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The criteria used to define the Class 1/Class interface for the reactor coolant

system were briefly discussed. It was identified that a 3/8" orifice is used to

define the Class 1/Class 2 boundary a break downstream of the orifice

can be handled by the normal charging system. The Staff concerns involved what

type of pit downstream of the orifice It was verified that Class 2

[ ng was connected downstrea f any 3/8" reactor coolant re

boundary orifice Based on the above discussions, this item was closed
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he applicant states that Safety Class applies to components of the reactor
= "

coolant covered in Safety Class 1.

- - pu - - C - % 1"
wWhat components of the reactor coolant pressure boundary are not Safety Class
esnnr '
This it was discussed in conjunction with Item 5 and relates to the classification

T certain components which make up the reacto’ c¢oolant pressure boundary as Class

y [t was pointed out that when a 3/8" orifice is used to define the Class 1
pressure boundary, components downstream of the orifice (which are part of
the F v ire boundary) are Class ¢ Typically, such Cl 2 components
t of small g ng and valves It was also pointed out that there are nc
: Y".JV' “r *'vt, KU [ es fa \"“ ':" ‘-‘ G ¢ "{ are ";{:.A~"‘ i 4T *
Z de of the C] 1/Class . re ure bounda terface as define '
ection 3.2 of the Cetawba FSAF Based on the above discussions, this iten
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Table 3.2.2-2 (Page 16) =

NOTES (Cont'd)

X = Protected by virtue of location in a structure designed for
tornado wind and missiles

As Applicable

Tank is provided with diaphragm membrane for oxygen exclusion
Performance test required

Redundant electric heaters are supplied

AMCA Class III and performance tested in accordance with AMCA Standard
Test Code for air moving devices.

United Laboratories

Tanks are designed for all external forces due to soil and water, in-
cluding buoyancy

ASME Code Case 1205

The Diesel Generator Engine and engine mounted ponents and piping ’
are Seismic Category I, seismicaily gualified in accordance with I
Standard 344-1975 The seismic qualification stems from a modal
analysis based on mathematical model derived from experimentally gen-
rated data from Tow level inpedance test performed by the manufacturer.
sts were conducted under two excitation spectrums (2-12 Hz and 9-35
H2z) to cover the relavent frequency band of the seismic disturbance.
The results of the modal analvsis, published by Delaval in report number

2EATTI_IAE *ry

2017-705 Volumes I, II, and IIl, constitutes the seismic qualification.

I W

As documented in Engineering Justification Report SES-JR-10, the one inch
containment isclation valves for this system were purchased as Duke Clacs

F instead of Duke Class B. This was necessary due to the high system
design pressure (8000 psig) which exceeded the pressure/temperature ratings
of the ASME Section 111 Code

seismically qualified per IEEE Standard 344.

a Evaporator vessels are seismic.
b. Steam supply piping is seismic and built to ANSI-B31.1.0 (1967). -
£, Component cooling water supply piping is built to ASME IIl, Class 3.

Rev. 3




Item 6 - Table 3.2.1-2, page 4
Explain the reasons behind the ASME Code and Safety Class classifications of
Fuel and Control Rod Assemblies and Burnable Poison Rod Assemblies and Control

Rod Drive Mechanisms.

Response:

The classification of various components in Table 2.2.2-2 werg discussed and
clarified as follows:

a. Fuel Assemblies - It was pointed out that the criteria used to clarify

components in ANS 18.2 are presently geared to fluid systems components

Thus, ANS safety classficiation for fuel assemblies in the Catawba

SAR were defined as N/A (not applicable). However, i you apply a

ad interpretation of the ANS criteria to fuel assemblies they can

-

|
and that fuel assemblies did not specifically fit into this criteria.

ety Class 2 because they are used to direct

> Taece s . & - ¢ L o Q
De Cciassitied as AND Ja

flow throuch the core and remove heat from the core. It was also

fabricated in accordance with requirements for an ANS Safety Class 2

component. Based on the above,Table 3.2.2-2 (attached) has been revised

t eflect an ANS Safety Class 2 classification
t ontrol Rod Assemblies - The classification in Table 3.2.2-2 was correct

and no further clarification of this item was required.

[ 4 ~ at] ~ DA s -~ D~ - T - . _—— . 2 poae " 3 ~ o o -

Burnable Poison Rods - This component is defined as non-nuclear safety
N C har ¢ 1+ - - At s - -~ £ -~ s oA+~ e A +
YiN, u(‘~du.\" ¢ G0es not per orT any unctior regu red (8 S LaOwr LIIE

plant. Consequently, the ANS Safety Classification (NNS) in Table 3.2.1-2
is correct. Based on the above, this item was resolved.
d. Control Rod Drive Mechanisms (CRDM's) - The classification of thic component

was discussed in detail. The CRDM pressure housing should be classified as

1 1
|

ass 1. The non-pressure boundary portions
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tem / - 1able 3.2.1-2, page &

w

ain the ASME Code and Safety Class classification of the reactor vessel

internals.
rResponse:

he reactor internals for the Catawba plant were fabricated prior to imp
sub-section NG of the ASME Code. However, the reactor internals were designed
and fabricated consistent with the requirements of the ASME Code but do not have
ecific code stress report or stamp. In order to reflect the actual as-built

criteria for the reactor internals, Table §.2.2-2 (attached) has been revised

to indicate that the ASME Code is not applicable. Additionally, Section 3.9

has been revised as discussed in Item 113 to indicate that the above criteria

are a abie to the reactor internals It was also pointed out that the

eact nterr designation includes core support structures. Based on the
ve and the revised FSAR sections, this item was resolved
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e Nuclear Sampling System as NNS

consistent.

page 6) will be revised accordingly

I11-3 but not seismical

The Sample coolers are B31.1 (non-seismic

(as attached
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Generator Engine Starting Air System the starting air tanks are

,

o+
o
(o)
il
®
w
"

seismically designed yet the air compressors are not. How many starts can be

SAR section 9.5.0.2.1 addresses this concern. The starting air storage

capacity of each redundant diese! engine is sufficient for a minimum of five

successful engine starts without the use of the air compressors.
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* This respense 15 4o MEB Review A:'—"J* hem “_‘_°_-T-“¢ 5.2.1-2 mg '

DUKE POWER COMPANY
DESIGN ENGINEERING = SYSTEMS AND EQUIPMENT SECTION
ENGINEERING JUSTIFICATION REPORT

Date: February 17, 1978 Report No: SES=JR=10
/ -0
To: R. L. Bigk Originated By: s ¢
Station: Catawba 1=-2 Checked By: .
System: Equipment Decontamination (WE) Approved By: ‘jdf 2:;’1/14;4‘¢\
File No: CN-1205,01 QA Approval:
Variation Reported By and Date: R. C. Bucy = January 30,

Description of Variation:

Valves tagged 1,2/WE/20, 22 appear on flow diagrams CN-1568-1.0 and CN-2568-1.0.
These valves have design corditions of 8000 psig @ 120°F, and are shown as Duke
Safety Class B, Because of the high pressure class required, these valves cannot
be purchased to ASME 111, Class 2,

Enqineering Analysis Reqguired:

Review the system requirements and service to verify design conditions and Duke
Safety Class, Identify alternate design code or standard, if appropriate,

Calculations:
NOne

Engineering Conclusion:

The valves are used in a@ containment isolation application which normally requires
conformance with ASME 11l. The equipment decontamination system (WE) is not
frequently used and will not be used within the containment during reactor operation.
Valves desigred for an internal pres.,ure of B000 psig and seismic loading provide
adeguate assurance of containment isolation under conditions of containment pressure
following postulated LOCA. Purchase the valves tc the best available codes and
standards as Duke Safety Class F,

S. K. Blackley, Jr,, Chief Engineer
Mechanical & Nuclear Division

N

By: V. H. Shellhorse, Engineer Associate
/ah
cc: D. G, Beam (2) C. H, Favor R. C. Bucy
D. G. Gardner R. F., Wardell H. E. Edwards
J. M., Warren G. Fincher (Orig) J. W. Kosko (Catawba = Al)




2.2

-
Footnote 1 states that Duke Power Company established an "effective code date"
for the station in accordance with 10 CFR 50.55a, reviews ard may elect to

1

comply with portions or all the latest versions of the above codes. This is
e as long as different versions of the ASME Code are not used for

evaluation of the same system or component. Provide a commitment to this effect.

Response:

Table 3.2.2-3 will be revised (as attached) to provide the following commitment:

Specific provisions of ASME Code editions and Addenda later than those
identified on the above table may be utilized with the mutual consent
of Duke Power and the N Type Certiticate Holder (if other than Duke).
]

Whenever specific provisions of a later code are utilized, all related

requirements will also be satisfied.




Item 12 - In the primary loop, what size breaks are postulated for the design
of pipe whip restraints? What size breaks are postulazted in the primary loop
for determination of compartment pressurization and asymmetric loads? If breaks

for either case are less than full size, provide justification.

Response:

Westinghouse presented information on the size of p . pe breaks in the RCS which
were assumed in the design and analysis. For breaks at the reactor vessel
nozzle a break opening area of 85 square inches was assumed. A1l other circum-
ferential breaks postulated in the RCS were full double-ended breaks. The

ve break sizes were used in the design of restraints, mass and energy release

calculations (see FSAR Section 6.2.1.2), and reactor coolant system analysis

including asymmetric LOCA Toad analyses.

The design of the RCS restraints was performed by Duke. Consequently, routine
design information such as restraint stifrnesses, gaps, and loads were routinely
exchanged as design information between Westinghouse and Duke. In the case of
the reactor vessel nozzle restraints Westinghouse calculated break opening areas
based on the Duke design. The results of this analysis were presented at the

1

meeting. Actual break opening areas are less than 40 square inches. Thus, the

assumed value of 85 square inches was conservative.

Based on the above, this item wés resolved.
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cumulative usage

Response

Breaks

Show

a

re

actor exceeds 0.2 for normal and upset operating conditions.

breaks are postulated at locations where the

stulated where the cumulative usage factor exceeds

that your analysis complies with the SRP.

operat

wv

ing

13a:

for a cumulative usage factor of 0.2 was discussed.

riteria

is evaluated under loadings resulting from normal and upset

conditions

or was accepted
082 on the basi
west

e usage factor
6.
the above 4iscu
3b

ed in Item ¢
t¢ FSAR hanges
the above and

were
ten £

including the

o

BE. Change this to comply with the

Specifically,

e Staff as part of their review and acceptance

sufficient number of breaks were postulated

to revise the FSAR and replace the specific

o ) T 3

with a reference to WCAP 8082 in the text of
e

and the attached FOAK this 1tem was

oads are consider2d under the upset conditior




ATTACHMENT T8 J7EN /Sa

CNS

- Jamage %o the h'gh neaa safety injection lines connectec to the other leg
of +he affected lcop or to the other loops 1s prevented.

Propagation of the break to ﬂ1gn head safety injection line connec ed to
the affected leg is prevented if the line break results in a loss of core
cooling capability due to a spilling injection line.

(&1

< R WS D W s Postulated Piping Break Locations and Orientations

In each leg of the Reactor Coolant System, a minimum of three postulated
rupture locations shall be seiected in the following manner:

//Y.SA.A/" A
Br pall be postulated at the terminal end points and at i ocations in
a run or bran Rich the cunulat1vc usage fac:is eds 0.2 for normal and
upset operating conditions QY RIC ange of primary pius secondary stress
intensity for normal and ups spErating conatesags exceecs 80 percent of Lhe
ASME Section III Cod Swable on an elastic basis ~ In the event
that a locatipa-tEtween the terminal end pnints cannot De hosem nis manner,
the pgise~Gf highest fatigue usage shall be used to obtain a total of th

fak locations.

b}

At each possible break location, consideraticn must be g‘ven to the occurrence
of either a circumferential or longitudinal break. As discussed in Reference 1,
a :'*Cumferent al rupture is more likely than & longitudinal rupture for reactor
coolant piping. Only in the case of one elbow s a longitudinal rupture post-
al

lated.
ciprcumferential breaks are perpendicular to the longitudinal axis of the pipe.

Longitudinal breaks are parallel to the longitudinal axis of the pipe. Certain
longitudinal break orientations may De excluded on the basis of the state of
stress at the location consigered.

For the main reactor coolant piping system, eleven discrete break locations
were getermined by stress and fatigue analyses. The locations are given 1n
Table 3.6.2-1 and shown in Figure 3.6.2-2. The postulated locations conform
to the criteria stated above and are discussed 'n Reference ..

Break type at each discrete break location are presented in Table 3
results of the analyses which lead to the break orientations are di
Reference 1.

W O D Postulated Piping Break Sizes

For a circumferential break, the break area is the cCross~ sectional area of the
pipe at the break location, uniess pipe displacement is shown to be 1imited by
analysis, experiment or physical restraint.

For a longitudinal break, the break area is the Cross sectional area of the
pipe at the break location unless analytically or experimentally shown othe~=
wise. A longituadinal break area less than the cross sectional area of the

anfoilideld |
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tions to the criteria may be taken. In

- ~ 2= Tussera
cating where s are taken, provide the anaiytica
es) for the exceptions
the criteria are currentiy bein ed Dased on experimenta
t TOr a whipping pipe 01 et considered capable of developing
y c in ¢ ] v laraer r nal nine ci7ec with thinner
age crach >Qua arge al pipe si1zes with thinne
- " 11 s+ 1) z - ~ - - -, - ~ + +
a Qe b~ W be revised (as atta t ensure tha
De documented when they deve
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3) Seismic loadings equivalent to the Operating Basis Earthquake (OBE)
are used in t:;_ana1v;‘s of piping systems for the purpose of post-
ulating break locations Protective structures are designed to with-
<tand the effects of the postulated piping failure in combination
with loadings associated with the Operating Basis Earthquake (OBE)
and Safe Shutdown Earthquake (SS[) within the respective design load
limits for the structures.

e) Concideration is given to the potential for a random single failure of an
active component subsequent to the postulated pipe rupture Where the
postulated piping break is assumed to occur in one of two or more redun-
dant trains of a dual-purpose moderate-energy essential system (i.e., one
required to operate during normal plant conditions as well as to shut down
the reactor and mitigate the consequences of the piping rupture), single

]

. -~ " ¢ 3 3 Ny ine + \ + \
f components n the other trair trains of that system or

are not assumed: provided the system is designed to seismic Category I
standards., is powered from botn offsite and onsite sources, and 1s con-
structed perated, and inspected to quality assurance, testing, and in-
service inspection standards appropriate for nuclear safety sysiems

f) In the event ¢¢ a3 postulated break in the piping 1 ne unit, safe reactor
shutdown of tie affected unit cannot preclude the capability for safe

’ \ shutdown of the reactor of the ;"‘a‘fcctof*. unit(s)

G) ntainment structura ntegrity is maintained by limiting the combinatios

of break sizes and types to the design basis capability (i.e., temperature,

:
pressure, and leakage rate) of the containment

¢ ’ ¢ ce=of-reactor ¢ ant
. ¢ 3 ~ . ¢ nr ¥ 1 + "_ry\k. ch »
t - v L nty Y 44 - nthe catio where ma A
. ¢ ‘ " - § e tAawr + Mg - r ,,"‘A' $ 5 Are suct
3 ‘ { € b . tv ar -y ) witt * he req irements of GP""'"F
[ rite r
ppir De r jet assumed not to cause failure of other pipes of
1 ¢ e and ¢ A r gQreate t knes sma er and thinner
3 me te 3 [ ¢ maqe [ mpact A whirt
(28 { ¢ f r t - ) leaks Yol
ey nom dl t YW thicknesse exCe t
where experimenta r znalvtica jata for the expected range f impact
epergies demonstrate the capability to withstand tnhe impact without failure
>
’ k) Piping Breaks Within The LOCA Boundary (See Figure 3.6.2-1)
f
/
/ =1 1) A1l LOCA breaks are allowed to damage any non-LOCA line except
essential systems, and steam and feedwater lines.

I¥ anr é;)fce}ﬂ‘/'cn s taken, the basis of +he exception will be
docwmesrted. £/e material.
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al ends are onsidered as piping originating at struc

Ires or

(2l

as vesce! and equipment nozzles and structural piping anchors)
id constraint to the piping thermal expansioun. Typically, the
d for the piping code stress analysis would be terminal ends

tion to the main run is one of the terminal ends of a branch ru

ections of runs of comparable size and fixity which ha

n the main run need not be €onsidered terminal ends
s mode ncludes both the run and branch piring and t

1idly constrained to the building structure

~ , 12} - fr
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The following are nodes which have Eguation 10 stresses
between 2,4 and 3,0 S
m
o S g /e c g Comp.
DCP/SOP n' “m “m n .
tyvpe
M3/66W 2.614 16,292 2,587 AWBW
B4/160W 2.942 16,292 47,931 FILW
H9/95W 2.480 16,328 40,493 AWBW
S_~Eguation 10 stress
S_-allowable stress REFERENCE:
Computer Seg. ¢
C nA '~ [ o » Yo o R e 1™ ” % - - ) -
S, ar 5, Stresses are given in psi 80/11/03. 15.25.4
Duke Power Company
Catawba Unit ¢#1
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PROBLEM CC-NI-02
he following are nodes which have Equation 10 stresses
between 2.4 and 3.0 sm
, s /s S < Comp.
" ®) - &
DCP/SOP n""m m n type
52/93w 2,362 16,292 41,740 AWTT
55/97wW 2.563 16,292 41,756 AWBW
71,71A/
132R,133} 2.780 16,328 45,392 BELB
71A/133L 2.756 16,328 45,000 AWTT
73/135W 6145 16,292 44,396 AWTT
757139y 2.564 16,292 41,773 AWBW
S_=-Equation 10 stress
n 5 Sk s 2 e s
S _~-allowable stress RS LRENCE
m : Computer Seqg. ¢
S, and S stresses are given in psi. SR A Te Tl
& - ov/ 4 5 i 24 .28
Duke Power Company
Catawba Unit #1
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PROBLEM CC=NI-07

S /G AW -

DATE CHECKED DATE

™ £ w4 g
The fcllowinc are nodes which have Equation 10
hetween 2.¢ and 3,0 8§ :
3.0 8
g f i e S /s c 1 me
D»k’ S-’f‘ ’r/ hr] "'rn S COa e
type
AA2B/8W 290 17,430 43,645 FGBW
45/15% 2.406 20,000 48,120 AVTT
45A/16W 2.447 20,000 48,940 AWTT
|
| I
|
|
i
S_~Equation 10 stress
€C = ~ 1 rrrr
o _~allowable stress &1 &N
S. and S stresses are civen in ps iy
. : 1/04
T Duke Power Company
Catawba Unit ¢

L]




PROBLEM

CC-NI-20

The follcwing are nodes which have Equation 10 stresses
hetween 2.4 and 3.0 §

m

) O
— s /s S S Comp.
DCP/ &
CP/SOP n’ “m m n type
10A/10wW 2.949 16,820 49,602 AWBW
12B,13/
14R,15L 2.480 16,820 41,714 BRED
13/15W 2:.471 16,820 41,562 FILW
15A/17wW 2.429 20,000 48,580 FILW
16/20W 2.482 20,000 49,640 FILW
17/21W 2T 20,000 49,440 FILW
17AA/22W 2.427 20,000 48,540 FILW
148/135W 2.997 16,820 50,410 FILW
145D/141FR 2.843 16,820 47,819 CRVP
149E/142L 2.986 16,820 50,225 CRVP
S_~Equation 10 stiess
n R I —————
S_-allowable stress REFERENCE
m Computer Seqg. #
S and S_ stresses are given in psi
n m ) : 81/02/09. 17.29,36
Duke Power Company
Catawba Unit #£1
J=Aas
ebo olicie- 1O | =220l oF
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CC-NI-21

PROBLEM

The following are nodes which have
between 2.4 and 3,0 §

}

Equation 10 strerses

(S Comr
pce/sop | Sp/Sp S s omg..
type
98 /92w 2.466 16,820 41,478 FILW
98,99/
92R,93L 2.479 16,820 41,697 SRED
181D/144Ww 2.784 20,000 55,680 FILW
185A/146W 2.879 20,000 57,580 FILW
187 /148W 2.666 16,820 44,842 FILW
148R, 149L 2.663 16,820 44,792 SRED
89B/153} 2.876 16,820 48,375 AWBW
193/158W 2516 16,3820 44,001 AWBW
S_~Eguation 10 stress
S _~-allowable stress REFERENCE:
] ) Computer Seg., ¢
S_. and Sr stresses are given in psi. BA Y. e
" ’ 81/01/30, 08.40.56
Duke Power Company
Catawba Unit #)
[PAGE
. Fa S 59 1
-~ - e v

REy

By

DATE




PROBLEM

CC-ND-01

The following are nodes which have Equation 10
hetween 2.,¢4 and 3,0 S
S - /S < -
DCP/SOF S/ 5 Sh Comp.
type
CO1A/4W 2«83 19,800 48,213 AWBW
69A/87R 2.78 20,000 55,740 BELB
70/88L 2.8 20,000 56,200 BELB
S_~Equation 10 stress
S _-allowable stress REFERENCE:
n Computer Seg. ¢
S. and S_ stresses are given si.
: - 82/02/04. 19.04.55
Duke Power Company
Catawba U $]
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The following are nodes which have Equation 10 stresses
hetweaen 2,4 and 3.0 §

PROBLEM CC-NC-03

'

DCP/SOP Sm n
34A/74W v o 16,820 41,293
36/76B v 4 20,000 54,320
50A/85W r £8 16,862 47,618
C15A/86W £ 16,862 42,610
C15A/86R r 16,862 41,008
Cl5B/87L - &8 16,862 44,482
C14A/90W 2 16,820 44,153
Cl14B/91WR 16,820 48,744
i14/94R 2.599 16,862 43,824
42/961 2.692 16,862 45,393
Cl1A/98Ww F A 16,820 5,633
Cl1B/99W .645 16,820 44,489
Cl8A/107W 586 16,820 43,496
Cl18B/108¢ o877 16,82C 45,027
66/113R . 585 16,862 43,588
Sn-E:;atlo tress
s -allowable stress :»:'fi?ﬁc
S: and Sr sses are given psi s
Duke Power Company
Catawba %1
\ oA?s‘— CHECKED ; "




{ CC=NC-03

lowing are nodes which have Equation
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PROBLEM CC-NC-08

The following are nodes which have Equation 10 stresses
hbetween 2,4 and 3.0 S

At

wr

Y
=

DCP/ S,/8 s s Co
/P : :

' 3

([ o)

AP
-
w
N
N
O
~3

16,328 48,576 BELB
42,828 BELB
16,328 42,159 BELB
16,32 44,869 BELB
328 46,274 BEL

w W
N J N
O 2 X
] ) N
~J wn (o)
S o N
N W,
[
N
-
w
N
o

W
]
g ¢ |
L)
«© o
(o
-~ o O
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N

33 £:877 16,292 46,872 CRVP
34 2.770 16,292 45,129 CRVP
35 2959 16,328 41,718 BELB
36 i O 16,328 2,208 BELB
62 2.56C 16,328 41,800 BELB
63 2.888 16,84C 48,634 BELB
69 2.98( 16,840 £0,183 BELB
7152 2.842 16,520 46,950 AWTT
78E | 2.588 16,520 42,754 AWTT
1017 2.823 16,800 7,426 AWRW

Q
~
wn
wun
wm
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CRVFE
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bt
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% P R, Cyragen 1L - el
101C o 16,800 5,746 CRVI
1A -~ -nr 1 ann LN ’
1011 &: 7O\ 16,80¢( 5,360 AWBW
- c r AN o B | TT WL
11 2.885 20,000 57,700 FILW
K- = e T 3 . SRy
112 2.554 16,29 41,610 AWBW
. 5 & o e S Z
118 2 4 20, 55,480 FILW
S «Fp + 10
S, -Equation 10 stress
\
2 .
S_~allowable stress REFERENCE
-
g Computer Seq B
S. and S§_ stresses are given in psi I
n m - - et X 82/03/23 17.47 S
/03723 Y74 D
-
Duke Power Company
Catawba Unit #1
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PROBLEM

The following are nodes which hav

hetween 2.4 and 3.0 Srr

CC-NC-08

e Equation 10 s

rt
2
®
"
0
L
m

s_/s

DCP/SOP n m

0
PC O
3

"0
(08

126 2.766

20,000

55,320

FILW

S_-~Egquation 10 stress
S_~allowable stress REFERENCE:
| " Computer Seqg. #
S, and S stresses are given in psi. : )
. C I P , e
82/03/23. 17.47.35
Duke Power Company
Catawba Uni+ ]
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PROBLEM CC-NC-12

The following are nodes which

: have Equation 10 stres
betwesn 7.4 and 3.0 q U stresses
m
'S D ] S /',S < | .
CP/SOF n’ °m - S Comp.
type
83,83/
£ N 4
50R,51L 2.985 20,000 59,700 BELB
107,108/
81R,82L 2.624 18,040 N1,337 BRED
1 / ) v
108/82W 2.422 16,830 40,762 AWBW
S_-Egquation 10 stress
S_-allowable stress REFERENCE
Sj and S stresses are given in psi. L e it
80/09/29. 16.55.38
Duke Power Compai
Catawba Unit #1
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PROBLEM CC=-NV-09

The following are nodes wiich have Equation 10 stresses
hetween 2.4 ard 3.0 Sm

pcp/sop | Sp/Sp 5, Sh E;;g-
88/123W | 2.580 20,000 51,600 | FILW
89/124w | 2.870 20,000 57,400 | FILW
94/130W | 2.508 20,000 50,160 | FILW
95/131B | 2.750 20,000 55,000 | STEE
104/137W | 2.602 20,000 52,040 | FILW
110/148W | 2.456 20,000 49,120 | FILW
110,111/

148R,149L] 2.877 20,000 57,540 | SELB
111/149W | 2.442 20,000 48,840 | FILW
11€,118A/

157R,158L| 2.75) 20,000 55,020 | SELE
118B/159w| 2.404 20,000 48,080 | FILW
1188,120/

159R,160L| 2.888 20,000 57,760 | SELE
120/160W | 2.534 20,000 50,680 | FILW

Sp-Equatlon 10 stress

S_-allowable stress REFERENCE:
o : Coinputer Seg. ¢
S, and S stresses are given in psi. 82/01/11. 17.13.12
Duke Power Company
Catawba Unit #1
PAGE
- . gy - g
el e LN S 1A oF
DATE  JEMECKED| OATE 1




PRCELEM CC-NV-10

The following are nodes which have Equation 10 stresses
hbetween 2.4 and 2,0 Sm

pcp/sop | Sp/Sp S s S;gg-
S1/4W 2.511 20,000 50,220 | riww
S6/8W 2.681 20,000 53,620 | FILW
57/9W 2.734 20,000 54,680 | FILW
$20/25W | 2.467 2¢.000 49,340 | FILW
s31/39w | 2.531 20,000 50,620 | FILW
$35/44W | 2.835 20,000 56,700 | FILW
$36/45w | 2.594 20,000 51,880 | FILW

-Eguation 10 stress

mn

"

S -a.lowable stress REFERENCE:
\ . ‘ Computer Seg. ¢
S, and S stresses are given in psi. 81/08/13. 20.06.49.
Duke Power Company
Catawba Unit #1
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PROBLEM CC-NV-11

The following are ncdes which have Equation 10 Stresses
hetween 2.4 anA4 3.0 Sm

S /8§ mp.
DCP/SOP n’ Sp Sm Sh Fomp
type
81C/7W 2.662 20,000 53,240 FILW '
77/10W 2.778 20,000 55,560 FILW
76/11W 2.847 20,000 56,940 FILW
74/13W 2.999 20,000 59,980 FILW
73/15W 2.810 20,000 56,200 FILW
72/16W 2: 157 20,000 55,140 FILW
70,71/
17R, 18L 2.590 20,000 1,800 SELB
64 68/
9R, 20L 2.668 20,000 53,360 SELB
€65/24w 2.645 20,000 52,900 FILW
63L/25W 2.597 20,000 21,940 FILW
63/37B 2.402 20,000 48,040 STEE
62/38W 2.502 20,000 50,040 ILW
61,60
qu,4»~ 2.755 20,000 55,100 SELB
59/41W 2.430 « 000 48,600 FILW
58/42w 2.815 20,000 56,300 ILW
S_-Equation 10 stress
S_-allowable stress REFERENC
m ] . Computer Seg. ¢
S, and S_ stressec are given in psi, _
? - 81/08/13. 18.48.05.

Duke Power Company

Catawba Unit ¢

{°Aar
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PROBLEM

CC=-NV=-12

The following are nodes which have Ecuation 10 strecsses
hetween 2.4 and 3.0 Sm

S /S (3 S Comp.
DCP/SOp :
n’“m m n type
67/9R,10L] 2.454 20,000 49,080 SELB
12/16W 2.845 20,000 56,900 FILW
13/17wW <.617 20,000 52,340 FILW
14,15/
18R, 19L 2.523 20,000 50,460 SELB
16,17/
20R,21L 2.968 20,000 59,360 SELB
17/21W 2.931 20,000 50,620 FILW
21/28W 2+541 20,000 50.820 FILW
31/40W 2.422 20,000 48,440 FILW
16/20W 2.412 22,000 48,240 FILW
| | | |
! |
: i
' !
S_=~Equation 10 stress
S_-allowable stress REFERENCE:
: A s . _ Computer Sec #
S nd S§_ stre re given in psi.
anc Sn $8¢8 are given in ps 81/08/14. 02.07.58.
Duke Power Company
Catawba Unit #1
PAGE
= T— — 1
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Item 19 - 3.6.2.1.2.1, page 3.6-16

Item ¢)2)i) indicates the criteria for selecting intermediate pipe break
locations in Duke Class E, G, and H piping systems.

It is the staff's position that, since Table 3.2.2-3 indicates that these
piping systems are not designed for seismic loadings, pipe breaks should be
postulated so as to clearly demonstrate that failure of the system will not
results in any loss of capability of essential systems and components to with-
stand the further effects of any single active component failure and still
perform all functions required to shutdown the reactor and mitigate the
consequences of the postulated piping failure. Therefore, provide a commitment

to meet this position.

Pesponse: The attached revision to FSAR page 3.6-16 clarifies Duke's position.
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break locations is determined separately for the normal plant condition
load combination and for that upset plant condition which has the high-

est stress.

c) Breaks in Duke Class E, F, G and H piping are postulated at the following
locations (See Table 3.2.2-3 for class correlations)

1) The terminal ends of the pressurized portions of the run.

2) At intermediate locations selected by one of the following methods:

i) For Class E, F, G, and H Piping:

pr+exvh311“‘"3 At eachhweld location of potential high stress or fatigue .ewelr
~ra— e bt e GG e e R U e R L b v v et Ll ahges |
At e G AR | O

ii) For Class F Piping:

At all
where:

S s

A

w
S

For Class F

locations where the stress, S, Exceeds 0.8 (1.2 Sh + SA)'

stresses under the combination of loadings associated

with the normal and upset plant condition loadings and
an OBE event, as calculated from the sum of eguations

(¢) and (10) in subarticle NC-3600 of the ASME Boiler

and Pressure Vessel Code, Section III

basic material allowabie stress at maximum (hot)
temperature, per ANSI B31.1.0.

allowable stress range for expansion stresses, per
ANSI B31.1.0.

Piping:

If there are not at least two intermediate locations where S exceeds

0.8 (1.2 S,

+ S.), a minimum of two separate locations. are chosen

based upon highest stress. Intermediate breaks are not postulatec

in sections

of straight pipe where there are no pipe fittings, flanges,

valves or welded attachments.

3.8.2.1.8.2 Postulated Piping Break Locations For Moderate-Energy Piping
Svstems

Systems identified as

containing moderate-energy piping are examined by de-

tailed drawing review for postulated through-wal)l cracks as defined below.
Systems analyzed for consequences of postulated piping cracks are listed in

Table 3.6.1-2.

3.6-16



Item 20 - 3.6.2.1.2.3, page 3.6-17

Item a)3 states circumferential breaks are assumed to result in pipe separation
of one diameter displacement of ruptured piping sections unless physically
Timited by piping restraints. Show where piping restraints are used to limit

pipe displacements.

Response:

Limited break areas have not, to date, been used for temperature or pressure
calculations. Neither have limited break areas been used for whip or jet impingement
analyses. Page 3.6-17 will be revised (as attached) to commit Duke to provide

an example of limited break areas when used.
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Cracks in Duke Class B, C and F piping are postulated at the following.
locations:

1) The terminal ends of the pressurized portions of the run.

2) At intermediate individual locations of potential high stress or
fatigue (e.g. pipe fittings, valves, flanges and welded attachments)
that result in the maximum effects from fluid spraying, flooding or
environmental conditions except in portions of piping where the max-
imum stress range is less than 0.4 (1.2 §_ + SA) as defined in items
b)2)ii) and c)2)ii) of Section 3.6.2.1.2.1. .

Cracks in Duke Class E, G and H piping are postulated at the following
locations:

1) The terminal ends of the pressurized portions of the run.

2) At intermediate individual locations of potential high stress or
fatigue (e.g. pipe fittings, valves, flanges and welded attachements)
that result in the maximum effects from fluid spraying, flooding
or environmental conditions.

1.2.3 Postulated Break Type, Size, and Jrientation

Circumferential Pipe Breaks

The followina circumferential breaks are postulated in high-energy fluid
svstem pipirg at the locations specified in Section 3.6.2.1.2.1.

1) Circumferential breaks are postulated in fluid system piping and
branch runs exceeding a nominal pipe size of 1 inch, except where
the maximum strecs range exceeds the limits of Section 3.6.2.1.2.1,
items b) and c)2)ii) but the circumferential stress range is at
least 1.5 times the axial stress range.

2) where break locations are selected in fittings in accordance with
Section 3.6.2.1.2.1 without the benefit of detailed stress calcula-
tions, breaks are postulated at each weld, in piping greather than
ane inch NPS. to the fitting, valve, or welded attachment. Alter-
nately. a single break location at the section of maximum stress
range may be selected as determined by detailed stress analyses or
tests on a pipe fitting.

3) Circumferential breaks are assumed to result in pipe severance and
ceparation amounting to at least a one-diameter lateral displacement
of the ruptured piping sections unless physically limited by piping
restraints. T eredH i foken ra mited pre.k

area due 4o piping restroants , +then each
inse will be Adocumented n +he £/e ,nan&arv}z[.
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Item 21 - 3.6.2.1.2.3, page 3.6-18
Identify in Item a)4 where limited pipe displacement, line restrictions, flow

limiters, positive pump - controlled flow, and the absence of energy reservoirs

are used to reduce the jet discharge.

Response:

Duke provided drawings of limited reservoirs and an analysis example. This

information was found acceptable and the item was closed.



Item 22 - 3.6.2.1.2.3, page 3.6-18

In Item a)5 are all possible targets of the whipping pipe examired?

Response:
Duke has unrestrained whipping pipe inside containment as follows:
A. Two break locations in the normal letdown line from penetration M-347
to the regenerative heat exchanger nozzle D. (2")
B. One break location in the seal water injection line from penetration
M-344 to reactor coolant pump 1C nozzle C. (2")
Flease note that both breaks in item A above are inside the regenerative heat

exchanger room and thus totally separated from any other systems.



Item 23 - 3.6.2.1.2.3, page 3.6-19
In Item c)4 elaborate on the statement, "Throughwall cracks are not postulated

inside containment."

Response:

We will revise page 3.6-19 (as attached) to state that both moderate and high
energy leakage cracks are enveloped by high energy line brakes inside contain-
ment. For this reason throughwall cracks are not postulated inside containment.
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5) Piping movement is assumed to occur in the direction of the jet
reaction unless limited by structural members, piping restraints,
or piping stiffness as demonstrated by inelastic limit analysis.
For the purpose of analysis, breaks are assumed to reach full size
one millisecond after break initiation.

¢) Through-wall Leakage Cracks

The following through-wall leakage cracks should be postulated in moderate-
energy fluid system piping at the locations specified in Section 3.6.2.1.2.2.

1) Cracks are postulated in moderate-energy fluid system piping runs
exceeding a nominal pipe size of one inch.

2) Fluid flow from a crack is based on a circular opening of area
equal to that of a rectangle one-half pipe diameter in length
and one-half pipe wall thickness in width.

3) The flow from the crack is assumed to result in an environment that
wets all unprotected components within the compartment, with conse~
quent flooding in the compartment and communicating compartments.

4) Cracks are not postulated in portions of Duke Class B, C, or F piping
where the stresses are less than 0.4 (1.2 S ¢ SA). Throughwall cracks
are not postulated inside containment becawse environmentr|

u""e‘ﬁ""’“c‘es care. MudaPe by "“.BJ"‘ aw_‘.?y c_;mmJ;.-—c.\h‘q
3.6.2.1.3 Failure Consequences |sre<eI<s,

The interactions that are evaluated to determine the failure consequences are
dependent on the energy level of the contained fluid. They are as follows:

a) High-Energy Piping

I) Circumferential Breaks and Longitudinal Splits
al) Pipe Whip (displacement)

bl) Jet Impingement

ed) Compartment Pressurization

A& Flooding

eB) Environmental Effects (Temperature, humidity)

{f-:T~‘€3rnevate-Eﬁergv Piping

1) Through-wa!l leakage cracks
a ) Flooding
b 2) Environmental Effects (Temperature, humidity)
c) Warte r Sf»r-n-y
3.6.4:% Analytical Methods to Define Forcing Functions and Response Models

2.6.2.2. 1 Reactor Coolant System Dynamic Analysis

2) 71~fluba)»4001| leakoge cracks
o) Envirenmental Effects (Temperature, “umuloh.,)

.b) F'O"‘L"\‘al 3.6-19



Item 24 - 3.6.2.2.1, page 3.6-21
The computer codes SATAN-IV and THRUST should be included in the list of

computer codes in Section 3.9.1.2.3

Response:

In the reactor coolant loop piping analysis the computer codes SATAN IV

and STHRUST were used to calculate the blowdown forces for postulated pipe

breaks. The computer code THRUST was not used for Catawba. Additionally,

the SATAN IV code has been added to the 1ist of codes identified in Section
3.9.1.1. Based on the above discussion and the attached FSAR revisions,

this tiem was resolved.
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4. STHRUST - nycraulic loads on 100P components from Diowdown information.

wn

WECAN - finite element structural analysis.

an

DARI = WOSTAS - dynamic transient response analysis of reactor vessel
n and internals.
3.9.1.3 Exgom'mntﬂ Stress Analysis

No experimental stress analysis methods have been used for the Catawba project.

31,8...4 Considerations for the Evaluation of the Faulted Condition

3.92.1.4.1 Loading Conditions

[

The reactor coolant loop piping is evaluated in accordance with the criteria
of ASME I1l, NB-3630 and Appendix F. The loads included in the evaluation
result from the SSE, deadweight, pressure, and LOCA loadings (loop hydraulic
forces, asymmetric subcompartment pressurization forces, and reactor vessel
motion).

The scructural stress analyses porforuod on the reactor coclant system consider
+he loadings specified as shown in Table 3.9.1-2. These Joacs result from thermal
expansion, pressure, dead weignt, Operating Basis Zarthquake (OBE), Safe Shutdown
cartnouake (SSE), design basis loss of coolant accident, and plant operational
shermal ana pressure transients.

3.9.1.4.2 Analysis of the Reactor Coolant Loocp

The loads used in the analysis of the reactor coolant loop piping are gescribed
in detail below.

Pregsure

pressure loading is identified as either memprane decign pressure or general
operating pressure, depending upon its application. The memorane design
pressure is used in connection with the longitudinal pressure stress and
minimum ~all thickness calculations 1n accordance wi h the ASME Code.

The term operating pressure s used in connection with getermination of the
system geflections and support forces. The steady-state operating hydraulic
forces based. on the system initial pressure are applied as general operating
oressure lcads to the reactor™ coolant loop mode! at change in direction or
flow ar-a.

Deag weight

A dead weight analysis is performed to meet Code requirements Dy applying a
1.0 g load downward on the complete piping system. The piping is assigned &
gqistributed mass or weight as a function of its properties. This method
srovides a distriputed loading to the piping system as a function of the
weight of the pipe and contained fluid during normal operating conditions.

.91



Item 25 - 3.6.2.2.2.1, page 3.6-23

Is the discharge coefficient equal to something other than 1.0 for any conditions?

Response:

The discherge coefficient is assumed to be 1.0 in the absence of analytical
results or experimental data for calculating the dynamic force of the jet
discharge. No values other than 1.0 have been used. If values less than
1.0 are used, justification will be provided in the FSAR.



Item 26 - 3.6.2.2.2.3, page 3.6-25
In the first paragraph, the applicant states that a dynamic load factor of 2.0
shall be used in the absence of an analysis justifying a lower value. What

kind of analysis is performed? How low a value is used? Justify any values

less than 2.0.

Responsza:
Duke has not used a value less than 2.0 for dynamic load factor to date. If
a8 lessor value is used in the future, an analytical justification will be

provided. This item was closed.



Item 27 - 3.6.2.3.1, page 3.6-25
In Item 1) of General Criteria for Pipe Whip Evaluation, what kind of analysis

justifies a value lower than 2.07

In Item 2) nonlinear pipe and restraint material properties may be used as
apnlicable. Where have nonlinear properties been used and what values are
used?

In Item 3) all targets of a whipping pipe must be Tooked at. Provide assurance

that this has been done.

Response:

A lower value than 2.0 is justified in systems where crush pipes are used and
a rigorous time history analysis is done (by computer programs viz. PRTHRUST
and PIPERUF ), and also if the backup structure is shown to be rigid* compared

to the cursh pipe, in most cases a DLF of less than 2.0 can be anticipated.

+

*Tests for rigidity for backup structure:

i

A) The natural freguency of the backup structure should be more than
33 Hz.
B) The elastic stiffness of backup structure is at least 3 times that of

the crush pipe.

Type of analysis outlined above justifies using a value less than 2. As of

this date we have not used a value less than 2.
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The ratio Ai/Aj represents the portior of the total mass flow from the jet

which is intercepted by target structure. A dynamic load factor of 2.0 shall
be used in the absence of an analysis justifying a lower value.

3.6.2.3 Dynamic Analysis Methods to Verify Integrity and Operability

3.6.2.3.1 General Criteria for Pipe Whip Evaluation

1) The dynamic nature of the piping thrust load shall be considered. In the
absence of analytical justification, a dynamic load factor of 2.0 is
applied in determining piping system response.

¢ (Elishe = perfet [, plstic ) civshable

2)  womimear (elastie=plastic sirain-hardening) pipe and restraint material
properties may be considered as applicable. Cens derwtica fe- crizhe
L B 'Y'.."“" s df'>~~"b¢~ " +‘~L'€ 3 Q-A’J

3) Pipe whip is considered to result in unrestrained motion of the pipe
along a path governed by the hinge mechanism and the direction of the
thrust force. A maximum of 180° rotation may take place about any
hinge.

3) The effect of rapid strain rate of material properties is considered.
A 10 percent increase in yield strength is used to account for strain
rate effects,

3.6.2.3.2 Analysis Methods

The pressure time history, jet impingement load on targets, and the thrust
resulting from the blowdown of postulated ruptures in piping systems is
determined by thermal and nydraulic analyses or conservative simplified
analyses.

In general, the loading that may result from a break in piping is determined
using either a dynamic blowdown or a conservative static blowdown analysis.
The method for analyzing the interaction effects of a whipping pipe with a
restraint will be one of the following:

1) Equivalent static method
2) Lumped parameter method
3) Energy balance method

In cases where time history or energy balance method is not used, a conserva-
tive static analyses model wili be assumed.

The lumped parameter method is carried out by utilizing a lumped mass model.
Lumped mass points are interconnected by springs to take into account inertia
and stiffness properties of the system. A dynamic forcing function or equiva-
lent static loads may be applied at each postulated break location with un-
acceptable pipe whip interactions. Clearances and inelastic effects are
considered in the analyses.

hle
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The energy balance method is based on the principle of conservation of energy.
The kinetic energy of the pipe generated during the first quarter cycle of
movement is assumed to be converted into equivalent strain energy, which

is distributed to the pipe or the support. The strain in the restraint is
limited to 50 percent of the ultimate uniform strain.

3.6.2.3.3 Pipe Whip Restraint Design

when required, restraints are designed to protect essential components from the

dynamic effects of pipe whip and jet impingement. The loadings on the restraint

are determined by one of the methods outlined in Sections 3.6.2.2 and 3.6.2.3.

The design of these restraints follows the guidelines of AISC (Ref. 4); however,

since pipe rupture is associated with the faulted plant condition, higher stress
allowables are permitted as identified in Table 3.6.2-3. Where a restraint is

also designed to function as a piping support, the discussion in Section

3.9.3.1.5 is applicable.ﬂqr'»w, leads with o dypeovc lood focter ¢f 26 sheall &2
wddal jo phe tevlbed  leds cak  dhe soppert Aoy gaed e footbd o vile Fie
3.6.2.4 Mechanical Penetrations -+« +«hle - QT

Mechanical penetrations are treated as fabricated piping assemblies meeting
the requirements of ASME Section III, Subsections NC and NE and which are
assigned the same classification as the piping system that includes the
assembly (i.e., Class A through H as defined in Table 3.2.2-3 except that .
Class C through H lin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>