
TOTAL WEIGHT: 2060 LBS. ‘ '
AREA: 230.6 PT.2:
MOMENT ARM: 3.375 FT.
MOMENT OF INERTIA: 31,286 LBS.ypss — FT.2
DAMPING CONSTANT: : NEGLECTED
2, PANEL D (VERTICAL, BOLﬁBD, INSULATED METAL BLOW-OUT PANEL)
- . TOTAL WEIGHT: lGéOOOhLBS.

AREA: 1060.8 FT.2

Reference: Figures 3.6-127 and 3.6-128

TABLE 3.6-15 Page 1 of 1
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1 TABLE 3.6-16

: SUBCOMPARTMENT ANALYSIS

Page 1 of 1

m i . - .
NODAL VOLUME DATA FOR A POSTULATED PIPE BREAK IN THE MAIN STEAM TUNNEL EXTENSION

NODE
NUMBER

~

_.DESCRIPTION -

1
2
3
4
5

NOTE:

L]

MAIN STEAM TUNNEL EXTENSION, SOUTH
MAIN STEAM TUNNEL EXTENSION, NORTH
TURBINE GENERATOR BUILDING, EL. 471'-0" FLOOR

TURBINE GENERATOR BUILDING, EL. 441'-0" FLOOR

TURBINE GENERATOR BUILDING, EL. 501'-0" FLOOR

H

For nodalization scheme,ssee Figure 3,6-138

.VOLUME

" (CU.FT.) .

2320

2799

728610
658938
1270590

ELEVATION
(FT.)

.-V

501
501
471

441

501
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TABLE 3. 6-17 Page 1 of 1

=§ SUBCOMPARTMENT ANALYSIS

FLOW JUNCTION DATA FOR A POSTULATBD PIPE BREAK IN THE MAIN STEAM TUNNEL EXTENSION(a)

I
.

JUNCTION JUNCTION JUNCTION FORM LOSS COEFFICIENT(P) FRICTIONAL

FROM  TO FLOW AREA  ELEVATION INERTIA FORWARD __ REVERSE LOSS
NODE NODE  {SQ.FT.) (FT.) (FT.~1 ) FLOW FLOW * COEFFICIENT(D)
1 2 379.0 soé 0.01395 0.6 0.56 0.1

1 3+ c73.6 . 501 0.1722 1.29 1.07 -+ - 01 -~

2 3 114.6 501 - 0.1434 1.16 . 0.99 0.1

3 4 '230.0 471 0.1091 1.28 1.49 0.1 S
3. 5 507. 0 'soi *- 0.01176  1.54 1.55 0.1

(a) For nodalization scheme, see Figure 3.6-129.

(b) These data are dimensionless. .
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The biological shield wall is a reinforced concrete structure
varying in thickness from five feet to six feet.

The main function of the biological shield wall is to serve as
a radiation shield around the primary containment vessel. it
also functions as a 'major mechanical barrier for the protec-
tion of the containment and reactor system against missiles
that may be generated external to the primary containment. In
addition to the above functions, 'the biological shield ‘sup-
ports the various reactor building floor elevations that frame
into it; and, as part of the reactor building structure, it
resists the earthquake - induced forces and the pipe rupture-
induced forces acting on the reactor vessel and sacrificial
shield wall and transferred to it through the stabilizer truss
system discussed in 3.8.2.

}.8.4.1.1.4 Main Steém annel, Ventway“and Tunpel E%gension

am 4

1

Refer to Figures 1.2-5, 1.2-6, 3.8-2, 3.8-30 through 3.8-33,
3.8-38, 3.8-39, 3.8-54 and 3.8-55.

Refer to 3.6.1.20 for the methods used to predict blowdown
mass and energy release rates and pressure transient in the
main steam tunnel in the reactor building, the main steam tun-
nel extension in the turbine-generator building and the vent-
way to the atmosphere attached external to the north exterior
wall of the reactor building.

The reinforced concrete main steam tunnel and tunnel extension
enclose the four main steam-to-turbine pipelines, the two
feedwater—-to-reactor vessel pipelines and a portion of the

Loam—=s i ine. *In-the-reactor-

building, the pipelines are thus enclosed in the main, steam
tunnel from the primary containment vessel to the north
exterior wall of the reactor building. At the reactor
building north exterior wall the main steam tunnel interfaces
the turbine generator building and the pipelines continue into
the turbine generator building through the main steam tunnel
extension. The main steam lines in the turbine generator
building are referred to in 3.8.4.1.3.

A separation gap is provided between the north end of main "
steam tunnel, which is part of the north exterior wall of the
reactor building secondary containment, and the turbine
generator building to permit differential movements.

Access to the main steam tunnel is provided from inside the
reactor building secondary containment in the main steam tun-
nel west wall at floor elevation 501'-0". Removable rein-
forced concrete shield plugs are provided in the main steam

3.8-103
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tunnel roof at f£loor "elevation 522'-0" for maintenance. The
removable plugs are adequately anchored to the main steam tun-
nel walls and provide the same structural 1ntegr1ty as the
main steam tunnel itself.

Overpressurization of the main steam tunnel and tunnel exten-
sion is prevented by venting the main steam tunnel and tunnel
extension to the .atmosphere (by way of the ventway) and to the
turbine generator building as described in 3.6.1.20. Blow-out
panels are placed at the north end and at the east side of the
main steam tunnel. . The panel at the north end of the main
steam tunnel interfaces the tunnel extension in the turbine-
generator building. The panel at the east side of the main
steam tunnel interfaces the ventway; and the ventway inter-
faces the atmosphere by way of a blow-out panel which dis-
places. away from the exterior wall of the ventway (above the
‘main steam tunnel) out to the exterior- of-the ventway. The .- - .
blow-out panels are designed to blow off and permit venting
when the pressure generated in the main steam tunnel, ventway
and tunnel extension by a postulated pipe break within the
main steam tunnel or tunnel extenSLOn exceeds the value spe- '
cified in 3.6.1.20. '

3.8-103a






Venting of the main steam tunnel, ventway and tunnel extension
is ensured by. controlled release type fasteners used in the
fastening of the blow-out panels. The release of the panel.
into the turbine generator building does not affect the
ability to shut down -the reactor, integrity of the primary
containment vessel and other Seismic Category I or safety
related structures and the capability of the essential heat
removal systems to perform their intended design functions. A
structural steel framed structure is erected inside the tunnel
extension. It is designed to support the pipes during normal
operation and seismic disturbances and to provide backup sup-
port for pipe whip restraint in the event of a postulated pipe
" break. (See Figures 3.6-6g through 3.6-6k).

The main steam tunnel is designed as a rigid reinforced
concrete structure supported on one end by the biological
shield wall and on the other end by the -noxth exterior wall -of
reactor building. The main steam tunnel and tunnel extension
are designed to withstand the effects induced by a postulated
pipe break inside the main steam or tunnel extension, such as
+ jet forces, whipping pipes and missiles. The main steam tun-
nel also protects the piping within it from the effects
indiced by a pipe rupture, missile or other disturbance
occuring outside the main steam tunnel in secondary contain-
ment. Refer to discussion in 3.6.1 on protection against pipe
breaks outside primary containment.

The main steam tunnel and tunnel extension concrete also pro-
vide the shielding protection required in secondary contain-
ment against the sources of radiation from the piping within
the main steam tunnel and..tunnel __extension.,

3.8.4.1.1.5 Operating Floor, Steel Superstructure and
Overhead Bridge Crane :

The operating floor is the uppermost level in the reactor
‘building and is the floor from which the reactor vessel is
refueled. Refer to Figures 1.2-6 'and 3.8-~36. The floor slab
varies in thickness from 1'-6" to 3'-0". It is supported
monolithically by the walls of the refueling pools along its
interior perimeter and monolithically by the exterior walls of
the reactor building; along its exterior perimeter.

. :

The structural steel superstructure enclosing the floor provi-
des unobstructed access to the floor for the, overhead bridge

* crane. The superstructure consists of a conventionally braced.
framed system with trusses spanning 130'-0" in the north-south
direction, which is the full width of the superstructure.

3.8-104
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Abnormal T,oads

Abnormal loads are loads generated by the deszgn,
basis acc16ent under consideration.

Py = Maximum differential pressure equivalent
static load within or across a compar t-
ment generated by the postulated pipe
break, and including an approprlate
margin to account for uncertainty in the
calculations. A small break case is also
investigated.

Py loads are due to a high-energy pipe
break outside containment and are
discussed in 3.6.1; this includes pipe
break in the main steam tunnel,- ventway
and tunnel’ extension dlscussed in
3.6.1.20.

P = Negative internal pressure or positive
internal pressure (noted below) relative
to the ocutside atmosphere and acting
only within the reactor building sec-
ondary containment in conjunction with
other loading including the design basis
tornado or the safe shutdown earthquake
" (SSE).

(1) P051t1ve internal pressure

- N - (+)--04¢25. pslg T sm e e dimen men b sews s

(2) Negatlve internal pressure
; = (~) 0.012 psig .

Tq =  Effects of thermal environment on the
structure generated by a postulated pipe
break. This includes To for all other
areas not affected by the pipe break.
(See 3.6.1). .

Ry = .BEffects of thermal environment on the
pipe reactions on the structure and
equipment reactions on the structure
generated by a postulated pipe break.
This includes R, for all other areas not
affected by the pipe break. (See 3.6.1).

I
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a. Exterior and interior walls: 39'-0" .pressure head
.internally confined by the walls

b. Floor slab: 22'-0" pressure head acting upward

on the slab .
For lateral soil pressures on exterior surfaces of the
subgrade walls, see 3.7.2.

The seismic shear forces on the exterior (shear) walls are
obtained from the seismic analysis described in 3.7.2.

Loadings due to a high-energy line break outside the contain-
ment are discussed in 3.6.1.

Loadings on the spent fuel and dryer-separator pools include
the effects of water set-in motion by 'seismic accelerations - -
and the thermal gradient resulting from the high temperature
of the water in the pools.

The siding and roof deck on the reactor building superstruc-
ture are designed to blow off at a specified wind pressure,

ensuring that only the stel frame' need be designed for tor-

nado loadings.

As noted in 3.8.4.1.1.4, overpressurization of ‘the main steam
tunnel in the secondary containment of the reactor building is
prevented by means of venting the tunnel to the atmosphere and
to the turbine generator building by means of blow out

panels in the north end of the tunnel. , The blow out panels are
designed to blow off at. a.differential pressure specified ... ...
in 3.6.1.20. The tunnel is designed to withstand the internal
differential pressure arrived at on the basis of the pressure
history in the tunnel following a steam line break. For a
discussion of this analysis, see 3.6.1.20.

(3

3.8.4.4 Design and Analysis Procedures

Conventional elastic techniques are used in the design and
analysis of all structural components. All buildings are ana-
lyzed basically as shear wall structures, and all .floors are
checked for their ability to transmit shear forces through
"diaphragm action. Exterior walls are designed to resist a
combination of vertical loads, bending moments and lateral
shear and overturning moments associated with seismic forces
(see 3.7.2) and tornado loads. Longitudinal and lateral
shears are tranferred to the mat through shear friction rein-
forcement and keys. The floor slab or beam and column framing
is modeled to most closely approximate the actual structural
behavior, and all boundary conditions are X

------



ADLPIPE computes the. non-mass network force-moments sets for
each mode. As seen previously, the network stiffness matrix
formed is generated by the transfer matrix of a series of many
individual members. This same accumulated transfer matrix is
. used to compute the force-moment sets at interior points of
the piping system (including the mass poihts).

The cumulative effect of all the modes is estimated by’ taking
the square root of the sum of sguares of the force-moment sets
at each position in the piping system. For closely spaced
frequencies, an option exists which enables the addition of
the absolute value of those modal moments and then forming the
square of that sum in the square root of square summation.

This program is referred to in 3.9.1.2.2.

3.12.11 RELAP3 . e e e aees . . - -
This program describes the behavior of water-cooled nuclear
react ors during postulated accidents such as loss-of-
coolant, pump failure, or power transients. The behavior of
the primary cooling system and the reactor is emphasized. The
program calculates flaws, mass inventories, energy inven-
tories, pressures, temperatures, and qualities along with
variables associated with reactor power, reactor heat
transfer, or control systems. ’

RELAP3 is an MNRC accqbﬁed computer program and is in the
public domain. For a complete discussion of this program see
Reference 3.12-18.

This program is reférreéd to in 376.2.2.1b and 3.6.2.3.1.°

RELAP4 is a computer program written in FORTRAHN IV for the
digital computer analysis of nuclear reactors and related
systems., It is primarily applied in the study of system tran-
sient response to postulated perturbations such as coolant.
loop rupture, circulation pump failure, power excursions, etc.
The program was written to be used for water-cooled (PWR and
BWR) reactors and can be used for scale models such as LOFT
and SEMISCALE. Additional versatility extends its usefulness
to related applications, such as ice condenser and contain-
ment subcompartment analysis. Specific options are available
for reflood (FLOOD) analysis and for the NRC Evaluation Model.

- e s s s
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RELAP4 models system fluid conditions including flow,
pressure, mass inventory, fluid quality, and heat transfer. A
subroutine provides-water property tables. Component thermal
conditions and energy transfers are modeled. The reactor
system is subdivided into discrete volumes which, with inter-
connecting junctions (flow paths), are treated as one dimen-
sional homogeneous elements. RELAP4 solves an integral form
of £fluid conservation and state equations for each user
defined volume and generates a time history of system con-
ditions. Data are recorded for volume fluid, component heat,
and junction flow characteristics. 'The output is in the form
of printed tabular digital data. Available subroutines also
allow output to be plotted as a function of time. Provision

is made for selectively stopping the program at any point for
'data edits. The program can be restartéd: for problem '

e mw =

continuation.

RELAP4/MOD5 was intended primarily as a blowdown code. It
will calculate system phenomena from initial operating con-
ditions at the time ©of pipe rupture through system
decompression up to the beginning of core recovering with
emergency core coolant . RELAP4/MODS is capable of calcu-
lating this core recovering within the limitations of the MODS5
models.’ These models will not adequately calculate all the
reflood phenomena. TRELAP4/MODS will be desxgned to address
the PWR reflood problem.

The manual is comprised of three volumes. Volume I describes
the models included in MODS.---Volume: II-is directed-toward-the
use of the Code, including application and programming infor-
mation, and a sample problem. These two volumes are cross-—
referenced to aid the program user. Volume III presents the
results of eight computer runs used in checking out RELAP4/
MOD5. These are furnished with interpretation of results for
illustration purposes and represent the actual use of
RELAP4/MODS to investigate real or hypothesized situations.
These should not, however,. be considered as an in depth study
of the reactor plants modeled or of the postulated accidents.
The input data for the checkout problems only generally relate
to the identified plants.

RELAP4/MODS represents a current state of the art calculation
method for estimating the transient thermal-hydraulic pheno-
mena in light water reactors and reactor simulators.

RELAP4/MOD5 is an NRC.accepted .computer program and is in the
public domain. For a complete dlscussxon of this program see
reference 3.12-25.

3.12-21a
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This program is referred to in 3.6.1.20.
3.12.12 CB&I PROGRAM 711 "GENOzZZ"

The GENOZZ computer program is used by the General Electric
Company to proportion barrel and double taper type nozzles
of the reactor pressure vessel to comply with the specifi-
cations of the ASME Code, Section III and contract docu-.

ments. The program either designs such a configuration or

3.12-21b
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Q. 110.001
(3.6.1)
(3.6.2)

You indicate in the FSAR that the follow}ng portions will
be provided at .2 later date: 3.6.1.6 through 3.6.1.10,

3.6.1.20, and 3.6.2.5.4.4b and 3.6:2.5.4.4c. Additionally.,

there are about 40 f1gures in 3.6 of the FSAR which are

intended to be summaries of postulated pipe break locations.

However, these figures have only a single entry; i.e.r
“lLater". 1Indicate when the missing sections and figures
will be submitted. :

Response.

Section 3.6.1.,6 through 3.6. 1 10, 3.6.2.5.4.4b and _
3.6.2.5.4.4¢c are included in this amendment and may be
referred to for the procedures used to evaluate the

,structural adequacy of Seismic Category I structures

under pipe break effects outside containment.

The missing figures ‘referred to 1in the question, and in
3.6.2.5.4 are summary tabulations of postulated pipe
break locations shown on the piping system isometrics

in Figures 3.6-12a through 3,6-34a. It is intended that
the missing information in Figures 3.6~16b, 3.6-17b.,
3.6-19%b, 3.6-26b, 3.6-32b and 3,6-34b will be provided
when the final pipe break study is completed.

Sect1on 3 6 1. 20 is prov1ded in response to Question

010.011. This response may be referred to for methods
used to predict blowdown rates and compartment pressure
due to postulated pipe breaks.

@ ’
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A total of 12 restraints are utilized for the main steam and

. feedwater lines in the main steam tunnel outside of primary

containment. These. restraints are illustrated in'Figures 3.6-

]
v

3.6.1.6 Procedures to Evaluate the Structural Adequacy of
Seismic Category I Structures Under Plpe Break
Effects Outside Contalnment

3.6.1.6.1 .General Approach

Structures and structural components important to safety are
designed with sufficient strength to resist the effects of
postulated pipe breaks in high energy ‘fluid piping systems,
such as pipe whip and jet impingement. High energy fluid
piping systems are defined in 3.6.1l.1l. Section 3.6.1.6 is
concerned with the effects of postulated pipe breaks on struc-

-tures and structural components. Environmental.effects of

postulated pipe breaks are addressed in 3.6.1.12, 3.6.1.13,

.3.6.1.15 and 3.1l1l.

The main component effects of a postulated pipe break include
the following:

a. Pipe whip with‘its impacting energy
b. Jet lmplngement and accompanylng jet reaction

C. Pressurlzatlon and temperature effects which
accompany pipe break

Pipe-whip effects from circumferential breaks are illustrated
in Figure 3.6-116. Jet impingement effects from circumferen-
tial breaks and longitudinal splits are illustrated in Figure
3.6~117. Circumferential breaks and longltudlnal splits are
defined in 3.6.2.1.4. M. .

»

In making a structural evaluation of the effects of pipe break
accidents, the loads resulting from these pipe break accidents
are used in combination with other prevailing loads that occur
at the 'time of the break. For load information and com-
binations see 3.6.1.6.5 and 3.6.1.6.6.

* 3.6-6
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In order to make a structural evaluation of the effects of a
postulated pipe break,: the local damage to the structural ele-
ment is predicted and the overall structural response is
assessed. Local damage 'is the damage done to a structural
element in the immediate vicinity of the pipe whip impact or
the jet impingement. Overall structural response concerns the
overall response of the entire structural element to the
effects of a postulated pipe break. In the follow1ng
dlscussion, whlpplng plpe are described as m1551les.

3.6.1% 6 2 Local Damage Predlctlon .

R _
N cvlerel ,-.\ cer 8w -~ »-... .
wr

Local damage predlctlon due to whip or Jet lmplngement in the
immediate vicinity'of the impacted area includes estimation of
the depth of penetration’and whether, in the case of concrete
targets, secondary missiles mlght be generated by spalling.

In general, a whipping pipe is a. blunt missile and penetration
and spalling.are not appreciable for the structural component
(e.g., walls) thickness of interest. Such a condition is
illustrated in Figure 3.6~116. Jet impingement local damage
is not considered sxgnlflcant because the fluid mass does not
have .the mass concentration of a solid and because of the
divergence of a jet which spreads the load over a wide area
(see Figure 3.6-117). Missile penetration is predicted for
relnforced concrete targets and for steel targets.

3.6.1.6.2.1 " Reinforced Concrete Targets
a.- Penetration
The depth to which a rigid m1531le penetrates a )
reinforced concrete target of infinite thickness

is estimated by the following "Modified Petry
Formula" (Reference 3.6-15 and 3.6-17):

= | (1 + . ° ede elol™
X =% g 1oglo%'2o£f (Eq. 3.6.1.6.2:1-1)

| . = ‘b/ 2
where: ‘ (/ Vs >
. US, oo
X = Depth of missile penetration into concrete element

of lnflnlte thickness (feet)

Kp = Penetration coefficient for reinforced- concrete
(4.76x10~3 cubic feet per pound for normal rein-
forced concrete with a crushing strength of 3,200
psi and 1.4% of relnforcement. Reference 3. 6-15 ).
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Ap = W = Missile Weight (1lbs)

A Projected Frontal MLSSlle Area (ft‘)
Vg = Strlklng Velocity of Missile (ft./sec.)

When the element has a flnlte thlckness, the depth of penetra-
tion is (Reference 3.6-15 and 3.6-17):

‘ -4 (E _2) E ’> - e B .
x1 = l“!‘ e X 4' X' (t=2X) ) (qu 30601.6.2.1-2)

- -
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"Xy = Depth of penetratlon of missile into a concrete,
element of finite thickness (feet)

o
i

Base of Naplerlan Logarithms
"t = Thickness of concrete element (feet)

b. Perforation

The thickness of a concrete element that will be
just perforated by a missile is given as
(Reference 3.6-15 and 3.6-17):

T = ZX (feet) ’ (qu 3.60106.2.1-3)
c. Spalling

‘Spalling of concrete from the side opposite the
impact surface of the structural element may
occur even '1f the missile does not perforate the
element. The estimate of the thickness that will

. just s?art spalllng is given as (Reference
3.6-20

\

TS = 2.2X (feet) . . (qu 306.106.2.1;4)
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- 3.6.1. 6 2.2 Steel Targets

The Balllstlc Research Laboratorles formula is used to deter- -

mine perforation of a steel target. The thickness, T, of a
steel target that will be just perforated by a mmss;le is

given as, (Reference 3.6-17): AR
p3/2 2 g.5uv? ’ | '
17,400 K D3/2 (Eq. 3.6.1.6.2.2-1)
where: ) S
F1= Steel wall thi!iﬁésé to just perforate (1nches)
.ﬁ ?4Mass of the.mlssile (welght/g in- lb-secz/ft)
VvV = Veloc;ty of m1s511e (ft/sec)
K =‘§§nstant depending on grade of steel and is usuallf
D = Diameter ofimissile (inches). For irregularly shaped

missiles, an equivalent diameter is used, .taken as
the diameter of a circle with the same area as the
projected frontal area of the 1rregularly shaped ]
m15511e < ) .

The recommendatlon in Reference 3.6-13 to increase the per-
foration thickness, T, obtained by the Ballistic Research
Laboratories Formula by 25% to prevent perforatlon is
observed; that is: - .

tp = 1.25T - : - (Eq. 3.6.1.6.2.2-2)

tp = Thlckness of steel barrler requmred to prevent
penetratlon# (lnches)

3.6.,1.6.3 Overall Structural Response

3.6.1.6.3.1 ‘ General

In general, pipe break loads are considered in ‘combination
with. other loads (see 3.6.1.6.6). Dead loads, live loads,
operating thermal loads and earthquake loads may or may not be
SLgnlflcant compared to ' the pipe break load, depending on the
severity of the pipe break load. Thermal loadings due to pipe
break -have only skin effect and are not considered.

3.6.‘60 ' ) A. 5 -
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Pressure loads due to pipe break do not necessérily peak with
pipe whip.and jet impingement loads; however, in the analysis,
they are considered to act simultaneously.

With regard to pipe break, when high energy pipes under
pressure fail, a fluid jet is created. The associated jet
impingement force on a target as well as the reaction force
exerted on the piping by the fluid jet force have a time
history qualitatively presented in Figure 3.6-~118. This force
is conservatively idealized as a step function load. For the
fluid forces associated with these pipe failures, see Table

.
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To obtain a solution for the actual complex system, the struc-
ture ‘is idealized by an equivalent -single degree of freedom -
system (see Figure 3.6-119) following the procedures’described
by J. M. Biggs in Chapter 5 of "Introduction to Structural
Dynamics" (Reference 3.6-1). The response of this mathemati-
cal idealization to a step function load (jet impingement) or
to a step function load concurrently with an impact loading
(due to whipping pipe) involves an energy transfer from the
impacting object to the impacted structure. The following
exposition on how this energy transfer is addressed makes use
of procedures that have been presented by the Bechtal
Corporation in its report on missile impact, Topical “Report
BC-TOP-9A, Revision 2 (Reference 3.6~13).

-ty S » - o

3.6.1.6.3.2 Structural Resbonsé to Whipping Pipe Missile
Impact Load '

a. Discussion

A method of energy-balance procedures is utilized
-in order to evaluate ‘the structural response,
when a missile impacts a target. The method uti-
- lizes the strain energy of the target at maxi-
mum response to counteract the residual kinetic
energy of the target or target missile com-
bination that results from the missile impact.

A missile of mass M is postulated to strike a
spring-backed target mass, Mg, with a velocity,
Vg. Since the actual coupled mass during impact
varies, an estimated average effective target
mass, Mo, is used. to evaluate the inertia effects
during impact. The impact of the missile is con-
sidered plastic. This assumes that the missile
remains in contact with the target after impact.
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Velocity After Impact

The velocities of the m1ss;le and target after
impact ‘are calculated from the following rela-
tionships (Reference 3.6-19):

Vg (Mg - eMg) - . (Eq. '3.6.1.6.3.2-1)

Mg + Mg

VS‘Mm (1+3) . ’ ' ' i (quo 306010‘60302"’2)

<
0
I

My + Mg

Missile velecity after impact (ft./sec.) .

Target velocity after impact (ft./sec.)

‘Missile striking velocity (obtained by using basic

velocity formulas, 'knowing the initial' thrust
force, missile mass, and missile travel before

impact) (ftt/sec.)

=
=
i

=
o
fl

Ce

Eg =

Mass of missile (ibs.-sec.zlft.)

Effective mass of target during impact
(1bs.-sec. /ft )

Coefficient of restitution
Plastic Impact

In as plastic impact, the coefficient. of restitu-
tion becomes zero, and the velocity of the
missile and target masses become equal following
impact. The strain energy, Eg, required to stop
the missile/target combination is the summation
-of the missile'mass kinetic energy and the target
mass kinetic energy at the.end of the lmpact
duration, as follows:

é<
",

Mmzvm2 + Mesz2 o (Eq. 3.6.1.6.3.2-3)

From Equations 3.6.1.6.3.2~1 and 3.6.1.6.3.2-2:"

m e
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- Substituting the value for Vp and Vqp from .
Equation 3.6.1.6.3.2-4 into Equation 3.6.1.6.3.2~
3, the required target strain energy is: ’

) |
Es = Mm2 VSZ . & (qu 306-106.302"'5) {

d. Target Effective Mass

Due to the complexity of missile-target impact, a
determination of an effective coupled mass on a
' continuous’ time basis by means of a general ana-
lytical solution is not available. However, an
+ =¥ 7 estimate of the .average effective mass can be
. - approximated from the results of impact tests on
' reinforced concrete beams.(Reference 3.6-10) in
which the measured structural response is used
to back~calculate the average mass during impact.
'Based on these data, the following formulae are
used for estimating the target effective mass.

For concrete beams:

Mg = (Dyx + 2T) BygT, if B < (Dy + 2T)
? (EQ. 3.6.1.6.3.2~62a)
Me = (Dx '+ 2T) (Dy + 2T) voT, if B > (Dy + 2T)
s (Eq. 3.6.1.6.3.2-6b)
For conerete slabs:
Me =" (Dgx + T) (Dy + T) YT . (Eq. 3.6.1.6.3.2-7)
. g .
For sééel beaps: .
Mg = (Dyx + 2d) My (Eq. 3.6.1.6.3.2-8)
For‘steel giates: _
Me = DgDy Yst (Eq. 3.6.1.6.3.2-9)
= s

3 . 6"'6f




where: .,
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Average effectlve mass of target durlng impact
(1bs.-sec.2)
ft.

= Mass per unit length of steel beam (;bs.-sec.Z)
. ft.<

‘tion (longltudlnal axis for beams or slabs) (£t.)

= Max;mum missile contact dlmenSLon in the y dlrec-

Maximum missile contact dimension in the x direc- °

tion (transverse to longltudlnal axis for beams or

slabs) (£t.) ; e : .

(-
.

= Thlckness or depth of concrete element (£t.)

= fThickness of steel plate (ft.)

Il

Depth of steel beam (£ft.)

= Width of concrete beam (not to exceed Dy + 2T) (£t

Weight per unit volume of concrete {(lbs./cu. ft.)

il

Weight per unit volume of steel (lbs./cu. ft.)

Acceleration of gravity (32.2 ft./sec.2)

c. Structural Response by Energy Balance Method

(1) General Procedures

The strain energy, Eg, required to stop the
] target (or missile-target combination) is
- determined from the relationships in-
3.6.1.6.3.2.

The resistance-displacement function, R(x),

for a concentrated’ load at the area of impac
is determined from the target structure phy-
sical configuration and material properties.

The estimated maximum target response is
determined by equating the available target
strain energy to the requlred strain energy,

.)

t

and solving for the maximum dlsplacement, xm,

(see Flgure 3.6-120.).
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(2) Elasto-Plastic Target Response

For'elasto-plastic target response with no
other concurrent loads acting:

R(x) = Kx, (0 < x < xq)

R(x) = KXg = Ry, (Xe < X < Xn)

wherezs

R = Resmstzng force of target (lbs )

x = Dlsplacement of target (£t. )

k- = Elastic Spring constant for target
(lbs./fto)

Xe = Yield displacement (ft.) (Reference .
Tables 3.6-9, 3.6-10, Figure 3.6-120).

Ry = Plastic resistance (lbs.) (Reference
Tables 3.6-9, 3.6-10, Figure 3.6-120)

Xp = Maxiﬁum displacement of target (£ft.)

° then:
Es = Rm Xm - xe
o \ ' 2 A
or: ) ’
xm " = Eﬁ +.-%3 . (qu 3.6010603-2"10)

Rm 2

The reqdlréd ductility ratio, W., is obtélneé
from Equation 3.6.1.6.3.2~-10 by leldlng both
sides of the equation by xq.

¥ =Xm
Xe
"ur o= ES + 1/2

XeRn "~ (Eq. 3.6.1.6.3.2~11)"°

3.6-6h,
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If other loads are present on the target struc-
ture which act concurrent with missile impact
loads, (see 3.6.1.6.5, 3.6.1.6.6 and Table
3.6-11), the maximum combined displacement is

. determined as follows:

Let: o

x' = Xe ~ Xo (see Figure 3.6-120);(ft.)
Xo % Displacement due to:other-loads (£t.)
Xe % Yield dlsplacement (ft.), ‘

Xm = Maxlmum combined dlsplacement (ft )
Rn ?‘Plastlc‘reSLStlng force (lbs.) ’

X = Elastic spring constant (1bs./ft )
Then:

Es = k()zc.)z + kx' (Xm-" Xe)

(éee Figure 3.6-120)

orx:

Xm = Bs - x' +'xe
k' 2
Substltutlng x' = xe - Xo in the above equatlon ‘
‘gives: ‘
Es . Xe + %o
Xm = k (Xxe=%g) T 2

(qu 30601'60302—12).

The required ductility ratio, ¢, is obtained by

dividing both sides of Equation 3.6.1.6.3.2-12 by
Xeo

Bs ' 1+ Xo/Xe

Hr - Rm (Xe-xo) + 2

-

(qu 30601.6.3.2"“13_)
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The values of &y should be less than the
allowable ductility ratmos,/U, given in Table
3 6-1 3

3.6.1.6.3. 3 " Jet Impingement

Jdet lmplngement loads are loads that emanate from a break in a
high energy line. It is postulated that the characteristics
of the jet are such that the jet exits from a break opening

in the pipe equal in .area to the cross sectional area of the
pipe itself (see Figure 3.6-117). -The jet is postulated to
travel conforming'to the configuration of the cross sectional
area of the pipe for .a distance of five pipe diameters and .
then to diverge at an angle of divergence of 10°. For the jet ~
thrust forces at the postulated breaks, see Table 3.6-6. Jet
‘loads impacting structures are treated as equivalent static

. loads. A dynamic load factor is applied to the jet force ema-
nating from the pipe and the resulting load is modified by an
appropriate load factor according to its use in combination
with other loads. The structure impacted is then evaluated
for structural capability.

3.6.1.6.4 Allowable Design Stresses and Strains

For allowable design stresses and strains for reinforced
concrete and structural steel, see 3.8.4.5 and Tables 3.8-12
and 3.8-17, except as modified in 3.6.1.6.4.1 and 3.6.1.4.2,

3.6.1.6.4.1 Pipe Whip Loading With or Without Other Loads

The accept;bility of pipe whip loading with or without other
loads is considered from two aspects:

- a@. The overall structﬁral’responsé'of the impacted
- structural element

b. The local damaée sustained by the impabted struc-
tural element.

The' overall structural response is considered acceptable if
the ductility ratio resulting from the loading does not exceed
the maximum allowable ductility ratios as given in Table 3.6~
1. The determination of ductility ratios utilizes the proce-
dures set forth in 3.6.1.6.3 and the loading combinations in
3.6.1.6.6. In using these procedures, the allowable limit on
section strength, M , used in the determination of yield
displacement X ’ (3.601.603023, Tables 3-6"9’ 3:6"'10 and
Figure 3.6-120? is computed in -accordance

v
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with the strength design methods described in ACI 318-71
(Reference 3.6-~12) and in the general practices of Part 2 of-
the AISC specifications (Reference 3.6-11), modified by the
dynamic strength increase factors of Table 3.6-8.

The local damage is considered acceptable if the pipe whip
impact does not cause spalling and excessive penetration in
concrete, or perforation in steel, as determined by the
procedures set forth in 3.6.1.6.2.

3.6.1.6.4.2 Pipe Break Loads (Exjéluding Pipe Whip)
. With or Without Other Loads

Pipe break loads (ekcluding pipe whip) with or without other.
loads are considered acceptable if the. loading from the
loading combinations in 3.6.1.6.6 does not result 'in stresses
that exceed the allowable limits on section strength as given
in Tables 3.8-12 and 3.8-17, modified by the dynamic strength
increase factors in Table 3.6-8.

3.6.1.6.5 Loads, Definition of Terms and Nomenclature

For loads, definition of terms and nomenclature, see 3.8.4.3.
3.6.1.6.6 " Load Combinations

3.6.1.6.6.1 Seismic Category I Concrete Structures

For load combinations for Seismic Category I concrete struc-
tures, see Table 3.8-15, load combinations 6, 7, and 8.

3.6.1.6.6.2 - Seismic Categé:y I Steel Structures

For load combinations for Seismic Category I steel structures,
see Table 3.8-16, load combinations 6, 7 and 8.

3.6.1.7 Structural Design Loads

Structural elements are designed to withstand the loads
generated by piping failures outside of primary containment
in combination with other loads given in 3.6.1.6.6. Table
3.6-11 furnishes the design loads considered in the areas
where piping failures occur.

3 ° 6-6k







3.6.1.8 Analysis of Load Reversal-: :-

Structural elements such as floors, interior walls, exterior
walls and the building as a whole are analyzed for the effects
of reversal of load due to the postulated pipe failure ac~- '
c1dent. They are also analyzed for rebound loads that accom- -
pany pipe break accidents. The analysis approach for rebound
is set forth ln Figure 3.6-122.

L]

3.6.1.9 ° Modified Structures

New Openings or other modifications are not planned to.Lbe pro-
.vided.in existing structures, and, therefore, the capabilities
. of structures to carry the deszgn loads due to mod;flcatxon
need. not be demonstrated.- TR L

Te#e

3.6.1.10 Verlflcatlon That Fallure of Any Structure Does

‘ Not Preclude Safe Reactor Shutdown : :
Structures subjected to pipe whip and/or jet impingement loads
are investigated and found not to ‘fail under these loads in
conjunction with the applicable load combinations, so that
there are not cases of structural barriers failing and causing
additional structural failures which would adversely affect
the mitigation of the consequences of accidents and the capa-
bility to bring the plant to a cold shutdown condition.

3.6.1.11 Verification That Adequate Redundancy Exists for
All Postulated Fluid Piping System Ruptures

3.6.1.11.1 Approach,.

The purpose of the study is to ensure that for all postulated
ruptures of f£fluid piping systems, safe reactor operatlon and
shutdown is not precluded. The basis of this approach is that
adequate separation of redundant systems or components,
required to shutdown and maintain the reactor in a cold con-
dition, provides the level of protection requlred to ensure
safe reactor. operation and shutdown.

The lnput used £or this study includes the routing of all
cables, cable trays and conduit necessary to shutdown and
maintain the reactor in a cold condition. The locations of
all motor control centers, instrument racks, sensors and
heating ventilation and air condltlonlng (HVAC) equipment
necessary to shutdown and maintain the reactor in a cold con-
dition are also included in the input of this study.




WNP-2

The locations 'of all postulated high and moderate energy f£luid
piping system ruptures dictate where thls study’'is to be
performed. . i .

_The input described above is coded to indicate: the location

of the system or component by elevatlons and grld(a), the -

(a) The reactor building is subdivided into 42 grids each

measuring approximately 20' x 20'. This permits rapld
location of any component on the floor plan.

Flgure 3. 6~ 37 1llustrates the locatlons of the grlds.

o, . » .- e -
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3.6.2.1.1.2

3.6.2.1.1.3

WNP-2

Postulated Pipe Break Locatlons in ASME Section
III Class 2 and 3 Piping Runs

The terminal ends of the pressurized portions of
the run.

Intermedlate locations of postulated pipe breaks
are ‘selected by applications of one of the

follow1ng sets of rules.

'(1) Plpe break is postulated at each 1ocatlon of

31gn1f1cant change in flexibility, such as

pipe fittings (elbows, tees, and reducers),
. and circumferential connectzons for valves

(3)

(4)

‘sections of straight p1pe where there are no

:fwand flanges.??i,---?"

:U(z)

At each 1ocation where the stresses under the

loadings resulting from upset plant con-
ditions, including an OBE event as. calculated
by the summation of Equations (9) and (10) of
ASME Code Section III Subsection NC,
"‘Paragraph NC 3652, exceed 0.8 (1.28p + Sp)
where Sy and Sp), are as defined in Paragraph
NC 36.11.2. .

If there are not at least two intermediate
locatlons, where the above noted stresses
exceed 0.8 (1. 28y + Sp), a minimum of two
separate locations are chosen based upon
stress, except if the piping run has only one
change of direction, a minimum of one inter-
mediate break is postulated.

Intermedlate breaks are not postulated in

pipe flttlngs, valves, or flanges.

Break Locatlons ln Other Piping Runs

Postulated pipe break locations for piping other than ASME.
Code Section III Class 1, 2 and 3, are postulated in accor-
dance with pipe whip criteria which generally conforms to the
criteria set forth for ASME Code Sectlon III Class 2 and 3

plplng.

3.6=27






, - , Breovg ' .
L 3.6.2.1.2 Postulated Pipe B=al Locations in High Energy’
l Fluid System Piping Between Primary Contalnment
Isolatlon Valves

-

Pipe breaks (not including leakage cracks) are postulated in
locations as indicated below: ‘ ‘

"
a
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3.6¢2.1.2.1 Postulated Pipe Break Locations in ASME Section
. I1I Class I Piping Between Primary Contalnment
Isolation Valves

No pipe breaks are postulated in the portion of piping be-
tween primary containment isolation valves, if any of ﬁhe
following apply:

(1) S, does not exceed 2.45n. -

(2) S, exceeds 2.4S but does not exceed BSm, and the
Cumulatlve Usage Factor (U) does not exceed 0O.l.

(3) Sp ‘exceeds 3Sm, but Sg and Sy are each less than
2. 4Sm, and U does not exceed O.l. .
The stress levels in the ASME Sectlon III Class I containment
penetration high energy piping are maintained at or below
these limits and therefore, breaks are not postulated. See
3.6.2.1.2.3 for further discussion of containment penetration

piping.

3.6.2.1.2.2 Postulated Pipe Break Locations in ASME Section
III Class 2 and 3 Piping Between Primary Con-~
tainment Isolation Valves

See 3.6.2.1.1.2 b. (2) for stress criteria applicable to ASME
Section III Class 2 and 3 piping between containment isolation
valves.

The stress levels are maintained at or below these limits and -

therefore breaks are not postulated. See 3.6.2.1.2.3 for fur-
ther discussion of containment penetration piping.

3.6.2.1.2.3 Primary Containment Péhetration"Piping

Primary containment penetrations, in order to maintain con-
tainment integrity, are designed with the following
characteristics:

2. They are capable of withstanding the forces
caused by impingement of the fluid from the rup-
ture of the largest local pipe without failure.

b. They are capable of withstanding the maximum.

reactions that the pipes to which they are
attached are capable of exerting.

3 . 6-28
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gives zero. rebound with 100% kinetic
energy transfer to the restraint
structure.

It should also be noted, that the assump-
tion of a suddenly applied, constantly
maintained force, as used in the equation
mentioned above is conservative with
respect to rebound. Rebound implies a
finite time of short duration contact
with the restraint structure, in contrast
to the infinite time assumed.

(3) Actual structural resistance, for the above
structures, is determined by methods of limit
analysis using a dynamic yield strength, as
defined in 3.6.2.2.3.1.

3.6.2.2.3 Material Properties Under Dynamic Loads

3.6.2.2.3.1 Dynamic Yield Strength

t
To.account for the rapid strain rate effects, dynamic vield
strength is utilized. This phenomenon is documented in
References 3.6-6 and 3.6-7. Material tests have shown & con-
sistent increase in yield strength under rapid loading. Under
rapld strain rate, carbon steel yield strength consistently
improves by more than 40%. High strength alloy steel displays
a somewhat smaller 'improvement. For WNP-2, a conservative
dynamic yield strength of 110% of minimum static yleld

.. .strength, at the specified operatlng temperature, is utilized. .

3.6.2.2.3.2 Maximum Straln of TenSLOn Members

Pure tension members, such as U—Bars shown on Fig. 3.6-4 which-
constitute pipe whip limit stops, are permitted to deform a
maximum of 50% of the minimum uniform straln, during energy
absorption.

3.6.2.2.3.3 Maximum Deformation of Flexural Members

Deformations of energy absorbing flexural support members are
generally limited to 50% of that deformation which corresponds
" to structural collapse, except that deformation of energy
absorbing members in direct contact with the primary contain-
ment vessel is limited to 5% of that deformation which
corresponds to structural collapse.
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‘For systems or parts thereof, that are necessary for a safe
shutdown but cannot be protected by redundancy, a detailed
analysis is performed to determine jet impingement effects . .on
the operability of these systems. Barriers are provided where
necessary. ‘

3.6.2.3.2.3 Postulated: Plpe Rupture Locations Inside
) . Contalnment

" The criteria used to deflne pipe'rupture‘locations is
described in 3.6.2.1 and is shown in Figures 3.6-12a through
3.6-17a, 3 6—18a, 3. 6—18b, 3. 6—19a through 3. 6—34a and 3.6=35.

A
..... -,
-t

3. 6 2 3. 2 4 : Slgnals from Prlmary Contalnment

v » ".,. S '.g‘ -t‘ st ‘.... -

For instiumentation 1ocated 1ns;de prlmary containment, suf-
‘ficient Tredundancy is provmded such that all sxgnals necessary
to cause actuation of essential systems, remain’ functional.
Each system, that is required to bring the plant to a safe
shutdown condition, is furnished with two or more sets of
redundant 1nstrumentatlon ‘lines.

In this rev1ew, it is conservatlvely assumed that a jet stream
or whlpplng pipe may damage one of these sets. The redundant
system is shown to remain operational by physical separatlon
and barriers, such as the RPV. An example of the above is the
location of Sets "A" and "B" instrumentation lines for the
HPCS.  Set "A" and its redundant Set "B" are located at oppo-
site sides of, the RPV. Therefore,..a jet stream or whipping
pipe cannot damage both sets of instrumentation., Function of
instrumentation inside primary containment necessary to result
in the actuation of-the HPCS system is thereby assured. These
conditions, as discussed for the HPCS instrumentation lines,
are typical for all instrumentation lines that support essen-
tial systems. The capabllltles of redundant instrumentation
is discussed in 7.3.

3.6.2.3.2.5 Signals“to the Primary Containment

No instrumentation signal is necessary to return lnSlde pri-
mary containment to operate any of the essential ‘systems.
Slgnals to the ADS valves are provided through their power
supply as described in the following section. .

3 6. 2 3.2.6 Power Requirement Inside Primary Containment

The only essentlal system that required power, inside primary
containment, is the automatic depressurization system (ADS).
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a. Assurance of primary containment leak tightness.

b.  Assurance that potential for damage is such that
- the maximum pipe break areas and/or combinations
of pipe break areas do not exceed the values
described in 3.6.2.5.3.2 so that emergency core

cooling system capability is not impaired.

¢. Assurance that the control rod drive system main~-
tains sufficient function to assure reactor
shutdown.

d. Assurance that there is sufficient capability to
: maintain the reactor in a safe shutdown ’
condltlon.
_The criteria used to define pipe rupture locations for piping
" systems discussed in 3.6.2.5.4 follows 3.6.2.1.1.1b(1l) except
for the following which follow 3.6.2.1.1.1b(2): °

2. One elbow only, in each of the two redundant

. reactor feedwater systems inside primary contain-
ment, in 3.6.2.5.4.2 and in Figures 3.6-16a and
3.6-17a. , : .

b. The entire standby liquid control (SLC) system in
306.2.504.4 and in Figure 3.6"193..

c. The entire RPV drain system in 3.6.2.5.4.13 and
in Figure 3.,6-32a.

Figures 3.6-12a through 3.6-35 show the piping configurations
for. each high energy system inside primary containment and .
include numerical indentification of all sxgnlflcant points of
interest in the plplng system, locations of pipe whip supports
and postulated pipe break locations. The pipe whip supports
are identified by the acronym PWS followed by an iden-
tification number on Figures 3.6-12a through 3.6-34a and as
noted on Figure 3.6-35.

3.6.2.5.3 - System Requirements Subsequent to Postulated
Pipe Rupture

3.6.2.5.3.1 Control Rod Insertion Capability

To maintain the ability to insert the control rods in the
event of a pipe break, no more than one in any array of none
control rod drive (CRD) withdrawal lines may be completely
crimped (totally'blocked). Complete serverence of withdrawal
lines does not affect the rod insert function. Protection of
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the CRD insert lines is not required, since a reactor pressure
of 450 psig or higher, can adequately insert the control rods.

‘
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ment with mirror image symmetry about the 0° .and
180° north-south azimuth. The lines exit the
reactor pressure vessel on opposite sides of
primary containment and drop down vertically in
two parallel pairs to.the main steam relief
valve platform at elevation 541 ft. where they
are routed horizontally, in parallel, in the
northeast and northwest quadrants to the 0°
north azimuth. At this point, the four lines
drop vertically in parallel, to an elevation’
just above the diaphragm floor. The main steam
isolation valves are located here. The four
lines. exit the containment nearest the north
azimuth at elevation 500 ft. (approx.). The
two feedwater piping loops ‘are described in
3.6.2.5.4.2' and are routed near the maln steam
lines. .

Pipe Whip Protection ‘ .

The postulated plpe breaks and pipe whip
restraints for the four main steam lines, are
shown in Figures 3.6-12a through '3.6-15a. Where
pipe breaks are postulated inside primary con-
tainment, the main steam lines are restrained to
prevent the unacceptable motion of these pipes.
These restraints are mounted on the side of the
sacrificial shield wall structure, as well as on
radial beams which extend from the sacrificial
shield wall to the primary containment vessel
wall. A sliding beam seat at the primary con-
tainment wall,‘permlts the beam to grow axially
and also permits the primary containment wall to
move relative to the sacrificial shield wall.

A structural steel frame (see Flgures .6-36a,
3.6-36b, and 3.6-36c) between the drywZll

. diaphragm floor and the containment vessel, in

the area of the main’ steam isolation valves, is
provided for mountlng of pipe whip restraints.
The structure is designed with vertically sliding
connections at the containment vessel, to allow
for differential thermal expansion between the
containment vessel and the diaphragm floor.

Verification of Pipe Whip Protection Adequacy

Sufficient pipe whip protection is provided for
the main steam system to assure safety as’ defined
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in 3.6.2.5.2. The pipe whip restraints limit
the pipe whip motion of the main steam lines to
prevent impact and rupture of the adjacent feed-
water lines which would otherwise result in a
break area in excess of the ECCS capability.

Impact with the control rod drive piping is pre-
vented by pipe whip restraints at the main steam
relief wvalve platform and .separation. The
control rod drive piping bundles are routed- below
the elevation 541 ft. main steam relief valve
platform, a considerable distance away. from where
the main steam l;nes drop down to the diaphragm -
floor. .

Reactor Feedwater System (Inside Prlmary
Containment)

System Arrangement '
The reactor feedwater system inside primary con-
- tainment, consists of two piping loops sym-
metrically arranged with 'respect to 0° and 180°
north-south azimuth. The two piping loops emerge
from each side of the reactor as three 12 inch
vertical risers which drop down and join a header
at the main steam relief valve platform. The
header is routed paralled to, and outside of, the
main .steam lines, increasing in diameter from 12
inches, to 18 inches and to 24 inches as it
approaches the 0° north azimuth. At this loca-
tion, the two 24-inch feedwater pipes drop down .
" to 12'-6" above the diaphragm floor. The plpe is
" furnished with a check valve in each line in the
'short horizontal run near ‘the primary containment

’ vessel penetratlon. ‘ .

Plpe Whlp Protectlon

The postulated pipe breaks and pipe whip
restraints for both reactor feedwater loops are
shown in Figures 3.6-16a and 3.6-17a. The feed-
water lines are restrained to provide protection
from the results of all postulated.pipe breaks.
Specifically, protection is provided where the
resulting pipe motion would otherwise impact
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equipment necessary to mitigate the consequences
of the break, causing unacceptable damage to that
equipment. The restraints are mounted on the
side of the sacrificial shield wall, on radial
beams at the elevation 541 ft. main steam relief
valve platform and on a specially designed struc-
ture between the containment and diaphragm

floor, as shown in Figures 3.6-36a, 3.6-36Db and
3.6~36c. Special features of these structures

. are described in 3.6.2.5.4.1(Db).

Verification of Pipe Whiﬁ‘Protection Adequacy

sufficient pipe whip protection is provided for
the reactor feedwater system to assure safety as -
deflned in 3.6.2.5.2, n

N
= f

In 2ll ‘cases the plpe is suff1c1ently restrained
to prevent impact with containment or lmpact with

" other piping systems that would result in viola-

tion of pipe break area or pipe break combination -
limitations. Impact with the control rod drive
piping is prevented by pipe whip restraints at
the main steam relief valve platform and separa-
tion. The control rod drive piping bundles are
routed below.the elevation 541 f£t. main steam
relief valve platform, at a considerable distance
away from the 0° north azimuth where the 24 inch

. feedwater lines drop to 12'-6" above the

diaphragm floor. 1In two cases, portions of the
12 inch vertical risers are restrained in only
one direction, allowing impact with one main
steam relief valve. This constitutes acceptable
damage because depressurization can be
accomplished with one valve not functioning.
Furthermore, the HPCS is available as a redundant

' 'system.

Reactor Water Cleanup System (RWCU)
System Arrangement

The RWCU system consists of two 4~inch lines
which branch from the two reactor recirculation
cooling (RRC) pump suction lines located near the.
0° and 180° north.and south azimuths. The two
lines are routed along the diaphragm floor
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at approximate elevation 500 ft. to azimuth 67°
where they join into one, 6-inch pipe. This 6-
inch pipe branches off into two segments. One
branch rises to elevation 538 ft. just below the
main steam relief valve platform. It is then
routed to azimuth 150°, where it exits primary
containment. An isolation valve is located
inside primary containment near the penetrations.
The other 6~inch segment reduces 'to a 4-inch pipe
and then rises to elevation 514 f£t. and ter-
minates at the-2-inch RPV drain’ system.

Pipe Whip Protection . |

The postulated pipe breaks and pipe whip
restraints for the RWCU system are shown in
Figures 3.6-18a and 3.6-18b. - At all locations
where pipe breaks are postulated inside primary
containment, the RWCU system is restrained to
prevent unacceptable motion of the pipe. Where

~the pipe is routed along the diaphragm floor,

restraints are mounted on'special structures
built up from the floor. "Where the pipe is
routed below main steam relief valve platform,
restraints are mounted on intermediate structures

between radial beams.

Verification of Pipe Whip Protection Adequacy

Sufficient piﬁe whip protection is provided for

the RWCU system to assure safety as defined in
3.6.2.5.2. Pipe whip restraints located above
the.diaphragm floor are designed’ to prevent
impact with the floor, which might impair steam
quenching capability of the suppression pool.
Pipe whip restraints located directly.below the
main steam relief valve platform prevent impact
with CRD piping and also primary containment.
Equipment necessary to mitigate RWCU pipe breaks,
such as ADS system, core spray, low pressure core
injéction, is protected by separation. .

Standby Liquid Control (SLC) Piping
System Arrangement "

The SLC system consists of 1-1/2-inch piping that
originates at the bottom of the reactor pressure
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vessel and is routed througﬁ the reactor

' pedestal. Immediately outside the pedestal,

there is a normally closed check valve which
limits the high energy portion of this system to
the area inside the reactor pedestal.

Pipe'Whip Protection

The postulated pipe breaks for the SLC system\are
shown in Figure 3.6-~19a. Pipe whip restraints
are not required for this system.

Verification of Pipe Whip Protection Adequacy

Sufficient pipe whip protection is provided for
the SLC system to assure.safety as defined in
3.6.2.5.2. In the event of a pipe whip resulting
from a pipe rupture at any postulated location,
the piping system neither impacts the primary .
containment vessel nor damages equipment or v
systems reguired for safe shutdown of the reac-
tor. Therefore, pipe restraints are not required
for this system.

Residual Heat Removal System (RHR) - Shutdown
Cooling Supply and Return Piping

System Arrangement

The RHR shutdown cooling supply and return piping -
consists of two, 1l2-inch piping loops and one,
20-inch loop, with all three branching from the
RRC piping at the elevation 512 f£t. platform.
All three loops are routed primarily in a hori-
zontal plane, below the 512 ft. platform, £from

.the RRC pipe to its primary containment penetra-

tion. 'There is a normally closed valve in each
loop located as close as possihle to the high
energy source, thereby limiting the portion of
each loop considered high energy on the basis
defined in 3.6.2.1.

Pipe Whip Protection

The pipe whip restraints for the RHR shutdown
cooling supply and return system are shown in
Figures 3.6~23a, 3.6-24a and 3.6-25a. Where pipe
breaks are postulated inside primary containment,
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the lines are restrained .to prevent the unaccep-
table motion of these pipes. For the two, 12-
inch shutdown cooling return loops, restraints
are mounted on intermediate structures. between

~the radial beams in the elevation 512 £t. plat-

form which radial beams extend from the reactor
pedestal to the primary containment wall. A
sliding beam seat, at the primary containment
wall, permits differential thermal expansion be—
tween the containment vessel and reactor
pedestal. Restraints
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for the 20-inch cool%ﬁg return loop are mounted
on, a specially designed structure between the
diaphragm floor and radial: beams in the elevation

" 512 ft. platform, as shown in Figure 3.6-10.

Verlflcatlon of Pipe Whip Protectlon Adequacy

Sufflcient pipe whip protection is provided for
the RHR shutdown cooling supply and return system
to assure safety as deflned in 3.6.2.5.2.

For the two, 12-inch shutdown coollng return
loops, pipe whip restraints .are provided to pre-
vent impact with primary containment wall -and the
diaphragm floor. The pipe whip restraints also
prevent impact with' the CRD piping bundles
located above the elevation 512 ft. platform.

The ECCS system and the ADS systems are protected
by ,separation, being located at higher
elevations.

y

kFor unrestrained sections of this system, analy-

sis shows a plastlc hinge does not develop at the
recirculation pipe, and pipe whip does not occur.

For the 20-inch shutdown cooling supply loop,
pipe whip restraints are provided -to prevent
impact with primary containment and the diaphragm

- floor. Impact with the CRD piping is precluded

by a 90° separation from both CRD piping bundles.
RCIC RPV Head Spray System
System Arrangement

The RPV head spray system is a 6-inch line that
originates at the top of the RPV dome. After a 2

i 2 vert1ca1 riser and a 2 ft. horizontal run,

there is a normally closed valve that limits the
high energy portion of this system to a total
length of 4 feet. \

"Pipe Whip Protection

The postulated pipe breaks for this system are
shown in Figure 3.6-26a. Pipe whip restraints
are not required for this system.
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System Arrangement "

" Pipe Whip Protection

~ Verification of Pipe Whip Protection Adequacy

Sufficient pipe whip protection is provided to
assure safety as defined in 3.6.2.5.2. The loca-
tion of the normally closed valve limits the high
energy section of this system such that the
unrestrained motion of the pipe resulting from
postulated breaks can only impact the reactor

- vessel head.

Low Pressure and High Pressure Core Spray {LPCS,
HPCS) Plplng

-
L

. =

- =

The LPCS ‘and HPCS are’ 12-1nch plplng systems with

similar arrangements inside primary containment.
They originate at elevation 561 ft. from the
reactor at azimuths 120° and 240° respectively,
and drop vertically to an 'elevation just below
the main steam relief valve platform where, there
is an exXpansion loop in a horizontal plane
leading to a penetration through primary contain-
ment. In the vertical section, there is a nor-
mally closed check valve located as close as
possible to the reactor, thereby limiting the
portion of piping in both systems considered high
energy under the definition given in 3.6.2.1.

. The postulated pipe breaks and pipe whip

restraints for the LPCS and HPCS systems are

shown in Figures 3.6-27a and 3.6-28a. Where pipe l

breaks are postulated inside primary containment

the two lines are restrained to prevent the unac-
ceptable motion of these pipes. These restraints
are mounted directly onto. the sacrificial shield

wall.

Verification of Pipe Whip Protection Adequacy
Sufficient pipe whip protection is provided for

the LPCS and HPCS systems to assure safety as
defind in 3.6.2.5.2. Pipe whip restraints are
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) . ) provided to limit pipe movement resulting from
- postulated pipe breaks to prevent impact with
) primary containment and adjacent RHR/LPCI piping. .
Impact on safety relief valves, resulting from
postulated pipe breaks in the HPCS system, is
" , ' precluded by sufficient separation between these
two redundant depressurization methods. The CRD
piping bundles are separated by sufficient
distance. from the high energy sections of the
LPCS and HPCS. systems.

3.6¢2.5.4.8 RHR CondenSLng Mode and RCIC Turbine Steam
. Supply System

Q. System Arrangement
The RHR condensxng mode system consists of a 10-
, inch piping loop which branches off a main steam
< line at elevation 551'-2 1/4". and azimuth 105°.
An expansion loop in the horizontal plane leads
to a penetration through prlmary containment at
elevation 550 ft and azimuth 120°.

. The RCIC turbine steam supply system consists of
a 4-inch line which branches off the 10-inch RHR
0 | condensing mode line at approximately azimuth
125° and drops down to elevation 532 £t below the
main steam relief valve platform. The line.is.
then routed horizontally to a penetration through
. B primary containment at azimuth 35°, ‘

b. Pipe'Whip Protection

The postulated pipe breaks and pipe whip

restraints for the RHR condensing mode and RCIC

turbine steam supply systems are shown in Figure

3.6-2%a. Where pipe breaks are postulated inside
~ primary containment, this piping is restrained to
’ ' prevent unacceptable motion of the piping. The

restraints for these two systems are mounted on

specially designed structures which tie into the .

sacrificial shield wall and/or radial beams of

' the main steam relief valve platform.
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Verification of Pipe Whip Protection Adequacy

Sufficient pipe whip protection is provided for
the RHR condensing mode and RCIC turbine steam
supply systems to assure safety as defined in

3.6.2.5.2. For the 1l0-inch RHR condensing mode

‘system, pipe whip restraints are provided at all

locations where pipe breaks are postulated. The
pipe whip restraints limit pipe motion resulting
from postulated break to prevent impact with pri-
mary containment’vessel wall, ' the HPCS system and
the main steam safety relief valves. Protection
is required, since either the ADS or the HPCS are

‘requlred to depressurlze the reactor subsequent

to a pipe break 1n a line with cross-section area
less than 0.7 ft.2 (See 3.6.2.5.3).

For the 4-inch RCIC turbine steam supply,
restraints are provided for the portion above the
main steam relief valve platform to protect con-
tainment and the HPCS and safety relief valves.
For the section.of this system below the main
steam relief valve platform, the pipe movement
resulting from postulated breaks will ‘move
radially inward impacting the sacrificial shield
or vertically down impacting the elevation 512
ft. platform. The CRD piping bundle in this area
is located above this line precluding impact.

1

Main Steam Valve Drainage Piping

System’ Arrangement

The main steam valve drainage piping consists of

four, 2-inch pipe lines, each originating at the

bottom of the four main steam isolation valves

inside primary containment. The four lines are

routed above the diaphragm floor joining into

one, 3-inch line which then exits containment. :
Isolation valves are located just inside and just
outside of the prlmary containment protection.

. Pipe Whip Protection

The postulated pipe breaks and pipe whip
restraints for this system are shown in Figure

I
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3.6-30a. Where pipe breaks are postulated the
system is restrained to prevent unacceptable
motion of the main steam valve drainage piping.
A number of the pipe whip restraints for this
system are mounted on specially designed struc-—
tures built up from the diaphragm floor. The
remaining restraints are attached to the ‘struc-
ture between primary containment and the
diaphragm floor (See 3.6.2.5.4.1b), which has
been designed to support the main steam and reac-
tor feedwater pipe whip restraints.

Verification of Pipe Whip Protection Adequacy

Sufficient pipe whip protection is provided for,
the main steam valve drainage piping to assure
safety as defined in 3.6.2.5.2. Pipe whip
restraints are provided for this system to pro-
tect primary containment structure and. the
diaphragm floor. Other required safety systems
are protected by separation, by being located at
considerably .higher elevations.

Main Steam RPV Head Vent System
System Arrangement

The RPV head vent system consists of a 2-~inch
line which originates at the top of the RPV dome
and is routed through the primary containment
bulkhead plate at -azimuth 237°. The line is then
routed below the bulkhead plate, to azimuth 70°
where it drops down to elevation 570 ft. and
301ns a 26-inch main steam llne.

Pipe Whlp Protectxon

The postulated pipe breaks and pipe whip
restraints for this system are shown in Figure
3.6-3la. For the piping section above the
bulkhead plate, the pipe whip restraints are
mounted onto a removeable lattice framework. For
the portion of this line below the primary con-
tainment bulkhead plate, the restraints are.
mounted on structures, which tie into the stif-
fening beams for the bulkhead plate.
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c. Verification of Pipe Whip Protection Adequacy

o Sufficient ' pipe whip protection is provided for
the RPV head vent piping to assure safety as
defined in 3.6.2.5.2. There are no safety
related systems in the vicinity of the RPV head
vent piping and pipe whip restraints are provided
to protect the primary containment structure.

3.6.2.5.4.11 Main Steam and Reactor Feedwater Piping Inside
' Main Steam Tunnel

- System Arrangement ’

The four, 26~inch maln steam and two, 24-inch
reactor feedwater lines inside the main steam
tunnel originate at the primary containment
penetrations and run-horizontally to the end of
the tunnel. At this point, the six lines drop
vertically and are then routed horizontally
within the turbine generator building. An isola-
tion valve is located ln each line just beyond
the penetration.

T

b. Pipe Whip Protection

- The postulated pipe breaks and pipe whip
restraints for the main steam and reactor feed-
, water lines inside main steam tunnel, are shown
l in.Figures 3.6-33a and 3.6-34a. Where breaks are
postulated, the six lines are restrained to pre-
vent unacceptable motion. The restraints are
mounted on steel structures which then tie into
the concrete walls and floors.

C. Verlflcatlon of Pipe Whip Protection Adequacy

Sufficient pipe whip protection is provided for
the main steam and reactor feedwater lines inside
«the main steam tunnel to assure safety as defined
in 306.205.2. .

[y
.

The basis for providing protection in this area
.1s to prevent pipe whip impact with adjacent iso-
lation valves and to prevent pipe break damage
escalation. The six lines and the six isolation
valves in this area are located in close proxi-
mity to each other. A plpe break in one of
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the six lines, if unrestralned, may result in
pipe whip impact with adjacent isolation valves,
possibly rendering them lnoperatlve. Futhermore,
unrestrained motion may cause impact with other
lines, which may result in escalation of pipe
breaks. Such a condition may unacceptably
increase the severity of the initial pipe break.

Residual Heat Removal System (RHR) - Low
Pressure Core Injection’

System Arrangement

o

. The RHR/LPCI piping consists of three, l4—1nch |

loops whose arrangement is the same for two loops
with the third loop being the mlrror -image of the
other two.: The piping orlglnates at .the reactor
vessel at elevation 552 ft., rises vertically to
elevation 563 ft. where there is a horizontal
section with a check valve. This valve is nor-
mally closed, limiting the high energy portion of
each loop. After ther valve, the normally
unpressurized section of piping drops to an ele-
vation just below the main steam relief valve
platform where it is routed to a‘’penetration
through primary containment at elevation 534 ft.

Pipe Whip Prétection

The postulated pipe breaks and pipe whip
restraints for the three RHR/LPCI mode plplng
loops are shown in Figures 3.6-20a, 3.6-2la and
3.6-22a. Where pipe breaks are postulated, the
three piping loops are restrained to prevent
dnacceptable motion. The restraints for this
system are mounted onto the sacrificial shield
wall and also on structures which tie back to the
sacrificial shield wall.

Verification .of ?ipe Whip Protection Adequacy
sufficient pipe Whlp protectlon is provided for

the RHR/LPCI mode piping to assure safety as
defined in 3.6.2.5.2. The pipe whip restraints
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Limit pipe motion resulting from postulated
breaks to preclude impact with primary con-
tainment and adjacent feedwater or core. spray
piping. Impact with adjacent feedwater or core
spray piping may result in pipe break escalation
that. can exceed limitations of pipe break area

"and pipe break combination. - The CRD piping

bundles are separated by a considerable distance
from high energy sectlons of the RHR/LPCI mode

p:Lp:Lng. = ' D

RPV Draln System

System Arrangement

The RPV draln system is a 2-1nch line that origi-

nates at the bottom of the reactor pressure
vessel and is routed inside the peedestal to a
sleeve which leads through the pedestal. Outside
the reactor pedestal; the line then joins the

RWCU system.

Pipe Whip Protection

The postulated pipe breaks and pipe whip
restraint for the RPV drain system are shown in
Figure 3.6-32a. At postulated pipe break loca-
tions inside primary contalnment, the RPV drain
system is restrained to prevent unacceptable
motion of the pipe. This system contains only

one pipe whip restraint. Where the pipe is

routed along the platform at elevation 512'-8",
the pipe whip restraint is mounted on a trans-
verse beam which is welded to the top of the
radial platform beams. '

Verification of Pipe Whip Protecton Adequacy

Sufficient pipe whip protection is provided for
the RPV drain system to assure safety as defined
in 3.6.2.5.2. The single .pipe whip support for
the RPV drain system serves the dual purpose of

" providing pipe Whlp protection and seismic

restraint. The pipe whip restraint is located

‘above the platform at elevation 512'-8", and is

designed to prevent lmpact with the Quality Class
I electrical conduits in the immediate vicinity
of the RPV drain 'line. 'Since an annular ”
clearance of only 1/16-inch is maintained between
the pipe and the pipe whip support, the pipe whip
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* support is also utlllzed as a rigid three-way -

3.6.2.5.4.14

Qe

support. o
Reactor Recirculation Cooxing System”
System Arrangemént

The recirculation piping consists of the pump

. discharge and suction piping systems. The recir-

culation pump "A" and' "B" discharge lines' are
arranged with mirror image symmetry, in the
northern and southern segments of primary con-
tainment. . The lines exit the reactor pressure
vessel in five, equally spaced, l2-inch diameter
lines commencing at azimuth 30°. and ending at
azimuth 150° (for the mirror image azimuth 210°
to 330°).  These five lines drop vertically
alongside the sacrificial shield wall, from ele~
vation-536'~1 1/4" to a l6-inch diameter header
at centerline elevation of 528'-1 1/4". A single
24-~inch diameter line then drops vertically from
the center of the header to elevation 506'-5 1/8"
where it is routed into the dlscharge nozzles of

" the recirculation pumps.

3 . 6"7-2&
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The recirculation pump "A" and "B" suction 11nes
consits of two mirror image systems oriented
along the.0° and 180° azimuths with respect to
the reactor pressure vessel. Each loop consists
of a single 24-inch diametér line which exits the
reactor, pressure vessel at elevation 535'-3/4"
and drops vertically alongside the sacrificial
shield wall to elevation 502'-6 1/8" where it is

routed to the suction nozzles of the reczr-
culatlon pumps.

Pipe Whlp Protectlon

For the recxrculatlon pump suction and dlscharge’]

_systems, the location of postulated pipe breaks

and pipe Whlp restraints are shown on Figure .3.6~
35. Where pipe breaks are postulated inside: prl-
mary containment, the recirculation system plplng
is restrained to prevent unacceptable motion.
These restraints are generally mounted on the
side of the sacrificial shield wall structure or
the reactor pressure vessel (RPV) pedestal, imme-
diately below. Four restraints, which are
located near the diaphragm floor and are not near
the sacrificial shield wall or the RPV pedestal,

consist of saddle type structures mounted on the

dlaphragm floor.

Verification of Pipe Whip Protection Adequacy

Sufficient pipe whip protection is provided for

. the reactor recirculation cooling system piping

to assure safety as defined in 3.6.2.5.2. Pipe
whip supports are provided to prevent impact with
the diaphragm floor as well as to mitigate the
consequences of a pipe rupture with- respect to
surrounding piping systems, structures and com-
ponents required for safe shutdown.

The physical separation of the recirculation
system from the containment vessel precludes any
damage that could result as a result of postu-
lated pipe break.

*
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MAXIMUM DUCTILITY  RATIOS

STEEL STRﬁCTURAL COMPONENTS

»

Steel Beams (Lateral Load)

(Note: To develop this ductzllty, the flanges
must be thick enough to prevent local '

plastlc buckllng) = o . 7 ’ 26 -
.Steel Beams (Lateral and Axxal Load) S -
Welded Portal Frames (Vertlcal Load) e : "6-16

REINFORCED CONCRETE STRUCTURAL COMPONENTS

Tension relnforced concrete beamsuand 0.10 ‘:(10
slabs, (flexure controls design) p*

Doubly reinforced concrete beams and 0.10 <10
slabs, (flexure controls design) , p-p'**
Reinforced concrete columns, walls and 1.3 T

other elements exhibiting brittle frac-

ture, (compression controls design) ) S

*p: is the ratio of tensile relnforcement and must satisfy &

the limitations: . ‘ .

0.0025 < p = AS < 0.015 o :
vd o

**gp' is the ratio of compression reinforcement and must-
satisfy the limitations: :

p' = A'S > 0.0025
bd

v | 3.6-76







"TABLE 3.6-8

DYNAMIC STRENGTH OF MATERIALS

x

IR _Dynamic Increase Factor
: T (DIF)
'1. Reinforced Concrete .
- Concrete '
--Compression,-axial or flexural” 1.25 ¢ .!

. Shear as a measure of diagonal

- . tension and punching shear . 1.90 L )
Bond ' : ) " 1,00
Rginforcing'Steel’ . ; ’
Tension S ) ‘ . 1.10
e Compression = m _ "1.10 '
" Shear reinforcement to resist shear " ' S
as a measure of diagonal tension : - . |
and punching shea{ . . N . - |
. 2. Structural Steel . , . . _— i
e T e e eemeriim—— e e o i ee am a4 e @ e mm e t e e g e =
Flexure and tension - 1.10 ., . . |
Compression | . . . 1.10 |
§heé; . : “_ S . +1.00
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N\
TABLE 3.6-9 ° .

RESISTANCE ~YIELD DlSPLACEMENT

VALUES FOR BEAMS

YIELD

DESCRIPTION , RESISTANCE DISPLACEMENT
(1) CANTILEVER | '
l Rm | . 3
4 "Rm =Mu - xe=Rml
1< 2 L 3EI
L . . N
. (2) SIMPLY SUPPORTED
‘| Rm . 3
1 Rm=4Mu xe =Xm L
‘ A yol R 48E1
_ | L/2 l L/2
(3) FIXED SUPPORTS
L Re g
4 Z Rm = 4MEMR) =RmL3
j J ; - "'———L-— I92EI
T w2 Lz

WHERE ¢ : :
ME = ULTIMATE POSITIVE MOMENT CAPACITY . (FT.- LBS)

MG=ULTIMATE NEGATIVE MOMENT CAPACITY.(FI- LBS )
‘ 1 =MOMENT OF INERTIA (IN3)

FOR REINFORED CONCRETE I= Ia.
SEENOTES ACCOMPANYING THIS TABLE
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TABLE 3.6-9 (Continued) Page 2 of 3 -

NOTES: -
The resistance of typical structural elements, whose flexural
strength defines the minimum capacity, and their yield
displacement approximations are presented in Tables’ 3.6-9 and
3.6-10. It is preferable that the limiting capacity of an
~element be in the flexural mode, not in shear. 1In evaluating
the yield displacement with the usual elastic analysis, the
moment of inertia must account for cracking of concrete sec-
tions. The empirical relation for this type of loading 1s an
average moment of 1nert1a, Ia,*calculated as follows:

I "y 1/2 (Ig + Ic) = 1/2 (bt-' + de3) .
: )

Ig = Moment of inertia of gross concrete cross
"section of thickness t about . its centroid
. (neglecting steel areas) (inches%)

Ic = Moment of lnertla of the cracked concrete
section (inches%)

b = Widtﬁ of concrete sections (inches) .
‘F = Coefficient for moment of inertia of
o . cracked section with tension reinforcing
© ‘ only (see Figure 3.6- 121) - .
Lt = Concrete thickhess (inchés)
d = Distance from extreme compression fiber

to centroid of tension reinforcing*(inches)

The moment of inertia, Ia,,as calculated by the above equation °
must be used in the displacement eguation in Tables 3.6-9 and
3.6-10 for all reinforeced concrete members. The ultimate
moment capacity of a concrete section is considered as ‘the .
moment strength:

i

«

My = 0.9Ag £4y (d - a/2) (inch-1bs)

‘ 3 L) 6-90
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’ TABLE 3.6-9 (Continued) Page 3 of 3

.. NOTES: (Continued) . :
Where: . S . .

Ag = area of tensile reinforcing steel (in2)

<

'féj‘= allowable dynamic yield stress for
. re1nforc1ng ‘steel (lbs /1n )

.. 7 a _=*d1stance from extreme compression flber
,to centromd of’ tens;on relnforclng (1nches)

‘a = depth of equivalent rectangular stress-
° block (lnches)

If the element has compression steel, the appropriate equation
for compression steel-applies.

The amount of reinforcingvsteel in concrete members satisfied
the following criteria:

2

 For members with tension steel only:
1.44E'c yp0\2 Ag 0.25 £
< < 2eL2 Lo
2 ()" =$3 = %,
" For members with tension and compression steel:
104 f.c t2 < A ‘.
BLTe(ef <

bd

>

AS;AS(__) <025f' :

fy
Wheres .
f'e = compression strength of concrete (1bs/in2)
A'g = area of compress;ve reinforcement

of concrete (.'anh ) | '
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TABLE 3.6-10

T RESISTANCE-YIELD DISPLACEMENT

VALUES FOR SLABS AND PLATES

, . YIELD
DESCRIPTION RESISTANCE DISPLACEMENT
(1) SIMPLY SUPPORTED ON BN
ALL 4 'SIDES WITH LOAD
T AT CENTER. T
a * Rm Rm= Zvn-Mu ?(&ﬁ-_og.Rm az' (I'—YZ) .
: : 12ET
P . ,
‘ ozl o Tt 112 1.4 1.6 | 1.8 |20 | 3.0 |©
) o< 10.139010.1518 |0.1624 |0.1781 {0.1884]0.1944

0.198] ]0.20229(0.203]

(2) FIXED SUPPORTS ON v = POISSON'S RATIO
ALL 4SIDES WITH - ..~ .+ = THICKNESS (IN.)

LOAD AT CENTER. E = MODULUS OF ELASTICITY (1b/INZ)
, T = MOMENT OF INERTIA ‘PER UNIT WIDTH(INY/M),
.___FOR REINFORCED CONCRETE SECTION I=Ta.
L TSEENOTES_ACCOMPANYING TABLE 3.6-9
My, SULTIMATE POSITIVE MOMENT CAPACITY
- 27 (INGIb/ING) ‘ g
. MG =ULTIMATE NEGATIVE MOMENT CAPACITY
. e (MNB./INY) ' =
. 2 ®* Rm | “Rm=2W(Mg +Mg) j Xe=xXRma®(1-v2)
A A . -t L 12E1

e = * lb/a | 10 1.2 1.4 .6 | 1.8 | 2,0 [0

. ' s es o061 |0,0711610.0830]0,085410,086410.0 866{0.0871)
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Q TADLE 3.6-11

DESIGN LOADS IN AREAS WHERE PIPING FAILURES OCCUR

For pipe break thrust 1oac'la at pipe break number locations, sae Table 3.6-6

»

=

«

Differential . . llung Loads
Pipe . . Differential Tcmpgmtum Live (psaf) Bqu:p.
Break Elev. Pressure ('F) Load Fron From Loads
Nos. Roon (ft.) (psi) Int. to Int. Int. to Ext. . (psaf) Floor Ceiling (Kips)
16 to 18 R 15 422 0.51 o - 40° - - 59 1.4%
. Pump
19 to 20 R 113 441 . 033 - 0° 40° . 250 59 68 None
.21 to 23 R 112 441 0.51 o° 40° 250 59" 68 None
24 to 26 R 206 471 0.05 o° 40° 250 32 34 None
27 to 31 R 313 510'-6" 0.48 . o° 40° 250 40 30 lNone
32 to 33 R 305 501 0.00 o° 40° 1000 34 85 lNone
34 to 35 R 408 522 1.0 f o° - 7 250 ... 41 88 None
36 to 45 R 406 522 15.0 0° - 25 . 126 0 1.5%
& 407 . a Puap
46 to 55 R 409 535  11.0 0° - 250 40 80 Hona
56 to 57 R 511 548 4.4 20° - 400 8o (13 None®
58 to 68 R 510 548 1.8 20° - . 400 & 65 51 Heat
e : Exchs.
. ' - L 16.2 &
) . 29.5
69 to 70 R 509 548 2.1 - 20° - . 400 ., 88 50 Hone
71 to 72 R 106 444 0.09 o° 40° 7 250 74 84 None
73 to 82 R 206 471 0.05 0° 40° 250 - 84 “34 Vaporizer
83 to 86 R 604 572 0.03 0° 40° 250 15 36 None
87 to 93 R 206 T4mn 0.05 0 40° 250 15 45 Vaporizer
94 to 97 R 504 548 0.00 o° 40° 400 59 15 None
98 to 106 R 604 572 . 0.03 o° 40° 250 15 36 Heat and
. ) cht Unit
) 51
Stean
Tunnel R 310 501 20.0 20° - 1000 277 41 None
HOTES: 1. For location of pipe break nos,, see Figures 3.6-43 thru 3.6-62 .
2, For vertical and horizontal saeismic factors, sec 3,7 ° ° -
3.
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node

Node"

Node
Node
Node
Node
Node
Node
Node
. .Node
Node
"Node
Node
Node
Node
Node
Node
Node

215
216
217
219
221
222
223

224 .
226 -

227
229
230
232
291
628
630
632
634

LONGITUDINAL BREAKS

Node
Node
Node
Node
Node

218
220
225
228
231

®

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
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MAIN STEAM LOOP A
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node 233
Node 234
" Node 235
Node 237
Node 238
Node 239
Node 240
‘Node 242
Node 243
Node 245
Node 246
Node 248
Node 249
Node 251
Node 292
Node 636
Node 638

Node 640
0 Node 642
Node 6445‘

LONGITUDINAL BREAKS

Node 236
Node 241
Node 244
Node 247
Node 250

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
. NUCLEAR PROJECT HO. 2
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CIRCUMFERENTIAL BREAKS

Node
Node
Node
Node
Node

* Node
Node
‘Node
Node
Node
Node
Node
Node
Node

. Node
. Node
. Node

Node
Node
Node

»

252
253
254
256
257
258

259
261

262

264 .

265
267
268
270
293
646
648
650
652
654

LONGITUDINAL BREAKS

SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

Node
Node
- Node
Node
Node

255"
260
263
266
269

»
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FIGURE
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node

271
272
273
275
277
278
279
280

‘282

283
285

286 °

288
290
656
658
660
662

LONGITUDINAL BREAKS

Node 274
Node 276
Node 281
Node 284
Node 287
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

"

Node
Node
Node
Node
Node
Node
Node
Node
Node

419
420
421
423
424
426
427
428
429

LONGITUDINAL BREAKS

' Node 422
Node 425

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
ROCLEAR PROJECT NO. 2

i

REACTOR WATER CLEANUP
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS
T~

CIRCUMFERENTIAL BREAKS

Node 340 ) Node 372 Node 388
Node 341 ' Node 373 - ° Node 389
Node 342 Node 375 Node 389Aa
Node 343 . Node 377 Node 38%9B
Node 344 . . Node 379 Node 390
Node 345 Node+ 380 Node 391
Node 347 Node 381 . Node 392
Node 348 . Node 381A - Node 393
Node 350, Node 381B Node 394
Node 352 Node 382 Node 395
Node 365 - Node 383 . Node 396
Node 366 ) Node 384 . Node 397
Node 367 Node 385 Node 399
Node 368 . Node 386 ' Node 400
Node 369 . Node 387 Node 402
Node 370

LONGITUDINAL BREAKS

Node center of [341, 342, 343] (TEE)
346 )
349 )
Node center of [384, 385, 386] (TEE)
374
. 371 :
: Node center of [366, 367, 368] (TEE)
f Node center of [394, 395, 396] (TEE)
398 - . ‘
401
Node center of [389, 389a, 390] '(TEE)
Node center of [380, 381, 381A] (TEE)

wz\sa_mcroamucmmsrsm
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node
Node
Node
Node
.- Node
Node
Node
Node
Node
.-Node
Node

Node

e

17
18
20
21
22
23
25
26
28
29
30
31

LONGITUDINAL BREAKS

Node 19 -~
Node 24
Node 27

WAS.EING'I‘ONPUBLICPOWERSUP?LYSYSM ,

'. ROCLEAR PROJECT.NO. 2

.RESIDUAL HEAT REMOVAL LPCI
MODE. LOOP A

PIGURE
3.6-20N
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SUMMARY OF POéTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node 33
Node 34
Node .36
Node 37
. Node 38
Node 39 ..
Node 41-: -
Node 42 . ™ ..,
. Node 44, . .. 0
‘ ‘- Node-45 | "% .,
Node 46 - . ‘ s
Node 47,

3

LONGITUDINAL BREAKS

“  Node 35
Node 40
Node 43

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
RUCLEAR PROJECT HO. 2

-----

RESIDUAL HEAT REMOVAL LPCI
MODE "LOOP B

PIGURE
3.6-21b|
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node 49
Node 50
Node 52
Node 53
Node 54
‘ Node 55
Node 57
Node 58
Node 60
Node 61
Node 62
Node 63 .

LONGITUDINAL BREAKS

Node 51
Node 56
Node 59

NUCLEAR PROJECT NO. 2

. e
WASHINGTON PUBLIC POWER SUPPLY SYS™EM RESIDUAL HEAT REMOVAL LPCI PIGURE
™~ MQDE.;LOQOP C 3.6-22b
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SUMMARY OF POSTULATED PIPE BRéAK LOCATIONS

CIRCUMFERENTIAL BREAKS-

Node 65

Node 65A

- Node 65C
" Node 65D, r
Node 65F e
Node
Node 66, .

Node 67 "' !%:..7 .

Node 69.
. Node 71

LONGITUDINAL BREAKS

. Node 65B
Node 65E
Node 68

Pl
wasmcrou PUBLIC POWER SUPPLY SYSTEM RESIDUAL HEAT REMOVAL SHUTDOWN FIGURE
COOLING LOOP A

3.6-23b
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node 72A

Node 72B

Node 72D

Node 72E

Node 72G

Node 73

Node 74 .- -
Node 75 =~ °
Node 78 -

LONGITUDINAL BREAKS

Node 72C
Node 72F
Node 76

~
: RESIDUAL HEAT REMOVAL SHUTDOWN PIGORE |
VASHINGTON FUBLIC POWER SUFPLY SYSTEM COOLING LOOP B . 3.6-24b| "
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

' Node 79A -
Node 79B
Node 79D
- ©  Node 79E .
| . Node 796G *~
‘. Node 79H .
‘Wode 793
Node 80
Node 81
Node .82

.

LONGITUDINAL' BREAKS

Node 79C
. ’ Node 79F
Node 791

.

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
KOCLEAR PROJECT NO. 2

RESIDUAL HEAT REMOVAL SHUTDOMN
COOLING. SUPPLY

PIGURE

3.6-.

25b




v - f
. .
'
.
.
*
.
‘
~
|
-
s
.
»
' . w
- »
"
A3 '
3
®
|
®
ks
M .
*
-
L4
®
> i
L B
a
[
1
»
-
)
1
"
N '

v

'
! ,,,
»



.

5 ewverma marme v ma——

LATER

WASHINGTON PUBLIC PCWER SUPPLY SYSTEM
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RCIC RPV HEAD SPRAY

PIGURE
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node
Node
Node
Node
Node
Node

Sourpboe

A Y

LONGITUDINAL BREAKS

Node 3 .

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
RUCLEAR PROJECT XO. 2

LOW PRESSURE CORE SPRAY  °

PIGURE
3.6-27b
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS LONGITUDINAL BREAKS

Node 9 .

Node
* Node
Node
Node
‘Node

10
12
13
14
15

Node 11

.

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

HIGH PRESSURE CORE SPRAY

PIGURE
3.6-28b
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

CIRCUMFERENTIAL BREAKS

* Node
Node
Node
Node
Node
Node

) Node
Node

. Node

- Node
Node
Node
Node
Node
Node
Node
Node
Node

194
195
197
198
200
201
202
203 -
205
206
208
209
211

FARY

212
212Aa
214
214A

-

LONGITUDINAL BREAKS

Node
Neode
Node
. Node
Node
Node
Node

196

199~

201A
204
207
210
213

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
RUCLEAR PROJECT HO. 2
!

RHR CONDENSING MODE RCIC
TURBINE STEAM

PIGURE
3.6-29b
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SUMMARY OF POSTULATED PIPE BéEAK LOCATIONS

CIRCUMFERENTIAL BREAKS

Node 541. Node
Node 542 Node
Node 543 Node
Node 544 . -Node
Node 545 Node
Node 546 . Node
Node 547 . Node
Node 549 R . Node
Node 550 Node
Node 551 Node
Node 553 Node
Node 554 Node
Node 556 Node

557
558
559

560

562
563
565
566
568
569
570
571
573

Node
Node
Node
Node
Node

Node
- Node

Node
Node
Node

" Node

Node

574
576
577
578’
579
580
582
583
585 -
586, |
588
589

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
" NOCLEAR PROJECT NO. 2

MAIN' STEAM VALVES DRAINAGE -

PIPING

FPIGURE
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SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

Node

Node

Node

Node

Node

v Node
- Node
Node

Node

* Node

Node

Node

Node

Node

a Node
. Node

663
664
666
666A
6668
667
668
669 .

670 -
671 .

672
673
674
675
675A

6758,

CIRCUMFERENTIAL BREAKS

Node

Node

Node

Node

) © o . Node
SR . _Node
. - Node

. o " Node

- T : Node

Node

Node
Node
Node
Node
Node
Node

676
677
678
679
680
681
683
687
689
690
692
694
695
696
697
698

WASHINGTON PUBLIC POWER SUPPLY SYSTEM

NUCLEAR PROJECT NO. 2

MAIN STEAM RPV HEAD VENT

PIGURE
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b e e or A o,

CIRCUMFERENTIAL BREAKS

WP-2

SUMMARY OF POSTULATED PIPE BREAK LOCATIONS

Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
* Node
.« Node
Node
Node
Node
Node
Node
Node
Node
Node

. Node

Node
Node
Node

.- Node

Node

_.Node

Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node

80
117
118
120
123
124
125
1254
126
127

‘128 ¢

129
132
168
169"
171
173
174
175
175a -°
176
177
180

LONGITUDINAL BREAKS

"Node .7A
Node 10B
’ Node 13A
Node 70A
Node 73A
Node 76A -
Node 123A
Node 126A
3 Node 128A
. , Node 173A
Node 176A

wnsmcrou PUBLIC POWER SUPPLY SYSTEM

NUCLEAR PROJECT NO. 2

MAIN STEAM LOOP A, B, C, & D INSIDE
MAIN STEAM TUNNEL

FPIGURE
3.6-33b
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LATER
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REACTOR FEEDWATER PIPING LOOP A
INSIDE MAIN STEAM TUNNEL ,

PIGURE |

3.6-34h







& = — ——— ——

= e Ay pouy

e — o

DELETED

WASHINGTON PUBLIC PCWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

PIGURE
3.6-34c







JET REACTION} 3

- (F)

L

oz

Z

ORIGINAL POSITION |  FINAL FPOSITION |
- (AT TIME OF IMPACT

PR .. WITHTARGET .
' STRUCTURE.)

NOTE: EFFECTS ON TARGET STRUCTURE ARE *
(D AJET REACTION FORCE, F (FOR TIME
HISTORY DESCRIPTION, SEE FIG. 3.6 -118 ) AND
" (2) IMPACT DUE To ENERGY ACCUMULATED
BY PIPE WHILE BEING ACCELERATED
FROM ORIGINAL To FINAL POSITION.
~ (3) CIRCUMFERENTIAL BREAK 1S SHOWN

s

AMENDMENT NO.’

TARGET
STRUCTURE

/////////////'[////'//‘/\.//

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

[ PIPE_WHIE TMPACT ON_TARGET... _{3.6-116

FIGURE







AMENDMENT NO.'

o : " ,
TETIIMPINGEMENT . .
. "RESULTANT FORCE ().~
' _ R _TAReET
LONGITUDINAL spm N\ STRUCTURE
IN PIPE ELBOW ™ .0 LI |
S S ] N
. -;. 4 - At .'.. . \
.P,'PE.-- N\ \ .
« ' . \
AN
| AN
|
. JET IMPINGEMENT ~ ~
. . RESULTANT FORCE (F)
— ' CIRCUMFERENTIAL BREAK . '
. o AN
. 7 N\
g ; 7 N\
\:_E\
. \\
4. , N
N
N
| N
g ! N TARGET .
h—"  STRUCTURE

‘NOTET FOR T\ME HISTORY DESCRIPT\ONS
SEE FIG, 3.4-118

FIGURE

WASHINGTON . PUBLIC POWER SUPPLY SYSTEM '
ST TET IMPINGEMENT ON TARGET  [3.4-117

* NUCLEAR PROJECT NO. 2.
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WASHINGTON PUBLIC POWER SUPPLY SYSTEM | TIME HISTORY OF JET IMPINGEMENT | FIGURE
' NUCLEAR PROJECT NO. 2 AND REACTION FORCE 3562118







AMENDMENT No,

\ ry ELASTO- PLASTIC .

STRUCTURE .
FORCE
4 RESISTANCE
= ’ FORCE -
Rm
TME R

' DISPLACEMENT)

SPRING

DISPLACEMENT

(B) STEEEUNCTION-LOAL_"(C) RESISTANCE FUNCTION

() SINGLE DEGREE OF FREEDOM MATHEMATICAL IDEALIZATION FOR A °

NUCLEAR PROJECT NO. 2.

WASHINGTON PUBLIC POWER SUPPLY SYSTEM

STRUCTURAL RESPONSE TO -
. TRSTEEFUNCTION LOADING

FIGURE,

1564119







AMENDMENT No.

' cet . T ' "RESISTANCE ~ -
RESPONSE DISPLACEMENT -
FUNCTION

AVAILABLE STRAIN
ENERGY WITHOUT
OTHER LOADING

AVAILABLE STRAIN
ENERGY WITH
OTHER LOADING

ELASTO-PLASTIC

Xe Xm

—] x"‘__.

R

|
Xo Xa  *m

NOTE : SHADED AREA (STRAIN ENERGY)

MUST EQUAL E,(FROM 3.6.1.6.3.2.)

-~
-

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

RESISTANCE - DISPLACEMENT FUNCTIONS] r1cure
WITH: ASSOCIATED STRUCTURAL RESFONSE|3 ¢ - 120

- |WITH £WITHOUT EFFECT OF OTHER LOADS
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NOTE

THE WALL REBOUND FORCE IS USED
IN A DIRECTION OPPOSITE TO THE
PIPE OR PIPE JET IMPACT LOAD,

' To DETERMINE R,

Ye.L1
R
mi..

YeL, _

E1=uYeL Rmy=ER=4 YeL.) Amy

_OR mYel, (Rm
Rm

THEREFORE, Rmj° =

OR Ry ‘—jr—zlﬁ Rm

AMENDMENT No.

Yel, l .

a)Rmz .§ YeLs Rm1

4

REBOUND |
ENERGY=ER

R

2 - .

EL{=ER

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2.

PIGURE

DESIGN FOR WALL REBOUND 36122







Abnormal Loads

Abnormal loads are loads generated by the design

basis accident under consideration.

Pa

.Pl

Maximum differential pressure equivalent
static load within or across a compartment
generated by the postulated pipe break, and
including an appropriate margin to account
for uncertainty in the calculations. A
small break case is also lnvestlgated.

Py loads are due to a high energy pipe
break outside containment and are discussed
in 3.6.1.6; this 1ncludes pipe break in the
maln steam tunnel.hi i
Negatlve 1nternal pressure or positive
internal pressure (noted below) relative to
the outside atmosphere and acting only
within the reactor building secondary con-
tainment in conjunction with other loading
including the design basis tornado or the
safe sputdown earthquake (SSE).

(1) Positive internal pressure =, (+) 0.25°
psig

(2) Negative internal pressure = (-~) 0.012
psig

Effects of thermal environment on the
structure generated by a postulated pipe
break. This includes Ty for all other
areas not affected by the pipe break. (See
3.6.1.6). '

Effects of thermal environment on the pipe
reactions on the structure and equipment
reactions on the structure generated by a
postulated pipe break. This includes

Ro for all other areas not affected by the
pipe break. (See 3.6.1.6).

3.8~-126
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Ry = Local effects on the structure (e.g., walls |
and barriers) generated by a postulated
pipe break. (See 3.6.1.6) These effects
include: ”

(1) Reactions from broken pipes, Yp
L

(2) Jet impiﬁgement, Y

(3) Missile impact due to a postulated
ruptured pipe, ¥y : . .

Yy = Equivalent static load on the structure.
generated by the reaction on the broken
high - energy pipe during the postulated
break, and including an appropriate dyna-
mic load. factor to account for the dynamic
nature of the load. :

v. = Jet impingement equivalent static load on a
3 structure generated by the postulated
break, and including an appropriate dynamic
load factor to account for the dynamic
nature of the load. )

Ym = Missile impact load on structure generated

. by or during the postulated pipe break, as
from pipe whipping, arrived at by an energy
approach to account for its dynamic nature
(See’ 3.6.1.6.3). Elasto-plastic behavior
is assumed with appropriate ductility
ratios (from Table 3.6-1), provided
excessive deflection does not result in
loss of function of any safety-related
system. ’

In addition to their.own K dead loads, including the weight of
equipment, piping, cable trays, etc., floors are' designed for
conservative live loads resulting from the movements of the

largest possible pieces of equipment. These live loads are
patterned to produce the most critical loading effects for the

slabs and beams. Floors and roofs are checked for their abi- .0
lity to transmit shear loads through diaphragm action. The

live load on subgrade walls includes a minimum surcharge load

of 300 psf resulting from normal live loads.

Y

3.8-127 ‘e
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a. Exterior and interior walls: 39'-0" pressure head
internally confined by the walls

b. Floor slab: 22'-0" pressure head acting upward
on the slab

For lateral soil pressures on exterior surfaces of the
subgrade walls, see 3.7.2. .

The Seismic shear forces on the exterior (shear) walls are
obtained from the seismic analysis described in 3.7.2.

Loadings due to a high~energy line break outside the contain-
ment are discussed 1n 3 6 1 and 3. 6 1.6.

Loadings on the spent fuel and dryer-separator pools include
the effects of water set in motion by seismic accelerations
and the thermal gradient resulting from the high_ temperature
of the water in the pools.

The siding and roof deck on the reactor building superstruc-
ture are designed to blow off at a specified wind pressure,
ensuring that only the steel frame need be designed for tor-
nado loadings.

As noted in 3.8.4.1.1.4, overpressurization of the main steam
tunnel in the secondary containment of the reactor building is
prevented by means of venting the tunnel to the atmosphere and
to the turbine generator building by means of blow out panels
in the north end of the tunnel. The blow out panels are
de51gned to blow off at 1/2 psi differential pressure. The
tunnel is designed to withstand the internal differential
pressure arrived at on the basis of the pressure history in
the tunnel following a steam line break. For a discussion of
this analysis, see 3.6.1.20. ’

3.8.4.4 'Design and Analysis Procedures

Conventional elastic techniques are used in the design and
analysis of all structural components, subject to qualifica-
tions presented in 3.5.3 and 3.6.1.6. All buildings are ana-
lyzed basically as shear wall structures, and all floors are
checked for their ability to' transmit shear forces through
diaphragm action. Exterior walls are designed to resist a
combination of vertical loads, bending moments and lateral
shear and overturning moments associated with seismic forces
(see 3.7.2) and tornado loads. Longitudinal and lateral

3.8-129
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shears are transferred to the mat through shear friction rein-
Q forcement and keys. The floor slab or beam and column framing
is modeled to most closely approximate the actual structural
behav:.or, and all boundary conditions are =
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determined by stiffness evaluation of the actual intersecting
structural members at the points of interest.

The design and analysis procedures utlllzed comply with ACIX
318-71 Code (Reference 3.8-10) for concrete structures and
with the AISC Specification (Reference 3. 8-11) for steel
structures, except-as qualified in 3.5.3 and 3.6.1.6.

All concrete structures, for both operating and design basis
loadings, have concrete strains limited to 0.003 with the
exception of structures analyzed for the effects of a high-
energy line pipe break outside the containment, where the
elasto-plastic method of design is used (see 3.6.1.6). For
steel structures under operating and design basis loadings, -
strains are limited to within the elastic range, with the :
exception of structures analyzed for the effects of a pipe
break where an elasto-plastic method of design is used
together with appropriate ductility ratios (see 3.6.1.6).

Typical arrangements of reinforcing steel are shown for the
reactor building exterior walls and floor slabs in Figures
308"30’ 3.8"'31, 308“36' 308"‘38 a.nd 308"39.

All interfacing structures are separated by a gap. The gap is
of sufficient horizontal dimension to preclude disturbance of
Seismic Category I structures, including non-Seismic Category
I safety related structures, and Seismic Category II struc-
tures, during the SSE and the Operating Basis Earthquake. The
combined deflections of adjacent structures during the SSE and
the Operating Basis Earthquake are less than the gap.

Seismic Category II structures are arranged and designed in
such a manner that adjoining Seismic Category I structures,
including non-Seismic Category I safety related structures,
will not be damaged by Seismic Category II structures, because
the stresses under the SSE and the Operating Basis Earthquake
conditions are either within the .elastic range or, if not, the
plastic deformations are tolerable.

3.8.4.4.1 Reactor Building .

The distribution of horizontal seismic shears and moments
between the biological shield wall and the exterior walls,
for the normal operating condition and the containment vessel
flooded condition, is determined by using the capabilities of
STRUDL II, as discussed in 3.12.
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The steel supérstructure of the reactor building is analyzed
and designed us:.ng elastic methods in Reference 3.8-11. The
steel roof trusses and the vertical and horizontal bracing are
analyzed for seismic and tornado loads using the STRUDL II
computer program. . .

" * .
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For each of the loading combinations delineated in Table 3.8~
15, the required sectional strength of concrete (U) is calcu- ,
lated using the strength design method of ACI 318-71 with the
applicable capacity reduction factor, modified by -a dynamic
increase factor (from Table 3.6-8) in load combinations 6, 7
and 8 for the abnormal load categories in Table 3.8-15.

The symbol "U" denotes the section strength required to resist
design loads or their related internal moments and forces
based on the strength design methods described in ACI 318-71.

For the stfengtﬁ design'method load combinations, the margins
of safety are contained in the capacity reduction (g) factors
specmfled in the ACI 318~71 code.

3.8.4.5.2 Structural Steel

-

See Table 3.8-17 for the criteria used for:
a. Required limits of section strength, S and Y
b. Section moduli

The symbol "S" denotes the required section strength based on
the elastic design methods and the allowable stressed defined
in Part 1 of the AISC "Specification for the Design,

" Fabrication and Erection of Structural Steel for Buildings”,
February 12, 1969.

The 33% increase in allowable stresses due to seismic loading
is not permitted.

The symbol "Y" denotes the section strength required to resist
design loads based on plastic design methods described in Part
2 of the AISC "Specifications for the Design, Fabrication and
. Erection of Structural Steel for Buildings", February 12,
1969, modified by a dynamic increase factor (from Table 3.6-8
in load combinations 6, 7 and 8 for the abnormal load cate-
gories in Table 3.8-16, under Plastic Design Method).

For steel structures, the elastic working stress desxgn method
of Part 1 of the AISC spec;flcatlon (See Table 3.8-9) is used.:
All the loads considered in the loading combinations are fac-
tored loads.

The plastic design method of Part 2 of the AISC specification
(See Table 3.8-9) is used as may be required for such struc-
tures as pipe restraint supports and pipe whip impacted com-
ponents such as steel plate barriers.
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SEISMIC CATEGORY I AND NON-SEISMIC CATEGORY I SAFETY RELATED

TABLE 3.8-15
LOAD COMBINATIGONS AND LOAD FACTORS

CONCRETE STRUCTURES QUTSIDE PRIMARY METAL CONTAINMENT

) LOAD . SEVERE- EXTREME
LOAD CATEGORY comni-|. NORMAL ENVIRONMENTAL" -ABNORMAL ENVIRON.
- NATION ‘ ‘ * * =1 1ot
. Ul |14 . i ‘
corfs'muc-nonl. vz |09 [r3loov3 | . 1.3
l‘ |04’ l-7 ’ i ’07 i
8 2 . b [r4 j1L7 |14 |14 |17
o U3z L4117 . 1.7 1.4 | 1.7
I ——
Fl E NORMAL U4 |14 17 .4 |7 14 | 1.7
s| 2 Us |09 1.4 [1.1
z|l © U6 |09 1.4 1.4 |17
Y] 3 2 1.4 |11 1.7 1.9
21 9 2b | 1.4 |14 |14 [n4 (1.4 1.4
o s 2b‘ 009 ‘-4
Pl I 3 1|3 113 13
ol & 3b |1 |13 |6t 61 (13 .3
E 1) ] * 1 L4 »
Z| & |severe S [os s
Bl U7, [ 13 13 L3 13
n T IERIE KNI R .3
Q U9 | 1417 1.7 1.9 1.4
(;) ulo | 1.4 | 1.4 1.14]1.4 1.4 .4
) EXTREME ENVIRONMENTAL ‘; 1.0 110 11.0 ] 1.0 - 10
~[g « . bl Bl Reuindl Sk '
d s
[ ) o)
by 325 ABNORMAL 6 |uolro . 1.5 | 1.0 | 1.0
B ABNORMAL /SEVERE :
53% ENVIRONMENTAL 7 |wvolro 1.25 12s] o | 1o | 1o
Fo
';iu',j,’ ABNORMAL/EXTREME ° .8 1.0 {1.0 1.0 10|10 |l1.0 1.0
L O ENVIRONMENTAL vl 1.0 [1.0 |10 |10 1.0
o oo |10 10

SEE NOTES ON FOLLOWING PAGE.
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TABLE 3.8-15 (Continued)

NOTES ¢

In combinations 6, 7 and 8, the maximum values of Pa, Ta.
Ra, Yy, and Y5, including an appropriate dynamic load
factor, are used. The value of ¥ is arrived at by an
energy balance method of structural action (3.6.1:.6.3.2),
to account for the dynamic nature of the load.

In combinations 7 and 8, local stresses due to con-
centrated loads Yp, ¥4 and Yy may be permitted to exceed
the allowable stresses, provided there is no loss of
function of any safety-related system as a result .
thereof. . .

In considering the concentrated tornado missile load in
Combination Ull, local sectlon strength capacities may be
exceeded’ under these concentrated loads provided there is
no loss of function of any safety-related system as a
result thereof.

All the loads listed are not necessarily applicable to
all concrete structures. Loads not appllcable to a par-—
ticular structure are deleted.

If, for any comblnatlon, the effect of any load other
than dead loads’ reduces the stress it is deleted from the
combination. [

Combinations 1 through 8, 1b, 2b, 2b', 3b and 3b'
correspond to those in the NRC Standard Review Plan for
3.8.4. Combinations Ul through Ull are not in the review
plan for 3.8.4, and are used in addition to those of the
review plan combinations.

Dashed lines indicate that the load or load combination
is' not -used.

For load definitions see 3.8.4.3.

This table applies to 3.8.4 and 3.8.5. This table is
displayed, in part, in 3.4.2. :

* Deleted. Replaced by Note 1ll.

Deleted. Replaced by Note 1l1.

Combinations 6, 7 and 8 are used only when abnormal loads
generated by a postulated pipe break are included.
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' TABLE 3.8-16
. . LOAD COMBINATIONS AND LOAD FACTORS .
SEISMIC CATEGORY, I AND NON-SEISMIC CATEGORY T SAFETY RELATED -
STEEL STRUCTURES OUTSIDE PRIMARY METAL CONTAINMENT *

SEVERE EXTREME
LOAD. CATEGORY il . NORMAL EnVIRON| ~ ABNORMAL ENVIRON,
: oD [L|R|T B |E|W]R |Ta|Ra|R.|P'| E'|W
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25|09 ABNORMAL B —— e  p
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o Ex“ wtl ABnoRMAL/sEvERe EnvironmenTaL] 7 | -] - - | | | ==
o 3 | ABNORMAL/EXTREME ENVIRONMENRTAL| W3 |1.0 .0]1.0
;‘:; " ° ' ) ] U.|4 |-° I-O l-O .
K 9 o | NORMAL : : LI
t 32
( S {10 2 |10 |—— 1.0 | 1.0
: ¢ |6k T o o e e W
o b |32| severe enviRonMENTAL e = —
” ; 98 S T e e s == ,
v © : i —=T==1== - pu—
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- D 4\!‘ - [
~ oz ] 6 Jroluo _|us o lio |
S a2 ABNORMAL -. wiz | 1.0 1.0 o
z 4 | &5 | AsnorMaL/sevERe EnviRONMENTAL | 7 [ 10| 10 125 12510 {10 |10
- 1 §3 , . & [10]vw0 ' 1.0 [1.0 [1.0 | 1.0 1.0
i | ABNORMAL/EXTREME ENVIRONMENTAL| wi3 |10 .0 }1.0
u4 | 1o ) 1.0 1.0

SEE NOTES APPLICABLE TO TABLE ON FOLLOWING PAGE.. ‘ Co




TABLE®3.8-16 (Continued) Page 2 of 2

NOTES :

1.

7.
8.

9.

»

In combinations 6, 7 and 8, (factored load conditions,
Plastic Design Method), the maximum values of Py, Ty, Ras
‘Y4, and Yg, including an approprlate dyanmic load factor,
are used; and the value of ¥, is arrived at by an energy
balance method of structural action (3.6.1.6.3.2), to
account for the dynamic nature of the load. .

In combinations 7 and 8, (factored load conditions,
Plastic Design Method), local stresses due to con- !
centrated loads Yy, Y4 and ¥y may be permltted to exceed:
the allowable stresses, provided there is no loss of
function of any safety-related system as a result
thereof.

In considereing the concentrated tornado missile load in
combination Ul4, local section strength capacities may be
exceeded under these concentrated loads provided there is
no loss of function of any safety-related system as a
result thereof. ‘

Thermal loads for factored load conditions are neglected
when it can be shown that they are secondary and self-
limiting in. nature.

All the loads listed are not necsessarly applicable to
all concrete structures. Loads not applicable to a par-
ticular structure are deleted.

If, for any load combination,. the effect of any load
other than D reduces the stress, it. is deleted from the
combination.

Combinations 1 through 8, la, 2a, 3a, 1lb, 2b, and 3b
correspond to those in the NRC Standard Review Plan for
3.8.4. Combinations Ul2, Ul3 and Ul4 are not in the
review plan for 3.8.4, and are used in addition to those
of the review plan combinations.

Dashed lines indicate that the load or load combination
is not used.

For load definitions, see 3.8.4.3.

This table applies to 3.8.4.

1
Combinations 6, 7 and 8 in the Plastic Design Method are
used only when abnormal loads generated by a postulated
pipe break are included.
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Q. 110.002
(3.6.1)

Provide in Section 3.6.1.11.2.1 of the FSAR a definition
of what is meant by the term "contiguous grid”. 1Indicate
clearly whether it includes the corner grids (i.e.,» which
are diagonally adjacent). Discuss the vertical extent of
a8 contiguous grid. Additionally, provide justification
for not assuming the simultaneous destruction of equipment
in more than one contiguous grid.

Response:

In the revised pipe break and missile evaluation the "grid"
approach is not used. Results of this evaluation and the
methodology used will ‘be provided in a future amendment
after the evaluation has been completed.
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Q. 110.003 °
€3.6.1)

Pescribe in 3.6.1.11.2 of the FSAR, how you evaluate the
environmental effects of leakage cracks in high energy
fluid systems postulated in accordance with the criteria
contained in 3.6.2.1.3 and 3.6.2.1.4.2.

Response:

Leakage cracks in high energy piping are not postulated.,
since the environmental and flooding effects of high

energy pipe breaks are considered as described in 3.6.1.11,
and are bounding. The FSAR will be revised to reflect the
results after the current pipe break andvm1ss1le evalu-
ation has been completed.
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Q. 110.004
(3.6.1)

Expand Section 3.6.1.11.3.1 of the FSAR to: (1) provide
justification for not. assuming the simultaneous malfunction
of equipment in one or more contiguous grids; (2) describe
your procedures to evaluate the effects of flooding which
are discussed in 3.6.211.4.2.c of the FSAR.

Response:

Environmental and flooding effects resulting from moderate
energy piping failures are not assumed to be confined by
orid boundaries. Upon completion of the current pipe break
and missile evaluation, the FSAR text will be revised to
reflect this, and to respond to part (2) o7 your question.
~S-ae—ithe—p-osponse—to—Guest-ton—146-68332.







@. 110.005 1 . .
"(3.6.2) ‘

State in 3.6.2.1.1 of the FSAR, the criteria for postu-
lating break locations in high energy p1p1ng not designed
to Seismic Category I criteria.

Response:
The criteria for other piping runs is defined in
3.6.2.1.1.3.%

*See thea—response—to—Question—116-068. . , .
draft revised FSAR page change. .
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Q. 110.006
RSP
(3.6.2)

It is our position that a branch pipe connection to a
main run of pipe need not be considered as a terminal
end when all the following conditions are met: (1) the
branch and main runs are of comparable size and degree
of fixity (i.e., the nominal size of the branch is at
least one half that of the main); (2) the intersection
is not rigidly constrained by the building structure;
and (3) the branch and main runs of pipe are modeled
as a comimun piping system in the stress analysis of
these pipes. Revise Note (a) of 3.6.2.1.1.1.a to
correspond with this definition of terminal ends.

Response:

For the response see revised 3.6.2.1.1.1.a.%

*See attached draft page changes.
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3.6.2.1.1.1° ©Postulated Pipe Break Locations in ASME Sectlon
III Class 1 Piping ) ‘ ,

a. The terminal ends(a) of the pressurizeé~portions
of the xrun.

b. ZIntermediate locations of postul ted pipe breaks
are selected by -application of one of the follow-
ing sets of rules:

(1) Pipe break is postulated at each locatlon
of 51gn1f1cant change in flexibility, such
~as -pipe fittings.(elbows, tees and re-
" ducers), ‘and circumferential connections to
valves and flanges.

117 emeiew

(2) Based ‘on..stress .and fatique analysis, as
calculated according to ASME Code Section
III Sub-article NB-3600, no break is pos~
tulated if any of the following applies:

(a) S (b) does not exceed 2. 4S (e)

(b) S exceeds 2.4S_ but does noe exceed
38_, and the cuflulative Usage Factor
(UT'(8) does not exceed 0.1

Terminal ends are extremities of piping runs that con-
nect to structures, egquipment, or pipe anchors that are
assumed to act as rigid constraints to free thermal
expansion of piping: A branch connection to a main plplng.
run is a terminal end for a branch run, except when the
nominal size of the branch is at least one half that of
the main piping run, and the branch and main run’is et
modeled as a common piping system during the piping stress
analysis.

(2)

(b) L ,
S, is the primary plus secondary stress intensity range,
as calculated by use of.Eguation (1l0) of ASME Code
Section IIXI Subsection NB, Paragraph NB 3653.1 between
any two load sets (including the zero load set) for
normal and upset plant condxtzons, including an OBE event
transient.

(c) .
Sm is:the design stress intensity, as described in ASME
Code Section III Subsection NB Paragraph NB 3229.

(d),U is the Cumulative Usage Factor that indicates the total

fatigue damage as calculated by the procedure in ASME
Code Section III Subsection NB, Paragraph N3 3653.

« mas - e asms
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Q. 110.007
(3.6.2)

Indicate in Note (f) of 3.6.2.1.1.1.b(2)C¢c) of the FSAR
the range of plant operating conditions considered in
your evaluation of Equation 13 of Subsection NE=~3653.6¢b)
of the ASME Code.

Response:

In this evaluation we are using the lLoad combinations
applicasble to the normal plant conditions defined ‘in
footnote (a) to FSAR 3.6.2.1.
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@. 110.007
(3.6.2) ’ , »
Indicate in Note (f) of 3.6.2.1.1.1.b(2)(c) of the FSAR.,
the renge of plant operating conditions considered in

your evaluation of Equation 13 of subsectijon NE-3653.6(b)
of the ASME Code. '

Response:

In this evaluation we are using the load combinations -

applicable to the normal plant conditions defined in s
footnote a) to 3.6.2.1. .
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@. 110.008
(3.6.2)

. Indicate in 3.6.2.1.1.3 of the FSAR how the criteria

for pipings, which is not designed to comply with the
ASME Boiler and Pressure Vessel Code, differs. from
that for piping which is designed to this code.

Response:

The criteria for postulating pipe break Locations in
piping not designed to comply with the ASME Boiler
and Pressure Vessel Code does not differ from that

for ASME Section IIXl, Class 2 and 3 piping.

See revised Section 3.6.2.1.1.3.%

. *See attached draft page change.
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3.6.2.1,1.2 . Postulated Pipe Break Locations in ASME Section
: ' III Class 2 and 3 Piping Runs

a. The terminal ends of the pressurized portions
. of the run.

b. Intermediate locations of postulated plpe breaks

are selected’ by appllcatlon of one of the fol-
lowing sets of’ rules-'

(1) Pipe break is postulated at each location
of smgn;flcant change in flexibility, -such
as pipe fittings (elbows, tees, and re-

,ducers),” and circumferential connections
i~ for, valves~and flanges.u.;p

»- “wm a?® - -4 .-—--

(2) At' each locatloﬁ'ﬁhere the stresses under
the loadings resulting from upset plant
conditions, including an OBE event as calcu-
lated by the .summation of Equations (9) and
(10) of ASME Code Section III Subsection NC,
Paragraph NC 3652, exceed’' 0.8 (l.25, + S )
where Sh and SA are as defined in Paragraph
NC 3611.2.

(3) If there are not at least two intermediate
locations, where the above noted stresses
exceed 0.8 (1.2S_ + S.), a minimum of two
separate locations are chosen based upon
stress, except if the piping run has only
one change.of dlrectlon, a2 minimum of one
1ntermed1ate break is postulated.

._ - bmomnane v v

(4) Intermedlate breaks are not postulated in
" sections of straight pipe .where there are
no pipe fittings, valves, or flanges.

3.6.2.1.1.3 Break Locations in Othér Piping Runs

Postulated pipe break locations for piping other than ASME
Code Section IIXI Class 1, 2 and 3, are postulated in
accordance with pipe whlp criteria whlch—gene&eééy-conforms
to the criteria set forth for ASME Code Section III Class 2
and 3 piping. .

3.6.2.1.2 , Postulated Plpe Break Locations in High Energy

Fluid System Plplng Between Containment Isolation
Valves.

Pipe breaks (not including leakage cracks) are postulated in
locations as indicated below:

306"27
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®.  110.009
(3.6.2)

Provide in Section 3.6.2.1.2.3 of the FSAR a definition
of the phrase "through-wall leakage crack" for which

the tunnel structures are designed. We note that this
section cross-references 3.6.1.20 for further discussion.
However, as noted in Question 110.001, this latter
section is not in the FSAR. .

Response:

The "through=wall Lleakage crack" is defined in
3.6.2.1.4.2. Section 3.6.1.20 has been.provided
with the response to Question 010.011.

N
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Q. -110.010
RSP
(3.6.2)

It is our position that the piping which is between

the containment isolation valves and for which no breaks
are postulated, will receive a one hundred percent
volumetric examination of all welds, including the
circumferential, the longitudinal, and the branch to
main run welds, during each inspection interval. (Refer
to Subsection IWA-2400 of the ASME Code.) Accordingly.,
revise Section 3.6.2.1.2 of the FSAR to provide a
commitment to such an augmented inservice inspection
program.

Response:

As discussed in Section 3.8.6, the WNP-2 design incor-
porates integrally forged (one piece) Type-1 flued head
fittings on all high energy piping containment pene-
trations with the exception of the main steam penetrations.
The main steam penetrations are classified as Type 1,
but are not integrally forged. They are constructed from
a flued head forging welded to a section of process pipe.
That penetration weld is classified as an integral attach-
ment weld and not a pressure boundary weld. Neither the
integrally forged nor the main steam flued heads contain
longitudinal, circumferential, or branch to main run
pressure boundary welds. ALl circumferential, longitudinal.
and branch to main run welds between containment isolation
valves in ASME Section III, Class 1 high energy piping
systems will be examined prior to service according to
the 'WNP=-2 Preservice Inspection Program Plan. That plan
requires one hundred percent volumetric examination of
essentially all pressure boundary welds in piping
exceeding 1" nominal diameter per the requirements of
the ASME Section XI Code. In addition, one hundred
percent volumetric examination of the main steam flued
head integral attachment weld is required. The WNP-2
Inservice Inspection Program Plan will include provisions
to repeat the examinations performed preservice during
each inspection interval on pressure boundary welds in’
all high energy ASME Section III, Class' 1 piping which
is between the containment isolation valves for which.
no breaks' are postutated. Section 3.6.2.1.2 has been
revised accordingly.* ’
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WNﬁ-Z does not contain any ASME Section IIif Class 2
high energy piping between containment isolation ,
valves. ALl such piping is classified as moderate

energy per the definitions provided jin Section 3.6.2.1.°

Therefore, a commitment for an augmented ISI program
for Class 2 piping is not requ1red

*See attached draft page change.
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3.6.2.1.2.1 Postulated Pipe Break Locations in AMSE Section
) III Class I Piping

No olpe breaks are postulated in.the portion of piping

* between primary containment lsolatlon valves, if any of the

following apply: _
(1) s, does not exceed 2.45S .

(2) sp exceeds 2. 4§m but does not exceed 3Sm, and
. the Cumulatlve Usage Factor (U) does not exceed
0 1. .

'(3) Sp exceeds BSm,'but Se and Sy are each less :
than 2. 4Sm,,and U does not exceed 0.1.

*" . -b.r--u
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The stress levels 'if the ASME Sectlon JIIX Class I contain-
ment. penetration high energy piping are maintained at or

below these limits and therefore, breaks are not postulatedu(a)
See 3.€.2.1.2.3 for further discussion of containment pene- )
traticn piping.

3.6.2.1.2.2 Postulated one Break Locations in ASME Section
IIX Class 2 and 3 Piping Runs

See 3.6.2.1.1.2 b.(2) for siress criteria applicable to
ASME Section III Class 2 and 3 piping between containment

,1=olaelon valves.

. The-stress levels are maintained at or below these limits

ané therefore breaks are not postulated. See 3.6.2.1.2.3
for further discussion of containment penetxration piping.

3.6.2.1.2.3 Primary Containment Penetration Piping

Prina*y containment penetrations, in order to maintain con-

tainment integrity, axe desxgned with the following charac-
teristics: .

. a: They are capable of withstanding the £forces
caused by impingement of the fluid from the

rupture of the largest local pipe without
fariure.

b. They are capable of withstanding the maximum
reactions that the pipes to which they are
attached are capable of exerting.

A program for .augmented inservice inspection will be included in the WNP-2
Inservice Inspection Program Plans to prov1de one hundred percent volumetric
ex=n1nat1on each inspection interval o7 all pressure boundary welds sxezafar

ize in Class I high energy pipingfbetween
conta1nment 1solau1on valves for which no breaks are postulated.

) . . 3.6 -28 e&(_.ec;[-r‘/t? 20 I"\C'Lk
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3.8.6.1 Descriptién

3.8.6.1.1 Piping Penetrations - Type 1

Process lines traverse the boundary between the inside of the
steel primary containment vessel and the outside of the bio-
logical shield wall by means of piping penetration assemblies
made up of several elements. Two general types of piping
penetration assemblies are provided: Type 1 (also referred
to as "hot" type piping penetration 