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February 12,1992
L D-92-016

Docket No. 52-002

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

Subject: Response to NRC Requests for Additional Information

Reference: Letter, Structural and Geosciences 13 ranch RAls, T. V. Wambach (NRC) to
E. II. Kennedy (C E), dated September 26,1991

Dear Sirs:

The Reference requested additional information for NRC staff review of the Combustion
Engineering Standard Safety Analysis Report - Design Certification (CESSAR-DC).
Enclosure I to this letter provides our responses to a number of these questions including
corresponding revisions to CESSAR-DC. Responses to the remaining questions of the
Reference will be provided by separate correspondence.

Should you have any questions on the enclosed material, please contact me or Mr. Stan
Ritterbusch of my staff at (203) 285-5206.

Very truly yours,

COMBUSTION ENGINEERING, INC.

Y a+{-

C. B. Brinkman /

Acting Director
Nuclear Systems Licensing

vs/lw
Enclosures: As Stated

cc: J. Trotter (EPRI) 06p
T. Wambach (NRC)
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The seismic category and safety and quality classification of
structures, systems, and components within the System 80+

7
- Standard Design are list'ed in Table 3.2-1 and on the P& ids

(Chapters 5, 6, and 9). Seismic Category I includes all

mecha 4. cal components within the safety class boundaries and
extends to the first scismic restraint beyond the boundary. All

fuel racks are also designated as Seismic Category I.

Structures, systems, or components whose failure could' reduce the y

performance of a safety function by a Seismic Category I

component to an unacceptable safety level are designed to Seismic
Category II requirements for structura) integrity only or are

to the extent required to eliminate that possibility.gseparated
This ensures that any structures, systems, or components that
could potentially have a disabling interaction with Seismic
Category I structures, systems, or components are either
prevented from doing so or are designed to meet Seismic category
I or II structural integrity requirements, depending on the D
function of the component.

-Tho- -l-ict4ng af n a io r-electrica l-c o mpon o n ts-i s -fou nd -i-n-sec tio n-
3v1-1 y--wh-ic h-a-1 s o includos--safoty-and-pslity rtaseiticatdones
Electrical structures, systems, and components not classified as
Seismic Category I but whose failure could represent a hazard to
the operator or could interfere with the performance of required
safety functions of electrical structures, systems and
components, are classified as Seismic Category II (Reference 1). D
Any electrical system or structure or component not in Seismic
Category I or II is considered Non-Saismic (see Section 3.10).
The use of the Seismic Category II designation for electrical
components is limited to non-safety control system components
which are det.igned and documented to maintain structural
integrity during an SSE.

For purposes of this discussion, the motors and solenoids used to
provide motive power to mechanical components are treated as part
of the mechanical component.

3.2.2 SYSTEM QUALITY GROUP CLASSIYICATIONS (SAFETY CLASS)

In general, fluid system components important to safety are
classified in accordance with ANSI /ANS Sl.1 (Reference 2). For

D

purposes of CESSAR, Safety Class 1, 2, 3 and NNS of ANSI /ANS 51.1
are equivalent to Quality Groups A, B, C and D of Regulatory
Guide 1.26. The criteria establish safety classes which are used
as a guide to the selection of codes, standards, and quality
assurance provisions for the design and construction of the
components. The safety class designations are also used an a
guide to those fluid system components to be classified as
Seismic Category I and II (see Section 3. 2.1) . The Safety Class D

definitions in ANSI /ANS 51.1 are su==arized as follows:
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A. Safety Class 1 (SC-1) applies to pressure-retaining portions
and supports of mechanical equipment that form part of the
RCPB whose failure could cause a loss of reactor coolant in
excess of the reactor coolant normal makeup capability and
whose requirements are within the scope of the ASME Boiler
and pressure Vessel Code, Section III.

B. Safety Class 2 (SC-2) applies to pressure-retaining portions
and supports of primary containment and other mechanical
equipment, requirements for which are within the scope of
the ASME Boiler and Pressure Vessel Code, Section III, that
are not included in SC-1 and are designed and relied upon to
accomplish the nuclear safety functions defined in ANSI /ANS
51.1, Section 3.3.1.2.

C. Safety Class 3 (SC-3) applies to equipment, not included in
D

SC-1 or -2, that is designed and relied upon to accomplish
the nuclear safety functions defined in ANSI /ANS 51.1,
Section 3.3.1.3.

D. Non-Nuclear Safety (NNS) applies to equipment that is not in 7
Safety Class 1, 2, or 3. This equipment is not relied upon
to perform a nuclear safety function.

The saf ety classifications of major components which are in the
System 80+ design scope are listed in Table 3.2-1 and--Saction h
a.11. Seismic category designations and quality assurance
requirements are also included. Sma-14 compone m , such as

14 eted -thay my % -f-ound I-piping , v 1yec a nd---strainerc , 2re e+ 1
by-r44+r-ence-to-t-he-NrIDs--K hept e r : 5, 0, and 9) where-t4te-exact

indicated.4 Valves are listed in Tableg 3.2-2.
boundarie44 hs gow43

- are
5 6

All pressure / contatning components in Safety Classes 1, 2, and 3
are designed, manufactured, and tested in accordance with the
rules of the ASME Boiler and Pressure Vessel Code, Section III.
Components designated NNS are designed and constructed with D
appropriate consideration of the intended service using
applicable industry codes and standards. The relationship
between safety class and code class is shown in Table 3 . 2 ,2'.3 A
higher code class may be used for a component without changing
the safety class or affecting the balance of the system in which
it is located.

Fracture toughness requirements are imposed on materials for
pressure retaining parts of ASME Class 2 and 3 System 80+

7
Standard Design components. Test methods, acceptance, and-

exemption criteria are in conformance with the ASME Code, Section
III.,

The safety classification system is also used to ide cify those
components to which the requirements of 10 CFR 50, Appendix B,

-
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.are appl Components infSaf ety." Classes 1, '2, and 3* _arep
designed and/ manufacturc'd under a rigorous quality' assurance

' program reflectisg tbd reqtiirements of Appendix ,B, and are f
designated Quality The Quality < Class 1 qualityprogram is,4: lass /1. described ,[n Chapter 17.Components which'

j
, assurance

h'" do
not s e r v'e a safety,4 elated function are designated Qual.ity .

Class 2./ Quality Class 2 cor.ponents will be designed,'and

/ \ ,manuf actilredf for pro' cured in accordance with thcv' pert'inent b,
requirements'of the'Qualit ' Assurance Program as given in Chapter-

'1/ |g
-

The use of the abovc outlined safety and quality classification' systems meets the intent of Regulatory Guide 1.26 and the
requirements of 10 CFR 50.55a.

.te?. ,ydc.ce.ble.. Oon[W. ems [r. Nk U"W I,0:' fwd auder o- rsyne cJ "B"W frT'" """"'*.
li E $' '

,ww. t
Pdd M #6 MOY

-equ/ceilen,fs of Io @@ince I2 aianu f #Q'^ ' f.h *, M -
'*

h g a - %' &u. fig Ac3x
; a g nc,p se w ) o. W eh r.rcl L hm:-nm c#6 *Ug

"Y g
acswana rGalretr16th d /N FA E N M N.4,

[j s c[e N d t wih - tdth b W fC-I h M ,' Y "" "
g, r(tw i 5 C5bCd IO #f'W *.

With the following exception: the CVCS gas stripper is*

Safety class 3, niity 012s M ,.however, pressure retaining D
portions mee rules applicable to ASME Code Class 3
components. ce Table 3.2-1. f

(.ctad i5 M SMb b N# ' '

f W N b;/ct t 0 c.Ff- 50

,.
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/ TABLE 3.2-1
I

f g $ler7m/a (Sheet I of 17)
JVracla,re s: ibt eMJM

ClRiSIf! CATION OF (
f sa[c/3 STRUCTURES 5YSTEMS, AND COMPONENTS - .' ggy. <,wic,.

s..M * uvrs, ,-*
Safety Seismic Quality-

Component Identification Class Category .Cl a ss-

'Reactor Coolant System

[*ReactorVessel 1 I s,i +G
i,*.' Steam Generators (primary / secondary) 1/2 (1) I n :c tG'

' p' Pressurizer 1 1 . .. s ' tG
b' Reactt* Coolant Pumps (2) (3) (9) 1 I ::,s. + 6:

'

Piping within Reactor Coolant Pressurei

| Boundary (S) 1/2 (4) I SwV tQ'
control Element Drive Mechanisms (6) (6) sws' FQ
Core 5upport structuresM7) 3 1 ds cN +C
Fuel Assemblies (8) 2 I sea' 4Q

| Control Element Assemblies (S) 3 1 osN FC
Closure Head Lift Rig hNS 11 (10)ssi\' 4 t4
Heated Junction Thermocouple Probe

3Assembly 1/3 (12) I sva' +G
HJTC Pressure Housing 1 I s:- s' -1 G
ICI Cable Tray Support frame 3 1 EG -V +G
ICI Holding frame NNS NS E n -s ' 2 t4g

ICI Guide Tubes 1 1 s94 IG I
ICI Guide Tube Supports 1 I ma' 4. G
ICI Seal Housing 1 I sc.s FG
ICI Seal Table 1 I sea' IQr -~~ m v , -

>Safetydnjection System,- .~ ~
.. .m, ;.- g

*Sa/fety inj/ection Pu/ "~h
,_

'

,

mps 2 1 1
}-

,

*' Shutdown Cooling Heat Exchangers 2/3 (1) I 1
y* Safety' Injection Tanks 2' I, I j
( ** Shuttown Cooi'ing Pumps' 2 1 1

-

Co6tainment' Spray Pumps 2 1 1
*f ontainmeht Spray Heat Exchangers 2/3 (1) I 1 /t

,' '

IRWST/ / , 2
*

Shutdown Cooling Mini-flow Heat 2/3 (1)'.1 1/ / 3'f
*

i 1
fxchanger / / / j

-
.

' * Containment: Spray Mini-flow Heat 2 /3,'( 1 ) !, l/
' Exchang,ef /' ' "

glu.E Nii% T3160~E I

to this table ara Lven a Atepf the table.iotn
_

_ 7-
ing component s'upports down,To (btrt not hidudin'g) embedments., ,

i o
i _

-

' - ~ Amendment I
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INSERT 1:

[To bo inserted in CESSAR-DC Tablo 3,2-1 (Page 1 of 17) in responso
to NRC RAI 210.1)

In-containment wates st.rega sreta=

IRWST *
'

3 SSCV Q
Boldup Volume 3 SSCV Q

Steam Relief system
Piping 1/2 3 SSCV Q

Valves 1/2 1 SSCV Q

Spargere 2 1 SSCV O

Cavity Flooding System
Pi ing 2 2 SSCV Q

Va ves 2 1 $$CV Q

Safety Depressuritation System

Valve s 1/2 I SSCV Q

F1 ping 1/2 I SSCV Q

Reactor Coolant Cao Vent Systaa

Valves 1/2 I SSCV Q

Pipir.g 1/2 2 SSCV Q

Safety Injection System
;

safety 2njection Pumps 2 2 RIS Q'

Safety injection Tanks 2 I SSCV O

Piping (24) (28) 1/2 2 RXB/SSCV Q

Valves (28) 1/2 I FIB /SSCV Q

Shutdown Cooling tystas

shutdown Cooling Beat Eachangers 2/3 (1) I RKE Q

Shutdown Cooling Pumps 2 2 REB Q
Shutdown Cooling RLni-Flow Best 2/3 (1) 1 SJB Q

Exchanger
Piping (28) 1/2 I B23/SSCV Q

Valves (28) 1/2 1 RKB/SSCV Q

Containment Spray System

Containment Spray Pumps 2 2 RIB Q

Containment Spray Beat Exchangere 2/3 (1) I RKB Q

Containment Spray Mini-Flow usat 2/3 (1) I RXB Q >

Exchanger
Sprov Nestles 2 I SSCV Q

Pip,' .g (28) 2 2 RXB/SSCV Q ,

Valve s (28) 2 2 RXB/SSCV Q

.

$
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TABLE 3,2-1 (Cont'd) -

t

(Sheet 2 of 17)

CLASSIFICATION OF -

STRUCTURES, SYSTEMS, AND COMPONENTS- ( hg
.~.v asur . - -.

Safety Seismic - Quality.
Component Identification Class Category Class-

iChemical and Volume Control System '

.$ Regenerative Heat Exchanger 2 I h-C 4&[,$LetdownHeatExchanger 2/E 1.> I M 44
.,

3,* Seal Injection Heat Exchanger 2| E ,Q ] s.' A 4C.

,

i.* Purification lon Exchangers 2 1 WA Mn
| * Deborating lon Exchanger 2 'l WA - Kg

. S Volume Control Tank 2 - I t;A tC
l'* Chemical: Addition Package NNS HS t,:A fW*

-j,*'.BoricAcidBatchingTank NNS NS NA 4td .
*

' Charging Pumps 2 1 MA 40-I*48aricAcidMakeupPumps 3 I tJA YC
** Reactor Makeup Water Pumps NNS NS gA -fN

'f*;BoricAcidConcentrator- NNS NS tJ A - ftJ

#,Qp%.TPre-holduplonExchanger
3 I tJA 44

-

*

p Mini-flow Heat Exchangers 2/r7 , i, I tJA M
.

j[[y.BoricAcidCondensatelonExchanger
NNS NS tJA {tJ

.

*' Reactor Drain Pumps 3 I tJA 4Q I
4

Holdup Pumps NNS NS tJ A 4t4-
y eReactor Orain Tank NNS NS- nt:V 29

-

Holdup Tank
.

NNS NS W 4tJ! Equipment Orain Tank- 3 1 tJA - tQ
p*' Reactor Makeup Water Tank NNS NS- -@ 4d

_

'f'pGasStripper-
1 3 I gA 4Q* Purification filters ~2 I WA +&
f*1' Reactor Drain Filter 3 I tA +GJ
;f*' Seal Injection Filters 2- I NA 40 ;*JReactor Makeup Filter NNS NS t4A -2 tJ

i
'

9 Boric Acid filter 3- I
.(f*LetdownStrainer

tA tGJ
2 1- tJA -l &Pre-holdup Strainer-

-- - -3- I tJA 4G
.;[dionExchangerDrainHeaderStrainerBoric Acid Condensate IX Strainer NNS NS tJA -E tJ

NNS NS NA -2d *
,'

, - *fBoric Acid Batching--Strainer NNS NS WA ftJs

f Chemical Addition Strainer NNS NS NA 4tJ
V Boric Acid Storage Tank . 2 I. W 4G-

Eenc. Acid EcAcKng Edwrer sta ,as 9A Jt
LeJrdevJn Ori -
Boronomele-(v' ices 2 I .- ssN G

tA NW tJ S 95 J
i Pi ire; (220 ipf3fu I/gs suygAjyp @

. V W'S M -
t/2./3/Md6 I[tJ.5 sid/dAf9 @-

-
,;

* '
- Amendment-I~

December 21, 1990
.

%,ui3-re=w war = r 'vvur"'up V # vT' hM'W W



.

.

CESSAR En!inemon.

s.v par m .i

TABLE 3.2-I (Cont'd)

(Sheet 3 of 17)

CLASSIFICATION OF [gb ,, sSTRUCTURE 5, SYSTEMS, AND COMPONENTS 7.m%yvwt A
Safety Seismic Quality-

Component identification Class Category -Elass

Emergency feedwater System *
. 0 witaMa Vf.alwr-i L I J m.- G
* Notor-Driven Emergency Feedwater Pumps 3 1 ::.g3 +C;,

*' Steam-Driven Emergency feedwater Pumps 3 I h.wB t-0 I
* Emergency Feedwater Pump Turbines 3 I F g8 M

JEmegencg.,FeedwaterStorageTanks $ G
6 'h-

fue N$dingSystem ^
-

E el Pool5P+ ling Machine 1 NA G-

Refue NNS 11 M c.V -2N
Fuel Transfer System NNS 11 sv/ MA 2N
1. Transfer Carriage NNS 11 sseN/NA fM

D2. Upending Machine NNS 11 w d/MA GW
3. Hydraulic Power Unit NNS !!

566V[/NA
d4 eW

Fuel Transfer Tube, Valve, Stand NNS 11 W EN
CEA Change P1atform NNS 11 6+W 7W
Long and Short fuel Handling Tools NNS NS t>d GN
Upper Guide Structure lifting Rig NNS II (11) ucd, tW
Core Barrel Lifting Rig NNS 11 (11) r.%v ed
Spent Fuel Handling Machine NNS 11 NA -tW
New Fuel Elevator NNS !! WA ed
Underwater Television NNS NS -WM 4dRefueling Pool Seal NNS NS 6W 4W
In-Core Instrumentation and CEA Cutter NHS NS sscd td
Extension Shaft Uncoupling Tool NNS NS 5scV W
Fuel Transfer Tube Blind Flange 2 i Sun 1-G
CEA Handling Tools NNS NS 5 scV +M
ICI Insertion and Removal Tools NNS NS %V +4
Spent fuel Racks NNS I WA 44 y
New Fuel Racks NNS I NA 4N *

Condensate,and Feedwater System .93)~
,

Condensate Pumps NNS NS .rb 4N
*

'

Feedwater Pumps NNS NS rs f4 I
Feedwater Pump Controllers NNS NS TB EN
Feedwater Booster Pumps NNS NS TB EM '

(FeedwaterTStartupjPumpf NNS NS W EN
Low Pressure Feedwater Heaters NNS NS TB 4 rJ
High Pressure Feedwater Heaters NNS NS TB eg
Deaerator NNS NS ggdjusvg 4td

- \/ 5 15 2t I ed I
'

- " '
'-

December 21, 19L7
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TABLE 3.2-1 (Cont'd).

,

(Sheet 4 of 17) i;

CLASSIFICATION OF
-

gh
STRUCTURES, SYSTEMS, AND COMPONENTS 4 ,.mg , -

6 urtim*.T @'-

Safety Seismic QualityComponent identification Class Category Class

Main Condenser System

~ Main Condenser NNS NS TB- -2-ta

Condensate Storage System

Condensate Storage Tanks NNS NS TP t t4Condensate Storage Tank' Recycle Pump 5 NNS NS W traCondensate Drain Tanky NNS NS % ttJCondensate Drain Tank Transfer Pump NNS NS TTp , 2 ta. ...- ter-& tar-tup Nmp MNT MS 2
, ' . '

. . . . . .
i NJs ps Y Pf u ts m - raIV

to ensa e Cleanup System W45 Ws irM n *.
' ~N

Fiping ems tJs ra eJPolishers /Demineralizers NNS NS g E-N,

Resin Traps NNS NS -B 2' 'd'

V e les N N:' - Ws edg,

Hai g;g thuema h otim N M.g3
acuuNm"ps khk NS -2- Ng,= Steam Jet Air-Ejectors NNS NS rs - tdeam-Jet Air Ejector Condenser NNS N: -B t tJ999 95 TB g

Deminera ized Water Makeup System "5 * N
I

Demineralizer Makeup Water Pump.- NNS NS Xp 2-W
Demineralizers -NNS Ni. .yp -2 r4Vacuum Degasifier NNS NS yp te4 -

Demineralized Water Storage Tank NNS NS yp i e4Vacuum Pumps
'

NNS NS, Yo e tJFilters NNS NS YP te4kcircuhtir.g N ;; Pe>f:Je RWP NNS NS YP - t tl ~

*
-

%actionSteamSystem -NNS- MS 2
-~

n a ~ u,
Heater ents -NNS MS ?-

*
11 m- e.43 tJ5 m r4V ve$ e445 WS ra N
Vaaa.am t>wt,'ifivTm+%h Rw > ups pg yp gD:eninualiied D14YTrash- f5 6 45 gs yp ,aL
Etsnt W SJt W W a5 k ITL+ 4 NN5 Ns VD ta

>

Pjpnc3 (tel u Wels r/45 Au- ' 'W',3
. Vo3V86 (20)- t! ds I/ H5 Amendm$ntIN.

'% - - December 21, 1990
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g TABLE 3.2-1 (Cont'd)

\v (Sheet S of 17)

p[3 CLASSIFICATION Of giSTRUCTUREI IYSTD(5, NdD COMPONENTS ,p,%,Me
,

3
,/ w aut<.mt r uSafety Seismic -Q aH ty

,. Component Identification Class Category -C-l ass

4hemical-feed 4ystem-

4hemH+4-Add 44en-T+ek s NNS NS 2h m el Additica N;p NNS NS 2-e% m ~-,

' Turbine Generator System .m .mm. . , m ; ,"

/ '

,/ / j'
-

' . -

/
.

-

t- Turbine /Generatorf NNS' NS / 2''s High'Pressurp4urbine NNS NS 2
'

'

Low Pressure Turbines' NNS NS
.

2/'

b ,4enerator eparato/ NNS NS ,/ 2, S
*

Moisture. rs NNS / NS . ,2 /
'

,

,/ SteamReheater/ NNS ' NS' .' 2
) Turbinp' Gland, Sealing

Bypass System NNS' NS / 2/
-

Turbine ystem / / /
Gland Seal ondens NNS / NS / 2N . Gland Sea Regulat6r 'NNS / NS / 2,/' .T0rbine Ldbe Oil Sy' stem '

,

/ / /./ Centrifugal 01 ' Pumps NNS / .NS /2 3Boost'er Pump NNS / h5 2

'

'e OiY Tank NNS' NS.' 2 i
,.

'

Ofl Turbirje NNS NS ,.! 2/011. Cool ers NNS NS / 2
,

,7('s , Turbine o'ntrol Syst.em
~/ '

'/ EHC Pumps /
f NNS / 2/ INS '( EHC, Coolers

NNS NS / '2
' f

? E Sumps NNS NS / /2
.

#

Tur ine Genera r Cooling ystem / /Alydrogen Coolers / NNS/ NS / 2/'

r &
Liquid Waste Hanagement System

Waste Collection Tanks NHS HS MP +NWaste Sample Tanks NNS NS PWF -2 N*
Process Pumps NHS HS MF -2 N"

Process Demineralizers NNS HS WF -B-WProcess Filters N .N S MF -2- ed
Pi ins (26) Y "NSP "S f/W5 %^j UI 6/dl
vees (2e) 1/ Nds I/ d5 'reld^/ w / W

6W/no

Amendment I
; , - - December 21, 1990
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INSERT 2; '

[To be inserted in CESSAR-DC Table 3.2-1 (Page 5 of 17) in response <

. to NRC RAI 210.1)
.

Turbine Generator System

Turbine Generator
Bagh Pressure Turbine WWS WS TB. W

Low Presente Turbines WWS WS TB W-
Gener. tor WNS WS TB W

Weteture Separatore WNS WS TB _ W

Steam Reheaters - WNS WS TB W

Stop Valves WNS WS TB W

Contrei Valves- WNS WS TB - W

Reheat Step Valves WNS WS TB W t

Intercept Valves WWS WS TB 5

Valves, other FNS MS TB W

Piping WWS MS TB W

Turbine Bypass System
Turbine Bypase Valves WWS WS TB W

Valves, other WNS WS TB W

Paping. . NWS WS TB W

Turbine Gland Sealing System
Gland Seal Condenser NW1 WS TB W

Glead Seal Regulator WNS WS TB W

Piping WNS MS TB W
Ve,1ves NNS WS TB W

Turbine 1ube Oil System
Pumpe FNS WS TB W

C11 Tank WNS WS - TB W

C11 Turbine. WNS WS TB 5
011 Coolere NHS WS TB W

C11 F11 tere WNS WS TB W

P1pir.1 .WNS US -TB W

Valves NNS WS TB W

Turbine Centrol System
ENC Puge WNS NS TB W

ERC Coolers NNS WS TB W

ERC Suge NNS WS TB W

Piping - NHS WS TB W

Valves NWS WS TB W

Turbine Generator Coeling Systen
Bydrogen Coolere . FWS WS TB W

Piping FNS WS TB W

Valves WNS WS TB W

4

f

.

?

,s- - _ - - , - . - _ , , _. ._ ._ . , _. . . _ , .
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TABLE 3.2-1 (Cont'd)
.

(Sheet 6 of 17) ;

,

CLASSIFICATION OF qSTRUCRIRES, SYSTEMS, AND COMPONENTS g ;Pawm[k,M.

Safety Seismic Qual 4ty
*-

Component -Identification Class Category -C-lass
*

Lem4E ri *

Gaseous Waste Management System
Pioing pci) 1/945 di tJA/MFfk 14Gak Dryers NNS NS -MF' G r

-Charcoal Beds NNS NS MF -f .g g
V a.14 6 5 G S) ?./ 945 N5 tJA/P44G W ggi,

SoligW@a,steManagementSystem
*

p,

<o Ca,n Tank s g g gg g

HI[ Fill /DewateringHead NN$ NS piap 4 ta
~~> 46 NA t rutP W

Slurry Pump- =NNS NS p.WF tN '

,

-Radw::t: h ilding Cr:n: NNS NS r" "- -
t eJ
2

D ;.SolidsCompactor NNS
NWs gS MF,

s MA f4Ve-
"$ N^Heater rain System

'

P; pi - eJ J5 W5 T3 tJRehea$rDrainTanks'
t

NNS NS Ts +4Moisture Separator Drain Tanks NNS NS rs t tJ
Heater Drain Tank NNS NS ra 4 tJ'

Heater Drain Pumps NNS NS n 4- t2NgA4es Was as m r4
Process and Effluent Radiation Monitoring System *

Gaseous Process and Effluent Monitors
tInit. % ee+s Vent NNS NS tVA - + tJ

Waite. Prece:: Gas NNS NS Rv5 4-e4'

tkdb -Ventihtica _ Vent ibst-W NNS NS NA= t tJ I'

-Containment Purge Exhaust NNS NS tJA 4- tJ

r AFS A.*
Subschere_ Ventilation tJAiquid rocess and Effluent Monitors _ NNS , " NS'~ ~ ' r4'[

-
-

^ ~

Component Cooling Water- NNS NS eJA t rdLiquid Waste. Discharge -NNS. NS MF 4dPlant Discharge Line NNS NS WP ' etJ
' Station Service Water . NNS NS ccM 4 tJ

- *

Reactor Coolant-Gross Activity NNS NS r4A ttJ'- ,-
Turbine Building Drains NNS NS TB ? N.
Steam Generator Blowdown NNS NS r8 4' N

-

I

_-

.

* * - -
Amendment I~ .

December 21, 1990
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CESS AR l'!'aincuion la S Af 210. /

TADt t 3.2-1 (Cont'd)

(Sheet 7 of 17)

CIASSiflCATION Of g
, 7 .gSTRUCitlRE5 SV5TERC/FCOMPONINTS ur % y-,

,c. ,sawr -'
* Safety Solsmic . Quality

Component identification Class Category Class
- ~'~

#, . . : '.
.

'

Airborne Radiation Monitors
Containment Atmosphere 44NSr 3 N$r i tuA f-Cl
fNelear Annex NNS NS eJA 4 t~
Radwaste Butiding NNS HS MF 4 tv
fuel Building -3 tutJ5 + tas tJA + rJ
Ventilation Systems Multisampler NNS t45 #A f tJ ,

Control Room Intake (ALB) 3 1 NA 1G '
'Area Radiation Monitors NNS NS Fres /NA /MF t td'Special Purpose Area Monitors

Hain Steam Line NNS -ittu /JA 4 t4
Purification filter NNS NS PJA 4tJ
Containment Area High Radiation 3 1 Gm', 4- G
Primary Coolant 3 1 SA 1-Q

'

Containment Isolation System Plc. <m 2 1 u s/sF- 1C
\,U n : 1 i sw,:j n i.& 5.,

Component Cooling Water System (14) u. g.,G eing (tot m3j,a,J s I/tJ5 wesms . e-
.

,

GwS-Heat Exchangers '3 1 d4 -1 C I
EMS Pumps 3 1 tJA l-& j
C-CWS Surge ianks 3 1 eJA 1-Q *

CCNE Sump Pumps NHS NS tJA f tJ
M S Chemical Addition Tank NNS NS NA 2 tJ
4 CMS Heat Exchanger Building Sump Pumps dNS HS ua*J K ? tJ
YdN 4(m) :.f 3g,J5 Ileis J w/W/ *C krJ

Pool Cnoling and Purification System M/'d V '

I
*

Q 9% 3 I PJA S
Spen 'Tuel Pool Cooling System 5 x nA G(

Spent 4tseMeol-CooHng Pumps 3 1 'J A 1G
6 pent 4ttel-PeoHooHng Heat

Exchangers 3 1 tJA -l Q
Pool Purification System

Pool 4ttHficat4en Pumps NNS NS tJA 2-tJ
-4001 Strainers NNS HS tJA 2 tJ.

*

Pool Ocmineralizers NNS NS NA &&J-

Sool filters NNS NS tJA hJ
Spent-TuclJool Skimmer NNS NS NA fM
[[., 0* tJ45 I/, 'J 5 tJA/6 M L/id

e , " >' S 5 "*s" :. "Jso- 9 "J 5NtJ 5 t NA t

-
. Ainendment I

'
*- " ' - December 21, 1990
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CESSAR MMinemou >x mr ew.1

,

_ TABLE 3.2-1 (Cont'd)
.

(Sheet 8 of 17)De%te,pJif14
CLASStrtCATION OF dim'a/M 3

STRUCIURE573YST[ROFCOMPONENTS Av. .td
/ bu renxed g

'

.

/ Safety Seismic ' Quali ty--

1 Component Identification Class Category 41 ass\r vp &cthOIn

i Sarnpling . System
' /

M,/ess,Sampl,e Syste,m / 2i
T M e~/;n. '

_

Station Service Water System
P.' pi n g h4h Tha u 6/d

-SSWE Pumps 3 1 t-a2r, +1 6
-

-

-SSWS Strainers 3 1 Mf5 lG
-SSWS Sump Pumps + m> S -{-tJS SSN -1 tJ
-5SWS Traveling Screens 3 I W M

VaWes . paas 1/as wrs/ww spJ
TurbineguildingServiceWaterSystem

vd
gg 3 ;

TP;wS Pum$$ w.a. ,A IJn
p NN$%m,s to(S

f W 2+J
neer im b a rd

Turbine 11 ding Cooling Water System
$78 3 g3 m ,a

-TBCWS eat [xchangers Na$
en w tJ

NN NS to -2+
TBC4fS Pumps NNS NS TB -0 tJ

-TBGWS Surge Tank NNS NS T8 f rJ
-TBC415 Chemical Addition Tank NNS NS S 4 td

b ' Systems -

tal Ch<11ed W Syst 7 " 'f'Ess '

ECW Reffigerattdn Unit 3 1 ,e 1| I

/ ECW Circulati6n Ptmps /s / '

'

'

3 I' 1is,

ECW' Compress' ion Tankt .3 .l / 1/'
/fNorinal Cht)Ted Water'$ystem (15 / /

' NCW Rolfi.eration Units- NNS
'

! ' *.2 s
,/

.

,./NCW,CIrcu atiorf PumpsNCW NNS 1 j'2 .

Compressfon Tanks NNS / I 7 2(
fiCWAirSeparators NNSj

1,f /
2 /|

-

''

y NCW Heat' Exchanger 3/ l- j' 2/Condenser Circulating Water Sys em / / / / -

Condenser Circulating Water' Pumps ~NNS NS j2'
Con' denser Ci 'lating Wa (r Cooling / (' Towers NNC NS / 2

dA M#
pqAue- vaith Tived- 4

Amendment I
December 21, 1990
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JtiSERT 3:

(To be inserted in CESSAR-DC Table 3.2-1 (Page 8 of 17) in response
to ITRC RAI 210.1)
Fr**ese Sampiang Systee

trisary Saarling syeta.
Pump FNs W8 M N

Eeet B.aobangere FNS W8 E& W

sample veeeele Ws We u W

Ftptng (28) */kN4 1/Ws u /85cv CM

Valve s (30) 3/Wus I/Ws n/8scv W
$1:4 WNs WS u W

Soeondary chemletty Contiel $ystem
West Estasagers FNS W8 WA W

.

Staatnote VMS WS kA W

Monit o r e D* B Wl Mk W

ing 38) 2/wNS 1/W8 kA/ttCV W
tiIves (to;v. ( r/ns s/Ws n/ssev W

,

i
ItiSERT 4! i

(To be inserted in CESSAR-DC Table 3.2-1 (Page 8 of 17) in response
to itRC RAI 210.1) , ,

cattled Water e ste.r
resents.1 cattled Water erste.

Settageressen omit. 3 : n o
ruwe s x n e
Cowreesten tank. a t u o
ca. m1 Ad41 sten taas ws Ws n W

reser.tlal/Wessel Boot EacAangere 3/kWS (1) 3 M QN
F4 ping (28) 3/3/FN8 3/WS EA /88 CV/MS GW8

Valves (28) 2/3/KNS I/WS M/5SCV/MA W
Strainese 3/WWS 1/WS M W

Wetual Challed Water Systes (1$)
kerrigeratten Onite WM5 WS M N

Pumps FNS WS 34 W

Compteesten tardo FMS W5 tt . W

Alt sepstetste WW$ W8 km W

Cbtaical Additten f a Ae FN8 W8 u W

tiping (28) 2/WW3 1/WS M/ESCV W
Valves (20) 2/FNS 1/WS M/$$0V W
Sttaltiere FWS WS EA N

*
Condenser Circulating Watet Systsu.

Pu,e Wu8 Wg TO W

Coeltog fevere (nectanical portion) Fus Ws in W

F1 ping WM8 W3 TD/f8 9

Valves FNs WS Yt/rp W

Strainere FWB WS TV/rp W

tsoveling Seteene FN8 WS YD D
.

. .
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TABLE 3.2-1 (Cont'd)

(Sheet 9 of 17)

CLASSIFICATION OF
,

STRUCTURE 575TIMS, AND COMPONENTS g.j%_ ,g .
wt%@Component Identification Safety Seisatc' -Q a)4tClass, Category , _. Classy- ,

Compressed Air Systems b #"

Instrument Air System !
Air Compressors

NNS NS NA + e)M4+eeeel+ee- Ppn9 20)
- :'NHS. I NS , Aa - 4 :._ dMehtur: S:perator4'\ Ives(so) :.NNS : HS Au 4adAir Receivers

NNS 'iS WA f *J K
c

Desiccant Air Dryers / Filters NNS NS NA 4 tiAie444ters-
!- NHS NS-

.Station Air System -

Air Compressors
NNS NS swa t9Aftertechr: Air Dr

Meh'"r: * parater+gers Fiitus
*

NNS HS he ttJ -F;ing(zo)~ :. NNS L NS A u. f1/J '

,

rs- 'NN S' 5% D +9Bre System s/N $ */* h ^* QdAir Compressors
NNS NS-Aft:r::chr: Pi in 20) 2.,NNS T HS

Sy,a e >J >
'

M r F'1ters V se o) 2./NNS ;.NS A u, Mfd
A t.t. tapJ.

Air Receivers
NHS NS SAE, 4tJ_ Air Dryers / Fillers.

NNS HS 51.D Et)
Compressed Gas Systems

.
'

'

Nes(s%)(*4C) 2./945 T./r45
Pi '

L' L1 ure G0s Cylinders
NNS- NS 'f a) !4A u.

Pressure Regulators yo I-

NHS NS Yo 49Leak Detection Systems
.
*

NNS NS- Au. -E 9Liquid Hitrogen Evaporators.

W4VCS (;t.&) NNS NS TP 4 f32/945 /tu Aw G/d
;

F1 go etionSystemp67 '
- '

d pg a
umps .a z JA o

NN 4tJ5 FPt4 2- ta#$ T:nk $ W ~e. b l5
NNS t J5 FPt4 4W

.

Water Sarty stems (Deluge and
:/NNS I/dsM TWHA fav/ 4 W

'

Sprin cler Piu3 WMrs (to)(re)
'

'' '

-Det+ction/A tm-Sys,te= M/o syh
MS NS |-Hose Systems / Standpipes 64)(08) I;'NNS I, G A u. (GytJAle-Seeks.

25 EPortable Fire Extinguishests 00) NNS i d5 A4. td
*

WE.Mor DI6h'abah'on g5kew
P'i in9

Vff- was 93 yp , ,aShteners tMS t4 5 YD tJpas .

as_ yo pd ~* ~ Amendment I.,
* -

December 21, 1990
h
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TAllli 3.2-1 (Cont'd) .

(Sheet 10 of 17)
ge(\ca.c. &% '

f g#, 45- CtASSiflCATION Of MgL
S1RUCIURE5 5YSTm5 MD70HPONFNTS , AswmLg

e.s wew
Safety Seismic Quality,

g* Component identification Class Category . Class-
v v M ---- ,. --- . -- . e - 3 J ,,

Olesel Generator, Systems / 1- .. ,.
'

/ /
' -

OG fuel Oil System (17) -

Fuel Oil . Storage Tank 3- !, I
Recirculation Pump 3' l- 1s

. Booster Pump 3 1 1*

Fuel 011 Day Tank 3 1 1/,
Fuel,011 Transfer Pump 3 I l',

OG Coo' ling Water System /

OGCW Surge / Tank '- 3 ! .. 1 |

#

OGCW Circu'lation Pump 3 1 / 11
OGCW Kecd Warm Pump

.
3 I / 1

'3-way Thermostatic Control Valve 3 / 1/ 1

f DGCW Jicket Water Cooler 3/ li !
, 0G Star' ting Air System (10) / /
'

<

1[Compressors 3' !
'

.

Af(ercoolers
'

3 ,1 1,'

Moisture'Separato'r

/ Air Re/Oryer Units

. 3 / I 1/
filter 3 / I 1(

'

ceivers / 3
/ I 1,.

/@G Lube Oil System (19) !Lub6 011 Cooler / 3

0)1 Transfe'r Pumps 3 c'.
I l
i 1 /|relube Oil Pump ,/ 3/ I'a

I/
1/ {,dubeOil'SumpTankHeaters 3/ .l

g
.

/ Clean and Used Lube Oil Storage Tanks 3 1 / ,1 f
/0G Intak'e and Exhaust System / /'

,

Turpocharger / 1 / 1 / 1 T
Af tercooler / 3 i ! 1

'

Sflencers and Air filters / ~._ / -3 I ,/ / 1

Equipment and floor Orainage System

Reactor Building Subsphere Sump Pumps 3 I ag -+ O
-0Cc-Bund 4my-49mp-Pump: 3 ! I.

Other f%er-Ora 4* Sump Pumps NNS NS +d'

Pich 28)M Cy(@) t/3/nar IftJS t. L1 ';/tv'

t<3/was I[ ras Au. G'Noiese.1 ha+ Ewthg by Peip qd m '

D.Y bW 3 I DGD O
P 9VpWS 3/Nds c/as we/n^/f".. 4'd

3/gu s r/43 ptfl#A/Nr 4/lt* Amendment I.

" December 21, 1990* - -
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INSERT 5: ;

(To be inserted in CESSAR-DC Table 3.2-1 (Page 10 of 17) in i

response to NRC RAI 210.1]

Dioeen eenereter eret.as
'Da aneine e el oil erotea (1Uruel ota store,e tanks 3 3 Dre o

secte utati.e usee vus ws Drs v-
noseter rue ,e 3 tes o
ruel oit Dey tanks 3 : DGa o
ruel oil traneter rue ,. 3 ten o
8tsalmoto 3/FN4 1/MS tot /TD ON
Filters 3/FNS 1/MS tcB QN
Firing 3/WNs 1/us (cs/Drs/TD - ON
Valves 3/FWS I/NS 848/D73 QN

14 Engine C4 *1bg i ** * . ,,y
Circutette puxrt 3 2 tcs 0

*
8. cop WarsI art . 3 1 148 0
JacAet Wat. ceeir e 3 3 DGs 9c

Jettet Wete. 4J.g/,st ~
3 1 DGB C4 ?iM 4 g

Cheateal Pet . 6' 3 3 DGs Q i

tiping 3 1 148 9
Valees 3 3 tca 9

14 Engkee Starting Air 4 yttom (18)
Cespreeeere t< tis Ci tc8 E
Afterneelete WNS m% DG3 W
Meistute separatore FNS WS DGB W ,

Filter / Dryer Omite WN3 ps Ecs W
Alt meeelvete 3 1 DGa 9
8t ainera 3/FWS I/NS tcB CM
Trope FNS W5 DGB N

ritters 3/NN8 1/WS DG8 QH
tiping 3/WNS 1/WS DGB QN .
Yalves 3/FW3 I/WS 143 gN

DC Engine 1.ube oil System (19)
Lube ott suop tanke 3 I DGa 0
Lebe C11 Coolare 3 1 DGs 0
011 traneter ruses wWs as tcm/rD u
trelube oil e 3 I tcB C i

Clean and coed 011 Storage tanke WNS WS TD W

ritters 3 I DGB C
straine re 3/FNs I/ws tca Oh
riping- 3/FNS 1/MS DGB/YD QN t

Valves 3/WNS 1/ws tC5/TD QN

DG Engine Air 2ntale sad 8.shaust syetta '
turbochargere 3 2 243 0
u tercesters 3 1 DGa 0
Silencore and Air ritters 3 1 DGa 9 ;

Piping 3 3 DGB 9

.

$

e

e

. - - - -

e

I

l

u
l.
I

i

|

. . - - . _ _ _ . _ _ _ . _ . _ _ , . . _ , , . . , , . . . . . _._,._.__,,,,..____m
_ _ _ _ _ _ . _ _ _ . _ _ .
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TABLE 3.2-1 (Cont'd)
'

(Sheet 11 of 17) {
'

CLASSIFICATION Of - .

STRUCTURE!I 5VITFRNOMPONENTS ,dhad ,, >
- . mwewnj * ;Safety Seismic -QualityComponent identification Class, Category -Class- '

Control Building Ventilation System ' '1
'
,

Hain Control Room Air Handling System
Air Handling Units w/ filters 3 I tJA +&
Fans. Ductwork 3 1 e:A +GWater-coolino Colls 3 1 ta t. t /DHeating- Coil s r%wes - . { l WA MTechnical-Support Center Air Handling s r WA QSystem '

Air Handling Units W/ P Ik/.5 NNS NS tJA 4N !Fans, Ductwork NNS NS 64A bg
,

!"tu: mnpus NNS NS WA t tJ !
Computer Room Air Handling System

Air' Handling Units w/ Fut::.9 NNS NS #A + tdfans Ductwor.,$__ % NNS NS WA P tJVitalInstrumentationlndEquipment
c.,

NNb N* t.A N

+ Rooms (f Building Air Handling SyAtem
inc. Battery Rooms) 3 -1 FBalance o

Filters NNS NS- NA +tJWater Cooling Coils NNS NS .NA +d. Fans, Ductwork
NNS NS tJA ttJ

'

tunipers NWs 95 tJA tJ
Fuel Building Ventilation System

Cooling coil NNS NS tJA ted ;
.

Heating Coll felf NNS NS tJA 4taAir Handling @ Unit w/ filter
g

NNS NS t4A 4idDuctwork, Supply NNS NS MA t t) .Exhaust System filter Train 3 1 tJA +G '

Exhaust System fans 3 i NA MExhaust System Dampers 3 1 tJA +Q
Ductwork, Safptg

Exhaust- 3 I tJA +QCWfm , Web gg tJA atNuclear Annex aM e,:k:st4-But144ng ,

t

Ventilation: System (20).

Percw uMn Omts 3 I tiA Ok' Supply utr Handling Units NNS NS gA 4 tJ -

Ductwork, Supply NNS NS gA + 54
-

Cooling coils. NNS NS tJA + tJ
,

Particulate Exhaust filter Units NNS NS' MA + +J -
>

Fans,_Ductwork
NNS - NS JtA t-tJ~C h pers tJtJS WS NA ' ' '

P4cm Fe.ar M$ lM4 froUn3 Cdd5 3 1
Amen $m^entI

',

''* - = ' -
December 21, 1990 ;
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i~d*" 96 f- ,J s ref ,J
Ndi NS P# NCuLh@f> TABLE 3.2-1 (Cont'd) Ora bas 94 QW (d'5 (Sheet 12 of 17) NU' d' P4 t;

CLASSiflCATION Of ySTitVCTURES75Y5TDG70 IOMPONfNTS Q ,, -

%ve,o4thf51
.

Safety Seismic Qu'alityComponent identification Class Catego_ry -Class-

Reactor Building Subsphere Ventilation
System

Lriadu) Ces%3 V4s ble.*JS 1|tl5 M6 s:t;
'

Exhaust fans 3 1 NA 4CCooling Colls and Heating coils 3 1 tJA 4cExhaust System filter Train 3 I tJA 11Doctwork, Exhtust 3 1 N A *p go laSupply Fans NNS NS tIA 4NSupply Air Handling Units NNS NS WA 2NDuctwork ppl NS NS N A F46 Nremrvs
Die 7eT N 18 @ yYentilationSystem

I tA
# " "^

se:ue halu 3 I p3.s CLSupply /Exhaustfans
3/Nas IpJf- cu.s -l WDuctwork 3/aW5 1/45 P e .B 1 :.<rJ

k*f8tJornu.1 L(ykj 3f[,.d' ,h N $
I

,

Annulus Ventilation System

filter Trains 3 1 NA 4-Grans 4uetwork- 3 1 tJA 4-Q
r

Oampers 3 I tJA PQNbeb 5 1
Containment Purge Ventilation System pajgjg g

Water Cooling Coll NNS i 45 tJA + t4 IHeating Coil NHS 4-05 MA 4tJSupply and Exhaust fans NNS 4->J5 tJA -2tJDampers VM vc5 (rc.) 7/ NNS 1/r3 t)A/'s' Miti,

filter Trains) NNS i- a s. tJA t- W0+ w oru Oc gpas yg5 aufsw/ grs
Containment Cooling and Ventilation System

Containment Cooling Subsystem NNS i NC 6%9 B-W
,

Control Element Drive Hechanism Cooling
-

Subsystem NNS i th duV -2rJContainment Air Cleanup System NNS i as cscV f- *JCavity Cooling Subsystem NNS 4 45 s.scV + tJ
.

! Ouctwork NNS 4 tJ5 sec# J
t *db gces d95 e35 szv

Amendment I*-- -- -

December 21, 1990
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2 : gwg,w,cmw Mv M .
htun (Sheet 13of17) t '<J4

I wa
"4 I,M GP'dP %"(

Cl>LSSiflCATION Of ,. .,

STRUCillRE575V3 TIM 70'COMPON[NTS _/4 Q ,. 3
s .nu m w e* 21Safety Seismic QualityComponent Identification Class C_ategory ; Class _
,

| Turbine Building Ventilation System ' ' ' * " -

Vent 444t-ing f ans NNS HS rt 4-44eteke Dampers NNS NS tt. 4%Exhausters NNS NS w, 4 #4Lwwwk- ra, r, > n, y
Station Service Water Pump Structure

Ventilation System

-V4ne-4*444-4upply f ans 3 1 65P5 4-Q .

Dampers /&heek-Dampers 3 1 $s co 4oDuctwork 3 I urs 4-C
Main Steam Supply System ,(U t 4 !- 1-

[$huffE6hd's"-[oYtrdTT)himW''
Piping (W)
Hydrogen P.ccombiners 2.

1 JA[fM Q"

1 pA iCHydrogen Analyzers 2 i NA 4-Gfiydrogen Recombiner Control Panel +3 I NA -1-Qva.bes (tt,) t i NA /su Q
Steam Generator Blowdown System (22)

fifing Ud v W.J s I/N s se mwnW4 f.'idflash Tank NHS HS 44 1t h down Heat Exchanger NNS NS m 1W
,,

Bbdown filter NNS NS TTi tWelowdow* Ocmineralizers NHS NS m ?4
\l.t.l u n O C) RerWah t/t NS J/in */"/4"' Nd

SteamGumter' Wet layup System (22)p
WN g

Wet-t-ey& NIN ?$b UbhE||$$ ul*Jttp-Ptrnpe NNS ' NS 24let-t-tyttp-Heat-f*(-hanger: NNS NS 2:

Hydrogen Hitigation System,
,

Hydrogen Igniters NNS I s< A 49
[%s.bleAW. % % yL O G{5ket JtM S r3 TD t

i

|

Amendment I, m . ,_

December 21, 1990,
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TABLE 3.2-1 (Cont'd) }
A E Int <*.et 6 (Sheet 14 of 17) f

-

;

CLASS!flCATION OF !Qg
STRUCTURE 575YSTEN5 AND7 0MPONENTS

ilq/w,.aun DD
*

,

Safety. Seismic . QualityComponent identification- Class Category 41 ass-
3

' Structures - - @ -

"

\ / / f-
ContainmenpShield8611 ding /,/ I'

, Steel Containment
/ Internal'Structur/ / /1

e / /1 :
Nuclea'r Syste # Annex / / 1f ;
Station Servi'ce Wate System ump Structure !'

. Turbine Buildin - / NSr(
,

;4

i

, Radwast/Buildi'

IxBuildin/
-

NS
'

' Component Cooli -Wate g 'l'
Nupl6ar ServMe Wate ump Building /I t

,4

;-

Olesel Genefator B 1 ing / I '

-!/' Main Stearii Valve
/ ,ervice'Buildirig,H use / MS i

' !

7

/iministration' Building / NS i
Guafd !'ous /, ' NS

yirehous / NS

-

.

f' Fire Pum House / NS/ /
,

i

I

gde.c-tIfk.74'Eri7
.

.

I

:

i

*
1

.

.

T
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INSERT 6;

[To be inserted in CESSAR-DC Table 3.2-1 (Page 14 of 17) in
rosponse to NRC PAI 210.1) i

sastru setten and Control systoa.
'tamat treteetten System (trs)

ne res incandee stie otoetrical
and a.chantou eeweus t ry ( f r ea e.ae s e med A r-e. to actus-

,

sten sevtes taput terminale)
~
t

tovelved an ,emoretto,the
etenate essecreted sth the
see pret.ett,e runctione
defined below ,

i

>4 eter tretective syet.. <nts;

2 n /sscv o inot portsen of the tes which *

veneratee etenate that enuese
reseter trap

*
ineen.d safety r.atures

r.nletuetten System (tsr)

That portion of the PP8 wMet I M/SSCY 9*

generates etenale that setuate
engineered safety features

'
~

Safe $butdeva Systone

! ICB /kA /CCitI/ 9The este ebutdern system. *

include these systems required S tes /KWE/
to secure and maintata the RKB/85CF
teacter in a este shutdown
condition

I MA/Dca/cCwx/ 0All other systone required f or *

esfoty 85FS/Mrvs/
PIB/88cv

Centrol systema not regstred for W8 All W*

esfety

Centrol Rosa Panels (eaf ety- * n 0*

selated)

Control R.es Fane1e (etber) I M Q*

Imatrwnent valves and paping ,

downstrata of $sfety Cle.e
3 or 3 root valves (For
safety related toetrumente) .

F1 ping, tubing, and fittings 2/3 3 All Q
,

Instrument valves Ws as All W

Electsio Systems
.

Casse 12 AC Equipensat (includes
sessetated tremeformare, pro =
tactive relays, imetrummatation
and contre 1 deviese

I n 0' 4.16 kV Dunee4 *

1 M O480V Load Centere *

3 E /CCWE/PCB/. 9480V Noter Centtel Centers *

SEP8* .
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INSQ'T 6 (Cont'd):

[To be inserted in CCSSAR-DC Table 3.2-1 (Page 14 of 17) in
responso to NRC PAI 210.1)

Close is DC Equip ===t

1:sv stette. settersee ud m.act. - 1 EA Q

1 EA Qsettery Csarv.re -

1 Ea Q1:sv s.ttebg.ae and esetettutto. -

ranele

it0V Vital M System Equipment

1 EA 0Inve rt a r e -

1 Eh 0120V Distributten Panele -

Eiertrical Cables for Cloes it systeme

EA Q!!sY DC Cables (it cauding cable - -

splices, cosmect et e, ased
terminal blecho)

EA/DCS/CCVI/ Q$ kV tower Cables (incluaing - -

cable op11oes, cormectors, &sts
and teasinal blecto)

E1/tGb/CCWE/ Q600V Power Cables (Lacluding - -

cable episcoe, ce mertere, $EFS/KEYR/
and termibal blechal P.K3/&SCV

tW5/CCvF/E1/ QCentral and instrumentation * -

Cables (including cable ssrs/M*VW/
opl1ce , eenneetete, had PIB
terminal bloc.ke)

ICB /CCVE/EA/ QConduit and cable tseys and - -

their suppette containtog $$F8/KSVE/
Close it cables and tbooe PJa/8SCY
obese failure during a
s e t emit event m.sy damage
etber eef ety-seleted itene

kiscelleaseue class 12 Eteet:1 cal
systems

SSCV QContainment building electrical - -

penettotion sesemblaes
un sWen 41ees 1R Electrica.1 systems - -

.

9

e
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_
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[To be inserted in CESSAR-DC Table 3.2-1 (Page 14 of 17) in
response to NRC RAI 210.1)

s t rv etur..

m..eter muiten, 1 rxs o-

sha.ts Dwind. tag I ssCv o
st..t contati at : a siev o
2nternai servesur. x ssev o

swim.an.t s.te
m 2 ssev o

ter. 1 ur t e a ssev o
wuetest Ann.m n o-

ca.. 1 c.n.reter satse n, a ses o-

: usvu ox.sn st. vat.. s .. -

rueb(n. suste n, ws rs v-

I RWr oPade..t. rectitty -

2 ssrs ost att.n s.rva water ru, st ructur. -

a ccur oc.w...nt c..t an, w et.c a..t r_.ed.ng., st evetus. -

ers aot...t ru.1 st r.v. -

ws srs us.rvte. aun e n, -

vs as uosaintete ston satten, -

ss we aw. .d.v.. -

ws ris =rir. ru , s ... -

r to oca. teves ouse..r rank ) -
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re s rr ssev o
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CESS AR !!Nncmou- '

gu pi.x zo.ix m./

TABLE 3.2-1 (Cont'd) 2d b #
Cfn e1%nts imf'W N(Sheet 16 of 17) g gg

CUtSSIFICATION OF
STRUCTURE 53YSTEMS, AND COMPONENT

.

Coresupportstructures<aredesignedtothecriteriadescribedNOTES: (7)
(Cont'd) in Stetton 3.9.5.4.

(8) CEA and fuel assemblies are designed to the criteria described
in Section 4.2.

(9) Reactor coolant pump auxiliary components required for lubrica-
m tion and cooling of pump seals and, thrust bearings are Oud44y
'2 E4tsH. n0F Sabjec4 de:11tc.qwush AMm+14.c- reg &w1ca15f2 c) toCFP. 50, hffmk b,,

" (10) Except lifting frame Assembly, which is NS.
5

@(11)Duringnormalplantoperationonly. 3
J

4 (12) Safety Class 1 for pressure boundary; Safety Class 3 for '

y electrical portion of system.

(13) The piping, valves, and associated supports / restraints of the
Main Tecdwater System from (and including) the Main feedwater
Isolation Valves to the steam generator feed nozzles are Safety
Class 2, Seismic Category 1,3QuaMit-Gless-1; th9 remainder is
ANSI-fASHE-B and are sab
rcpu ren<cet 1 C4 10 CFS SD < gM fo th q,uefpne m+tc6

.

MY)C % B
(14) Non-safety Cooling Headers are Safety Class NNS., Seismic

Category !!, and QuaMty-GesH. cuc- Aol st^bef le VL
qubQ gssum<tu. ryrente+1h cl-Ic cmid,pf; i [p,

(15) lhe Normal Chilled Watfr System serves no safety function.
Portions of the system which are located in non-safety related
areas are classed as non-seismic,

awl N% aishus3(16) Portions of the Fire Protection System piping, and- valves which.

m gare not in safety-related areas of the plant.are designed as
non-seismic.

(17) fuel Oil Recirculation System and storage tank fill line
strainer are dassed-as-non-nudaar- nfety,'

Stfehy Clus WS..

(18) The Starting Air System is Safety Class NNS from the starting
air compressor through the desiccant drying towers, and Safety
Class 3 from the starting air receiver tank inlet check valve
to the engine connections.

Amendment Id -
-- December 21, 1990y
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CESSAR nnincanon
e

uu w.r wo. i

TABt.E 3.2-1 (Cont'd)

(Sheet 17 of 17)

CLASSiflCATION Of
STRUCTUREi, 5YSTD4f AND COMPONENTS

NOTES: (19) The Clean and Used Oil Transfer System is Safety Class NNS.
(Cont'd)

(20) Mechanical [quipment Room cooling components are Safety Class
3, Seismic Category 1, and Quality-

(21) Qsuda hg Lssa,pu.e rcpuremen11 c+Qiass-l. Ove- s4mq fc The.tocrt.EC,/gbstuE32

The piping, valves, and associated supports / restraints of the
Main Steam System from each steam generator to (and including)
the Main Steam isolation Valves are Safety Class 2, Seismic g

Er i ' f$ . 'I(22)Pihingis afet Class [r'omthe'SteamGeneratorsthroughthe
c *

Containment iso atton Valves.

(13) dem(wd sypeh arc dAsig,vd 40 41w d.r'ilfdo, clese.rSc3
t'n ser & n 3.9.5.4..

d4) hih;d ~4Qc46cn (Jinin uwt. Vent pipin3 t3 St[eg class IMS,
'

3

Q rd>h T c[f o h
"

,

(pen (unsnl (roling P42 der d co.( [vlmtjet' Mdwe,CA0X :

DGB : Pksel Gowdo,- Mt& n3
FPR Fire. R w p b e
UNH- iA o k M e = vhjec (4 w c-

P.t.Lask FmSUhjFNF =

a hpdainrnen {-adWngP4e a-

g
Ef/.A/ 8

eses = sh4mseatce kWce Pmp Sivubw
cfb * Sedtcc. Mut'ngo

TtuKnc Bo. (dingTB :
(JA = IJuica.- Anneg '

rk .' R lolls M S6 cHW.,

ogc des g,wd! A LA * 'Th * " P

(s d W "'G'" )
3

3;ggegptAsg,eme,gs or.geues.mth' ' " " * *
.

ou k i%L 0f?W ' ne
cM , ca ,oiwel tn Ca&c.CI' a N 'gmay% c- % ogu.kr arca ta;f(" *. ,-

, /A40 Incerf @
|

- Amendment I*- - -

December 21, 1990-
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INSERT B:

(To be inserted in CESSAR-DC Table 3.2-1 (Page 17 of 17) in
response to NRC PAI 210.1)

(27) Quality Assurance Requirement

0 = The quality assurance requirements of 10CFR50,
Appendix B are applicable

,

H = The quality assurance requirements of 10CrR50,
Appendix D, are not applicable

,

(20) Containment isolation valves and containment penetration
piping are Safety Class 2, Seismic Category I, and are in
compliance with the quality assurance requirements of
10CTR50, Appendix D.

,

1

4

T

e

4

4

4

M g

4

8

. _ . - - - i-,, y . , . , ,3.,-.-~.,,,.,,.m,-_,- - . . + , - , . - - - ~ . , , . , , , , , , - .e,- 7 .- y,.. v._.rew4 . , .. -+e---- ----,=ww -- *-.-+-r * ---



!
;

ID339 - 1 -

>

Qggstion 210.J

Section 3.2.2, System Quality Group Classifications (Safety
class) states, "The safety classifications of major i

components which are in the System 80+ design scope are '

listed in Table 3.2-1 and Section 3.11. Seismic category
designations and quality assurance requirements are also :

included. Small components, such as piping, valves, and
strainers, are not listed; they may be found by reference to
the P&lDs (Chapters 5, 6, and 9) where the exact boundaries
are indicated." The staff considers piping valves, and ,

strainers to be major components and as such should be added
to Table 3.2-1. Moreover, it is recommeaded that Table
3.2.1 be enhanced to include additional information to aid ,

in the staff's overall review of the CE System 00+ design.
An acceptable format would be that used for the Palo Verde !

Nuclear Generating Station (PVHGS) which is a recently [
licensed plant utilizing the System 80 design. Table 3.2-1 ;

in the PVNGS TSAR contains a comprehensive listing of all !

principal components (including piping and piping supports).

;and provides the building location, principal codes and '

standards, seismic category, safety classification, and
q'.ality class that are applicable to each component. ;

Rgjnonso 210.1

CESSAR-DC Table 3.2-1, Classification of Structures,
Systems, and Components, will be revised to include major !
components.such as piping, valves, and strainers. Table

~

3.2-1 and CESSAR-DC Sections 3.2.1 and 3.2.2 contain the
required information to properly identify and classify >

structures, systems, and components important to safety. In
addition to including the supplemental components referred
to above, component locations will be added to enhance Table
3.2-1. These changes will be included in a future submittal

;

of CESSAR-DC.
,

k

i

f

I

!

$

>
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Duestion 2.1Aug

Each system listed in the CESSAR-DC SYSTEM 80+ as having a
safety related function should have a corresponding Piping
and Instrumentation Diagram (P&ID). However, not all
systems listed in Table 3.2-1 " classification of structures,
Systems, and components" has a corresponding P&ID showing -

component safety class, intra-system and interfacing system ;

safety cisas changes, etc. which are necessary to assure the
correct safety classification (and subsequently the correct
seismic category) of a structure, system, or component. An
example is the Diesel Generator System which is designated |
as safety class 3 in Table 3.2-1 but for which no P&ID for i

all safety related systems listed in Table 3.2-1. Include i
the information requested in request for additional ;

information (RAI)-210.3. '

Resnonse 210.2
6

CESSAR-DC will be revised to include P& ids for
safety-related systems listed in CESSAR-DC Table 3.2-1,
Classification of Structures, Systems, and Components except
systems which are outside the scope of the System 804 i

Standard Plant Design (i.e., Station Service Water Pump *

Structure Ventilation which is site specific). The System
80+ P& ids will also be revised to include safety
classifications and to indicate safety class changes. These
revisions will be included in a future amendment to
CESSAR-DC. See the response to 210.3 for a list of tlw P61Ds to be
updated.

;

i

b

|

~' '
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D339 - 4 - ,

|

Ouestion 210.4

Table'3.2-1 in CESSAR-DC provides safety classification
information for core support structures and fuel assemblies. j
Revise this table to include the Safety class, seismic ;
category, and Quality class for all other safety-related i

reactor internals. In addition, include this information as
part of the discussions in Section 3.9.5, " Reactor Vessel

.

Core Support and Internals Structures." '

Resoonse.210.4 ;

Table 3.2-1 Sheet i and Table 3.9 16 have been modified to
reflect this addition. This revision will be included in i

a future amendment to CESSAR-DC. (See also responses to !

RAIs 210.1 and 210.76.
,

l

l

4

I

A

e

k
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NRC Question 210.5

Section 9.3.4.1.1 states that the Chemical and Volume Control System
(CVCS) ...is designed as a non safety grade system and is not'

required to perforan any accident mitigation or safe shutdown
function." This statement is consistent with the P& ids for CVCS which
show the system to be safety class 4 except where it penetrates the
containment and is designed as safety class 2 (Ref. Figure 9.3.4 1,
Sht'a 1 4). However, Table 3.2 1 lists portions of the CVCS as being
safety class 2 or 3. Resolve this discrepancy.

Also, the acceptance of the CVCS being classified as non. safety in
Section 3.2.2 is dependent on the resolution of RAI 440.118 concerning
CSI 23 which addresses the Reactor Coolant Purep seal issue. It is

questioned whether or not the CVCS-is required to help prevent an RCP
seal failure causing a LOCA. If this were the case then at least a
portion of the CVCS would have to tJ. lassified as safety related.
Final acceptance of the CVCS safety classification will be withheld
pending resolution of this issue.

Response to NRC Question 210.5

The EPRI Requirements Document specifies that the CN mical and Volume
Control System (CVCS) is not required to perferin any safety related
functions. The system 80+ CVCS conurm. to this requirement by not
crediting CVCS operation for accident initigation. Thus, the CVCS is
not safety related. Other dedicated safety related systems are
available to perform accident mitigation functions. Section 9.3.4.1.1
of CESSAR.DC Amendment I contains a functional description of the CVCS
which is consistent with this position.

However, the EPRI Requirements Document states that because the CVCS
is not safety related, it can be classified as Non Nuclear Safety
(NNS). The System 60+ CVCS classification exceeds these requirements.
The System 80+ CVCS charging and letdown portions outside the reactor
coolant pressure boundary, including seal injection and reactor
coolant pump bleedoff,-are classified as Safety Class 3 to meet

.

Regulatory Guide 1.26 requirements.

-Discrepancies in safety classifications for the CVCS, which appear in
the current Amendment to CESSAR.DC on Tables 3.21 and 3.2 2,
and Figure 9.3.4 1, will be resolved. Marked up versions of Tables
3.2 1 and 3.2 2, and Figure 9.3.4 1 are attached for information.

.

Please refer to the response to RAI~440.118 for a complete discussion
.

of CVCS operation relating to seal injection.

.

.
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CESSAR 8|Mincuios OE 70.5

_

1ABLE 3.2-2 (Cont'd)

(Sheet 5 of 15)

SAflTlY CLASS 1, 2 & 3 VAtVf5

Component location / Safety Seismic Quality
identification Description Clats_ Category Class

CH-374 IX isolation #3 1 1

CH-375 Letdown to DRDH #3 1 1

CH-376 Letdown filter #$; 1 1

CH-378 IX isolation #3 1 1
i

CH-379 RSSH to IX isolation #3I i 1

CH-380 IX to SWMS isolation ES 1 1

CH-381- IX bypass E3 1 1

CH-382, 383 IX isolation 23 1 1

CH-384 IX check E3 i i 1

CH-385 IX bypass j E3 I 1

#3 1 1CH-386 IX vent to GWMS (P E3; I 1CH-387 IX resin fill isolation
E3d I 1CH-389 IX isolation '

CH-390 RSSH to IX isolation E3 1 1

g/., CH-391 IX to SWMS isolation E9 1 1

CH-392 IX isolation 9 1 1

CH-393 Regenerative HX vent 1 1

CH-394 IX bypass #3 1 1

CH-395 IX isolation #3 1 1

CH-396 SCS check 1 1

CH-397 SCS isolation 1 1

CH-398 IX isolation 3 1 1

CH-399 RSSH to IX isolation ES 1 1

CH-400 IX to SWMS isolation 29 1 1

CH-401 IX vent to GWMS r #3 1 1

CH-402 IX resin fill isolation ! (3 1 1 1

CH-403 IX check #3 1 1

CH-404 IX isolation E3 1 1

CH-407, 408 IX D/P isolation 23 1 1

CH-414 Letdown strainer bypass #3 1 1

CH-415 IX isolation 29 I 1

CH-418 Letdown to VCT isolation 23 1 1

CH-419 Letdown strainer to SWMS (3 1 1

CH-420 IX effluent sample 23 1 1
.

CH-425 Charging line pressure 3 I 1

indicator isolation
CH-426 Letdown sample isolation 23 1 1

CH-427, 428 Charging line flow #3 1 1

indicator isolation-n
i CH-431 Auxiliary spray check 1 I 1

Amendment I
December 21, 1990
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CESSAR En' cuiou $krda 5a

O
TABLE 3.2-2 (Cont'd)

(Sheet 6 of 15)

SAfi~lYCLASS1,2&3VALVQ

Component Location / Safety Seismic Quality
Identification Description Class Catgory Class

CH-433 Charging line check I 1
CH434 Charging bypass line ,VE I 1
CH-435 Charging line bypass check I 1
CH-447 Auxiliary spray check 1 1 1
CH-448 Charging line check 1 1 1
CH-450 RDH to EDT check 3 1 1
CH-459 EDT line to GWHS pressure 3 1 1

indicator isolation
CH-460, 461 EDT level indicator 3 1 1
CH-462 EDT drain isolation 3 I 1
CH-464 EDT to RDP check 3 1 1
CH-465, 466 RDP suction isolation 3 1 1
CH-468, 469 RDP discharge pressure 3 1 1

indicator isolation
CH-470, 471 RDP discharge check 3 I 1
CH-472, 473 RDP discharge isolation 3 1 1

'

CH-474 Reactor drain filter bypass 3 I 1
CH-475 RDP discharge to RDH 3 1 1
CH-476 Reactor drain filter D/P 3 1 1
CH-477, 478 Reactor drain filter 3 1 1
CH-479 Reactor drain filter D/P 3 1 1
CH-480 IDH to EDT check 3 1 1
CH-485 Pre-holdup IX to RSSH 3 1 1
CH-486 Pre-holdup IX to IDH 3 1 1
CH-488 Pre-holdup IX D/P 3 I 1
CH-489 Pre-holdup strainer to 3 I 1

SWHS isolation
CH-490 Pre-holdup IX isolation 3 1 1 1

CH-491 Pre-holdup IX strainer 3 1 1
CH-492 Pre-holdup IX D/P 3 I 1

CH.-493 Pre-holdup IX effluent 3 I 1
sample isolation

CH-494 RSSH and RDP to RDH Check 2 1 1
CH-495 Pre-holdup IX to BAST 3 1 1

*

CH-496 Pre-holdup IX to stripper I 1
CH-500 VCT bypass valve E3 1 1
CH-501, 504 VCT discharge isolation F3 1 1
CH-505, 506 RCP CB0 contain. Isol. I 1

CH-507 RCP bleedoff relief isol. 2 1 1 ,

CH-510 BAST recirculation control 3 I 1 ii

Amendment I
December 21, 1990
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1AulE 3.2-2 (Cont'd)

(Sheet 7 of 15)
g

SAFE 1Y CLASS 1, 2 & 3 VALVESi

|

Component Location / Safety Seismic Quality'

| Identification Description Class. Category Class

CH-512 VCT makeup isolation 1 1

CH-513- VCT to GWHS isolation 1 1 !

CH-514 BAMP to charging pump I 1
'

CH-515 Letdown isolation 1 1 1

CH-516 Letdown backup isolation i 1

CH-520 ton exchanger bypass 1 1
'

CH-523 Letdown isolation I 1

CH-524 Charging line isolation 2 1 1

CH-527- RMW to charging pump 1 1 >-

CH-530, 532 BAST discharge isolation #3 1 1

CH-534 BAST to charg ng pump #' ) 1 1

CH-536 BAST to charg ng pump 1 1 ,

CH-560 RDT sucticn i olation 2 1 1

CH-561 RDT isolation 2 1 1 iO CH-562 RDH to EDT isolation 3 1 1 .

O CH-563 CDT to RDP isolation 3 1 1
'

'CH-564 [DT to GWMS isolation 3 1 1
'

CH-565 Pre-holdup IX bypass- 3 1 1

-CH-566 Gas stripper bypass to EDT 3 1 1

CH-567 Gas stri3per to VCT control ; 1 1

.CH-590,-591 Charging flow control #3 .
I 1CH-580 RMWS to 3DT. isolation
1 1

CH-600, 601, 602, 603 Letdown orifice isolation 2 1 1

CH-612, 613 Seal injection line vent (C3_ ! 1

I 1CH-614. Seal injection vent .
2'S I 1

<

1
CH-639 Chemical addition check
CH-645 VCT gas supply isolation t' S I 1-

tri-646 RCP bleedoff check 4'S I 1

CH-647L BAST recirc check $ 1 1-

_

CH-648- BAST recirc sample 3 1 1

CH-649 BABE isolation 3- I 1

:CH-653 F-210Y isolation 3 1 1

CH-654 MSH to gas stripper 3 1 1

3.-
CH-655 Pre-holdup IX to 3 1 1 |

'

radiation monitor -

CH-656 Gas stripper to HT 3 1 1

CH-657 EDT. relief to misc 3 1 1

radioactive sump -

CH-660 Gas stripper inlet 3 1 1g
CH-663 -Reactor drain filter vent- 3 1 11

..

i

Amendment I
December 21, 1990
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lABlt 3.2-2 (Cont'd)

(Sheet 8 of 15)

SAII1Y CIASS L 2 & 3 YAlVES

Component location / Safety Seismic Quality
identification Description Class Category _ Class

CH-665 RDP discharge sam)1e 3 1 1

CH-668 BAH line to VCT cieck 3 1 1

CH-686 Holdup pump bypass to 3 1 1

reactor drain filter
CH-700 Hydrostatic test connection i 1

CH-701 Ci.arging pump suction #9 1 1

CH-702 Charging suction pressure #9 1 1

CH-703, 704 Charging pump bypass #9 1 1
CH-705, 706 Charging pump discharge (3 1 1

CH-710 Hydrostatic test connection 2 9 1 1

CH-712 Charging suction pressure d'S I 1

CH-713 Charging pump suction #3 1 1

CH-714, 715 Charging pump bypass E ') 1 1

CH-716 Charging miniflow HX vent
- 1 1

CH-717 Charging recirc relief 23 1 1

CH-719 Charging pump discharge 2'3 I 1

CH-721, 722 Letdown to pre-holdup IX 1 1

CH-723 Reactor drain line sample 3 1 1

CH-724 Pre-holdup IX isolation 3 1 1

CH-725 Pre-holdup IX check 3 1 1

CH-726 Pre-holdup IX resin fill 3 1 1

CH-727 Pre-holdup IX D/p 3 1 1

CH-728 Pre-holdup IX vent 3 1 1

CH-730 Pre-holdup IX to SWMS 3 1 1

C11-747 Charging line check 1 !
CH-750 Charging flow control iso. I 1

CH-751 Regen. HX charging isolation 1 1

CH-753 BAMP to PCPS 3 1 1 1

CH-754 Charging flow control iso. #3 1 1
CH-760, 761 Charging recirculation check 1 1

CH-763 Charging pump discharge ( l 1

CH-764, 766 Charging flow control iso. 29 1 1

CH-768 Chemical addition line E3 1 1
CH-769, 770 Charging miniflow HX iso. 73 I 1,

CH-787 Seal injection check i 1
CH-789, 800 Seal injection flow 2 1 1

CH-802 Seal injection check 1 1 1
CH-804, 805 Seal injection flow 2 1 1:

CH-807 Seal injection check 1 1 1
CH-809, 810 Seal injection flow 2 1 1 /

|

Amendment I
December 21, 1990
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lABLE 3.2-2 (Cont'd)

(Sheet 9 of 15)

SAIT1Y CLASS 1, 2 & 3 VALVES

Component Location / Safety Seismic Quality
Identification Description Class _ Catego_ry Class

CH-812 Seal injection check 1 1 1

CH-814, 815 Seal injection flow indicator 2 1 1

CH-816, 818, 819, 821 Seal injectton filter &3 1 1

CH-822, 823 Seal injection to DRDH ' #3 1 1

CH-825, 826 Seal injection filter D/P ES 1 1

CH-830 Nitrogen supply to EDT I 1

CH-831 Nitrogen supply oressure control 3 1 1

CH-835' Seal injection cacck 2 1 1

CH-839 Seal injection isolation #3 1 1

CH-844, 845 Seal injection filter vent #S 1 1

CH-858 RSSH line to EDT check i 1

CH-861 RSSH to EDT isolation 3 I 1

CH-862 RMWT supply to RDT I 1

CH-865 Sed injection relief #3 1 1#

g. CH-866, 867, 868, 869 Seal injection checi ~l 1 1

Pool Cooling and Purification System (PCPS) (1)

PC-200, 210 Cooling HX inlet pressure 3 1 1

PC-201, 293 Cooling HX cross-connect 3 1 1

PC-202, 203 Cooling pump suction isolation 3 1 1

PC-204, 205 Cooling pump discharge pressure 3 1 1

PC-206, 207 Cooling pump discharge check 3 1 1

PC-208, 209 Cooling pump disch, isolation 3 1 1

PC-211, 212 Cooling HX inlet isolation 3 1 1

PC-213, 214 Cooling HX outlet isolation 3 1 1 1

PC-249 1RWST return line isolation 3 1 1

PC-257, 258 Refueling pool disch. isolation 2 1 l'
PC-291, 292 Refueling pool inlet isolation 2 1 1

PC-300, 301, 302, 303 Cooling flow indication iso. 3 1 1

Safety Depressurization System (505)

RC-406, 407, 408, 409 Rapid depressurization 1 I 1

RC-410, 411, 412, 413 Pressurizer vent 1 1 1
'

RC-414, 415, 416, 417 Reactor vessel vent 2 1 1

RC-418 RCGVS vent to RDT 2 1 1

RC-419 RCGVS vent to 1RWST 2 1 1

RC-263, 264 RD pressure indication 2 1 1

[- RC-267 RCGVS pressure indication 2 1 1

Amendment I
December 21, 1990
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Question 210.6

Section 3.2.2, System Quality Group Classifications (Safety Class),
states, "For purposes of CESSAR, Safety Class 1, 2, 3. and NNS of
ANSI /ANS 51.1 are equivalent to Quality Groups _A, B, C, and D of
Regulatory Guide (RG) 1.26." While the staff has not formally
endorsed ANSI /ANS 51.1, the classification of-structures, systems, and
components in CESSAR-DC appears to meet the guidelines of RG 1.26 in
that the Quality Groups A, B, C, and D in RG 1.26 are found to be
equivalent to SC-1, SC-2, SC-3 and NNS as listed in Table 3.2-1 and
defined in Section 3.2.2. The safety class designations as given in
Section 3.2.2 should be used exclusively throughout CESSAR-DC.
Contrary to this, there are other safety class designations u*.d. for
example, on the P & 10's the numeral 4 is used in place of NNS to
designate non-nuclear-safety related portions of systems. In Section
9.1.3.2.1, reference is made to the system being " Quality Group C"
rather than 50-3. Resolve any such discrepancies.

Response 210.6

Due to space limitations, CE limited the field for the safety class
designation to one digit on all P&lDs. Consequently, the numeral 4
was used instead of NNS to designate non-nuclear-safety related
portions of systems. A statement will be added to Fig 1.7-1, drawing
number E-AtWR-310-100 - Piping and Instrumentation Diagram Symbols,
and Section 3.2.2 of CESSAR-DC that will define the use of numeral 4
in regard to safety classificaticn.

All discrepancies pertaining to Safety Class designation in CESSAR-DC,
Chapter 9 will be corrected.*

,
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( A. Safety Class 1 (SC-1) applies to pressure-retaining portions
and supports of mechanical equipment that form ) art of the
RCPB whose fe#iure could cause a loss of reactor coolant in
excess of the coactor coolant normal makeup capability and 6whose requirements are within the scope of the ASME Boiler
and Pressure Vessel Code, Section 11I.

B. Safety class 2 (SC-2) applies to pressure-retaining portions
and supports of primary containment and other mechanical

.equipment, requirements for which are within the scope of
the ASME Boiler and Pressure Vessel Code, Section III, that

g are not included in SC-1 and are designed and relied upon to
accomplish the nuclear safety functions defined in ANSI /ANS
51.1, Section 3.3.1.2.

7

L C. Safety Class 3 (SC-3) applies to equipment, not included in
DSC-1 or -2, that is designed and relied upon to accomplish

the nuclear safety functions defined in ANSI /ANS 51.1,
Section 3.3.1.3.

D. Non-Nuclear Safety (NNS) applies to equipment that is not in
Safety Class 1, 2, or 3. This equipment is not relied upon

p "Td7erlorm W -y m e on.
l .: I ~5 0 5 E R:T erHeu:.hm cN + A +t E R. E

*

%. A T =crety claniG-=tiene of d- mponents which are in the
System 80+ design scope are listed in Table 3.2-1 and section h3.11. Seismic category designations and quality assurance
requirements are also included. Small components, such as
piping, valves and strainers, are not listed; they may be found Iby reference to the P& ids (Chapters 5, 6, and 9) where the exactboundaries are indicated. Valves are listed in Tables 3.2-2.
All pressure containing components in Safety classes 1, 2, and 3
are designed, manufactured, and tested in accordance with the
rules of the ASME Boiler and Pressure Vessel Code, Section III.
Components designated NNS are designed and constructed with h
appropriate consideration of the intended service using
applicable industry codes and standards. The relationship
between safety class and code class is shown in Table 3.2-2. A
higher code class may be used for a component without changing

f the safety class or affecting the balance of the system in which
it is located.

9

Fracture toughness requirements are imposed on materials for
pressure retaining parts of ASME Class 2 and 3 System -80+

yStandard Design components. Test methods, acceptance, and
exemption criteria are in conformance with the ASME Code, Section
III.,~

_ The safety classification system is also used to identify those
_ components to which the requirements of 10 CPR 50, Appendix B,

Amendment I
3.2-3 = December 21, 1990
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Attachment A

The Safety Class four (SC-4) desigration used on P & ids is
an equivalent to Non Or lcar Safet. ! ?.PS )
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by use of-the system's skimmers. The cleanup system is-designed
for a flow rate sufficient to ensure adequate circulation of the -

entire spent fuel pool water volume, and to maintain the
specified water chemistry.

The boron concentration in the spent fuel pool water is -

maintained at approximately the same concentration as in the
refueling water. Provisions are made to make up water to the
spent fW pool. The; makeup water meets all specified water
chemistry requirements. .

9.1.3.1.4 System Capacity Bases

For all normal plant operations and - normal spent fuel pool heat
load conditions, the maximum spent fuel pool bulk _ aterw ,

temperature is 120'F. Under heat load conditions of spent fuel
in all usable rack spaces (Section 9.1.2.2.2), which includes, as
a minimum, a full core offload with 10 years of irradiated fuel L

in the pool, the maximum bulk water temperature is 140*F. Given '

a -single active failure, the maximum temperatures for normal
conditions or a full core offload are 140*F or 180'F
respectively. The normal heat load is the decay heat which
occurs when an accumulation of spent fuel equal-to 10 full power ('.

years is in the spent fuel pool, with the newest spent fuel batch i
s

~

having -just been placed in the pool during refueling at 120 hours 1
'

after shutdown. The full core offload heat load is equal to the
normal = heat. load plus the addition of the decay heat from a full
core offload 120 hours after shutdown. Design heat loads are
evaluated utilizing ANSI /ANS 5.1 (proposed- version approved by
Subcommittee ANS-5 ANS Standard Committee, October 1971) decay
heat correlations. g
A Seismic Category I,C6 D borated makeup water source
is - provided to the spent fuel pool. Nonborated water from a
non-seismic source is used to make up for the evaporation losses
from the spent fuel pool during normal operation.

9.1.3.2 System Description

9.1.3.2.1 General Description
:

The safety-related spent fuel pool cooling system consists of two
independent cooling trains. The system is located in a Seismic -,,

Category I building which provides protection from the effects of'-

natural- phenomena and missiles. The spent fuel pool cooling
system (piping, valves, and heat exchangers) is
safety-re:Y ed,- The spent fuel pool receives*

_,

L So.Ety c.to.n 3 (sc-s) s'

!

|

Amendment I
9.1-10 December 21, 1990
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Sda bt C W s 2 (sc.' f)
normal borated Steup1wat rom a water source which is Seismic
Category 1, 4 Non-safety-related cources provide
normal nonborated domineralized water to the spent fuel pool.

Each cooling train incorporates one heat exchanger and pump and
associated piping, valving, and instrumentation. Each cooling
train is designed to service the spent fuel pool, with designed
spent fuel assembly loading, and to maintain the bulk fluid
temperature of the spent fuel pool below 120*F during normal
operation.

The spent fuel pool cooling system removes decay heat from fuel
stored in the spent fuel pool. Spent fuel is placed in the pool
during the refueling sequence and stored there for decay heat
removal. Heat is transferred from the spent fuel pool cooling
system, through one of two heat exchangers, to the component
cooling water system.

When either cooling train is in operation, water flows from the
spent fuel pool to the spent fuci pool cooling pump suction, is
pumped through the tube side of the heat exchanger, and is
returned to the pool. The spent fuel pool suction connections

^

enter near the normal water level so that the pool cannot be3

gravity drained. The return line contains an anticiphon device,
also to prevent gravity drainage of the pool. To assist in
maintaining spent fuel pool water clarity, pool surface is
cleaned by a skimmer. I

Each of the two pool purification trains consists of a strainer,
a pump, a filter and a demineralizer to maintain spent fuel pool,
or refueling pool, water clarity and purity. This purification
loop is sufficient for removing fission products and other
contaminants which may be introduced if a leaking fuel assembly
is transferred to the spent fuel pool. Either cleanup train may
be used to clean and purify the refueling water while spent fuel
pool heat removal operations proceed.

The spent fuel pool water is separated from the water in the
transfer canal by a gate. The gate is installed so that the
transfer canal may be drained to allow maintenance of the fuel
transfer equiprent.

9.1.3.2.2 Component Description
,

The PCPS cooling pumps and heat exchangers are Safety Class 3 and
are designed to ASME B&PV Code, Section III, Subsection ND rules.
The pool purification pumps, filters, strainers, and

g demineralizers are designed as non-nuclear safety. All PCpS

| 'I containment isolation valves and associated piping are Safety
- Class 2, and are designed to ASME B&PV Code, Section III,

Subsection NC rules.

Amendment I
9.1-11 December 21, 1990
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Question 210.7

Table'3.2-1 in the CESSAR-DC classifies the new and spent
fuel storage racks as Non-Nuclear Safety, Seismic
Category I, and Quality Class 2. To be consistent with RG

|
1.29, the staff's position is that, as a minimum, these i

components should be classified as Quality Class 1 in 1

addition to being Seismic Category I. Revise Table 3.2-1 |
and any other applicable Section in the CESSAR-DC to reflect

i

the above staff position. .

Efsoonse 210.7

Combustion Engineering believes that QC-1 for new and spent
fuel racks is un-necessarily restrictive. ANSI /ANS-51.1
classifies new and spent fuel racks as NNS, Seismic Catagory
I and quality class " consistent with QA requirements
considered good practice for 0Pwer plants" which is a lower
quality level than QC 1. C-E hto established Quality Class
2 for items that are not safety related, consistent with
ANSI 51.1. This position is also consistent with ANS-57.2
design requirements for spent fuel storage facilitios and
SRP 9.1.2. All of the existing C-E plantr. have been
licensed for operation as a quality class less restrictive
than current Quality Class 2.

i

|
.,

|

|

|
t
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' Question 210.9

In Table'1.8-1, RGs where RG 1.151, Instrument Sensing Lines, is
listed, CESSAR-DC Sections 5.1.4, 7.1.2.3(sic 7.1.2.31), and 7.1.3 (E)
are the only sections referenced as being applicable, It appears that

- by referencing only these sections that the intent is to 'pply the
separation and independence guidelines of RG 1.151 and not necessarily
positions C.2 and C.3 of the-RG relative to the design and
construction of instrament sensing lines and-their supports. -Add a
statement to Sections 3.2.1 and 3.2.2 committing to positions C.2 and-
C.3 of RG 1.151

Response 210.9

Sections 5.1.4 and 7.1.3 (E)'were removed by Amendment I to CESSAR-0C,
Sections 3.2.1 and 3.2.2 will be revised to specify that instrument'

sensing lines are designed in accordance with ASME Code Class and
- Seismic Category criteria of RG 1.151.

Table 1.8-1,.under RG 1.151, will be revised to list Sections 3.2.1,
and 3.2.2.

,
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The seismic category and safety and quality classification of
structures, systems, and components within the System 80+

3Standard Design are list'ed in Table 3.2-3 and on the P& ids
(Chapters 5, 6, and 9). Seismic Category I includes all
mechanical components within the safety class boundaries and
extends to the first seismic restraint beyond the boundary. All
fuel racks are also designated as Seismic Category I.
Structures, systems, or components whose failure could reduce the

y

performance of a safety function by a Seismic Category I

component to an unacceptable safety level are designed to Seismic
Category II requirements for structural integrity only or are
separated to the extent required to climinate that possibility.
This ensures that any structures, systems, or components that
could potentially have a disabling interaction with Seismic
Category I structures, systems, or components are either
prevented from doing so or are designed to meet Seismic Category
I or II structural integrity requirements, depending on th

D
function of the component.

The listing of major electrical components is found in Section
3.11, which also includes safety and quality classifications.
Electrical structures, systems, and components not classified as
Seismic Category I but whose failure could represent L hazard to

7 -)the operator or could interfere with the perfor=ance of required (
safety functions of electrical structures, systems and - '

components, are classified as Seismic Category II (Reference 1).
DAny electrical system or structure or component not in Seismic

Category I or II is considered Non-Seismic (see Section 3.10).
The use of the Seismic Category II designation for electrical
components is limited to non-safety control system components
which are designed and documented to maintain structural

^integrtty-<lur4neren -e '

'T u 5 mT Ahr.hm d I. Ji c M
F-4urpceca--oL thie-thseumr n, the motors and solenoids used to

provide moti/c power to mechanical components are treated as part
of the mechanical component.

3.2.2 SYSTEM QUALITY GROUP CLASSIFICATIONS (SAPUrY CIASS)

In general, fluid system components important to safety are
classified in accordance with ANSI /ANS 51.1 (Reference 2). For D
purposes of CESSAR, Safety Class 1, 2, 3 and NHS of ANSI /ANS 51.1
are equivalent to Quality Groups A, B, C and D of Regulatory,

Guide 1.26. The criteria octablish safety clacces which are used
as a guide to the selection of codes, standards, and quality
assurance provisions 'or the design and construction of the
components. The safeuj class designations are also used as a
guide to those fluid system components to be classified as
Seismic Category I and II (see Section 3.2.1). The Safety Class D

definitions in ANSI /ANS 51.1 are summarized as follows:

Amendment I
3.2-2 December 21, 1990
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Instrument sensing lines and their supports are designed in
accordance with the seismic category criteria of Regulatory Guide
1.151,
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A. Safety Class 1 (SC-1) applies to pressure-rotalning portions
and supports of mechanical equipment that form part of the
RCPB whose failure could cause a loss of reactor coolant in
excess of the reactor coolant normal makeup capability and
whose recuirements are within the scope of t! e ASME Boiler-

and Fressure Vessel Code, Section III.

B. Safety Class 2 (SC-2) applies to pressure-retaining portions
and supports of primary containment and other mechanical
equipment, requirements for which are within the scope of
the ASME Boiler and Pressure Vessel Code, Section III, that
are not included in SC-1 and are decigned and relied upon to
accomplish the nuclear safety functions defined in ANSI /ANS
51.1, Section 3.3.1.2.

C. Safety Class 3 (SC-3) applies to equipment, not included in
D

SC-1 or -2, that is designed and relied upon to accomplish
the nuclear safety functione defined in ANSI /ANS 51.1,
Section 3.3.1.3.

D. Non-Nuclear Safety (NNS) applies to equipment that is not in
Safety Class 1, 2, or 3. This equipment is not relied upon

a to perform a nuclear safety function.
1

The safety classifications of major components which are in the-

System 80+ design scope are listed in Table 3.2-1 and Section b
3.11. Seismic category designations and quality assurance
requirements are also included. Small components, such as
piping, valves and strainers, are not listed; they may be found I

by reference to the P& ids (Chapters 5, 6, and 9) where the exact
w _.i M irntm d _ E ves are listed in Tables 3.2-2.u v

b 5e.c & M N w me.+a4 'A HcnE
h pre a ure contairi ' nents in Safety Classes 1, 2, and 3.

are designed, manufactured, and tested in accordance with the
rules of the ASME Boiler and Pressure Vessel Code, Section III.
Components designated NNS are designed and constructed with h
appropriate consideration of the intended service using
applicable industry codes and standards. The relationship
between safety class and code class is shown in Table 3.2-2. A
higher code class may be used for a component without changing
the safety class or affecting the balance of the system in which
it is located.

'

Fracture toughness requirements are imposed on materials for
pressure retaining parts of ASME Class 2 and 3 System 80+

7
Standard Design components. Test methods, acceptance, and
exemption criteria are in conformance with the ASME Code, Section
III.

The safety classification system is also used to identify those
components to which the requirements of 10 CFR 50, Appendix B,

Amendment I
3.2-3 December 21, 1990
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Instrument sensing lines and their supports are designed in
accordance with the ASME code class requirements of Regulatory
Guide 1.151.

!

1
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!
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!
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TABLE 1.8-1 (Cont'd) (
(Sheet 18 of 19)

REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References _. Issue Date . JL5}AR Section

Reg. Guide 1.144 - Not Applicable
Auditing of quality Assurance
Programs for Nuclear Power Plants

Reg. Guide 1.145 - Revision 1 2

Atmospheric Dispersion Models for 11/82
Potential Accident Consequence
Assessment at Nuclear Power Plants

Reg. Guide 1.146 - Not Applicable
Qualification of Quality Assurance
Program Audit Personnel for Nuclear
Power Plants

Reg. Guide 1.147 - Revision 6 5.2.1.2
In-service Inspection Code 5/88 <

Case Acceptability, ASME ' ~ ' ,
Section XI, Division 1

Reg. Guide 1.148 - 3/81 3,5,6
Functional Specification for
Active Valve Assemblies in E

Systems important to Safety in
Nuclear Power Plants

Reg. Guide 1.149 - Revision 1 Not Applicable
Nuclear Power Plant Simulators 4/87
for Use in Operator Training

Reg. Guide 1.150 - Revision 1 5.1.4, 5.3.1.3

Ultrasonic Testing of Reactor 2/83
Vessel Welds During
Pre-service and in-service
Examinations

Reg. Guide 1.151 - 7/83 , 7. .3.

Instrument Sensing lines 7 3.2.)*
-

3.E.Z
Reg. Guide 1.152 - 11/85 7.1.2.32
Criteria for Programmable A d
Digital Computer System Software ,

"'
in Safety Systems of Nuclear ( i

Power Generating Stations

Amendment E
December 30, 1988
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Ouestion 210.10

The seismic category, safety class, and QA requirements fer
piping supports and component supports is not clearly
defined in CESSAR-DC. Include in either Table 3.2-1 or
Sections 3.2.1 and 3.2.2 a clear commitment that piping
supports and component supports will have the same seismic
category, safety class, and QA requirements as the piping
and components to which they apply.

Resoonse 210.10

CESSAR-DC Sections 3.2.1 and 3.2.2 will be revised to
include verification that piping supports and component
supports will have the same seismic category, safety class,
and QA requirements as the piping and components to which
they apply. This revision will be included in a future
amendment to CESSAR-DC.

_

$
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CESSAR nainemon gu m w. m
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The seismic category and safety and qtality classification of
structures, systems, and components within the System 80+
Standard Design are list'ed in Table 3.2-1 and on the P& ids g

(Chapters 5, 6, and 9). Seismic Category I includes allmechanical components within the safety class boundaries and
extends to the first seismic restraint beyond the boundary. Allfuel racks are also designated as Seismic Category I.
Structures, systems, or components whose failure could reduce the

yperformance of a safety function by a Seismic Category Icomponent to an unaccepteble safety level are designed to seismic
Category II requiremen* for structural integrity only et are
separated to the e xt e- required to eliminate that possibility.This ensures that an structures, systems, or components that
could potentially hue a disabling interaction with Seismic
Category I structures, systems, or components are either
prevented from doing so or are designed to meet Seismic Category
I or II structural integrity requirements, depending on thefunction of the component. 3

The listing of major electrical comp.nents is found in Section
3.11, which also includes safety and quality classifications.
Electrical structures, systems, and co=ponents not classified as
Seismic Category I but whose f ai)ure could represent a hazard to
the operator or could interfere with the performance of required
safety functions of electrical structures, systems and

f components, are classified as Seismic Category II (Reference 1).
Any electrical system or structure or component not in Seismic D

Category I or II is considered Non-Seismic (see Section 3.10).
The use of the Seismic Category II designation for electrical
components is limited to non-safety control system componentswhich are designed and documented to maintain structuralintegrity during an SSE.

For purposes of this discussion, the motors and solenoids used to
provide motive power to mechanical components are treated as part
of the mechanical component.

3.2.2
SYST M QUALITY GROUP CLASSIFICATIONS (SAFETY CLASS)

In general, fluid system components important to safety are
classified in accordance with ANSI /ANS 51.1 (Reference 2). For 9purposes of CESSAR, Safety Class 1, 2, 3 and NNS of ANSI /ANS 51.1
are equivalent to Quality Groups A, B, C and D of RegulatoryGuide 1.26. The criteria establish safety classes which are used

i,' as a guide to the selection of codes, standards, and quality
| assurance provisions for the design and construction of the
| components. The safety class designations are also used as a

guide to those fluid system components to be classified as
| Seismic Category I and II (see Section 3.2.1). The Safety Class D
! definitions in ANSI /ANS 51.1 are summarized as follows:

d J- ~
Amendment I

3. 2-2 - December 21, 1990
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are applicable. Components in Safety Classes 1, 2, and 3* are h, designed and manufactured under a rigorous quality assuranceprogram reflecting the requirements of Appendix B, and aredesignated Quality Class 1. The Quality Class 1 qualityassurance program is described in Chapter 17. Components which
do not serve a safety related function are designated QualityClass 2. Quality Class 2 components will be designed andmanufactured or procured in accordance with the pertinent b
requirements of the Quality Assurance Program as given in Chapter17.

he use of the above outlined safety and quality classification'

systems meets the intent of Regulatory Guide 1.26 and therequirements of 10 CTR 50.55a.

f[f ng Gaffub GWb GOnfo W Mff" 45 f6Ch N* M Mi.

sdek eks awl have tw saw 6A rya 6eE o kt

fi(63 amL cow powvds -fu *dh twj o-pflg

With the following exception: the CVCS gas stripper is
*

safety Class 3, Quality Class 2, however, pressure retaining Dportions meet rules applicable to ASME Cods Class 3components. See Table 3.2-1.

*

i.

i
!
1

-- .

~ ~ - Amendment I~'

3/2-4 - December 21, 1990
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Qgestion 210.11

Section-3.2.1 discusses structures, systems, and components
that are designated as Seismic Category II, but it does not
provide the design critoria to be imposed. To be consistent
with-applicable portions of RG 1.29, SRP 3.7.3, and SRP
3.9.2, add a statement to CESSAR-DC Section 3.2.1 that all
structurcs, systems, and component classified as Seismic
Category II shall be analyzed in accordance with tne same
seismic criteria that is-applicable to seismic category I *

structures, systems, and components.

Resnonse 210.11

In accordance with US!!RC Regulatory Guide 1,29, the design
'

and construction criteria for Seismic Category II
structures, systems, and components are that the 11SE not
cause failure of such items that could reduce the
performance of a safety function by a Seismic Category I
component to an unacceptable safety IcVel and/or result jn
incapacitating injury to occupants of the control room. As
defined in CESSAR-DC Section 3.2.1, these criteria are met
by either separation to the extent required to eliminate
that possibility or designed to meet seismic Category I or II ,

structural integrity requirements, depending on the function
of the component. Structural integrity may be demonstrated
by analyses, testing, or a combination thereof, depending on
the nature of the structure, system, or component.

,

e e

2 -
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The seismic category and safety and quality classification of
structures, systems, and components within the System 80+ ,Standard Design are list'ed in Table 3.2-1 and on the Pt. ids

|
(Chapters 5, 6, and 9). Seismic Category 1 includes all
mechanical components within the safety class boundaries and
extends to the first seismic restraint beyond the boundary. All
fuel racks are also designated as Solumic Category I.
Structures, systems, or components whose failure could reduce the

I
performance of a safety function by a seismic Category I

component to an unacceptable safety level are designed to Seismic
Category II requirements for structural integrity only or are
separated to the extent required to eliminate that possibility.
This ensures that any structures, systems, or components that
could potentially have a disabling interaction with Seismic
Category I structures, systems, or components are either
prevented from doing so or are designed to meet Seismic category
I or II structural integrity requirements, depending on the n
function of the component.

The listing of major electrical components is found in Section
3.11, which also includes safety and quality classifications.
Electrical structures, systems, and components not classified as
Seismic Category I but whose failure could represent a hazard to
the operator or could interfere with the performance of required
safety functions of electrical structures, systems and
components, are classified as Seismic Category II (Reference 1).

D
Any electrical system or structure or component not in seismic
Category I or II is considered !!on-Seismic (see Section 3.10).
The use of the Seismic Category II designation for electrical
cmponents is limited to non-safety control system components
which are designed and documented to maintain structural
integrity during an SSE.

For purposes of this discussion, the motors and solenoids used to
provide motive power to mechanical components are treated as part
of the mechanical component.

3.2.2 SYSTD4 QUALITY GROUP CIASSIFICATIOtiS (SAFETY CIASS)
:

! In general, fluid system components important to safety are
! classified in accordance with AtiSI/Atis 51.1 (Reference 2). Fur D

purposes of CESSAR, Safety Class 1, 2, 3 and litiS of At4SI/At1S 51.1
! are equivalent to Quality Groups A, D, C and D of Regulatory
l Guide 1.26. The criteria establish safety classes which are used

.

as a guide to the selection of codes, standards, and quality*

assurance provisions for the design and construction of the
components. The safety class designations are also used as a
guide to those fluid system components to be classified as
Seismic Category I and II (see Section 3.2.1). The Safety Class D

definitions in AliSI/AliS 51.1 are summarized as follows:

Amendment I
3.2-2 December 21, 1990
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Question 210.33 '

- CESSAR-DC Section 3.7.2.1.2.2 describes the composite
mathematical model used in the analyses of the dynamically
coupled components of the reactor coolant systek (RCS). The
model is described as having 36 mass points and 96 degrees
of freedom (DOFs). -

Provido data to show that the number of mass points and
degrees of freedon in the RCS model are adequate in
accordance with the acceptance criterion of SRP 3.7.2, Rev.
2 Subsection II.1.a. (iii).

In addition, in the description of the model, each branch of
the hot leg is described as represented by a single mass-
point with 2 DOF. Provide justification for the use of only
2 DOFs for the hot leg mass point.

Resoonse 210.33

The uncoupled RCS has 50 modes which are active in the
coupled analysis. The ratio of degrees of freedom to modes
is 1.92 which essentially meets the requirements of SRP
3.7.2 Rev. 2 Subsection II.1.a.

.

The dynamic properties of each hot leg are represented by
three nodes, with a total of 8 DDOF. Two of the nodes,-with
3 DDOF each are at either end of the hot leg, one on the RV
and one on the SG. The single node with two DDOF is located
at-about the midpoint of the hot-leg and represents-the
lateral modes of the hot leg, while the-axial modes are
represented by the nodes on the SG and RV.

__, . _. ., . . _ _ , - _ . , -- . . _ . . _ . _ . _ _ _ . _ - _ _ .. _- _ - . . - _ . _ . ,
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Qupstion 210.34 |

CESSAR-DC Section 3.7.2.1.2.2 states that a multimass model
was used for the surge line dynamic analysis. The model is
shown in Figure 3.7-34. Ilowever, no details of the number -

of mass points and degrees of freedom are provided.

Provide the number of mass points and degrees of freedom in
the surge line model. Also show that these numbers are
adequate in accordance with the acceptance criteria of SRP
3.7.2, Rev. 2, Subsection II.1.a.(iii).
Responso 210.34

The representative model of the surgo line shown in Figure
3.7-34 has sixteen mass points, each with three degrees of
freedom (x, y and z). The number of mass points required
for the System 80+ surge line will be determined during the
detailed design. The number of mass points and degrees of

' freedom will meet the requirements of the acceptance
criteria of SRP 3.7.2, Rev. 2, Subsection II.1.a. (lii) .
CESSAR-DC Section 3.7.2.1.2.2 and Figure 3.7-34 will be
revised in a future submittal to note that Figure 3.7-34 is
a representive surge line seismic analysis model.

.
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A schematic diagram of the composite mathematical model used in
the analyses of the dynamically coupled componer.ts of the reactor
coolant system is presented in Figures 3.7-32 and 3.7-33. This
model includes 36 mass points with a total of 96 dynamic degrees
of freedom to represent the RCS, including the pressurizer.
Additional mass points and dynamic degrees of freedom, not shown
in the figures, are used to represent the containment building
and interior structures in the coupled seismic model. The surge
line is very f1pxible relative to the rest of the structure, and
is not considered in the coupled model analysis. The
pressurizer is mathematically coupled to the remainder of the RCS
by way of the building structure represented in the coupled
seismic model. The mass points and corresponding dynamic degrees
of freedom are distributed to provide appropriate representations
of the dynamic characteristics of the components, as follows:

A. The reactor vessel, with internals, is represented by 4 mass
points with a total of 11 dynamic degrees of freedom.

B. Each of the two steam generators is represented by 4 mass
points with a total of 10 dynamic degrees of freedom, each
of the four reactor coolant pumps is represented by 2 points
with a total of 6 dynamic degrees of freedom.

C. The pressurizer is represented by 6 mass points with a total
of 13 dynamic degrees of freedom; each branch of cold leg

Ipiping is represented by a mass point with 3 dynamic degrees
of freedom.

D. Each branch of hot leg piping is represented by a single
mass point with 2 dynamic degrees of freedom. The
representation of the reactor vessel internals is formulated
in conjunction with the analysis of the reactor vessel
internals discussed in Section 3.9.3.14, and is designed to
simulate the dynamic characteristics of the models used in
that analysis.

The mathematical 'model provides a three dimensional
representation of the dynamic response of the coupled components
to seismic excitations in both the horizontal and vertical
directions. The mass is distribtited at the selected mass points
and corresponding translational degrees of freedom are retained
to include rotary inertial effects of the components. The total
mass of the entire coupled system is dynamically active in each

,

of the three coordinato directions.

Surge Line A regresenh dyc
1

1 A lumped parameter, multimacs mathematical model is employed in
the analysis of the surge line. model is shown schematicallyI '

in Figure 3.7-34. The surge line is modeled as a

Amendment I
3.7-7 December 21, 1990
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Ouestion 210.35

CESSAR-DC Section 3.7.2 provides no explanation that a
sufficient number of modes was included in the dynamic
system analysis to ensure participation of all significant
modes.

Provide an explanation to show that a sufficient number of
modes was considered in the analysis in accordance with the

,

criteria lln SRP, Subsection II.1.a.(iv).

Response 210.35

The number of active modes was chosen to meet the criteria
of SRP'3.7.2 II.1.a(IV). This was accomplished by 1)
!ncluding all modes in the frequency range where
amplification could occur, and 2) including additional high
frequency modes until at least 90% of the modal mass was
active in each of the three excitation directions.

.
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Question 210.36

CESSAR-DC Section 3.7.2.15 describes the analysis procedure
for composite modal damping. SRP 3.7.2, Rev. 2, subsection
II.13, specifies that this procedure is limited to 20
percent composite damping. No limitation on composite
damping is specified in Subsection 3.7.2.1.5.

Provide justification for not specifying a' limitation on
composite damping; or modify CESSAR-DC Section 3.7.2.15 in
accordance with SRP 3.7.2, Rev. 2, Subsection II.13.

Resnonse 210.36

The structural damping values used to generate the composite
damping matrix, as stated in CESSAR-DC-Section 3.7.1.3, are
given in Table 3.7-1, the NRC approved damping values for
steel, concrete, etc. The largest damping value in the
table is 7%. Therefore the largest possible composite
damping.value is 7%.

4
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Question 210.39

CESSAR-DC Section 3.7.3.4 provides the basis for the
selection of frequencies to preclude resonance in equipment
and components. This basis is not consistent with the
criteria in SRP 3.7.3, Rev. 2, Subsection II.4.

.

Provide justification for the basis for the selection of
frequencies and demonstrate that the criteria in SRP 3.7.3,
Rev. 2, subsection II.4, have been satisfied.

Resnonse 210.32

CESSAR-DC Section 3.7.3.4 provides more stringent
requirements than those of SRP 3.7.3 Rev. 2 subsection II.4.
The SRP requires the designer to maintain a fixed ratio of
less than 1/2 or greater than two between the component
frequencies and the support structure dominant frequencies.
CESSAR-DC requires that the component frequencies be
maintained outside the range of frequencies that would be
significantly excited by the forcing frequencies. This-

requires the designer to evaluate both the frequency of the
support structure and the frequency content of the input to
the support structure. This may require that the component
frequency be more than twice the support structure frequency
to meet the requirements of CESSAR-DC for maintaining the
component frequency outside the range that is significantly
excited.

1-
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TABLE 3.2-1 (Cont'd)

(Sheet 2 of 17)
'

CLASSIFICATION OF
ST RUCTURE5-~57.,1U4WD~COMPON E NTS

Safety Seismic Quality
Component Identification Class Category Class

Chemical and Volume Control System
-

;* Regenerative _ Heat Exchanger. 2 I 1

*-Letdown Heat Exchanger I 1

* Seal Injection Heat Exchanger E3 I 1

* Purification Ion Exchangers E3 I 1

. . _ . _ _
* Deborating Ion Exchanger #3 I 1

*- * Volume Control Tank N I 1

* Chemical Addition Package N NS 2.

* Boric Acid Batching _ Tank 9 NS 2-
* Charging Pumps ~. E3 1 _1
* Boric Acid Makeup Pumps 3 I 1

* Reactor Makeup Water Pumps NNS NS 2
.

* Boric Acid Concentrator NNS NS 2 g
* Pre-holdup. Ion Exchanger I 1-

-

* Mini-flow Heat Exchanger 23 I 1

* Boric Acid Condensate Ion Exchanger b NS 2
* Reactor-Drain Pumps 3 I i I

* Holdup Pumps
. .

NNS NS 2
* Reactor Drain-Tank NNS NS 2
* Holdup. Tank- NNS NS 2_

* Equipment-Drain-Tank 3- I _.1
* Reactor Makeup Water Tank NNS NS 2
* Gas Stripper-

. 23
I 1

* Purification Filters
* Reactor Drain Filter

~

.I 1

I 1
-* Seal Injection: Filters E3 I 1
* Reactor Makeup Filter S NS 2-

* Bor_ic Acid Filter I 1

* Letdown Strainer E3 I l'
* Pre-holdup Strainer J I 1

* Boric Acid Condensate IX Strainer NNS NS 2
* Ion Exchanger Drain Header Strainer NNS NS 2

*~ * Boric Acid Batching-Strainer NNS NS- 2.

* Chemical Addition Strainer -JMS NS 2
* Boric Acid Storage Tank I 1

i

)

Amendment I
December 21, 1990
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TABLE 3.2-2 (Cont'd)

(Sheet 3 of 15)

SAFETY CLASS 1, 2 & 3 VALVES

Component Location / Sa fety Seismic Quality
Identification Description Class Category Class

Chemical and Volume Control System (CVCS) (1)

CH-101 Letdown check to VCT #3 1 1

CH-103 VC1 pressure indicator 2 '3 I 1
i

CH-104 VCT vent isolation J 23 I 1

CH-110P, 110Q Letdown control valve #$ I 1

CH-112 VCT gas supply check 23 I 1

CH-113, 114 VCT level indicator r3 I 1

CH-ll5 VCT to EDT relief -( 3 I 1

CH-il6 VCT to RDH isolation E'S I 1

CH-117 VCT local sample 23 I 1

CH-118 VCT discharge check E'S I 1

CH-124 BAST supply isolation E3 1 1

CH-126 BABT to BAST isolation I 1

g CH-127 BAC line to BAST check i 1

CH-128, 129 BAST level indicator E3 1 1-

CH-130 BAMP recirc isolation 1 1

CH-131 Boric acid filter D/P 3 I 1

CH-134 BAMP to DRDH isolation I 1

CH-135 BAST 1svel indicator E3 1 1

CH-139 Gas stripper to VCT E4 1 1

CH-143 BAMP suction isolation i 1

CH-144 BAST to PCPS isolation 3 1 1

CH-145 BAMP suction isolation 3 I 1

CH-146, 147 BAMP discharge pressure I 1 y
CH-150 VCT level indication 2' I 1

CH-152, 153 BAMP discharge isolation I 1

CH-154, 155 BAMP discharge check I 1

CH-156 BAST level indicator E3 I 1

CH-160 VCT level indication 3 1 1
,

1 CH-161 Boric acid filter isolation 3 I 1

CH-164 Boric acid filter bypass 3 I 1

CH-165 Boric acid filter D/P 3 I 1

CH-166 Boric acid filter 3 1 1
'

CH-172 f-210Y isolation 3 1 1,

| CH-174 Boric acid makeup 3 I 1

cross-connect
CH-176 BAMP local sample I 1

CH-177 Boric acid to charging E3 1 1

h,c. pump suction check'

,

Amendment I
December 21, 1990
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'TABLE 3.2-2 (Cont'd)

(Sheet 4 of 15)

SAFETY CLASS 1, 2 & 3-VALVES

Component Location / Safety Seismic Quality
Identificatien Description Class Category Class

,

CH-179 RMW line to charging h I 1
pump suction check

CH-184 RMW line to VCT-check I 1
CH-188
CH-190, 191-

RMW to VCT check ES I 1

BAST gravity feed check #3 I 1
CH-192 BAMP to BAST recirc I 1
CH-198 RCP controlled bleedoff E3 1 1
CH-199 RCP controlled bleedoff r I 1

to'RDT relief -

CH-205 - Auxiliary spray control E2 1 1
CH-208 Charging backpressure I 1

CH-210Y Boric acid flow control I 1

CH-231 Seal-injection isolation I 1
CH-241, 242, 243, 244 Seal injection flow control I 1
CH-255 Seal injection isolation 2 I 1
CH-300 RCP bleedoff pressure 2 I 1
CH-301 Letdown orifice bypass 2 I 1

CH-304 SCS Purification check 2 I 1
CH-307 SCS. Purification isolation- 2 I 1
CH-308 Letdown heat exchanger vent 3 I 1
CH-330 BAMP line to HT isolation 3 I 1
CH-344 - Letdown flow indicator 29 I 1

CH-346 Letdown pressure. E3 I 1 y
control-isolation

CH-347,-348, 349, 350 Letdown control valve iso. E3 I 1-

CH-351 Letdown flow indicator E9 I 1 >

CH-353-- Sampling system isolation #3 I 1-
CH-354'- Letdown to-EDT relief (S I 1
CH-355 Letdown filter bypass ES I 1
CH-356, 357- Letdown filter D/P iso. ES' I 1
CH 358 Letdown- filter isolation #3 I 1

CH-359 Letdown filter vent ES I 1
CH-360- -Letdown filter isolation - #3 1 1
CH-361 Letdown to-DROH isolation 23- I 1

CH-366 Letdown filter vent hE3 I l'.

CH-369 lon exchanger isolation #3 I 1

CH-370 IX inlet check 29 I 1
CH-371- IX vent to GWMS #3 I 1

CH-372 IX resin fill isolation 29 I 1 ,

CH-373 Letdown filter isolation 23 I 1 ')
.

. Amendment I
December-21, 1990
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Ouestion 210.42

CESSAR-DC Section 3.7.3.12.1 provides seismic design
criteria'for buried piping. These criteria do not include
relative deformation imposed by seismic waves through the
surrounding soil as required by SRP 3.7.3, Rev. 2,
Subsection II.12.a. (1), and other items defined in SRP
3.9.2, Rev. 2 Subsection II.2.j.

.

Include the effects of relative deformation imposed by
seismic waves through the soil in the seismic design
criteria for buried piping and other items defined in SRP
3.9.2, Rev. 2, Subsection II.2.j.

Response 210.42

The following will be included in a future amendment to
CESSAR-DC.

" Buried piping is designed for seismic effects according to
the criteria established in this'section.

In general, buried piping is excluded from areas of direct
fault displacement and unstable soil conditions, such.as
liquefaction.

Buried piping is designed to sustain soil movements during
earthquake ground motions. The structural integrity of the
piping is evaluated by accounting for two fundamental
effects of earthquake ground motion:

a. Strains and associated stresses induced in a long pipe
by the free-field vibration resulting from motions of
the surrounding soil mass,

b. Seismically induced differential movements of structures
which the pipe enters or connects.

The maximum strains associated with the free-field vibration
of the soil are' computed based on the guidelines of
References 10 and 11. Friction between the pipe and the
surrounding soil may be considered using conservative
estimates of the associated frictional forces.

The effects of seismically induced differential
displacements of the ends of buried piping (due to

* differential movements of buildings) are considered using:
a. Equivalent static analysis.

b. The assumption of out-of-phase differential movements at
the entry points.

c. Principles of beams on elastic foundations.

. - _ . _ _ _ _ .._ . - _ _ ._ -. . . _ ._._ -. _ - . _ _ . , . . - _ _-
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d. Computation of stresses by the'SRSS method.

Again, the guidelines of References 10 and 11 are followed."

References:

10 American Society of Civil Engineers, " Seismic
Analysis of Safety Related Nuclear Structures and i

Commentary on Standard for Seismic Analysis of Safety
Related Nuclear Structures", Publication No. ASCE 4-86,
September 1986.

11 American Society of Civil Engineers, " Structural
Analysis and Design of Nuclear Plant Facilities" ASOE
Manual on Engineering Practico No. 58, 1980.
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3.7.3.12 ,Plping outside Containment Struct.ure
i

Buried Piplng '

54Ek''~3.7.3.12.1 I+
. .4 eismic design critoria for buriod piping are as follows:

A. Intake structure is designed such that the differential i

movement betwoon this structure and the carth-is negligiblo :

and tho - seismic responso spectrum utilized is the ground :
surface responso. t

I

B. conformance to allowable structural and piping stresses [
after the lino penetratos the Auxiliary Building is assured ;-

-

by the use of expansion joints. !'

!

An alternata design method is to una flexible seals as the lines !
pass through pipe slooves in the structure. !

-
-

!-

actors considered are the flexibility, su . - nd.
- - -

-

. . . , ,

rostraints o i r.r uhich are virtually a n a2rth but
M which penetrate a struh ty analysis of thoso !

'

'

/)h
'

lines to pvrformed to
- o that t 1Rd structures t

I

undertheadditivodifferentialmovemed.-n)f7 are not over
t and structure. |'I -

3.7.3.12.2 Above Ground Piping
-

Soismic design'critoria and methods of accounting for the offects
of differential movement of buildings on piping and panotrations -

are described in Sections 3.7.2.1.2 and 3.7.2.7.

3.7.3.13 Interaction of Other Piping 91th category I Piping <

t

The protection of category I piping from'possible adverso offects
of other piping-during an carthquake is accomplished by several :
methods. Specifically, those methois aros |

A. category 1 linest are physically separated - from other 11nos ;
Ito tho. extent possible so that failure of a lino has no

effect on category I lines.

B. All category I boundary valves are designed to moet seismic
critoria.= A valvo always serves as a pressure boundary and 4

constitutes the solamic to non-seismic boundary. If failuro. ,

in the non-seismic portion of the system could cause ;oss of' -

function of the safety-system, than an appropriato automatic
or remoto manual operator would be used if the valvo is open
during normal reactor operation.

,

Amendment I I
,

3.7-22 December 21, 1990 - l

,

v-, o v v wm + - y va r--++-w we = v vsw p- .e-.--3ve- .wr--o-,-rrw- - ,r-oww' . h ..-- w w w e,,cwe-,-,~r--w.m+-w-mw.--ww--grr w,- .a,o-er-, *=-a=- w--=-.re---e,-e----+-- euww--



. _ _ _ _ _ _ _ - _ _ _ _ _ - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ -

h% 2/O, //2
4G

_

'

nurled piping arv designed for soismic offects'aiccording~to |4s

the critoria established in this section.
'

is
Ingeneral, bur /ledpipingn+aexcludedfromareasofdirect f
f ault dinplacer6ent and unstable poll conditions, such as
liquefaction.

isDuried piping are designed to sustain soll movernants during
earthquako ground motions. The structural integrity of tho i

piping is evaluated by accounting for two fandamental
ef fects of carthquako ground rnotions

Strains and associated stresses induced in a long pipoa.
by the free-fleid vibration resulting from motions of
the surrounding soil rnass.

b. Beismically itiduced dif ferential mos oments of structures
which the pipo ertters or co ects.

<(ly )
The maximum st fIJnh associatt I w th tho freo-field vibrationon the guidelines of
ofthesoll,.ars_ computed,basd_j Friction betwoon the pipoRe f erences(2= a .: JJand (JAo3Eg;tg
and the surrounding soil hWb6 considered r4 sing
conservativ9 estimates of the apuociated f*victional forces. .

The effects of so smically induced diffe.rential
displacernents of the ends of bur / led piping (due to /
differential movemente of buildings) are considered using

a. Equivalent static analysis,

b. The assumption of out-of-phaso differential movements at
the entry points.

Principles of beams on clastic foundations.c.

d. Computation of stresses by the SRSS method.

,

/0 //
Again, the gujdelines of References,210:42 1 and.21074272-'

are f ollowed. '/ [

|'
t

|

|
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Question 21Q2Al

CESSAR-DC Section 3.7.3.12.2 references criteria and methods
in Sections 3.7.2.1.2 and 3.7.2.7 for differential movement
of buildings on abovo ground piping and penetrations. It is

not clear to the staff how these sections address
differential movement of buildings. Provido a discussion
that describes the scismic design criteria and methods which
apply to this issue.

Responso 212.11

When the carthquake ground motions are applied, the Nucioar
Island structural models undergo deformations in all three
directions (two horizontal and the vertical). In general,
those deformations differ between adjacent structures. This
causes differential movements (and associated stressos) to
the abovo ground piping that are connected to thot.o
structures.

.

To include the offects of differential displacements between
adjacent structures in '.no piping design and analysis,
maximum relativo displacements (with respect to the
foundation basemat) at overy major elevation of each Nuclear
Island structure are computed in the throo principal
directions of motion. The maximum relativo displacements,
defined as Seismic Anchor Movements (SAM), are computed for
ovary generic soil case of analysis.

The appropriato SAM (depending on olevation) are applied to
each piping system that runs through adjacent structures.
For conservatism, SAM are applied out-of-phase, thus,
conservatively noglecting any phasing that might occur in
the response of adjacent structures. Piping stresses
resulting from SAM are considered in conjunction with thoso
resulting from inertia response.

.

- - - _ _ _ - - . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ . _ _ _ _ _ _ _ _ _ _ _ _ _
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Quqation 210.45

CESSAR-DC Section 3.7.3 does not address noismic analysis of
above-ground tanks as required by SRp 3.7.3, Rev. 2.

provido soismic analysis and design critoria for
abovo-ground tanks.

{{gnpang.g_210. 4 5

SRP Section 3.7.3, Rev. 2 requires that seismic Category I
abovo ground tanks which cannot bo proven to respond
rigidly, allowing use of zero porlod accoloration
information in the seismic analysis, are to be analyzod as
separato structures requiring different responso spectra.

The major tanks included in the System 80+ design are the
IRWST and the ErW tanks. These, however, are integral
components of the building structure and are modeled
seismically with the interior and annex structures. All.

other tanks would be vendor supplied via procuromont
specifications. Those specifications will address noismic
design considerations assuring that the tanks aro qualified
using the correct seismic analyses and design critoria.

4



Question 210.4Q:

CESSAR DC Section 3.9.1.1 identifies the transients to bt used in the design
and fatigue analysis of ASME Code Class I components for a 00 year useful
plant life. This 60 year life raises questions relative to the margins ,

available in the current ASME fatigue design curves. Based on limited >

available data, the staff is of the opinion that these margins may not be ;
sufficient to account for variations in the original fatigue test data due to '

various environmental effects.

Provide a commitment to consider such effects in the designs of applicable
ASME Class 1 systems, components and equipment.

Moreover, SRp 3.9.1, Rev. 2, subsection 111.1, states that the number of
events estimated for each transient and the method used to determine this
number is to be compared to the same information on similar and previously
licensed applications. Comparing CESSAR(+f) system 80 with CESSAR DC shows

'

that the useful life of the plants differ. However, both plants use the same
list of transients and the same number of events (Table 3.91) even though the
useful design life differ by 20 years. Justify the use of the same number of
events for the System 80+ design.

R9Jponse 210.46:

The designs of ASME Class 1 systems, components and equipment for System 80+
will consider the potential influence of environmental effects on the fatigue
life of materials ov2r the 60 year design life.

This issue is currently under consideration by a spetial Steering Committee
for Cyclic Life and Environmental Effects in Nuclear Applications of the
Pressure Vessel Research Council (PVRC) per the requests of the ASME Boiler &
Pressure Vessel (B&PV) Code Committee through the Board on Nuclear Codes &
Standards BNCS). The charter of the PVRC Steering Committee is to provideguidancean(ddirectionrelatedtodeterminingtheeffectsofserviceenviron-

-

ment on the cyclic life properties of applicable materials in light-water
reactor applications and evaluating application methodologies that include
these effects. Recommendations from these activities will be provided for
consideration to the ASME Code Committee and to other concerned U.S. and
international organizations.

Any revisions to the presently existing fatigue curves or modifications to
current fatigue design and evaluation methodologies that are adopted as part
of future editions of the ASME B&PV Code will be applied to the design of
System 80+ components subject to those editions of the Code.

CESSAR+DC Table 3.91 is being revised to include the events and frequency of
occurrence expected during a 60 year design life. The latest industry.

databases are being utilized to assemble this information. Additionally,
CESSAR DC will be modified such that all references to design transients
(e.g., sections 3.9.3.1.3.3 (A, B), 5.2.2.4.1 (A F), 5.4.2.1 (A H),
5.4.10.1 (B)) will refer to Table 3.9-1 rather than list transients in
individual sections. 1his task will be completed by July 1992.

i
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catation 210.(I
SRP 3.9.1, Rev. 2, Subsection 11.2, definos the information
to be provided to demonstrate the applicability and validity
of computer programs to be used in dynamic and static
analysos to demonstrato the structural and functional
intogrity of Soismic Category I, and code and non-codo
items. The information provided in CESSAR-DC, Section
3.9.1.2 is not totally in accordance with the information
required by SRP 3.9.1, Rev. 2.

Provide the computer program information required by SRP
3.9.1, Rev. 2. The fact that a program is in the public
domain is insufficient for satisfaction of the guidelines in
SRP 3.9.1, Rev. 2.

Renconce 210.47

As stated in CESSAR DC, Section 3.9.1.2, extensive
verification of the versions of public domain computer codes
used by C-E has been performed to supplement any existing
public documentation. Each codo (e.g., MDC STRUDL, C-E
MARC) has boon quality assured in accordance with the QA
procedures in force at the tino of their documented
verification. Documentation for all of the codos described
in CESSAR DC, Section 3.9.1.2 is availablo for NRC audit
upon request. The QA calculations for each code contain the
author's namo, a computer codo certificato containing
necessary information such as the version, installation dato
and facility on which the codo executos, and the solutions
to appropriate test problems.

In addition, a description of the SASSI program will be
included in a future amendment of CESSAR-DC.

.
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%

3.9.1.2.1.22 CEPIASil-4 A

A codo used to calculate transient conditions resulting from a
flow lino rupture in a water / steam flow system. The program is
used to calculato steam generator internal loadings following a
postulated main steam line break.

This program is used in a steam lino break accident structural
analysis. Program was veriflod by comparisons of program results
and hand-calculated solutions of classical problems.

3.9.1.2.1.23 CRIBE E

A one-dimensional, two-phase thermal hydraulic code, utilizing a
momentum integral model of the secondary flow. This code was
used to establish the recirculation ratio and fluid mass
inventories as a function of power lovel. The code is in the
public dv..ain and has had sufficient use to justify its
applicability and validity. 1

This program is used for datormining steam generator performanco.
Program was verified by comparisons of program results and hand-
calculated solutions of classical problems,

fnser -+ 3. 't. /. 9. f. EY S,4ss7
3.9.1.2.2 Code Class CS Internals, Puol and CEDMs

'
-

The following computer programs are used in the static and E

dynamic analyses of reactor internals, fuel, and CEDMs.

3.9.1.2.2.1 MRI/STARDYNE

The MRI/STARDYNE program uses the finite element method for the
static and dynamic analysis of two- and throo-dimensional solid
structures subjected to any arbitrary static or dynamic loading
or base acceleration. In addition, initial displacements and
velocM.ies nicy be considered. The physical structure to be
analyzed is modeled with finito elements that are interconnected
by nodes. Each element is constrained to deform in accordance
with an assumed displacement field that is required to satisfy
continuity across element interfaces. The displacement shapes
are evaluated at nodal points. The equations relating the nodal
point displacements and their associated forces are called the
element stiffness relations and are a function of the oloment
geometry and its nochanical properties. The stiffness relationn

,

for an element are developed on the basis of the theorem of,

' minimum potential energy. Massos and external forces are
assigned to the nodes. The general solution procedure of the
program is to formulate the total following equations:

v

Amendment I
3.9-10 December 21, 1990
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~ 3.9.1.2.1.24 SASSI

The SASSI program is used in soil structure interaction analyses and it is based
on the Flexible Volume Substructuring Method . This method is a general.

> .

! substructuring technique, which uses the finite element method and solves the
equations of motion in the frequency domain using the method of complex -i

response.*

The SASSI substructuring scheme is an improvement over other substructuring
techniques because it simplifies the required solution steps. Nevertheless, it
provides rigorous analytical solutions in each step of the SSI problem. In the
Flexible Volume Method, the complete soil structure system is divided into two
substructures: the " foundation" and the " structure", The mass and stiffness of'

the " structure" is reduced by the corresponding properties of the volume of
excavated soll. The mass and stiffness of the excavated soll are retained within
the * foundation" model. The impedance problem is solved using the " foundation" .

model, and consists of a ceries of axisymmetric solutions of a layered site to
applied point loads. In general, using SASSI, there is no need to solve the
scattering problem since the ' foundation" model does not have the intrusion |

-corresponding to the embedded portion of the structure. However,in the System
'

80+ analysis, the SASSI standard analysis methodology is modified, as discussed
in Appendix 3.7D, and the solution of the SSI problem is reduced to three steps:

..

Solution of the site response problem to determine the free field motions*
within the embedded part of the structure.

| Solution of the impedance and scattering problem.'

! ,
.

<

4
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Solution of the structural problem. This involves forming the complex! *
stiffness matrices and load vector and soking the equations of motion for
the final displacements.

SASSI Procram Canahillites

The SASSI program is the most versatile tool currendy available for SSI analysis.
It contains basically no limitations of analytical nature, outside of the fact that it
is limited to linear type analysis. The paragraphs below briefly describe the
program capabilities.

The analytical model of the soll site consists of semi infinite clastic or viscoelastic
horizontallayers on a rigid base or on a semi infinite clastic or viscoelastic half-
space. To simulate the half space at the lower boundary, the SASSI program
generates soll layers of variable depth which depend upon the analysis solution
frequency. Thus, SASSI accurately models energy dissipation through the bottom
as well as lateral boundaries.

The seismic environment may consist cf an arbitrary superposition ofinclined
body waves and surface waves. The carthquake excitation is defined by a time

- history of acceleration, called the control motion. The control motion is assigned
to one of the three global directions at a specified control point which lies on the
surface or on a soil layer interface within the soil profile. Transient input time
histories, such as earthquake records or impact loads, are handled by the Fast
Fourier Transform technique. In addition to seismic loads, it is possible to
introduce external forces or moments, such as impact loads, wave forces, or loads
from rotating machinery acting directly on the structure. This feature is
particularly applicable for foundation design for large pieces of equipment such
as turbines, diesel generators, etc.

The stmetures are idealized by standard two or three dimensional finite elements ,

connected at their nodal points. Material damping is introduced by the use of
complex moduli, which leads to effective damping ratios which are frequency

,

independent and which can vary from element to element.
1

Primary nonlinear effects in the free field and secondary nonlinear effects in a
limited region near the structure can be considered by the " equivalent linear
method"..

The SASSI program can handle embedded structures with flexible foundations,
structure to structure interaction and the effects of torsional ground motions.

,

The library of SASSI elements consists of the follovdng:

.
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I WA f 2/A Wf
,

.

i

1. Three dimensional solid element (eight. node brick) with threo
translational degrees of freedom per node.,

2. Three dimensional beam element with three translational and three
rotational degrees of freedom per node.

3. Four. node quadrilateral plate /shell element with three translational
and three rotational degrees of freedom per node.

4. Two dimensional, four node, plane strain finite element with two
translational degrees of freedom per node.

5. Three dimensional spring element with three translational and three
rotational degrees of freedom per node.

6. One dimensional plane Love wave element with one out of plane
translational degree of freedom per node.

7. Three-dimensional stiffness element with thre translational and
three rotational degrees of freedom per node.

8. Three dimensional mass matrix element.

SASSI Procram Structure

The computer program SASSI is structured in a moduler farm. The code has
been segmented in nine independent subprograms which are executed
sequentially. Each of these subprograms performs one of the tasks which are
required in the sequence of the analysis of soil structure interaction problems,
i.e., the site response analysis, the impedance analysis, the formation of the load
vector and, finally, the computation of the transfer functions and the response
time histories.

The eleven SASSI modules are:

1. SITE
2. POINT-

3. HOUSE
4. MOTOR
5. ANALYS

,

j 6. COM131N'

j 7. MOTION
8. STRESS

. . . . _ . . . - .-- . - _ _ __ _ _ .- _ - - - - _
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,

9. HANDOM
10. AXSYM
11. RIMP

,

The version of the SASSI program used in the soil structure interaction (SSI) j
analysis of the System 80+ is version 2.0, dated June 1985. The following SASSI 1

<

modules were part of the version 2.0 program: |
t i

! * SITE
! COMBIN*

MOTIONi *

l STRESS*

To compute foundation impedances and scattering with an axisymmetric
approach, SASSI was modined and enhanced. Thus, two of the version 2.0
modules, HOUSE and ANALYS, were modified for the System 80+ project as
version 3.0, and a new module, AXSYM, was developed as version 3.0.

The SASSI program is extensively verified and validated and documented using
three different methods of verification and correlation:

Correlation to results of problems with closed form solutions, such as site*
,

response and response of simplified structural systems.-

Correlation to solutions of other well known SSI computer codes in thej *

industry such as CLASSI and FLUSH.
,

Correlation to experimental results, such as the Lotung Large Scale*

Experiment sponsored by the Electric Power Roscarch Institute /Nucicar
,

'

Regulatory Commission /faiwan Power Company, and others.

i

:

|
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CBLCAtiDIL219d

CESSAR-DC Section 3.9.1.4.1 states that inolastic methods ofanalysis are used to permit significant local inolastic
responson in Soismic Category I reactor coolant system (RCS)items.

Identify where inolastic analysis methods have boon utilized
for Soismic Category 1 RCS items and provido justification
for the methods of analysis in accordance with SRP 3.9.1,Rev. 2 Subsection 111.4.
Egnppnso 210.48

The referenco section of CESSAR-DC allows for inelastic
methods to be used where "desirablo and appropriate to
permit significant local innlastic responso." These
inelastic analysis methods, however, have not boon uned for
Soismic Category I RCS items in the System 804 design.

.

9

"'
. .

.
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Question 210.50

CESSAR-DC Section 3.9.1.4.2 states that in exceptions to
linear elastic models for evaluating faulted conditions, the
maximum allowable strain limits from accepted standards will
be satisfied.

Identify and' justify the use of the accepted standards and
the strain limits to be used.

Epsnonso 210.s0

CESSAR-DC Section 3.9.1.4.2 vill be revised to include the
following statements

pipo rupturo rostraint energy absorbing members are an ~

exception to the use of linear clastic modols. The nothods
for the dynamic analysis of pipe whip are given in CESSAR-DC
Section-3.C.2.2.2.2. For allowable stresses and design
critoria, reference CESSAR-DC Sections 3.6.2.3.2.4 and
3.6.2.3.2.5 respectively.

.

-

I

- . . . . .
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CESSAR nnincuion m a c,,g

3.9.1.4.1.1 Reactor Internals and CEDMs

See Sections 3.7.3.14 and 3.9.2.5.

3.9.1.4.1.2 Hon-Code Items

The components not covered by the ASME Code but which are related
to plant safety include:

A. Internal Structures (Class IS). .

B. Fuel.

C. Control element drive mechanisms (CEDMn).

D. Control element assemblier (CEAs).
Each of these components is de signed in accordance with specific
criteria to ensure their operability as it relates to safety.
The fuel assembly and control element assembly design is

discussed in Section 4.2. The non-code components of the control
element drive mechanisms (CEDMs) are proven by testing as
described in Section 3.9.4.4. E

3.9.1.4.2 Seismic Category I Non-H888 Items

The analytical method for evaluating the faulted condition uses
a linear elastic model as described in Section 3.7.3. The ASHE

-I-I x l l o w tsAiQe 1nhNted-including'eble- sqresg 1-im(d6wnSectio a f
the sdfli shut earthquake -and systemoldstransient loads described in Section 3.9.1. A -For-any--eNee@lenG-

-be-t-he-above r--oueh--ee-+he--pipe--brea - lysis-deseribed in-
.seo44ec 3.6,4, maH imum-a4-1-owa ble---etya4. mits-4 rom-assepted-
-standards-vl4-1-be--eat 4e f4edy ( _.

g egy.

3.9.2 nihidhc SISQIACfaIS_AJD'TERTlNGA
;

3.9.2.1 ,MDina vibrations. Thermal EXDansion, and Dynamio
Effects

safety-related piping systems were designed in accordance with
the ASME B&PV Code, Section III. The preoperational test program

i for the Class 1, 2 and 3 piping systems will simulate actual
operating modes-to demonstrate that the appurtenances comprising
these systems will meet functional design requirements ind that
piping vibrations are within acceptable levels.

Amendment E
3.9-19 December 30, 1988
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IllSERT imi 210.50 ;

:*

'

Pipe rupturo restraint energy absorbing rnombers are an exception to
the use of linear elastic models. The methods for the dynamic
analysis of pipe whip are given in CESS 1sR-DC Section 3.6.2.2.2.2. i

For allowable stresses and design criteria, reference CESSAR-DC
Sections 3.6.2. 3.2. 4 and 3. 6.2.3.2.5 respectively.
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gngstion 210.51 !
!

SRP 3.9.2, Rev. 2, Subsection II.I provides critoria for !
;

piping vibration, thermal expansion, and dynamic offect
testing to bo performed during startup testing. |

!

CESSAR-DC Section 3.9.2.1 describos the prooperational test ;

program for the ASME Code, Section III, Class 1, 2, and 3 |
"

piping systems. The test program is not in total agrooment ,

with the guidelines in SRP 3.9.2, Rev. 2 Subsection II.I.
'

Modify the descriptions of the test programs in accordance
with SRP 3.9.2, Rev. 2 Subsoction II.I. -In addition, tho

-

staff's curront position requires a commitment to conduct |
testing in accordance with ANSI /ASME OM3-1902 and draft OM7
-standards. Piping systems to bo included in the test
programs should also be identified.

!Resnonse 210.51

CESSAR-DC, Section 3.9.2.1 contains testing methods,
acceptanco critoria, and corrective actions for vibration, .

thermal expansion, and dynamic-offects startup testing. . The
areas that do hot agree with SRP 3.9.2, Rev. 2, subsection |

'
II.1 concern lovel-of-detail. Specific monitoring
locations, snubber travel from hot to cold position, etc. :

cannot be determined until completion of detailed pipe i

!routing and piping support design, which will depend on
vendor-supplied information.

iCESSAR-DC will be revised to indicete that vibration and
thermal expansion startup testing will meet the intent of
ASME OM-S/G, Part 3 standard and Part 7 guido. This
revision is onclosed for NRC review.

The list of systems requiring vibratiori and thermal
expansion startup testing cannot be finalized until final

-pipo routing is performed and analysis results are obtained.
However, the systems that typically requiro this testing are
listed below:

Piping Systems Included in Vibration and Thermal
Expansion Startup Testing

Reactor-coolant System
Safety Depressurization System
Safety-Injection System
Shutdown Cooling: System-

.,

Containment Spray System
Chemical and Volume Control System
Pool Cooling and Purification System
Component Cooling Water System
Station Service Water System

- - - . . . - - - - . - - . . , - . - - ~ , . - - . - - , - - - , - . . , . - . - . , . . - - - . . - - , - - . - . . - - . - , . -
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Responge 210.51 Cont.

Diosol Gonorator Engine fuel Oil System
Diosol Generator Engine Cooling Water System
Diesel Gonorator Engine Lubo 011 System
Essential Chilled Water System
Emergancy Foodwater System
Main and Startup Foodwater System
Main Steam System
Steam Generator Blowdown System
Turbino Dypass System ,

Liquid Wasto Management System ,

'Condensor Circulating Water System

s

a

,
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3.9.1.4.1.1 Reactor Internals and CEDMs

See Sections 3.7.3.14 and 3.9.2.5.

3.9.1.4.1.2 Non-Code Items

The components not covered by the ASME Code but which are related
to plant safety include:

*

A. Internal Structures (Class IS). *

D. Fuel.

c. Control element drive mechanisms (CEDMs).

D. Control element assemblics (CEAs).

Each of those components is designed in accordance with specific
criteria to ensure their operability as i t relatos to safety.
The fuel assembly and control element assembly design is
discussed-in Section 4.2. The non-code components of the control
element drive mechanisms (CEDMs) are proven by testing as ,

described in Section 3.9.4.4.
E

3.9.1.4.2 Seismin Category I Non-NSSS Items

The analytical method for evaluating the faulted condition uses
6 a linear elastic model as described in Section 3.7.3. The ASME

Section III allowable stress limits will be mot for faulted
loads, including the- safe shutdown earthquake and system
transient loads described in Section 3. 9.1. For any exceptions
to the above, such as the pipe break analysis described in
Section 3.6.2, maximum allowable strain limits from accepted
standards will be satisfied.

3.9.2 DYNAHIC SYSTEM ANALYSIS AND TESTING
,

3 .9.2.1 Pipino vibrations. Thermal Expansion and Dynamic

E f f e c t_s,

Safety-related piping systems were designed in accordance withg
the ASME_B&PV Code, Section III. The prooperational test program<

for the Class 1, 2 and 3 piping systems will simulate actual
operating modes to demonstrate that the appurtenances comprising
these -systems will meet functional design requirements and that
pi ina vibrations n accep

n -.a n. .aca f
ru m% g, r ~:W A M45ME O M - s/cr , P.ct 3 S and Pa r f 7 oj ud t

s- J~

Amendment E
. . ,a n ., , - - w . , , , . ...
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ChlaftliD11_21.D.d2

CESSAR-DC Section 3.9.2.3 describos the dynamic system
analysis methods for the reactor vossol coro support and
internal structures.

Analytical methods for determining the responses of the
reactor internal components due to both predominantly
datorministic and random force inputs are describod. For
the latter type of inputs, CESSAR-DC Section 3.9.2.3.5.2
indicates that only RMS displacements, loads, and stresses
are calculated.

In view oft 1) the 60-year design life stated in CESSAR-DC
Section 3.9.1.1; 2) staff concerns relating to possible
detrimental environmental offects not currently reflected in
current ASME Code design fatiguo curves; and 3) the current
history of flow induced vibration failures in PWR reactor
internal structuro support system; CESSAR-DC Section 3.9.2.3
should contain % comniitment to include methods for
considering peak responses to random typo force inputs,

llesnonse 210.52
Throo times the RMS stresses, displacements and loads found
during random response analysis are used in the reactor
internals design stress analysis which combines random
results with those of other analyses (i.e.: deterministic,
thermal, etc) and compares the total stresses with
appropriate ASME code, criteria such ast primary membrano
and membrane + bending, primary plus secondary, and fatigue.
The use of 3 x RMS values is sufficient to account for peak
responses due to random type force inputs.

4

e
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i

QMgstion_210.SJ

CESSAR-DC Section 3.9.2.4 designates Palo Verde Unit 1 as
the proto-type plant for the CESSAR-DC System 80+ Standard
Design plant.

Provide a comparison of the Palo Vordo, Unit 1 and the
CESSAR-DC designs in accordance with SRP 3.9.2, Rev. 2, i

critoria in support of the designation of palo Vordo Unit 1
as the prototype for the System 60+ design.

Resoonso 210.53

The System 80+ reactor internals as described in CESSAR-DC
are essentially the same as Palo Verde Unit I as described
in the Palo Verdo Unit 1 FSAR. The dynamic characteristics !

will therefore be nearly identical. Since operating
conditions are also essentially the samo, flow induced
vibration responses will be the same as experienced at Palo
Verde. Thorofore, the requirements of Rog. Guido 1.20 are
met and Palo Verdo Unit 1 is the valid prototype for tho
System 80+ design.-

.
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Ouestion 210.57

CESSAR-DC Section 3.9.3 states and a number of loading |
combination tables indicate that dynamic loads are combined i

by the SRSS method.

Modify Section 3.9.3 and the loading combination tables to
indicate that dynamic loads will be combined by the SRSS
method in accordance with the guidelinos of liUREG-0484,
Rov. 1, 1980.

RenDonso 210.57

Section 3.9.3 will be modiflod to indicate that dynamic
loads will be combined by the SRSS method in accordance with
the guidelines of liUREG-0484, Rev. 1, 1980. This revision
will be included in a future amendment of CESSAR-DC. |

|
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v
(faulted) system condition (postulated pipo rupture for l,
branch line breaks not olininated by leak before break
analysis). The SSE And pipo rupturo loadings are combined

more conservativo method.bytheSRSSmethopor7:
The specific design transients specified for design are discussed
in Section 3.9.1.1.
ASME B&pV Codo Class 1, 2 and 3 piping and components of fluid
systems are designed and constructed in accoriance with Section
III of the ASME Doller and pressuro Vossel Codo. Hydrostatic

testing in performed por Section III.
Design pressure, temperaturo, and other loading conditions that
provide the banos for design of fluid systems are presented in
the sections which describe the systems.

EStress analysis was used to datormino structural adequacy of
pressure components under the operating conditions of normal,
upset, omorgency or faulted, as applicable.

Significant discontinuities woro considered such as nozzles,
flanges, etc. In addition to the design calculation required by

(. the ASME B&pV Section III code, stress analysis was performed byj
V methods outlined in the code appendices or by other methods by

reference to analogous codes or other published literaturo.

3.9.3.1.1 ASME Code Class 1 Componentta and Supportu

Design transients for ASME Code Class 1 components, supports and
piping are discussed in Section 3.9.1.1. Loading combinations
for ASME Codo Class 1 components are described in Table 3.9-2.

h.Stross limits for ASME Code Class 1 components, supports and
piping are described in Tablo 3.9-3. The operating pressures of
Code Class 1 active valves are limited to the pressures taken
from the applicable primary pressure class pressure-temperature
rating of the ASME Code, Section III, for the maximum temperature
for the applicable condition.

3.9.3.1.2 Coro Support Structures (Class CS) and Internal
Structures (Class IS) E

Design transients for reactor internals structures are diccussed
in Section 3.9.1.1. Loading combinations and stress limits are

,

presented in Section 3.9.5.

.

Amendment E ,

3.9-31 December 30, 1988 (
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Question 2[.0.5B: |
.

I
Section 3.9.1.1 implies that the design life of the C[SSAR System 80+ p' ant is

'

60 years. In Section 3.9.3.1.3, 'ASME Code Class 2 and 3 Components and
Supports," there is no indication of how this extended life will be ,

considered. For all ASME Class 2 and 3 components, equipment, and supports
that are designed for a 60 year life and which are subjected to loadings which
could result in thermal or dynamic fatigue, provide a commitment to perform
fatigue analyses similar to the requirements for Class I components in ASME
!!!, Subsection NB. In addition to the transients discussed in Section
3.9.1.1 of CESSAR DC, the loadings for these analyses should account for
operating vibration loads wh',ch may have been observed during piping pre-
operational tests and for the effects of mixing hot and cold fluids.-

Resoonse 210.58:

ASME Code Class 2 and 3 components and supports will be analyzed for fatigue
as required by the ASME Code Section Ill, Subsections NC and ND. The analysis
will include all estimated transient event cycles and vibration over the
design life of the plant. This statement will be added to Section 3.9.3.1.3
in a' future amendment.

'

Piping operational vibration loads are considered in the design of ASME Code
Class-2 and 3 components. Note that section 3.9.3.1.3 indicates systems
specific conditions in addition to the design transients of Table 3.91 are
reviewed to determine the appropriate parameters to be used in the design of
Code Class 2 and 3 components. in addition, preoperational testing confirms
that these piping systems, restraints, components and supports have been
adequately designed to withstand flow induced dynamic loadings under the
steady state and operational transient conditions anticipated during service.

,

Transient analyses consider mixing of hot and cold fluids, or the more.
conservative assumption of step changes of fluid temperature.

|

4
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3.9.3.1.3 ASME Codo Class 2 and 3 Componenta and Supports

Loading combinations applicabic to Code Class 2 and 3 components
and supports are described in Table 3.9-2. System operating
conditions due to the design transients defined in Tabic 3.9-1,
as well as any other auxiliary system specific conditions, are
reviewed to determine the appropriate operating parameters to be

gd sed in the design of Code Class 2 and 3 components.
A The design stress limits for each of the component's loading

conditions are presented in Tables 3.9-5 through 3.9-9. Inclastic
methods, as permitted by ASME Section III for Class 1 components, g
were not used for those components.

3.9.3.1.3.1 Tanko, IIcat Exchangers, and Filtern

Pressure vossolo supplied for the auxiliary systems are:

Shutdown Cooling Heat Exchanger
Safety Injcction Tanka E

Containment Spray Heat Exchanger
Containment Spray Mini-Flow Heat Exchanger
Shutdown Cooling Mini-Flow Heat Exchanger
Component Cooling Water System Heat Exchangers
Component Cooling Water System Surgo Tanks '-

Essential Chilled Water Compression Tanks
Essential Chilled Water Refrigeration Units
Diesel Generator Fuel Oil Storage Tank
Dioscl Generator Fuel Oil Day Tank
Diesel Generator Cooling Water Surge Tank
Diesel Generator Starting Air Aftercoolers
Dioscl Generator Starting Air Filtor/ Dryer Units

3Diesel Generator Starting Air System Air Receivers
Diesel Generator Lubo Oil Cooler
Diesel Generator Lube Oil Sump Tank Heaters
Diesel Generator Intake Turbocharger
Diesel Generator Exhaust Aftercooler
Diesel Generator Intake and Exhaust Silencers and Air

Filters
Main Control Room Air Handling Units w/ Filters
Main Control Room Water-cooling Coils
Main Control Room Heating coils
Fuel Building Ventilation Exhaust Filter Train

,

Reactor Building Subsphere Ventilation Syctem Cooling Colls
Reactor Building Subsphere Ventilation System Filters
Annulus Ventilation System Filters
Spent Fuel Pool Cooling System Heat Exchangers
Station Service Water Strainers

Amendment I
3.9-32 December 21, 1990
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Insert A

ASME Code Class 2 and 3 components and supports are analyzed for fatigue as
required by the ASME Code Section 111. Subsections fic & 140. The analysis will
include all estimated transient event cycles and vibration over the design I
life of the plant. |

..

:
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|

Question 210.52

CESSAR-DC Section 3.9.3.1.3.3 definos the jurisdictional
-boundary betwoon only ASME Code, Section III, Class 2 and 3 J

pumps and the building structuro. )
i

Revise Section 3.9.3, including Subsection 3.9.3.4, to |
provido a commitmorit that the 1987 Addenda to the 1986 :

Edition of the ASME Codo, Section III, subsuction NF will bo
,

used to define the jurisdictional boundary betwoon :

Subsection NF component supports and the building structure.

Resnonso 210.59

The jurisdictional boundary between System 80+ ASME Codo '

Class 1, 2 and 3 component supports and the building ,

structure is in accordance with the ASME Codo Section III,
Subsection NF. Section 3.9.3 Will be revised in a future
amendment to CESSAR-DC to include the following:

" Jurisdictional boundarios betwoon ASME Section III Class.

1, 2, and 3 component supports and the building structure
are established in accordanco with ASME Section III,
Subsection NF," |

To allow for flexibility in implomonting future ASME Codo
revisions, combustion Engincoring believes that it is not
appropriate to identify specific ASME Code addenda in
CESSAR-DC. Code addenda requirements for System 80+ plants
will comply with the requiromonts of 10CFR 50.55a.

U '

(
|

|
*
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C. In-shop seat leakago test g
D. Periodic valvo exorciso and inspection to assure the

fb.ictional ability of the valvo.

Using the methods described, safoty-related activo valves in the
system aro qualified for operability during a soismic event.

3.9.3.3 Qgpign_andlapig1]_attion Details for Mounting _gt
ITin_ure ReJig[_ Day _i3Lqa

Safety valvos and relief valvos are analyzed in accordance with
the ASHE Section III Codo.

The method of analysis for safety valves and rollof valvos
suitably accounts for the timo-history of loads acting
immodlately following a valvo opening (i.e., first few
milliseconds). The fluid-induced forcing functions are
calculated for each safety valvo and relief valvo using

- one-dimensional equations for the eonservation of mass, momentum,'

and energy. The calculated forcing functions are apr.ied at
locations along the associated piping where a change in fluid
flow direction occurc. Application of those forcing functions to

l the associated piping model constitutes the dynamic time-history'

,V analysis. The dynamic responso of the piping system is
,

.

determined from- the input forcing functions. Thorofore, a
Edynamic amplification factor is inherently accounted for in the

j analysis. Alternatively, an equivalent static analysis may be
used following the critoria given in Appendix II of the ANSI /ASME'

j
i B31.1 Code. This appendix provides a methodology for calculating

appropriate dynamic load factors. Whoro more than one safety
relief valve is installed on the same piping run, the sequence of

,
'

openings that induces the maximum stress will be considered.

I Snubbers or strut-type rostraints are used as required. The
stresses resulting from the loads produced by the sudden opening
of a relief or safety valve are combined with stresses due to
other portinent loads and are shown to be within allowable limits
of the ASME'Section III Code. Also, the analysos show that tho
. loads applied to the nozzles of the safety and relief valves do
not exceed the maximum loads specified by the manufacturer.'

3.9.3.4 gstmngngat Bupp_qris

Supports for ASME Section III Code Class 1, 2 and 3 components*

i are specified for design in accordance with the loads and loading
} combinations discussed in Section 3.9.3.1 and presented in

i Table 3.9-2.
(

j % Component supports which are loaded during normal operation,

seismic and following a pipe break (branch line breaks not
Amendment E
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Ouestion 210,60

CESSAR DC Section 3.9.3.2 describes the pump and valve operability program for
both the NSSS and non NSSS. As described, the program is not in complete
agreemirt with the guidelines in SRP 3.10 " Seismic and Dynamic Qualification
of Mecnai.f cal and Electrical Equipment *

Revise the operability program to be in accordance with SRP 3.10.

'

Etsponse 210.60

CESSAR DC Secticn 3.10 is presently being revised to conform with the intent
.

of the guidanca provided by SRP Section 3.10, Revision 2, and USP3C Regulatory
Guide 1.100,. Revision 2. This revision, which will be included ).. the
submittal.of a future amendment of CE0SAR-DC, will address compliance with the-

acceptance criteria cf applicable subsections of SRP 3.10 for both mechanical
and electric 91 equipment. Consequently, any necessary revisions to CESSAR-DC

Section 3.9.4.2 in order to be consistent with Section 3.10 and address the
concerns of this RAI will be included in this future submittal.

|

!

!*.
,
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Qgggtion 210.61

CESSAR-DC Sections 3.9.3.2 and 3.9.4.2 contain several
references to a number of IEEE standards and a number of
associated endorsing RGs. The editions of the IEEE
standards referenced are not current and RG revisions are
not identified.

Revise Sections 3.9.3.2, 3.9.4.2, and all other applicable
sections of the CESSAR-DC to commit to IEEE-323, 1983 and
IEEE-344, 1987, as endorsed by R.G. 1.100, Revision 2.

Response 210.61

Applicable sections of CESSAR-DC, to include Sections
3.9.3.2 and 3.9.4.2, will be revised in a future amendment
to CESSAR-DC to commit to IEEE Standard 323-1983 and IEEE

- Standard 344-1987. NRC Regulatory Guides are identified in
Section 1.8 of CESSAR-DC, along with their revison and date.
To ensure that the complete text of CESSAR-DC remains
consistent, only the title and number of the Regulatory
Guide will be referenced in other sections.

(See also response to RAI 210.02)

.
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'Q
Active components Agtive Safety Function

Safety injection pumps -Operate at flow rates
to runout

Shutdown cooling pumps operate at design flow

containment spray operate at design flow '

3.9.3.2.1.2 Operability Assurance Program Results for
Active Purps ,

Operability of the Safety Injection, Shutdown Cooling and
containment Spray pumps under required conditions haw- W M -

demonstrated by analyses of the assemblies and by analyses and
'

tests of the motors.-

For tne safety injection, shutdown cooling and containment spray
pumps, -allowable stresses are not exceeded, clearancos are
acceptable and: shaft and pedestal bolt deflections do not cause
stresses to exceed the normal values.

.' -
Where necessary, lumped mass models-are used with the computer'

) programs to determine the natural frequencies and displacements.
V. The models are conservative (i.e., simplifications tend to make-

them'more flexible). jpg

To verify "as-built" conditions the - pumps a e -hydrostatically
tested in accordance with the ASME B&PV Cod , Section III to
confirm acceptability of structural integ ity of pressure .

retaining parts, -tested for seal leakage, and tested for
' performance and NPSH characteristics in: accogdance with the _

Hydraulic. Institute-Standard to verify operation within specified
parameters. The motors are class IE and are tes ed-in accordance
with IEEE Standard 112A-1978 to verify operat ithin specified
parameters. Additionally, IEEE Standard 323 as endorsed by
Regulatory Guide 1.89, and IEEE Standard 344 as endorsed by
Regulatory Guide 1.100, -are applicable fo tors to assure E

operability during and following design basis vonts.

'3.9.3.2.1.3 Operability Assurance Program for Active Valves

Safety-related. active valves must perform their mechanical motion
during or after design basis events. The qualification program E

assures that these valves will operate during a seismic event..

| Qualification tests and/or analyses are conducted for all active
valves.

|:
?

k

Amendment E
3.9-37 December 30, 1988
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and test. The vendor considers concurrent loads including
A oads, yg7seismic, design pressure and p l

/943)
The three-way solenoid v vejyas qualifitA by test and analysis Eto IEEE Standard 382-197 , as endorsed by Regulato Guide 1.73,
IEEE Standard 323 % and IEEE Standard 344 *~. Testing
included thermal aging, radiation aging, wear ag ng, vibration
endurance, seismic event simulation, and
loss-of-coolant-accident. All test results provide. satisfactory
evidence of air solenoid valve operability. gg

*

au-
Limit switches, used to determine valvo posi 'on vare qualified
by t c ing and analysis to IEEE Standard 323c 23' IEEE Standard

E
I (pg and IEEE Standard 382-1972. Switches were-successfuity

performance tested for aging simulation, wear aging, radiation
exposure, seismic qualification, and design basis event
environmental conditions. For valves outside of containment andq
utilizing EA-170 limit switches he switches .weYE seismically
qualified to IEEE Standard 34g 2dLP5 and ware tested to sustein"
radiatien dosages up to 2 x 10 ra s.

3.9.3.2.1.3.2 Motor Operated Valves

Motor operated valvos are qualified by analysis as a minin.um as
described above. The analysis for each valve nnsembly considers v
the effects of seismic loads, design prestare, and piping
reaction forces to provide assurance of operability.

To provide full qualification of the motor operated valve
actuator, environmental and seismic qualification tests were
conducted to simulate the following conditions:

A. Inside Containment (IOCA).

B. Outside Containment.

1 C. Seismic Qualification.

D. Steam Line Break Accident.

Mid-size valve actuators were subjected to complete environmental
qualification consisting of inside containment and outside
containment. Each qualification exposed the actuator to thermal
and mechanical aging, radiation aging, seismic aging,
environmental transient profile test, and steam line break. For

,

the steam line break test an actuator was subjected to a very
high superheated temperature to demonstrate that the electrical
components of the actuator never exceeded the saturated
temperature corresponding to the ambient pressure for the short.
duration of the test. This short term test provided evidence L-
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that the existing qualification envelopes the steam line break
for superheated temperatures as high as approximately 492*F for a [
few minutes (see Section 3.11).

is
The qualification of the mid-size valve actuator uns used to
generically qualify all sizes of mid-size valvo actuator
operators for the environmental test conditions in accordance
with IEEE Standard 382-1972. All sizes are constructed of the
same materials with components designed to equivalent stress
levels, and to the same clearances and tolerances with the only
difference being in physical size which varies corres onding to
the differences i nit rating, jgg3

/987 Au_.
All the qualific ons were conducted per IEEE St d 382-1972<

and meet the requirements of IEEE Standard 323 - and IEEE
as they apply to valve motor actuators.Standard 344 p 5

Further, since e actuators perform & satisfactorily without
maintenance throughout the various qualifications, the valve
actuators are fully qualified for use in CE Nuclear Power
Generating plante.

3.9.3.2.1.3.3 Pressurizer Safety Valves

Pressurizer Safety valves are 6 x 8 valves. Operability has beenD; successfully demonstrated by a combination of dynamic testing and
analysis or by static testing. Operability was successfully
demonstrated with a 6g seismic load by one vendor or with a 7.lg
seismic load by another vendor. Dynamic testing has demonstrated
that the natural f requency of both valves was greater than 33 liz.
A summary of the test programs follows:

A. Vendor A Safety Valves

1. Natural Frequency Demonstration

Vibration input was in a single, horizontal direction.
It was established by previous experience that the
horizontal direction was more significant than the
vertical direction, and that there was no material-
dif ference between the various horizontal directions.
The frequency of vibration was increased from 5 to 75
liz at a rate of 1 octava per minute. Accelerometers
were mounted on the valve assembly. The actual natural
f requency under test conditions was 38 liz.

,

2. Operability Demonstration

A series of tests demonstrated that the valve would
fully open and reseat during and after a seismic

,

acceleration. Vibration input ranged from 3 to 6g and

Amendment E
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-3.9.3.2.2.2 Valves

Safety-related active valves are subjected to the following

tests:

A. Shell hydrostatic tests, in accordance with ASME B&PV Code,
Section III requirements.

-B.- Backseat and main seat leakage tests.

C. Disc hydrostatic tests.

D. Functional tests that _ verify that the valve will open and
close with the specified time limits when subjected to the
design differential pressure.

E._ Operability qualification of motor operators for the
environmental conditions over the installed life (i.e.,

aging, radiation, accident, environmo t simulation) in

accordance with IEEE Standards 323 344 ts33 and,

382-1972. /987 /MF.

/ After installation, cold hydrostatic tests, hot functional
tests, and periodic inservice operation are performed to verify
and assure- the functional ability of the valve. These tests
enhance reliability of the valve for the design life of the
plant.

The valves are designed using either stress analysis or standard
design rules for minimum wall thickness requirements, on all E

active valves with extended topworks, an analysis is also
performed for static equivalent OBE loads applied at the center

-

of gravity of the extended structure.

'. The maximum stress limits allowed in the analyses are those
recommended by the ASME Code for the particular ASME Class of
valve analyzed.

In addition to these tests and analyses, valves are tested for'
verification of operability during a simulated seismic event by
demonstrating operational capabilities- within the specified
limits. The valve is mounted in a manner that represents typical

| valve installation.- The valve unit includes the operator and all
appurtenances .normally attached to the - valve appurtenances in

.

service. The operability of the valve during SSE is demonstrated
by satisfying the following criteria:

A. All the active valves with extended topworks are designed to
( )

have a first natural frequency greater than 33 Hz. This may

V be shown by test and/or analysin. Valves with a first
natural frequency less than 33 Hz are discussed below.

Amendment E
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B. While in the shop and installed in a suitable test rig, the
extended teoworks of the valve are subjected to a statically
applied equ. valent seismic load. The load is applied at the
center of gr avity of the operator in the direction of the
weakest axis of the yoke. The design pressure of the valve
is simultaneoisly applied to the valve during the static
load tests.

C. The valve is then operated with the equivalent seismic
static load applico (i.e., from the nornal operating status
to the faulted operating status). The valve must perform
its safety-related Iunction within the specified operating

-

time limits. Three full- ke operations are required.
/989

D. Motor operators and other electrical appurtenances necessary
for operation are ua ified as operable during the SSE by
IEEE Standard 344 e Seismic Qualification Standards,
prior to their instal ation on the valve. n

The piping designer supports the piping in such a way that the
equivalent seismic static load accelerations are not exceeded at
the valve inlet and outlet support points. If the frequency of
the valve with topworks, by test or analysis, is less than 33 Hz,
a dynamic analysis of the valve is performed to determine an
equivalent acceleration that is to be applied during the static v

test. The analysis provides the amplification of the input
acceleration considering the natural frequency of the valve and
frequency content of the plant floor response spectra. The
adjusted accelerations are determined using margins similar to
that contained in the horizontal and vertical accelerations used E

for " rigid" valves. The adjusted accelerations are used in the -

static analysis, and valve operability is assured by the methods
outlined in listings B to D above, using the modified

acceleration input.

The above testing program applies only to valves with overhanging
structures (e.g., the operator). The testing is conducted on a
representative number of valves. Valves from each of the primary

safety-related design types (e.g., motor-operated gate valve) are
tested. Specific valves are qualitied by the tests, and the
results are extended to qualify valves within a range of sizes.
An analysis is conducted to prove the similarity between the
tested valvo and the installed ones.
Due to the simple characteristics of check valves and other*

compact valves, they are qualified by the following tests and
analysis:

A. Stress analysis of the attached piping for SSE loads.
D. In-shop hydrostatic test. v
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5. The upper latch coil is energized engaging the latches
with clearance.

! 6. The lower lift coil is deenergized allowing the lower
latch to drop with the drive shaft. The drive shaft

E
will move down 3/L inch, stopping on the upper latch

I assembly, which is energized and in its up position.

7. The lower latch coil is deenergized disengaging th e,
lower latches.

8. The upper lift coil is doenergized lowering the upper
latch assembly with the drive shaft 3/8 inch. E

3.9.4.2 hpp_1_[c_able CEDM Desiqq Specifications

The pressure boundary components are designed and fabricated in
accordance with the requirements for Class 1 vessels per the
applicable Edition and Addenda of Section III of the ASME Boller
and Pressure Vessel Code. The pressure boundary material
complies with the requirements of Section III and IX of the ASME
Boiler and Pressure Vessel Code and Code Case N4-11. E

The adequacy of the design of the non-pressure boundary

components have been verified by prototype lerated life

testing as discussed in Section 3.9.4.4. /g

The reed switch position transmitter aso mbly o e CEDM is
designed to comply with IEEE # 323 standard for

" Qualification of Class I Electrical 'F4U1pment for Nuclear Power
Generating Stations," and IEEE 344 @ ) " Recommended Practice
Seismic Qualification of Class Elect.Y c Equipment for Nuclear

Power Generating Stations." The ele trical components are

external to the pressure bound ry and ar non-pressurized.

I The test program to ver fy the CEDM desi.n is discussed in'

Section 3.9.4.4. 3,,g g
3.9.4.3 Design loads, Stress Limits and Allowable

l peformations

| r

The CEDM stress analyses consider the following loads:
|

A. Reactor coolant pressure and temperature

B. Reactor operating transient conditions

| C. Dynamic stresses produced by seismic loading

D. Dynamic stresses produced by mechanical excitations

Amendment E
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Question 210.62

Section 3.9.3.3 in CESSAR-DC states that safety and relief
valve-mountings are analyzed in accordance with-the ASME
Section III Code and briefiy describes a dynamic analysis
which might be used. However, as an alternative, it is-
stated that an equivalent static analysis may be used
following the critoria in the ANSI /ASME B31.1 Code,
Appendix II, "Non-Mandatory Rules for the Design of safety
Valve Installations." For this alternative analysis, the
staff's position, as stated in SRP 3.9.3, Section II.2, is
that such installations should be designed in accordance
with ASME Section III, Appendix 0, " Rules for the Design of
Safety Valve Installations," as supplemented by the.
additional criteria in SRP 3.9.3, Section II.2. Either
delete the reference to ANSI /ASME B31.1, Appendix II and
replace it with a commitment to the staff's position in SRP
3.9.3, or provide a justification for using-the B31.1 rules
in lieu of the staff's position.

,

Response 210.62

Reference to Appendix II of the ANSI /ASME B31.1 Code will be
deleted from Section 3.9.3.3 and will be replaced with the
following:

" Alternately, an equivalent static analysis may be used
following the criteria of Appendix o of the ASME Code
Section III as supplemented by the additional criteria of
SRP3.9.3, Section II.2."

.
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C. In-shop seat leakage test.

D. Periodic valve exercise and inspection to assure the
functional ability of the valve.

Using the methoas described, safety-related active valves in the
system are qualified for operability during a seismic event.

3.9.3.3 Regign_ an1Jastallation Details for Mountinc of
-Pressure Relief Devicea

Safety valves and relief valves are analyzed in accordance with
the ASME Section III Code.

The method of analysis for safety valves and relief valves
suitably accounts for the time-history of loads acting
immediately following a valve opening (i.e., first few

milliseconds). The fluid-induced forcing functions are
calculated for each safety valve and relief valve using
one-dimensional equations for the conservation'of mass, momentum,
and energy. The calculated forcing functions are applied at
locations along the associated piping where a change in fluid
flow direction occurs. Application of these forcing functions to
the associated piping model constitutes the dynamic time-history
analysis. The dynamic response of the piping system is

determined- from -the input forcing tunctions. Therefore, a
E

A dynamic- amp.lification factor is inherently accounted for in the
equivalent static analysis may b e';z W a nalys is .,) Alternatively , cm

used following the criteria given in Appendix II of the ANSI /ASME
.B31'.1-Code. This appendix provides a methodology for calculating
appropriate dynamic load factors. -Where more - than one safety

I relief val've is installed on the same piping run, the sequence o - +

_enings that_ induces the maximum stress will be considered.

.

Y] 7- Snubbers -or

-

strut-type restraints are used as required. The
~ stresses resulting. from the loads produced by the sudden opening

.

of a relief or sa f ety -- valve are combined with stresses 'due to
other pertinent-loads and are shown to be within allowable limits
of the ASME Section III Code. Also, the analyses show that_the
loads applied to the_ nozzles of the safety and relief valves do
not exceed the maximum loads-specified by the manufacturer.

3.9.3.4 Component Supports
.

Supports for'ASME-Section.III Code Class 1, 2 and 3 components
are specified-for design in accordance with the loads and loading
combinations discussed in Section 3.9.3.1 and presented in

Table 3.9-2.

Component supports which are loaded during normal operation,

seismic and following a pipe break (branch line breaks not
._
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Alternately 3 an equivalent.S/ANc analysis may be used
following the criteria of Appendix 0 of the ASME Code
Section III as supplemented by the additional criteria of-

SRP3. 9,3, Section II. 2. "
.

e
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Question E10.63-

SRP 3.9.3, Rev. 1, subsection !!.1, defines design criteria for internal parts
of ASME Code, Section Ill components such as valve discs, seats and_ pump _
shafts. CESSAR-DC.Section 3.9.3 does not contain such criteria.

,

Provide ~the design criteria for internal parts in accordance with SRP 3.9.3,
Rev. 1, subsection 11.1.

Response 210.63

- As noted in CESSAR-DC Section 3.0 3, all components are designed and

constructed in accordance with Section !!! of the ASME Code. The loading
combonations, design transients, and stress limits for these components are
covered in CESSAR-DC Section 3.9.3.1. Structural integrity of the-pumps' and
valves' internal parts is covered in CESSAR-DC Section 3.9.3.2, Pump and Valve-

Operability Assurance.

4
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Question 210.64

- SRP 3.9.3, Rev. 1, subsection !!.3.a. specify criteria for component supports
for active pumps and valves. CESSAR-DC Section 3.9.3 does not contain such
criteria.

Provide the design criteria for component supports for active pumps and valves
in accordance with SRP 3.9.3, Rev. 1, subsection !!.3.a.

Response 210.64
-

CESSAR-DC contains design criteria throughout Section 3.9.3. Table 3.9-3
provides stress limits for component supports and discusses Regulatory Guide
1.124, Regulatory Guide 1.130, and ASME Section !!!, Subsection NF,
Operability assurance aspects are treated in CESSAR-DC Section 3.9.3.2.
Additionally, CESSAR-DC Section 3.9.3.4 discusses Component Supports.

.

.
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Question 210.65

SRP 3.9.3, Rev. 1, Subsection II.7, states that a listing
should be provided of all safety-related components which
utilize snubbers. The tabulation should include the
following information:

a. Identification of the systems and components in those
systems which utilize snubbers.

b. The number of snubbero utilized in each system and on
components in that system.

c. The type (s) of snubber (hydraulic or mechanical) and
the corresponding supplier identified.

d. Specify whether the snubber was constructed to the
rules of ASME Code Section III, Subsection NF.

e. State whether the snubber is used as a shock,
vibration, or dual purpose snubber.

f. For snubbers identified as either dual purposu or
vibration arrester type, indicate if both snubber and
components were evaluated for fatigue strength.

Provide the above information in CESC*R-DC Section 3.9.3.

Response 210.65

A listing of all safety-related components which : ilize
snubbers including the requested detail information
requires detail plant arrangement, piping layout and piping
design. As presented to the staff at the meeting of
November 26, 1991, detailed piping system design and layout
and plant arrangements are (1) not required for
certification, (2) depend on plant specific details not
finalized at the certification stage and (3) are subject to
revision until specific piping, components, and other plant
design feature details are finalized.

CESSAR-DC currently provides the general design and
operability assurance acceptance criteria.

.
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Resoonse 210.65 (Continued)

. Combustion Eligineering believes that the detailed
information requested including type of snubber and supplier
is not required for cortification. For information,
however, the following snubber applications have been
presently identified:

Reactor Coolant System

1. Steam Generator Snubbers
- Hydraulic
- ASME III Subsection NF
- Shock Arrestor

2. Reactor Coolant Pump Snubbers
- Hydraulic
- ASME III Subsection NF
- Shock Arrestor

.

t
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Ouestion 210.66

In Table 3.2-1 and Section 3.9.3.4 of the CESSAR-DC, provide
a commitment that concrete expansion anchor bolts which are
used for pipe support base plates are designed to-the
applicable factors of safety and baseplate flexibility
accountability requested in I&E Dulletin'79-02, " pipe
Support Base plate Designs Using Concrete Expansion Anchor
Bolts," Revision 2 dated November 8, 1979.

Resoonse 210.66

The requirements of ACI-349, Code Requirements for Nuclear
Safety Related Concrete Structures, are imposed and the
issues identified in I&E Bulletin 79-02, are addressed
during detailed base 51 ate design to avoid previous.pcoolems
experienced with concrete expansion anchor bolts.

Section 3.9.3.4 will be revised in a future amendment to add
the following:

Expansion anchors are designed in accordance with ACI-349,
Code Requirements for. Nuclear Safety Related Concrete
Structures. This assures that the design strength of
concrete for a given expansion anchor or group of anchors is
greater than the strength of the anchor st el, accounts for
the effect of shear-tension interaction, a A considers
minimum edge distance and bolt spacing on expansion anchor
capacity. In addition, base plate flexibility is accounted
for in the calculation of expansion anchor bolt loads.

Table 3.2-1 will be updated in a future amendment to add
Component ~ Supports under Structures and the note below will
be referenced. This is in the response to RAI 210.1.

Note (23) will-be added to Table 3.2-1.
(23) Component Supports are designed to the criteria

described in Section 3.9.3.4.
.

4

.
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eliminated by leak-before-break) are specified for design for
- loading combinations (A) through (D) of Section'3.9.3.1. Design
stress limits applied in evaluating loading combinations (A), ,

(D), and (C) of Section 3.9.3.1 are consistent with the - ASME
Code, Section III. The design stress limits applied in

evaluating loading combination (D) of Section 3.9.3.1 are in
accordance with the ASME B&PV Code, Section III. Loads in

compression members are limited to 2/3 of the critical buckling
load.

Where required, snubber supports are used as shock arrestors for
safety-related systems and components. Snubbers are used as
structural supports during a dynamic event such as an earthquake
or a pipe break, but during normal operation act as passive
devices which accommodate normal expansions and contractions of
the systems without resistance. For System 80+, snubbers are
minimized, to-the extent practical, through the use of design
optimization procedures.

6

Assurance of snubber operability is provided by incorporating
analytical, design, installation, in-service, and verification
criteria. -The elements of snubber operability assurance for

_

;
System'80+ include:

A. Consideration of load cycles and travel that each snubber v
will experience during normal plant operating conditions.

B. Verification that the thermal growth rates or the system do
not exceed the required lock-up velocity of the snubber.

C. Accurate characterization of snubber mechanical properties
in the structural analysis of the snubber-supported system.

| D. For engineered,-large bore snubbgrs, issuance of a design1

| specification to the snubber supplier, describing the

| required structural and mechanical performance of the

! snubber, verification that the specified design and
! fabrication requirements are met.

E. Verification that snubbers are properly installed and
-operable prior to plant operation, through visual inspection
and through measurement of thermal movements 'of

snubber-supported systems during start-up. tests.

|- F. A snubber in-se rvice inspection and testing program, which
includes- periodic maintenance and visual inspection,
inspection following a transient event, a functional testing
program, and repair or replacement of snubbers failing

inspection or test acceptance criteria.
v
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CESSAR-DC Change

Se,ction 3.9.3.4

Insert as Paracraph # 3,

Expansion anchors are designed in accordance with ACI-349,
Code Requirements for Nuclear Safety Related Concrete
Structures.- This assures that the design strength of
concrete for a given expansica anchor or group of anchors is
greater than the strength of the anchor steel, accounts for
the effect of shear-tension interaction, and considers
minimum edge distance and bolt spacing on expansion anchor
capacity. Base plate flexibility is accounted for in the
calculation of expansion anchor bolt loads.

.
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ouestion 210.67

The ASME Code requires that a design specification be
prepared for all ASME Class 1, 2, and 3 components. The
design specification is intended to become a principal
document governing the design and construction of these
components and should specify loading combinations and other
design data inputs. The code also requires a design report
for a!' such components. As a part of its review of
CESSAR-DC, the staff will review documents related to design
specifications and design reports for a small number of ASME
Class 1, 2, and 3 pumps, valves, and piping systems. The
objective of this review will be to provide the staff with
the basis for concluding that the System 80+ design
documentation meets the applicable requirements of ASME
Section III, Subsection NCA. Details of this review will be
tranAnitted later in a separate letter to CE. In the
interim, the staff requests CE to agree to submit such
documents to the staff on a mutually acceptable date.

Response 210 61

Combustion Engineering agrees to provide design
documentation for NRC audit in accordance with this RAI.- In

addition, programs for design acceptance criteria are being
provided. If, as a result of such an audit, NRC staff
determines that specific internal documentation is relied
upon for SER conclusions, that information_will be submitted
either as part of CESCAR-DC or as a separate proprietary
document. Note, however, that most, if not all Class 1, 2

and 3 pump, valve and piping system Design Reports are
provided by vendors and are not available at time of design
certification.

I
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Ouestion 210.68
'

CESSAR-DC Section 9.4, " Air Conditioning, Heating, Cooling j
and Ventilation Systems" (HVAC) describes the ventilation
systems for the different plant buildings and areas. For
each system, certain codes, standards, practices, etc.
(e.g., SMACNA, ASME/ ANSI AG-1, ASME B&PV Code, Section III,
Class 3, etc.) are referenced as being applicable to the
manufacture, installation, testing, and performance of HVAC
equipment. Describe in detail how these codes, standards,
and practices address the seismic design criteria,
installation criteria, and quality assurance requirements
for safety-related HVAC equipment including ductwork, duct
supports, cooling and heating coils, piping, piping
supports, etc.

,

Resoonse 210.68

The codes and standards that are referenced in the CESSAR-DC
Section 9.4 " Air Conditioning, Heating, Cooling and
Ventilation Systems" do not specifically detail the criteria
for seismic design, installation or quality assurance for
safety-related HVAC equipment. The ductwork is seismically'

designed in accordance with ASME/ ANSI AG-1-1988 Article
AA-4000 Structural Design. The cooling and heating coils,
piping, pipe supports, etc. are seismically designed in
accordance with ASME B&PV Code, Section III, Class 3.
Quality assurance requirements will be met according to the
program described in CESSAR-DC, Chapter 17 (CENPD-210-A).

.

b
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Question 210.69:

10 CFR 50.55a contains specific ASME Code requirements for reactor coolant
pressure boundary and Quality Groups B and C components. Table 5.2-1 in
CESSAR-DC contains some of the required information for the reactor coolant
pressure boundary. Supplement the requirements in Table 5.2-1 by adding
supports to the Components column and by adding the applicable ASME Code
Edition or Addenda for all of the components that are listed in the table. In
addition, in either Sections 3.2.2 or 3.9.3 of CESSAR-DC, provide a similar
table for all Quality Groups B and C (Safety Class 2 and 3) components,
equipment, and their supports.

Respons.g_210.69:

Primary supports will be added to Table 5.2-1 in a future amendment.

Table 3.2-1 in Amendment I is a table similar to Table 5.2-1 and it contains
Safety Classes 2 and 3. The table will be revised in a future amendment, and
supports will be a part of that amendment.

Combustion Engineering believes that it is not appropriate to specify the
applicable ASME Code Edition and Addenda in CESSAR-DC to allow future
revisions to the Code to be implemented without reopening design certification
proceedings. A sentence will be added to Section 3.2.2 stating that the code
edition and addenda requirements for System 80+ plants will comply with
requirements of 10CFR50.55a.

.
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C. In-shop seat leakage test.
f

D. Periodic valve exercise and inspection to assure the
functional ability of the valve.

Using the methods described, safety-related active valves in the
system are_ qualified for operability during a seismic event.
3.9.3.3 Desion'and Installation Details for Mounting _of

Proppure_Rolief_Devicoq

Safety valves and relief valves are analyzed in accordance with
the ASME Section III Code.

The method of analysis for safety valves and relief valves
suitably accounts for the timo-history of loads actingimmediately following a valve opening (i.e., first fewmilliseconds). The fluid-induced forcing functions arecalculated for each safe *y valve and relief valve using
one-dimensional equations for the conservation of mass, momentum,
and energy. The calculated forcing functions are applied atlocations 'along the associated piping where a- change in fluidflow direction occurs. Application of these forcing functions to
the associated piping model constitutes the dynamic time-historyanalysis. The dynamic response of the piping system isdetermined from the -- input forcing functions. Therefore, adynamic amplification fcctor is inherently accounted for in the E

analysis. Alternatively, an equivalent static analysis .may be
used following the criteria given in Appendix II of the ANSI /ASME
D31.1 Code. This appendix provides a methodology for calculatingappropriate dynamic load factors. Where more than one safety
relief valve is installed on the same piping run, the sequence of

. openings that induces the maximum stress will be considered.

Snubbers or strut-type restraints are used as required. The
stresses resulting from the loads produced by the sudden openingof a relief or safety valve are combined with stresses due to
other pertinent loads and are shown to be within allowabic limits

4 of the ASME Section III Code. Also, the analyses show that the
loads applied to the nozzles of the safety and relief valves do
not exceed the maximum loads specified by the manufacturer.
3.9.3.4 Component Supportq

r.

n Supports for ASME Section III Code Class 1, 2 and 3 components
IS are specified for design in accordance with the loads and loading<Lcombinations discussed in Section 3.9.3.1 and presented _in

ble 3.9-2.

Component sup? orts which are loaded during normal operation,
seismic and following a pipe break oranch line breaks not,

Amendment E
3.9-47 December 30, 1988
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Component supports are designed and constructed to the requirements that are
applicable to the class of component they are intended to support. Component
classes are identified in Table 3.2-1.

.
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A. Safety Class 1 (SC-1) applies to pressure-retaining portions
and supports of mechanical equipment that form part of the
RCPB whose failure could cause a loss of reactor coolant in
excess of the reactor coolant normal makeup capability and
whose requirements are within the scope of the ASME Boiler
and Pressure Vessel Code, Section III.

B. Safety Class 2 (SC-2) applies to pressure-retaining portions
and supports of primary containment and other mechanical
equipment, requirements for which are within the scope of
the ASME Boiler and Pressure Vessel Code, Section III, that
are not included in SC-1 and are designed and relied upon to
accomplish the nuclear safety functions defined in ANSI /ANS
51.1, Section 3.3.1.2.

C. Safety Class 3 (SC-3) applies to equipment, not included in
DSC-1 or -2, that is designed and relied upon to accomplish

the nuclear safety functions defined in ANSI /ANS 51.1,
Section 3.3.1.3.

D. Non-Nuclear Safety (NNS) applies to equipment that is not in
Safety Class 1, 2, or 3. This equipment is not relied upon
to perform a nuclear safety function.

C' The safety classifications of major components which are in the
System 80+ design scope are listed in Table 3.2-1 and Section h3.11. Seismic category designations and quality assurance
requirements are also included. Small components, such as
piping, valves and strainers, are not listed; they may be found Iby reference to the P& ids (Chapters 5, 6, and 9) where the exactboundaries are indicated. Valves are listed in Tables 3.2-2.
All pressure containing components in Safety Classes 1, 2, and 3 Lare designed, manufactured, and tested in accordance with the InWf k
rules of the ASME Boiler and Pressure vessel Code, Section III.A gComponents designated NNS are designed and constructed with h
appropriate consideration of the intended service using
applicable industry codes and standards. The relationship
between safety class and code class is shown in Table 3.2-2. A
higher code class may be used for a component without changing
the safety class or affecting the balance of the system in which
it is located.

*

Fracture toughness requirements are imposed on materials for
pressure retaining parts of ASME Class 2 and 3 System 80+

yStandard Design components. Test methods, acceptance, and
exemption criteria are in conformance with the ASME Code, Section
III.

. The safety classification system is also used to identify those
components to which the requirements of 10 CFR 50, Appendix B,

Amendment I
3.2-3 December 21, 1990
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Code edition and addenda requirements for System 80+ plants will comply with
the requirements of 10 CFR 50.55a.
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TABLE 3.2-3

RELATIONSillP Of SAFETY CLASS TO CODE CLASS

Code Class
Safety Class (ASMESectionIII}

SC-1 1

ISC-2 for reactor 2

containment components

SC-2 for fluid system 2
components

D50-3 for core support CS

structures

SC-3 (otherwise) 3

NNS Industry Standards

O
M N .- q u IJ e M ' e b SCede e Yi00 mtI 4

are adhessed in Sedon s.2.2 .

.
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TABLE 5.2-1

REACTOR COOLANT SYSTEM PRESSURE BOUNDARY CODE REQUIREMENTS
,

ComDonents Codesan[ Classes

Reactor Vessel,-Steam Generators ASME Boller and Pressure Vessel
(primary side), Pressurizer- Code, Section III, Nuclear Power

Plant Components, Class 1.
D

'bactor Coolant Pump (structural ASME Boiler and Pressure Vessel '

portions necessary to assure the Code, Section III, Nuclear Power
integrity of the reactor coolant Plant Components, Class 1.
pressure boundary)

.

Reactor Coolant Pump Auxiliaries ASME Boiler and Pressure Vessel
Code, Section III, Nuclecr Power
Plant Components, Class 3.
Lube oil system designed for
Seismic Category I requirements.

Pressurizer Spray and Safety Valves ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Power

p!I Plant Component's, Class 1.

Piping and Valves ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Power
Plant Components, Class 1.

Steam Generators (Secondary Side) ASME Boller and Pressure Vessel
Code, Section-III, Nuclear Power
Plant Compor.ents,- Class 2.

Control Element Drive Mechanisms ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Power

N*T N* b?M pm.el

eMlen 4M % pcle See Ng m %4defo ,

NOTES: Codepaddenda requiremeng g System an/sy i}l co +1 y th the
r y ,. ...snu or av brn <v. - . (Lfe. Tro<'&M LH LOP / 3,2,8 ,

Codes listed above are construction codes. In addition, all these-

components are- designed and constructed to meet- the test and
inspection requirements of the ASME Boiler and Pressure Vessel Code,
Section XI, Rules for Inservice Inspection.

A Code requirements for Safety Depressurization System valves, which
K";h; meet the definition of-the Reactor Coolant Pressure Boundary, are D

given in Section 6.7.

Amendment D
September 30, 1988
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Question 210.72

CESSAR-DC Section 3.9.4.1 specifies a CEDM design life of 60
years and a total cumulative CEA travel of 100,000 feet of
operation without loss of function. In addition, CESSAR-DC
Section 3.9.4.4.1.3 states that the System 80+ CEDMn are
identical to those in operation at PVNGS. The CEDMs for the
40-year pVNGS plant were also designed for a total
cumulative CEA travel of 100,000 feet of operation without
loss of function.

- Explain why the CEA design travel for both the 40-year
design life PVHGS plant and the 60-year design life for a CE
Syscem 80+ plant are both 100,000 feet.

In addition, CESSAR-DC Section 3.9.4.4.: states that the
PVNGS CEDMs have operated without malfu: .on and without
any measurable wear. Describe the surve.' lance program that
has been implemented on the PVNGS plant t demonstrate
satisfactory CEDM operating experience.

Resnonse 210.70

- System 80 Control 31ement Drive Mechanism [CEDM] motor
assemblies and drive rods are designed for a cumulative CEA
travel of 100,000 feet. This provides sufficient design
margin for these plants to insure component reliability
under anticipated operating conditions. Should the need
arise CEDM motor assemblies may be replaced by removing the
upper pressure housing on the CEDM assembly. Replacement
can be accomplished without affecting adjacent CEDM's or
requiring removal of the reactor vessel closure head. These
features are consistent with the 60 year plant design life'

and the maintenance schedules identified in paragraph
3.9.4.1. In addition, CEDM components that make up the
prorsure boundary are designed to withstand the number of
operetlag transients expected during a 60 year plant design

,

life.

Though maintenance schedules have been recommended, there is
no regular program to specifically monitor component wear in
normally functioning plants. Paragraph 3.9.4.4.1.3 will be
revised to delete Reference to " measurable wear". Component
wear is inferred based on measurements conducted on CEDM
motors subjected to operational tests. This revision-will
be made in a future amendment to CESSAR-DC.

.
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3.9.4 COllTR0!, ELEMENT DHIVE HECHANIDMS

ppy e tip tj v_ti_Ln[pfrn_;td o n_oLCMud3.9.4.1 c

The control element drive inecha ninm (CEDMs) are v.agnetic jack
type drives used to vertically position and indicate t.he position
of the control element ansernblics (CEAs). Each CEDM in capable
of withdrawing, incerting, holding, or tripping the CEA from any
point within its IS3-inch stroke in reuponse to operation
signals. '

The CEDM in designed to function during and after all norrnal
plant transiento. The CEA drop tirne for 901 insertion in 4.0
seconds maximum. The drop tirne is defined as the interval
between the tirne power is reinoved f rom the CEDM coils to the time
the CEA han reached 90% of its fully inserted position.. The CEDM

Ipressure boundary components have a design life of 60 years. The
CEDM 10 designed to operate without rnaintenance for a rninirnum of
1-1/2 years and without replacing cornponents for a minimum of 3
years. Thu CEDM is designed to function normally during and
after being subjected to the operating Danin Earthquake loadc.
The CEDM will allow for tripping of the CEA during and after a [
Safe Shutdown Earthquake.

(- The denign and construction of the CEDM pressure housing fulfill
the requiremente of the ASME boiler and Pressure Vessel Code,
Secticn III, for Class 1 vessels. The CEDM preocure housings are
part of the reactor coolant pressure boundary, and they arc
designed to sneet stress requirements consistent with those of the
vessel. The pressure housings are capable of withstanding,
throughout the design life, all normal operating loads, which
include the steady-state and transient operating conditions
speci f j ed for the vessel. Mechanical excitations are also
defined and included an a normal operating load. The CEDM
pressure housings are service rated at 2500 psi at 650*1'. Tt.c
loading combinations and stress Ilinit categories are presented in
Table 3.9-16 and are consistent with those de fi ned in the ASME
code.

.

.

Amendment U
3.9-48a December 30, 1988
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The design duty requirementn for the CEOM is a total curnulative
CrA travel of 100,000 feet operation without loss of function.

The test programs pe r f ortned in support of the CEDM design are
described in Section 3.9.4.4.

3.9.4.1.1 Control Elcrnent Drive Machanista Design
Description

The CEDMs are rnounted on nozzles on top of the reactor vessel
closure head. The CEDMs consist of the upper and lower CEDM
pressure housings, rnoto r assembly, coil stack assembly, reed
switch assemblics, and extension r.ha f t assembly. The CEDM is
shown in Figure 3.9-8. The drive power 19 supplied by the coil
stack assembly, which is positioned around the CEDM housing. Two
position indicating reed s.vitch assemb1les are supported by the
upper pressure housing shroud, which encloses the upper pressure
housing asseinbly.

The lifting operation consists of a series of inagne tical l y
operated step inovements. Two sets of mechanical latches are
utilized engaging a notched extension shaft. To prevent
excessive latch wear, a means has been provided to unload the

( latches during the engaging operations. The magnetic force is
obtained f roin large de magnet coils inounted on the outside of thes

lower pressare housing.

Power for the electromagnets is obtained f roin two separate
supplies. A control prograrnmer actuates the stepping cycle and
moves the CEA by a forward or reverse stepping sequence. Control
element drive raccha nism hold is obtained by es.ergizing one coil
at a reduced current, while all other coils are deenergized. The
CEAs are tripped upon interruption of electrical power to all
coils. Each CEDM is connected to the CEAs by an extension shaft. E

The weight of the CEDMs and the CEAs is carried by the pressure
vessel head. Installation, removal, and inaintenance of the CEDM
is possible with the reactor vessel head in place; however, the
missile shield placed over the reactor vessel cavity inakes the
CCDMs inaccessible during operation of the plant.

The axial position of a CEA in the core is indicated by three
independent readout systems. One counts the CEDM steps
electronically, and the other two consist of magnetically
actuated reed switches located at regular intervals along the
CEDM. These systems are designed to indicate CEA position to E

within i 2-1/2 inches of the true location. This accuracy-

requirement is ba';ed on ensuring that the axial alignment between
CEAs/PLCEAs is inaintained within acceptable limits.

The materials in contact with the reactor coolant used in the
CEDM are 1isted in Section 4.5.1.

Amendment E
3.9-49 December 30, l W: n
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3.9.4.1.1.1 CEDM Pressure llousing

The CEDM pressure housing conuists of the rnotor housing assernbly
and the upper pressure housing assembly. The motor houcing
asseinbly is attached to the reactor vessel head nozzle by incans

'

of a threaded joint and seal welded. Once the motor housing
assembly i t, seal welded to the head nozzle, it need not be
rernoved since all servicing of the CEDM is perforrned from the top
of the housing. The upper pressure housing is threaded into the
top of the motor housing assernbly and seal welded. The upper
pressure housing encloses the CEDM extension shaft and contains a
Vent.

3.9.4.1.1.2 Motor Assembly

The rnotar assembly is an integral unit whic.. fits into the inotor
housing and provides the linear tuotion to the CEA. The rnotor
assembly consists of a latch guide tube, upper latches and lower ;

latches.

Both upper latches and lower latches are used to pe r f orrn the
stepping of the CEA and by proper sequencing perform a load
tr nsfer f; . an a nd 't.e minimize latch and extension shaft wear.'

The upper latch also perfortna the holding when CEA rnotion in not
required. Engagement of the extension chaft occurs when the N.
appropriate set of magnetic coils is energized. This moves
sliding magnets which cam a two-bar linkage inoving the latches
i nwc.rd . The upper latches move vertically 7/16 inches while the
lower latches rnove vertically 3/8 inches to perform both the load
transfer and stepping action. Total CEA rnotion per cycle is 3/4
inches.

3.9.4.1.1.3 Coil Stack Assembly

The coil stack assembly for the CEDM consists of four large DC
magnet coils mounted on the outside of the rnotor housing
assembly. The coils supply magnetic force to actuate mechanical
latches for engaging and driving tne CEA extension shatt. power
for che magnetic coils is supplied from two separate supplies. A
CEDM control system actuates the stepping cycle and obtains the
correct CEA position by a forward or reverse stepping sequence.
CEDM hold is obtained by energizing the upper latch coil at a
reduced current while all other coils are deenergized. The CEAs
are tripped upon interruption of electrical power to all coils.
Electrical pulsen from the magnetic coil power programmer provide,

one of the ruoans for transmitting CEA position indication.

A conduit assembly containing the lead wires for the col) stack
assembly is located at the side of the upper pressure housing /
shroud. (,

t s

3.9-50
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3.9.4.1.1.4 Heed Switch Assembly

Two reed switch annemblics provide neparate inc a nn for
trancmitting CEA position indication. Heed nwitcheu and voltage
divider networks are used to provide two independent output
voltagen proportional to the CEA position. The reed switch
a ssernbl ien are positioned no ao to utilize the permanent inag net
in the top of the extension chait. The perrnanent inagnet actuaton
the reed switchen an it panned by t h e rn . The reed switch
assemblieu are provided with accensible electrical connectorn at
the top of the upper pressure houning.

3.9.4.1.1.5 Extension Gnaft Assernbly

The extension chaft ansemblies are used to link the CEDMs to the
CEAs. The extension chaft assembly in a 304 ntainlenn s t o e'l rod
with a permanent magnet annenbly at the top for actuating reed
switchen in the reed switch ancembly, a center section called the
drive chaft and a lower end with a coupling device for connection
to the CEA.

The drive chaft lu a long tube made of Type 304 stainlenn steel.
It is threaded and pinned to the extencion chaft. The drive

( shaft han circumferential notchen in 3/4 inch i nc rernents along
the shaft to provide the means of engagement to the control'

element drive rnochanism.

The magnet assembly, located in the top of the extension shaft
ansembly, consists of a housing, inag ne t and plug. The magnet in
made of two cylindrical alnico -5 magnets. This inag ne t assembly
is used t? actuate the reed nwitch position iwipnt-i inthU IN N p andcontained in a houning which is plugged at om of the
housing.

3.9.4.1.2 Description of the CEDM Motor Operation

Withdrawal or insertion of the CEA in accomplished by programming
current to the varioun coils. There are three prog raramed
conditions for each coil (i.e., high voltage for initial gap
closure, low voltage for maintaining the gap closed and zero
voltage to allow opening of the gap).

3.9.4.1.2.1 Operating Sequence for the Double Stepping
Mechanism

.

The initial condition is the hold mode. In thin condition, the
upper latch coil is energized at low voltage.

!

t

!

| 3.9-51
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A. Withdrawal (iter l'igure 3.9-D)

1. The upper lift coil in energized cauning the 7/16"
upper litt gap to clone lifting the ci: A .

2. Low current in supplied to hold the CEA in the
withdrawn position.

3. The lower latch coil is energized causing the lower
latches to engage the drive shaft with 1/32-inch
clearance.

4. The upper lift coil in deenergized allowing the upper
latchen to drop 7/16 inchen and the drive shaft to
lower 1/32 inchen placing the load on the . lower
latchen.

S. The upper latch coil in deenergized disengaging the
upper latchen.

6. The lower lift coil in energized lifting the drive
chaIt 3/8 inchen.

..

7. The upper latch coil in energized engaging the upper
latchen in the drive shaft with 1/32-inch clearance. ..

8. The lower lift coil in doenergized allowing the lower
latches to drop 3/8 inchen and causing the drive chait
to drop 1/32 inchen applying the load on the upper
latches.

9. The lower latch coil is deenergized disengaging the
lower latchen from the drive shaft.

D. Insertion

1. The lower latch coil in energized causing the lowcr
latchen to engage the drive shaft.

2. The lower lift coil in energi:ed lifting the lower
latchen 3/8 inchen and lifting the drive chaft 1/32
inchen thus applying the load to the lower latches.

3. The upper latch coil in deenergized causing the upper
latches to dicongage the drive shaft.,

I

l 4. The upper lift coil in energized inoving the deenergir.ed
upper latch assembly up 7/16 inchen, c

(
Anendment I:
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S. The upper latch coil is eneigized engaging the latchen
with clearance.

6. The lower lift coil in deenet yi zed allowing the lower
latch to drop with the drive shnit. The drive chaft p
will move down 3/8 inch, stopping on the upper latch
assembly, which in energized and it, its up position.

7. The lower latch coil is deenergized disengaging the
lower latches.

8. The upper lift coil is deenergized lowering the uppet'
latch assembly with the drive shalt 3/8 inch. I

3.9.4.2 hpplj c a b l Lg.!;011_Do s i gn_ppe e ilj c atLqns ,, / p g ), ,, g
p o s e < 7,

The prensure boundary componentr. are designed and fabricated in
accordance with the requircinents for Clann 1 vencoln per the
applicable Edition and Addenda of Section III of the ASME Doller
and Proscure Vessel Code,gg The pressuro boundary material
cuapiles with thc mTirrrtmetTts of Section III and IX of the ASME
Doller and Pressure Vessel Code and Code Ca se M-+1. [

!t - Li - |},

( The adequacy of the design of the non-pressure boundary
.w components have been verified by prototype acc u ated life

terting as discussed in " etv'e.tNLth! . 9. 4 . 4 .) et 5 P O
ggf

The Iced switch position trat) initt r# asse of the CEDM is
designed to comply with IEEE ' 3 2 *t -

standard for
"Qua1ification of Clacu I Elect! ical E ulpment for 11uclear Power
Generating ~ Stations," and Irrr i'14 4 m "Itecommended Practice
Seismic Qualification of ans I E16L6tT c Equipment for flu clea r
Power Generating Stat o n n., ",, AThe electrical components are
external to the pressur e boundary' and are non-pressurized.

. er s e.J v s. s < & iy K e n t a. i . .< y G u. d e I. l * ' .
The test program to reri f ' the CEDM debign in discussed in
Section 3.9.4.4. gy
3.9.4.3 Design loadsu t.res p_Limi tn and Allowabhn

URLo E!Tatkons

The CEDM stress analyLes consider the following loads:

A. Iteactor coolant pressure and temperature
9

D. Iteactor operating transient conditions

C. Dynamic stresses produced by seismic loading n, n ,/ J c s .~ 3 " b5"5
..

(.
piPc 1, a c M. s

D. Dynarnic stresses produced by mechanical excitations

/~u tt t e nil. a s e T~ a s s e. ~. 4 /*4 '- a x e- s.: 4 i c t rc <i re f , n , ,J f , .d -

Pty / rj . ( oet t. y .d 4 #' <f * Af s4 T IMS' D * ^ % C *' A A # ? * * *|* ^ * T t'^

. gy yp( g
desq , bou. c. J r, r. ,ot. 7h/h 3.9-53 December 30, 1988
n text. m <s w n f. s as,-r -~<< T~7 ^' T>
4.<le unf f a, s. p $ y , -. c T . | * % I ** 7h 4 A" *?^'
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E. boads produced by the operation and tripping of themechanium

The snethods uned to dernonstrate that the CEDMn operate properlyunder neinmic conditions are prer.cnted in Section 3.7.3.14.
The design and fabrication of the CEDfi prennure boundarVcornponenta fulfilla the requirements of the Anfit Code, Section
III, for Clann I vennels. The prencure houningu are capable of
witaistanding throughout the denign life all the nteady state and
trancient operating conditions specified in Table 3.9-16.

The adequacy of the design of the CEDit pressure bou nd a'. y and
non-presnure boundary cornponents han been verified by prototype
accelerated life testing an discunned in Section 3.9.4.4.

Clearancen for therinal growth and for dirnennional tolerances were
investigated, and tents have proven that adequate clearancen are
provided for proper operation of the CEDri.>

The latch locations are not by a inanter gauge, and nettings are
verified by testing at reactor conditions.

A weldable seal closure, per Section III of the ASliC Code, in
provided for the vent valve in cane of leakage. .

The inotor housing fastenern are mechanically positively captured,
and all threaded connectionn are preloaded before capturing.

The coil stack annembly can be lastalled or removed nirnply by
lowering or lifting the atack, relative to the CEDt1 prennure
housing, for cane of coil replacement or maintenance.
3.9.4.4 C E DLpe rf o_rrn a n c e A s s u r_a n c e Program

3.9.4.4.1 CEDl! Testing

3.9.4.4.1.1 Prototype Accelerated Life Tests

The Syntem 00+ CED!i in nimilar to and based on existing magnetic
jack mechanisms presently in une on operating reactorn such an
Maine Yankee (Docket IJ o . 50-309) and Calvert Cliffs (Docket
50-317), the ISO-inch core reactorn such an Arkannan IJuclear One

Unit 2 (Docket flo . 5 0- 3 6 ti ) and San Onofro Unito 2 & 3 (Do cket IJo.
50-361/362), and in the name as the Syntern 80 C E D!i presently in'

une at palo Verde (Docket IJ on . 50-528, 529).

The significant differences between the System 80+ driven and
p re-S ys tern 80 CEDrin are:

Amendment E
3.9-54 December 30, 1988
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A. The clinination of the pulldown coll.

11 . The use of the lift coils to perform both a load transfer
function and utepping action.

The climination of the pulldown coil required installation of a
coil spring to ensure positive resetting of the latch assemblieu.
In addition, the drive shaft was modified by placing the teeth on
3/4-inch pitch in place of the 3/8-inch spacing of previous drive g
shafts to allow load transf er and stepping with the sarne coil.
The safety release mechanisin uses the sarne rna to ri al s and
clearances as on all previous magnetic jack inochanisms. The
following describes accelerated life tests on both a pre-System
80 mechanirm as well as on a prototype Systern 80 CEDfi . Both
prograrns provide design verification f or the System 804 CE 0fi .

A pro-System 80 prototype CEDr4 was subjected to an accelerated
life test accurnulating a ininiinurn of 157,000 feet of travel on all
CED14 cornponents. In addition, the latch guide tube hearings in
the motor assembly saw on additional 50,000 feet of operation.

The prototype mechanisrn was installed on a test facility which
f was operated at a nominal ternpe ra tu re of 600 * r and 2250 psi.
( After 50,000 feet of operation lifting 230 pounds at 40 inches
A per minuto, the motor was removed from the test motor houring and

the bearing surfaces inspected. During this inspection it was
f ound that excessive wear existed on the upper gripper inagnet and
upper gripper housing bnarings.

The gripper housing magnet bearing configuration was revised and
replacement parts with this revision were incorporated into the
prototype mechat' ism. This configuration was reinstalled into the
test facility and the inechanism operated as before for an
additional 157,000 feet of travel. The replacernent parts showed
a wear of only .001 inches while the latch guide tube bearings
had a total wear of 0.012 inches. The mecha nisin at disassembly
was still operational with no abnorrnal i t ies . This test
constituted operation equivalent to 1.5 to 2.0 times the design
duty requirements of the mechanism.

A prototype Systern 80 CED!i was assembled and installed in a test
loop, where the accelerated wear test was conducted at 615'F and
2250 psi. The total weight attached to the CED!i was 450 pounds
and this was moved at a nominal speed of 30 inches per Ininute. A
total of 34,000 feet of travel was then completed without,

difficulty. Included in that test footage were 300 full-height
gravity screms.

The raccha ni sm Inotor was removed from the test facility and
di sassernbled for inspection. The latch guide tube bearings
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nhowed a ma x iinu m difune t ral wear of 0.003 irchen with negligible
wear on the gripper housing to gripper sna gnetic bea ri ngs .
Alignment taba, which rna int a in orientation of the gripper with
the latch guide tube, showed extennive wear but had not caused
mechanism malfunctions. These alignment taba have been replaced
in the production units with an iroproved design.

Upon ,::ornpletion of the accelerated wear test, 300 full height
Jight weight drops were completed utilizing a 75-pound tent
weight. The inaxiinum CEA drop tirne to 901 innertion wha 2.93
seconds which ine t the 4.0 second criterion. All release timen
were less than the 0.3 secondu with normal releases cornpleted in
less than 0.200 seconds.

3.9.4.4.1.2 First Production Tent .

A qualification tent program was cornpleted on the firnt
production C-E inagnetic jack CEDM. A similar test program van
invoked for the Systern 80 CEDMn. During the course of this
program, over 4000 feet of travel was accumulated and 30 full
height gravity drops were made without rnechani nm rnal f unction or
incacurable wear on operating parts. The prog rain included the
following:

A. Operation at 40 in./ min lifting 230 pounds (dry) at ambient
ternperature and 2300 pnig pressure for 800 feet.

B. Six full-height 230 pounda dry weight gravity dropa at
ambient t ernpe ra tu re .

C. Operation at clinula ted reactor operating condition at 40
in/ min lifting 230-pound for 1700 feet.

D. Six full-height drops at cipulated reactor operating
conditions with 230 pounds of weight.

E. An operational tent at ambient temperature and 2300 puig
pressure, lifting 335 pounds for 500 feet. E

F. Six full-hcight drops of the 335 pound weight.

G. Operation at nimulated reactor conditions for 1700 feet at
20 in/ min, 1ifting 335 pounds.

I* H. Operation at ambient temperature and 2300 psig for 1100 feet
and 20 full-height drops with an attached dry weight of 13n
pounds.

The inechanism operated without malfunction throughout the test
( program and, upon final inspection, no incanurable wear wan found.
I
I
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3.9.4.4.1.3 Operating Experience at the Palo Verde Nuclear
Generating Station

The System 80+ CEDMs are identical to those in operation at
pVHGS. That experience has shown that the CEDMS operate without
ma1 f unction,and-w4 t.hout any-a.aasur-a14e weerr. E

3.9.5 REACTOd VESSEL CORE SUPPORT AND INTERNALS STRUCTURES

3.9.5.1 JLep_i gt}_Arr_a nj em ettty

The components of the reactor vessel core support structures are
divided into two major parts consisting of the core support
structure and the upper guide structure assembly. The flow
skirt, although functioning as an integral part of the coolant
flow path, is separate from the internals and is affixed to the
bottom head of the pressure vessel. The arrangement of these
compeacnts is shown in rigure 3.9-9.

3.9.5.1.1 Core Support Structure

The major structural member of the reactor internals is the core
support structure. The core support structure consists of the
core support barrel and the lower support structure. The
material for the assembly is Type 304 stainless steel.'

The core support structure is supported at its upper end by the
upper flange of the core support barrel, which rests on a ledge
in the reactor vessel. Alignment is accomplished by means of
four equally spaced keys in the flange, which fit into the keys
in the vessel lodge and closure head. The lower flange of the
core support barrel supports, secures, and positions the lower
support structure and is attached to the lower support structure
by means of a welded flexural connection. The lower support
structure provides support for the core by means of support beams
that transmit the load to the core support barrel lower flange.
The locating pins in the beams provide orientation for the lower
ends of the fuel assemblics. The core shroud, which providas a
flow path for the coolant and lateral support for the f'tel

assemblics, is also supported and positioned by the lower support
structure. The lower end of the core support barrel is
restricted from excessive radial and torsional movement by six
snubbers which interface with the pressure vessel wall.

3.9.5.1.1.1 Core Support Darrel
.

The core support barrel is a right circular cylinder including a
heavy external ring flange at the top end and an internal ring
flange at the lower end. The core support barrel is supported
from a ledge on the pressure vessel. The core support barrel, in
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turn, supports the lower support structure upon which the fuel
annemblien rent. Preno-fitted into the flange of the core
nupport barrel are four alignment keyn located 90 degreen apart.
The reactor vessel, clonure head, and upper guide utructure
annembly flange are slotted in locationt. correr.ponding to the
alignrnent key locations to provide alignment between these
coinponents in the vennel flange region. The core nupport barrel
annembly in shown in Figure 3.9-10.

The upper section of the barrel contains two outlet nozzlen that
interface with internal projections on the vennel nozzlen to
ini nimiz e leakage of coolant form inlet to outlet. Since the
weight of the core support barrel in supported at its upper end,
it in possible that coolant flow could induce vibrationn in the
structure. Therefore, arnplitude limiting devices, or anubborn,
are installed on the outside of the core nupport barrel near the
bottom end. The snubbern consist of six equally-spaced lugs
around the circumference of the barrel and act an a
tongue-and-groove ancembly with the mating lugn on the pressure
vennel. 141nimizing the clearance between the two ina ting piecen
limits the arnplitude of vibration. During annembly, as the
internals are lowered into the prencure vennel, the pressure
vennel lugs engage the core nupport barrel lugs in an axial -

direction. Radial and axial expansion of the core support barrel
are accommodated, but lateral snovement of the core support barrel
in rentricted. The pressure vennel lugn have bolted, captured
Inconel X nhima. The core support barrel lug mating surfacen are
hardfaced wich Stellite to minimize wear. The chimu are machined
during initial installation to provide minirnum clearance. The
snubber annenbly in shown in Figure 3.9-11.

3.9.5.1.1.2 Lower Support Structure and Instrument tiozzle
Ant.embly

The lower support structure and ICI nozzle annembly position and
cupport the fuel annemblien, core shroud, and ICI nozzles. The
structure in a welded annembly consisting of a short cylinder,
support beann, a bottom plate, ICI nozzlen, and and ICI nozzle
support plate. The lowest support structure in made up of a
short cylindrical section enclosing an asserblage of grid beams
arranged in egg-crate fashion. The outer ends of these beams are
welded to the cylinder. Fuel annembly locating pinn are attached
to the beams. The bottoms of the parallel beamn in one direction
are welded to an array of platen Uhich contain flow holen to
provide proper flow distribution. These platen also provide
support for the ICI nozzlen and, through support columns, the ICI-

nozzle support plate. The cylinder guiden the main coolant flow
and limits the core shroud bypann flow by means of holen located
near the base of the cylinder. The ICI nozzle support plate
providen lateral support for the nozzles. Thin plate in provided

3.9-58
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STRESS Lili!TS FOR C[DM PRESSllRE H@i[f(G.J
i

Stress Categories and ,

Operating _C.ondition Limits of Stress Intensities (11 '

i1. Level A and Level B: Normal figures NB-3221-1 and 3222-1, i

Operating Loading plus Normal including notes.
Operating & Upset Plant Transients '

plus Operating Basis Earthquake
forces.

2. Level 0: Normal Operating Article F 1000, Appendix f,
loadings plus faulted Plant Rules for Evaluation of Service !
Transients plus Safe Shutdown Conditions Loading with Level 0
Earthquake forces, A s ec5 1 " Service Limits. (4) Ee., s e s p.v e e m ss.

i

3.- Testina: Testing Plant Transients Paragraph NO 3226
*

.

for the above listed operating conditions, the following limits regarding
function apply:-

- 1. Level A and Level 0: 1he CEOMs are designed to function normally during
and after exposure to these conditions.

2. Level 0: for SSE, the deflections of the CEDM pressure housing are
limited to the elastic design limits of Article F 1330 Appendix f
(defined above) so that the CEAs can be inserted after exposure to these
conditions.

,

+

[0TE: a. References listed are taken from Section Ill of the ASME. Boiler.

and Pressure Vessel Code,

l. . t. c s e.1 O d ,. u ... e Ieu Is da r* 5W " '' d
' '' t '|

el e s .' y ., L. c. s ,N/C |+ 10% k '* ^ 'S C [* "

6 *T 4 e -C4C .m e, 3 e < | i .- .x c t e n ela n t c w a'Thy
. .
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Question 210.71

CESSAh-DC Section 3.9.4.2 states that the CEDM pressure
boundary material complies, in part, with ASME Code Case
N-411. . Drovido a commitment in this section that all of the
conditis'' in RG 1.d4 relative to the use of this Code Case
will be .aplomonted.

HisDDonso 210.71

The matorials used in the fabrication of the CEDM motor
housing are provided in accordance with ASME Code Case
N-4-11, special typo 403 modified forgings or bars.
Combustion Engineering is not aware of any restrictions or
conditions imposed on use of Codo caso N-4-11 by Regulatory
Guide 1.84. Codo caso N-411-1, addressed in Rog. Guide
1.04 deals with alternativo damping values for seismic
responso spectra. (Sco CESSAR-DC Section 3.7 for additional
information on solumic analysis).

.

4

\
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Question 210.72

CESSAR-DC Section 3.9.4.2 states that the CEDM pressure
boundary components are designed and fabricated in
accordance with the applicable edition of the ASME Code
requirements for Class 1 vessels.

Modify the subsectinn to be in accordance with the criteria
of SRP 3.9.4, Rev. 2, Subsection II.2 including
" construction" critoria and acceptable codes and standards.
In addition, specify the edition of the ASME Code.

Resnonso 210.72

Section 3.9.4.2 will be revised in a future amendment to
CESSAR-DC to reficct design and fabrication in accordance
with the criteria of SRP 3.9.4, Rev. 2, Subsection 11.2.

To allow for flexibility in implementing future ASME Code
revisions, combustion Engineering believes that it is not
appropriate to identify specific ASME Code addenda in
CESSAR-DC. Code addenda requirements for System 80+ plants
will comply with the requirements of 10 CFR 50.55a.

.

h
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Ouestion 210.73

CESSAR-DC Section 3.9.4.2 states that the CEDM rood switch
position transmitter assembly is designed to comply with the
IEEE 323-1974 and IEEE 344-1975 standards.

IEEE 323-1974 should be IEEE 323-1983 and AEEE-1975 should
be IEEE 344-1987 as endorsed by RG 1.100, Rev. 2 (reference
RAI 210.61).

In addition, the input motion (s) for seismic qualification
in accordanco with the IEEE 344 standard should be
clarified. The relationship betwoon the inputs for the
range of site types considered for the standard plant design
and the IEEE 344 test input (s) should be explained.

ResDonso 210.73

See responses to RAI 210.61 and RAI 210.85.

.

1

l'
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1

Question 210.76
'

CESSAR-DC Table 3.9-16, " Stress Limits for Design and L

Servico Loads," should indicate that the limits are
applicable to ASME Codo CS components and reactor vessel
internals.

In addition, Table 3.9-16 states that coro support f
structures or core support and internal structures shall be
" designed" to ASME Code, Section III, Subsection NG design
limits.

Revise the table to indicate that: 1) core support
- structures shall be " constructed" to ASME Codo, Section III,
Subsection NG requirements where " construction" is as
defined in the ASME Code, Section III, ND/NC/ND-1100(a); and
2) reactor internals, other than core support structures,
shall meet the guidelinos of NG-3000 of the ASME Code and be
constructed so-as to not adversely affect the integrity of
the coro support structures (NG-1122).

Responso 210.76

Tabic 3.9-16 will be revised accordingly in a future
amendment to CESSAR-DC.

1

.

1

,

|
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Oftnjan Limita

The core nupport and internal structuren shall be designed to.

racet the Dealgn Limits dofined in ilG-3221 of AStiC Bollor and
Precouro Vonsol Code Section III Subsection flG for Design
Loadinhw. ~23orw .T naurt,<'ES ArCG .SA,s'6f/ Cuts 3, .Scessitic (nr71dotaf i

a
nno tut Cut.cs / w Aacoca'Aix weriot nest /sn.s- r1.1 -t to3

~bvel _7_ Service Litnitst
,

| ( The core support and internal structures shall be designed to
; moet the Level A Service Limits defined in flG-3222 of 1111D for
i Lovel A Service loadings.
I

E'
level B Service IdIn.its

The core support and internal structures shall be designed to
meet the Level 11 Service Limits defined in ilG-3223 of 1111 D for.

;

) Lovel 11 Service Loadings.

{'I'
.
-

>- -

,

'

Level D Service Limits
!

The core support structures shall be designed to meet the Level D
Service Limits defined in llG-3225 of IIll D for clastic system,

j analysis of Appendix F of Reference 3.1.2 using Level D Service
I,oadings. iimgi,,1;,,,, 5749,.) i g,,j y,c y / p y,r,it jg og,7g g g p

,

*
l |||lo!4({IN 571?LUQ /?t%GC 72% /5W'i fi t *' $iY!.? kMir4'1'/W CV."-

f (uc o4 5' $16~ ( v M i nt.C /M O M E' OAA'' u knC tu ACceU M CA.

; ' w o Tel Alv GGG 0 9 3 y d.'c L/. u I

| < Aoo nW) Pmsaspt :
1

k Ga<= S\p,wer 5ft2wuta sha Gum /v
/su /fCC &ta'h Cf~/"1* LL ~7Nt= /L |GS c4* 0 uph'?w r/m) e

.\ u)iTH MmG Coor %nwE 5~ut -Semv A/G,?

| |2cnicht iumwtu o 7~h% Ti't& Colu= hppotz'd
$ je m 2ff f 4MY /hdW W Su'/0W'W Of'

-

; & ~ )00() ifr1.0 b& $$12fMD $0 iff /fN7~ h
goma.gy Appgar -rHL= /rNGen W 77fe=

Amendment C
{0126 [tp/pg2:f SMccTU26 5 Docambat 30, 1m



_ _ _ _ _ _ __ . _ _ _ _ _ _ _ ___. _ _ . _ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _

,

a

I

D339 - 83 -
i

fQuestion 210.77

In CESSAR-DC Tablo 3.9-16, CE should indicate that dynamic
loads will be combined by the SRSS nothod in accordance with -

the guidelines of NUREG-0484, Rev. 1, 1980.

Responso 210.77 |

Loads associated with SSE + DDPD are combined in accordanco
with HUREG-0484. This will be identified in a future
amendment to CESSAR-DC.

i

7

S

I

.

i

L

4

- . _ . . . . . . . . - ~...,- _ ,, , . . . , . . , . . . , . . - . , - . - . . . - . _ , . . - . . . . . . . - - . . . . - - . . . . , . - . , , , . . _ . . - . .



-. .- _- _ - _ _ _ . - . .___-._ _ . _ . . - _ _ _ _ . _ _ _ _ _ _ _ .

D739 - 85 - .

fQuestion 210.78
SRP 3.9.5, Rev. 2, Subsection II.d, requires that ,

deformation limits for reactor internals should bo ;

established and the basis for the limits provided. In
'

addition, this subsection requires that stresses associated
with these displacements should not exceed the specified ,

limits. ,

Provide the deformation limits and their basis, and
associated stress data to demonstrato compliance with the
specified limits. ,

Response 210.78

The deformation limits, and the basis for their selection,
that is allowable for reactor internals are provided in
Section 3.9.5.4.

The associated stress data to demonstrato complianco is a ,

product of analytical computations which are developed 4

during the detailed component design of the reactor
internals. The results are compiled in detailed design
calculations and those which are required are presented in
the ASME codo design report.

,

9 .
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Question 210.79:

The information in Section 3.9.6 infers that only ASME Class 1, 2 and 3 pumps
and valves will be included in the inservice testing (IST) program for the
System 80+. Section 3.9.6.1, " Inservice Testing of Pumps," further limits
testing to certain Code Class 2 and 3 pumps. It is the staff's position as

,stated in Standard Review Plan, Sections 3.9.6.!!.1 and 3.9.6.!].2 that all
pumps and valves which are considered as safety-related should be included in '

the IST program even if they are not categorized as ASME Class 1, 2 or 3.
Revise Sections 3.9.6. 3.9.6.1 and 3.9.6.2 to agree with this position.

Response 210.79:

Section 3.2.2 of CESSAR-DC gives the safety classification of major components
. and their equivalence with classification in ANSI /ANS $1.1 and the ASME Code. '

All safety-related pumps and valves should be categorized as ASME Class 1, 2
or 3. For explicitness, however, sections 3.9.6, 3.9.6.1 and 3.9.6.2 will be
revised to read as shown below in a future amendment to CESSAR-DC.

3.9.6 IN-SERVICE TESTING OF PUMPS AND VALVES

The in-service testing program for safety-related active pumps and
,

valves will be developed in accordance with the requirements of
Section XI of the ASME B&PV Code. This program will be implemented
to assess operational readiness during preservice and in-service
inspection.

,

' 3.9.6,1 In-service Testing of Pumps -

,

In-service testing will include all safety-related active pumps.
The required hydraulic and mechanical parameters will be measured by
the methods and with frequency prescribed in subsection !WP of ASME
Section XI. The pump test plan and schedule applicability are
included in Section 3.0 of the technical specifications.

3.9.6.2 in-service Testing of Valves

All safety-related active valves will be tested to the requirements
of ASME B&PV Code Section XI, subsection IWV. The valve test
procedure and schedule applicability are included in Section 3.0 of
the technical specifications.

.

.

I
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G
In the design of critical reactor vessel internals cornponents
which are subject to fatigue, tho. stress analysis is performed
utilizing the design fatiguo curve of Tigure I-9-2 of Section III
of the ASME Boiler and Pressure Vossol Code. A cumulativo usage
factor of less than one is used as the limiting criterion.

As indicated in the preceding sections, the stress and fatigue
limits for reactor internale components are obtained from the
ASME Code. Allowablo deformation 11mitu are established as 00%
of the loss-of-function deflection limits. These limits provido
adequate safety factors assuring that so long as calculated
stresses, usage factors, or deformations do not exceed these
limits, the design is conservativo.

3.9.6 IN-SERVICE TESTING OF PUMPB AND VAINED
f a f e hf. f1tf d MMV D

The in-service testing program for M class =1, ^ -nd-+ pumps
and valvos will bo developed in accordance with the requirements
of Section XI of the ASME B&PV Code. This program will bo
implemented to assess operational readiness during preservice and
in-service inspection.

' g|drd MC % '

3.9.6.1 In-service tea $ing__of Pumpa
.

3A .

* w AcLde,o11 A d* C
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Ir)-service tenti ng of pumps 44.-14mited-to-those -code-Gloss-2-and 4
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The required hydraulic and nochanical parameters will be measured
by the methods and with frequency proscribed in subggg{hluded inon IWP of
ASME Section XI. The pump test plan and schedule Tsre In

fab ** d t he technical specifications. J e 4
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will be tested to the requirements of[fbb$ectYorbkd-I' cc4-

vc: ce ~.A tvu . The-testing plen-will-not-include- those-codtr
-Class -1 r-2 -e nd -3-valves- which -a re exempt dront testing dTr
-accordance--with-Suba rticl e Ihydy,0,0 gf Sect Q ,,,T,4e valveg
test procedure and schedule are included in Tlic technical
specifications. 4 A '
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Ouestion 21Q,1M

In Section 3.9.6, CE stated that the IST for pumps and
valvos will bo developed in accordance with the requiremonto i

of Section XI of the ASME D&pV Codo. However, CE has not :
explicitly committed that provisions to accommodato the IST :

of applicable pumps and valvos will be incorporated in the
plant design. ;

;

All of the plants which havo boon licensed by NRC have been i

permitted to request relief from the ASME Section XI IST
rules for pumps and valves. Those pumps and valvos aro :

generally installed in systems in which it is impractical to
moot the Section XI rules because of limitations in the
system design which preclude testing without significant
design changos. In other cases, the staff granted requests e

for rollof Locause imposition of the Section XI rules would :
have resulted in hardships to the licenso without a
compensating increase in the level of safety. The '

undorlying reason for the regulation allowing those rollofs
from the code was that the detailed system designs for all
of those plants woro completed prior to the timo that the
staff bogan to require the ASME Codo Section XI rulos.

A plant such as the CE System 80+, for which the final
design is not completo, has sufficient load timo available
to include provisions for this type of testing in the i

detailed design of applicable piping systems. Thorofore,
requests for relief from the applicablo ASME Section XI
testing rules for pumps and valves will not be granted for;

the System 80+. Reviso Section 3.9.6 to provido a moro
explicit commitment that System 80+ systems will be designed
to accommodate the applicable Codo requirements for IST of
pumps and valves. However, vith regard to subsequent or
futuro Codo revisions to the applicablo ASME Codo for the
System 80+ plant, requests for relief from cortain updated
Codo requirements may still be submitted for staff review in
accordance with 30 CFR 50.55a(g).

Etsnonse 210.80

System 80+ is an improved design in which provisions for
compliance with ASME B&pV Codo, Section'XI, subsection IWP
and IWV requiromonts can bo_ implemented without unduo
hardship. Howevor, there are examples of required testing
for the System 80+ design which are clearly impractical and
would require relief from the ASME B&pV Code, Section XI,,

with alternate testing approved by the NRC.

One example is the full flow check valve testing of the
safety injection accumulator tank outlet check valves. This
is only possiblo with the RCS depressurized, and such a test

i

|
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Ropponso 210.00 (cont'd)

would introduct the danger of injecting nitrogen into the
RCS, which could load to shutdown cooling pump cavitation
and failure, resulting in RCS hoatup. A partial flow stroke
test is, however, possible in a non-operating,
RCS-pressurized, plant condition. In coordination with
nonintrusive check valvo testing, full stroke of the check
valvos could bo illustrated at partial flow conditions.
Another example is the containment spray heador check
valves. It is impossib10 to full flow stroke such valvos in t

the System 80+ without spraying the containmont. An
alternato form of tonting would bo to provido check valvos
with an exterior means of manually full stroking the check
valvo without flow procent.

:

A third exampic to be considered would bo isolation valvos ,

for the Shutdown Cooling System drop lines. Those valvos -

constituto the interface betwoon the RCS and the Shutdown
Cooling System. Quarterly stroke tests of those valvos
while the unit is operating risks inadvertent opening of the
valvos and a resultant intorfacing system LOCA. Thoso >

valvon would be recommended for stroke testing as Cold
Shutdown valves, based on their unique situation.

Since those three oxsmpics constituto departure from the
ASME Codo requirements, relief requests would be nocessary.
Thorofore, it is not practical to categorically state that
no relief requests will bo submitted. Clarification will be
added to CESSAR-DC, Section 3.9.6 as follows:

"The inservice tonting program in coordination with the
System 80+ design will utilize provisions and
features such that minimal departuro from ASMC B&PV
Codo, Section XI, Subsections IWP and IWV requirements
result."

The ASME Code for Operation and Maintenanco of Huclear Power
Plants (OM Codo 1990), Subsections ISTD and ISTC are
currently under development to provido a revised version of
Sections IWP and IWV respectively, regarding the nood for
instituted flexibility in component testing. If adopted and
sanctionod by the HRC, thoso two subsections could climinato
soveral types of rolief requests which havo been required in
the past for current operating plants.

.
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In the design of critical reactor vossal internals components
which are subject to fatiguo, the stress analysis is performed
utilizing the design fatiguo curvo of Figuro I-9-2 of Section III
of the ASME Boiler and Pressure Vossal Code. A cumulative usagafactor of loss than ono la used as the limiting critorion.

As indicated in the proceding sections, the stross and fatigue
limits for reactor internals components aro obtained from the
ASME Code. Allowable deformation limits are established as s ollof the loss-of-function deflection limits. These limits provido
adequato safety factors assuring that so long as calculated
stresses, usage factors, or deformations do not exceed those
limits, the design is conservative.

3.9.6 IN-8ERVICE TESTING OF PUMPS AND VALVES

Ihe in-service testing program for Code Class 1, 2 and 3 pumps
and valves will be developed in accordance with the requirements
of Section XI of the ASME B&pV Codo. This program will be
implomonted to assous operational readinons during preservice and
in-service inspection. psert f
3.9.6.1 In-s e rvi c e Te s t i n a gf Pumpp*I,

EIn-service testing of pumps is limited to those Code Class 2 and
3 pumps which are required to perform a specific function in
shutting down a reactor or in mitigating the consequences of an
accident, and that are provided with an emergency power courco.
The required hydraulic and mechanical parameters will be measured
by the methods and with frequency prescribed in Subcoction IWp of
ASME Section XI. The pump test plan and echadule are included in
the technical specifications.

3.9.6.2 In-service Testino of valves
Code Class 1, 2 and 3 valvos will be categorized in accordance
with Subarticle IWV-2100 of ASME D&pV Code Section XI. Valveswill be tested to the requirements of Subsection IWV for each
valvo category. The testing plan will not include those Code
Class 1, 2 and 3 valves which are exempt from testing in
accordance with Subarticle IWV-1200 of Section XI. The valve
test proceduro and schedule are included in the technical
specifications.

.

Amendment E
3.9-64 December 30, 1988
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.,

| Insert A:

"The inservice testing program in coordination with the
System 80+ design will utiliza provisions and features
such that minimal departure from ASME BGPV Code, Sectioli
XI, Subsections IWP and IW requirements result."
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:

Qugstion 210.81
I

'The staff has also dotormined that the requirements in Section
XI must bo supplemented to obtain the levol of assurance of >

operability desired for all of the advanced reactors. The
staff requests that in Section 3.9.6 the applicant provido a
commament to design and test the applicable components in the
System 80+ as discussed belov (reference SECY-90-016) .

a. For the reasons discussed above, the System 80+ chould be
designed to accommodate the applicable Codo requirements <

for quarterly testing of pumps and valves, rather than be
designed to accommodate testing that can only be
performed during cold shutdowns or refueling outages.

b. For the System 80+ design, the pumps should be provided
with instrumentation to verify that the not positive
suction head (NPSil) is greater than or equal to the NPSit
required during all modes of pump operation.

c. For the System 80+-design, system configurations are to
be provided to accommodato inservice testing at a flow

'

rate of at least as largo as the maximum design flow for
the pump. In addition, system designs shall be such that
the pumps do not operate below the minimum flow required
for pump protection for all operating modes. Minimum
recirculation flow lines Ehall be sized to ensure that '

degradation will not result from continuous mini-flow
operation. The design of the minimum flow lines shall
permit periodic testing to verify the flow is in
accordance with design. (Reference Bulletin 88-04 and
RAI 440.71)

-d. For the System 80+ design, pumps and valves are.to be
periodically disassembled and inspected to determine if
there are any indications of unacceptablo corrosion or
degradation. It is the staf!'s view that information
derived from IST alone is not adequate to assess pump or
valve condition and to determine required maintenance.
The f requency of inspection and the. extent of disassembly
may vary depending upon the service condition of the pump
and the valve. CE is requested to provido a commitm?nt
to periodically disassemble and inspect all pumps a.d

'

valves important to safety.- The staff requiros, as L
minimum, a commitment to develop a program that will
establish the frequency and the extent of disassembly and
inspection of all pumps and valvos importLt to safety, .

including the basis for the frequency-and the extent of'

.oach disassembly.

- - _ _ . _ _ _ _ . _ _ _ _ . _ _ _ _ _ . _ _ _ _ . _ - _ _ - _ . _ . . . . _ . _ , _ . _
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Ouestion 210.81 (Cont'd)

o. With respect to check valves IST, the staf f's position is
that system designs are to incorporato provisions for
full-flow testing to demonstrato the oper3bility of the
check valvos under design conditions. In addition, the
valvo and system design should permit all chock valvos to i

be testod for performance in both forward and reverso
flow directions and also allow for movement of the check
valves obturator to be verified by observing a position '

indicator, by evidence obtained from direct :

instrumentation of the valvos or system, or by non-
intrusivo test methods. The system and component design
should assure that propor access and sufficient
instrumentation and test connections are provided to
allow for -monitoring performance and trending
degradation.

The staff's position on the use of non-intrusivo
diagnostic technique is that IST is to incorporate the
use of advanced non-intrusivo techniques to periodically
assess degradation and the performance charactoristics of .

the valves. The system and component design should !
assure that non-intrusivo diagnostic methods can be 1

accommodated.
'

f. System 80+ design should incorporate provisions to test
power operated valves under design basis dif ferential i

pressure and flow. CE is requested to provido more ,

specific requirements for qualification testing and
inservice testing to demonstrate design basis capability '
befora installation, prior to startup, and throughout
plant life. This testing is to be dono in accordance' -

with the forthcoming ASME/A!1SI OM Part 18, "Performanco
Testing of Hydraulic operated Valvo Assemblies in LWR
plants," and OM Part 19, " Performance Testing of
Pneumatically Operated Valvo Assemblies in LWR plants."

The method of assessing the loads, the method of sizing
the actuators, and the setting of control parameters and
switches should be specifically addressed. It should
also include a study to determino optimal frequency for
valvo stroking during inservice testing so that
unnecessary testing and damage is not dono to the valve :

as a result of the testing. !

:

Furthermoro, the IST of power operated valves (POVs) is
to rely on diagnostic techniques that are consistent with

,

the state of the art, that are. diagnostic of the
condition- of the va l're , and that will permit an
assessment of the performance of the valve under actual
loading.

;

'
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Ouestion 210.01 (Cont'd)

g. System 80+ design should incorporate provisions to test
motor operated valves (MOVs) under design basis
differential pressure and flow. CE is requested to
provide more specific requirements for qualification |
testing and inservice testing to demonstrate design basia

~

,

capability before installation, prior to startup, and
throughout plant life.

The concerns and issues identified in GL 89-10 and its
supplements for HOVs should be addressed prior to plant
startup. The method of assessing the loads, the method
of sizing the actuators, and the setting of the torque
and limit switches should be specifically addressed. It
should also include a study to determine the optimal
frequency for valve stroking during inservice testing so
-that unnecessary testing and damage is not done to the
valve as a result of the testing.

Furthermore, the IST of MOVs is to rely on diagnostic
techniques that are consistent with the state of the art,
that are diagnostic of the condition of the valve, and
that-will permit an assessment of the performance of the
valve under actual loading.

h. CE should provide a commitment to identify each valve
relied upon in the safety analysis to provide a leak
tight function and to specify the allowable leakage. The
types of valves that are of particular concern to the
staff are as follows:

valves that provide1. pressure isolation valves -

isolation of pressure differential from one part of
a system to another or between systems. Several-

safety systems connected to the reactor coolant
pressure boundary have design pressures below the
rated reactor coolant system (RCS) pressure. Also
some systems that are rated at full reactor
pressure on the discharge side of pumps have pump "

suction below RCS pressure. To protect these
systems ' rom RCS pressure, two or more isolation
valves are placed in service to form the interface
between the high pressure RCS and the low pressure
system. The staff's position on the leak testing .

!of these pressure isolation valves is described in
RAI 210.88 in Appendix A relating to GSI 105. (also
reference RAI 440.45)

,

2. Temperature isolation valves - valves whose leakage
'

;

may.cause unacceptable thermal stress, fatigue, or
stratification in the piping and thermal loading on
supports or whose leakage may cause steam binding
of pumps.

_ __ .__ _ ._ _ _ _ _ _ . _ . . _ _ _ , _ _ _ . . . _ _ _ _ _ _ _ , _ ~ . _ _ _ _ . .
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Question 210.81 (Cont'd)

3. Containment isolation valves - valves that provide
isolation capability for the piping systems
penetrating containment. It should be noted that
GDC 54 requires t. hat all piping systems penetrating
containment ce provided with iso)ation capabilities
and designed with a capability to periodically test
the operability of the isolation valves and to
determine if valve leakage is within acceptable
limits. This requirement applies to primary and
secondary systems penetrating containment.

These valves as described above must be designated as
Category A and the systems and valves designed to
accommodate Code leak testing. Applicants will be
expected to demonstrate leak tightness of these valves
prior to plant startup and throughout plant life.

Responto_210.81

a. The system 80+ design incorporates provisions to allow
the greatest- practical capability to quarterly test
required plant pumps and valves. For instance, full flow
pump testing of Safety Injection Pumps has in the past
been a plant shutdown evolution. The Systein 80+ Safety
Injection System incorporates full flow pump testing
capability while the unit is at awer by providing a full
flow bypass test line. There are instances in which
quarterly testing would present hazards to personnel and
plant safety, such as quarterly testing of Reactor
Croiant System pressure isolation valves while the unit
is in a non-cold shutdown condition. A commitment will
I, added to Section 3.9.6 in a future amendment to
ceflect this philosophy of the intent of_the System 80+
design.

b. The pumps will be provided with instrumentation to verify
that the net positive suction head (NPSH) is greater than
or equal to the NPSH required during all modes of pump

| operation. Section 3.9.6 will be revised in a future
,

I amendment to reflect this commitment,

l
c. The System 80+ design system configurations accommodate

full flow pump testing during plant operation. Miniflow
conditions, which in the past have been noted by industry

.. and regulatory sources to cause pump degradation, occurL,
I primarily during testing modes of safcty-1 elated pumps.

The need to operate and test these pumps at miniflow
conditions is a result of the inability of prior designs

| to perform full flow pump testing, and thus plant
operators have relied on extended run time at miniflow or

| low flow conditions in order to obtain pump test data.

|

L
i
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The best and most meaningful test point on the pump head
curve is the Best Efficiency Point (BEP), and not the
miniflow point. Therefore pump testing, except for
verificatio1 of miniflow, does not require operating the
pumps at mjniflow for extended periods of time. As a
fundamental goal of the System 80+ design, pumps will not
be intentionally designed to operate for extended periods
at miniflow conditions for normal operation. All
miniflow lines are provided with appropriate- flow
instrumentation to verify the presence of miniflow.

d. The System 8 0 '- design incorporates and commits to the ,

following rw 3 - lons regarding inservice testing and
inspection /ain sembly of ASME Class 2 and 3 components.
*hene prov.- .as increase the credibility of using the
A6M Code as the primary means for detecting and
programmatically rectifying component degradation.

* The System 80+ design provides the capability to
perform full flt testing of AsME Code tested,

pumps, which provides more meaningful data than
miniflow point testing.

* An Operational Support Information (OSI)
Maintenance plan which will be prepared to include
the trending of all tested component parameters to
detect degradation / component wear. The program
will also provide a link between trend results and
plant engineers responsible for component
operability and reliability so that problems may be
identified and further analysis may be instituted.
The frequency of disassembly / inspection of
components important to safety will be outlined in
the Maintenance Plan based on the following
criteria:

-Historical performance of the component to
identify components which are prone to
degradation / wear.

-Results of trends of test parameters.

-Analysis of component makeup and whether any
parts are subject to aging, _such as "O-
Rings.", etc.

I Components not considered to be subject to periodic
disassembly / inspection may be added to a modified
Maintenance Plan / inspection program on a case by
case basis based on test data analysis and
evaluation.

!

|

|
1
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This position is based upon:

* The ASME Code, Section XI, given the above
programmatic refinements committed to in CESSAR-DC,
Section 3.9.6, provides a sound basis for
operability evaluation and determination of system
and component problems and provides guidance in
their resolution.

The burden of an extensive maintenance program as*

described in the NRC recommendation will result in:

Increased radiation exposure to personnel-

conducting the maintenance and
disassembly / inspection of the components
without a corresponding increase in
reliability.

Increased failures due to human error in more-

frequent disassembly and reassembly.

- Significant impact on outage time--the plant
condition during which Yhe'~maToilty '~of "sG h

~

c
extensive maintenance may be performed.
Action statements in Tecnnical Specifications
should not be entered for
disessembly/ inspection of components, unless
warranted by test results.

Corresponding increase in post-maintenance-

testing following disaasembly/ inspection,
which will impact outage length and
complexity.

Inspections being insufficient of themselves,-

for example, there are cases in which a
diagnostic non-intrusive test is vital before
the inspection / maintenance effort which
follows. Certain important details may be
overlooked during a routine inspection,
whatever frequency it is based on, which only
diagnostic Code testing will alert personnel
to look for. Code testing and inspection /
maintenance must therefore work together as
one effort. This is the intent of the method
of the ASME Code: to monitor component vital
parameters'and to initiate corrective action

,

before a serious problem exists.
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Response 210.81 (Cont'd)

e. To the greatest extent practical, the System 80+ design
incorporates provisions to allow full flow testing of
check valves important to safety to demonstrate valve
operability under design conditions. Where plant safety
is'put at risk in order to perform a full flow check
valve stroke test, as in the case of the Safety Injection
Tank outlet check valves, where a full flow condition
induces the danger of injecting nitrogen into the RCS, a
partial flow test shall be substituted in conjunction
with appropriate non-intrusive diagnostic testing to
verify the position of the check valve obturator. Such
departures from accepted Code testing are submitted for
NRC approval via relief requests.

Reverse flow testing to prove whether a check valve seats
properly is accomplished by Appendix J and other
appropriate 1.ak testing.

Non-intrusive diagnostic check valve testing technologies
are employed where appropriate to ef fect prudent Code and
regulatory required testing.

f. The System 80+ design effort will evaluate on a case by
case basis to see if testing of power operated valves
under design basis differential pressure is achievable
from the standpoint of plant and personnel safety,
engineering design practicality, and cost versus derived
benefit.

The method of assessing the loads, the method of sizing
the actuators, and the setting of control parameters and
switches procurement information require detailed design
and not available at time of design certification.
Additionally, valve procurement information as well as
vendor participation in determining optimal frequency
must be addressed on a case by case basis.

Diagnostic techniques and the criteria for their

I programmatic usage must be evaluated from a regulatory
and functional standpoint. Agreement as to the
components requiring such testing, the basis for such '
requirements, and the cost versus derived benefit are a
part of the detailed design process. A benefit must
exist to implement design features in the procured valves
which will enable the performance of the diagnostic
techniques.

.

g. The System 80+ design effort will evaluate on a case by
I case basis to see if testing of motor operated valves

|
under design basis differential pressure is achievable
from the standpoint of plant and personnel safety,

1
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engineering design practicality, and cost vere s derived
benefit.

The method of assessing the loads, the method of sizing
the actuators, and the setting of control parameters and
switches procurement information require detailed design
and not available at time of design certification,

h. The request outlines the programmatic identification of
valves relied upon in the safety analysis to provide a
leak tight function and to specify the allowable leakage.
Combustion Engineering certain detailed valve procurement
information is required before leak rates of individual
valves may be ascertained. C-E agrees that the valves
eventually designated Category A by the commitment to
this NRC request will be tested for leak tightness and
designed to accommodate appropriate ASME Code / Appendix J
testing, Addressing each of the NRC requested items
specifically:

valves that provide1. Pressure isolation valvos -

isolation of pressure differential from one part of
a system to another or between systems. These
valves and their required testing will be outlined
in the IST program, in accordance with the response
of NRC RAI 210.88.

2. Temperature isolation valves - valves whose leakage
may cause unacceptable thermal stress, fatigue, or
stratification in the piping and thermal loading on
supports or whose leakage may cause steam binding
of pumps. These valves will be identified by later
detailed desigr. as information regarding pipe
sopports and piping analysis is developed.

3. Containment isolation valves - valves that provide
isolation capability for the piping systems
penetrating containment. These valves have been
identified with their required testing presented in
CESSAR-DC, Table 6.2.4-1.

I

CESSAR-DC Section 3.9.6.2 will be revised in a future
amendment to provide this commitment.

.
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CERTIFICATION,
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In the design of critical reactor vessel internals components
which are subject to fatigue, the stress analysis is performed
utilizing the design fatigue curve of Figure I-9-2 of Section III
of the ASME Doiler and Pressure Vessel Code. A cumulative usagefactor of less than one is used as the limiting criterion.

As indicated in the preceding sections, the stress and fatigue
limits for reactor internals components are obtained from the
ASME Code. Allowable deformation limits are established as 80%of the loss-of-function deflection limits. These limits provideadequate safety factors aesuring that so long as calculated
stresses, usage factors, or deformations do not exceed theselimits, the design is conservative.

3.9.6 IN-SERVICE TESTING OF PUMPS AND VALVES

The in-service testing program for Code Class 1, 2 and 3 pumps
and valves will be developed in accordance with the requirements
of Section XI of the ASME B&PV Code. This program will be
implemented to assess operational readiness during preservice and
in-service inspection.

3.9.6.1 In-service Testing o f Pum_p_s,
'

EIn-service testing of pumps is limited to those Code Class 2 and
3 pumps which are required to perform a specific function in
shutting down a reactor or in mitigating the consequences of an
accident, and,that are provided with an emergency power source.
The required . hydraulic and mechanical paran eters will be measured
by the methods and with frequency prescribed in Subsection IWP of
ASME Section XI. The pump test plan and schedule are included in
the technical specifications.

L ser+ A
3.9.6.2 In-service Testing of valves

Code Class 1, 2 and 3 valves will be categorized in accordance
with Subarticle IWV-2100 of ASME B&PV Code Section XI. Valveswill be tested to the requirements of subsection IWV for each
valve category. The testing plan will not include those Code
Class 1, 2 and 3 valves which are exempt from testing in
accordance with Subarticle IWV-1200 of Section XI. The valvetest procedure and schedule are included in the technicalspecifications.

Sas ac+ B

!

Amendment E
3.9-64 December 30, 1988
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In addition to Section XI of the ASME B & PV Code, the
following provisions will be included as a part of the pump
test plan for the pumps specified above:
A. cull flow testing of these Class 2 and 3 pumps on a

qwrterly basis.

B. Pump suction pressure while pump is operating will be a
standard test parameter in addition to static suction
pressure (pump shut down).

C. Guidance for ensuring minimal pump miniflow operation
while testing.-

D. A Pump Maintenance Plan which will ensure the trending of
all safety.related. pump test parameters. This programwill also provide a link between trended results and-

plant engineers responsible for pump operability and
reliability so that problems may be identified and
further analysis may be instituted. The Plan will also
establish a pump disassembly / inspection program based
upon:

1. Historical performance of the pump to identify'
pumps ahich are prone to degradation / wear.

2. Analysis of trends of pump test parameters.
3. Analysis of pump components, such as "O-Rings,"

which are subject to aging.

,

i

|
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In addition to Section XI of the ASME B &' PV Code, thefollowing provisions will-be included as a-part of the valve
test plan for the valves specified above:

A. Determination of the , opt. mal test frequency of valves
from a regulatory, design, ' vendor and engineering
practicality standpoint.

B. Programmatic use of appropriate non-intrusive diagnostic
check valve testing technologies.

C. For those_ valves which must operate under differential
pressure to perform their safety function,_ tests are to
be performed on an appropriate schedule in a manner which
best replicates the postulated differential pressure.

D. Categorization and appropriate testing of the following
classes of Category A valves:

1. Pressure isolation valves valves that provide
.

-

isolation of a pressure differential from one part
of a system to another or between systems.

2. Temperature isolation valves - valves whose -leakage
may cause unacceptable thermal stress, fatigue, or
stratification in the piping and thermal loading on
supports or whose leakage may cause steam binding
on pumps.

3. Containment isolation valves - valves that provide
isolation capability for the piping systems
penetrating containment.

E. A Valve Maintenance Plan which will ensure the trending
of all safety related valve' test parameters. This
program will also provide a link between trended results
and plant engineers responsible for valve operability and
reliability so that problems may be identified and
further analysis may be instituted. The Plan will also -

establish a valtra disassembly / inspection program based
upon:.

1. Historical performance of the valve.to identify
valves which are prone to degradation / wear.

4

2. Analysic of trends of valve test parameters.
3. -Analysis of valve components, such as "O-Rings,"

which are subject to aging.

!

-
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Ouestion 210.82

CESSAR-DC Section 3.9.2.2, " Seismic Qualification Testing of
Safety-Related Mechanical Equipment", addresses the seismic
qualification program for both NSSS and non-NSSS
safety-related mechanical equipment. S9ction 3.9.2.2.1
implies that the qualification program for such NSSS
equipment, including supports, is a part of the operability
demonstration program described in Section 3.9.3.2, " Pump
and Valve Operability Assurance"; and Section 3.9.2.2.2
describes the qualification program for the non-NSSS
equipment.

With respect to the scope of the NSSS mechanical equipment
requiring seismic qualification, since section 3.9.3.2 is
limited only to pumps and valves, clarify whether or not,
except for pumps and valves, there exists any other such
equipment. If other such equipment exists, provide details
of their seismic qualification. Moreover, the information
regarding the seismic qualification provided in Section
3.9.3.2 are not in accordance with the criteria in SRP 3.10,
Rev. 2. Provide details of the qualification program in
accordance with SRP 3.10, Rev. 2.

Similarly. the description of the seismic qualification
program for non-NSSS safety-related mechanical program in
Section 3.9.2.2.2 are also not in accordance with SRP-3.10,
Rev. 2 criteria and shoulo be modified to be in accordance
with these criteria.

Response 210.82

CESSAR-DC Section 3.10 is presently being revised to conform
with the intent of the guidance provided by SRP Section
3.10, Revision 2 and USNRC Regulatory Guide 1.100, Revision
2. This revision, which will be included in submittal of
a future amendment of CESSAR-DC, will address compliance
with the acceptance criteria of applicable subsections of
SRP 3.10 for both mechanical and electrical equipment.
Necessary revisions, if any, to CESSAR-DC Section 3.9.2.2 in
order to be consistent with Section 3.10 and address the
concerns of this RAI will be included in this submittal.

.
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Ouestion 210.83

CESSAR-DC Section 3.10 describes the seismic qualification
program for Seismic category I instrumentation and
electrical equipment except for valve and pump motors, and
their supports. The descriptions of'the qualification
program in Sections 3.10.2 and 3.10.3 for the equipment and
their supports, respectively, do not provide an adequate
basis for determining the acceptability of the program.

Modify the descriptions of the qualification program
provided-in Section 3.10-to specifically address compliance
with the acceptance criteria of SRP 3.10 Subsections II.1
through II.S.

Response 210.83

CESSAR-DC Section 3.10 is presently being revised to conform
with the intent of the guidance provided by SRP Section
3.10,-Revision 2 and USNRC Regulatory Guide 1.100, Revision
2. This revision, which will be included in a future
amendment of CESSAR-DC, will address compliance with the
acceptance criteria of applicable subsections of SRP 3.10.
For instance, SRP 3.10 Subsection II.2 is not applicable
since it pertains only to plants for which the CP
application was docketed before october 27, 1972.

.

!
,
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Ouestion 210.84

--CESSAR-DC Section~3.10.2, Item'c, states in part that
operating experience will-be required to substantiate'the
_ adequacy of_the design of Seismic Category I instrumentation
_and electrical equipment.

Explain and-justify the use of operating experience for the
. substantiation.

,

:Resoonse 210.84

CESSAR-DC Section 3.10.2,- Item-C. states that " Analysis,
testing pr operating experience.will be required-to
substantiate the adequacy of-the design ........" and not
1that, in part, operating experience will be required to
substantiate the adequacy of the design of Seismic Category
'I= instrumentation-and-electrical equipment. . Equipment-for
System 80+ will' generally be qualified by test, analysis or
a combination-thereof.=

However, there may be_ circumstances where use of experience ,

deta, which includes operating experience, may be the most
practical means of equipment qualification._ When

i i. qualification cf equipment through use of exper ence data s
used, it-willLbe in accordance'with_IEEE Standard 344-1987,
"IEEE? Recommended Practice for Seismic Qualification of
Class 1E Equipment tor Nuclear Power Generating Stations".
This will' include careful evaluation of the type, size,
shape andfcomplexity of equipment, safety and/or structural
functions ofLthe equipment and the sources and types of
experience data:available. Justification of similarity of
equipment? type withLpreviously qualified equipment or with
equipment that has been exposed to other more severe
environments'will be established.

-CESSAR-DC Section 3.10'is currently being revised-to conform
to the current-SRP Section 3.10 and USNRC Regulatory Guide
1.100, Revision 2. -This revision will identify use of
" experience data" as a qualification alternative rather'than
" operating-experience".

.

-

,
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Ouestion 210.85

CESSAR-DC Section 3.10.2, Item F, and elsewhere, and the
IEEE 344-1987 standard requires that the input motion for
seismic qualification of equipment be specified by a
response spectrum, power spectral density function or time
history. This item also states that the input be
representative of the equipment mounting locations.

Since the standard design is to be qualified for placement
at a variety of hypothetical site types, clarify the input
motion (s) to be used in the qualification program and their
relationship to the motions to be expected at a particular
site.

Response 210.85

The input motions to be used in qualification of System 80+
equipment are derived from the structural responses obtained
from the system analysis performed for each of the generic
site conditions selected for geologic and seismologic
evaluation.- For each item of equipment to be qualified,
input will normally envelope corresponding data for all
locations within the plant where that item may be located-
and for all of the generic soil sites evaluated. However,
qualification to this conservative envelope could, in some
cases, require unjustified design changes and/or have
unjustified cost impacts. An alternative qualification
procedure which may be used is to separately qualify
equipment for each of the cases which comprise the generic
envelope.

The equipment mounting locations referred to in CESSAR-DC
3.10, Item F refers to locations within the building
structures and not to plant siting locations. CESSAR-DC
Section 3.10 is. presently being revised to conform with the
guidance provided by the current revision of SRP Section
3.10. This revision, which will be-included in a future
amendment of CESSAR-DC, will clarify that equipment mounting
locations refers to locations within the building structure.

The input motions used for equipment qualification are
considered to be conservative compared to the motions
expected at any particular plant site meeting the acceptance
criteria defined in CESSAR-DC, Section 2.5.

.
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Ouestion 210.86

SRP 3.10, Section II.3 states that GDC 1 of Appendix A and
Paragraph XVII of Appendix B to 10 CFR Part 50 establish
requirements for records concerning the qualification of
equipment. In order to satisfy these requirements, complete
records must be documented and .naintained. The staff audits
the results of tests and analysis to assure that adequate
qualification has been demonstrated for all equipment and
their supports, and to verify that all applicable loading
has been properly defined. Discuss to what extent equipment
test results and analyses will be available to the staff for
such audits to' demonstrate compliance with SRP 3.10 prior to
design certification.

Resnonse 210.86

Equipment qualification is vendor and model specific,
therefore, specific models and characteristics of equipment
will not be available until the time of equipment
procurement. Equipment qualification, including required
documentation, will be completed subsequent to certification
in accordance with established regulations and standards.

.

i
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Question 210.88

For CSI-105, the staff position is that, for minimizing the likelihood
of occurrence of an interfacing system IDCA event, all valves which
serve the pressure isolation function to preclude such an event shall
verify leak tight integrity. Provide your commitment to perform-

preservice and periodic inservice leak testing of all safety related
pressure isolation valves. Leak tests in accordance with the applicable
section of the Technical Specifications for recently licensed CE System
80 plant (i.e. Palo Verde) are acceptable. Your information shall
include a description of the surveillance and testing program and a list
of all safety related pressure isolation valves which will be leak
tested. (also reference RAI's 440.45 6 280.79 (h).

,

Response 210.88

Preservice and Periodic Inservice Leak Testinn

In CESSAR-DC,-Appendix A, CSI-105 addresses the " Interfacing Systems
LOCA At LWRS." This RAI addresses preservice and inservice valve leak.

testing of pressure isolation valves.

The System 80+ valve leak test program is developed for preservice and
inservice valve testing in accordance with Regulatory Guide 1.68
Initial Test Programs fer Water-Cooled Nuclsar Power Plants, ASME Boiler
and Pressure Vessel Code Section XI, and ASM? OM Code, Code for
Operation and Maintenance of Nuclear Power Plcuts. Valves are.

categorized, leakage tested, and exercised in secordance with the test
requirements specified for each valve type.

In addition, CESSAR-DC Chapter 16 provides the prsoosed plant
technical specifications. Technical Specification 3.4.13 addresses RCS
Pressure Isolation Valve (PIV) Leakage and defines the frequency, mode
change requirements, etc., for testing the PIV's, These requirements

.

are similar to the test requirements specified for the PIV leak tests in
the technical specifications for Palo Verde.

In order to clarify this issue for System 80+, CSI-105 in CESSAR DC,
Appendix A will be revised to include a statement requiring preservice
and inservice valve leak testing in a-,cordance with Regulatory Guide
1.68, ASME B&PV Code Section XI, ASME'OM Code, and the proposed plant
technical specifications. A new paragraph will be added which reads:

In order to identify potential leakage paths, the pressure
' isolation valves are tested during the preservice and inservice
-valve test program in accordance with the requirements specified by,,

RG 1.68, ASME B&PV Code Section XI, ASME OM Code, and
the proposed plant technical specifications (see CESSAR-DC,
Chapter 16 - Section 3.4.13. RCS Pressure isolation Valve (PIV)
Leakage).

See the response to RAI 210,81 (h) which addresses PIV leak testing and
RA? 440.45 which addresses the intersystem LOCA.

_ _ _ ___ _ _ _ _ _ __
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Description of Surveillance and Test Pror. rams

The PIV's included in the System 80+ test program are tested to meet the
valve _ test program specified by RG 1.68, ASME Code Section XI, and ASME

, - OM Code.- In addition, the PIV's listed in the table below will be leak
tested in accordance with the proposed plant technical specifications
(see CESSAR-DC, Chapter 16 - Section 3.4.13) .

Pressure Isolation Valves

The System 80+ pressure isolation valves subject to leak testing include
the valves listed below. The listing is consistent with the list of
PIV's leak tested at Palo Verde.

Valve Description

1. SI-237 IDOP 2A RC/SI CHECK
2.- SI 247 IDOP 1A RC/SI CHECK
3. SI 217 IDOP 2B RC/SI CHECK
4 SI-227 IDOP 1B RC/SI CHECK
5. SI 235 LOOP 2A SIT CHECK
6. SI-245 IDOP 1A SIT CHECK
7. SI 215 LOOP 2B SIT CHECK

- 8 SI 225 Ih0P IB SIT CHECK
9. SI-542 LOOP 2A HEADER CHECK ,

'

10. SI 543 1h0P 1A HEADER CHECK
11. SI-540 LOOP 2B HEADER CHECK
12.-SI 541 LOOP 1B HEADER CHECK
13. SI-522 LOOP 1 LONG TERM RECIRCULATION CHECK
14. SI-523 LOOP 1 LONG TERH RECIRCULATION CHfL.,
15. SI 532 lh0F 2 -LONG TERH RECIRCULATION CHECK
16. SI 533- LOOP 2 LONG TERM RECIRCULATION CHECK
17. SI-651 LOOP 1 SHUTDOWN COOLING IS01ATION
18. SI-652 LOOP 2 SHUTDOWN COOLING IS01ATION

=19. SI 653 LOOP 1 SHUTDOWN COOLING ISOLATION
20. SI 654 IDOP 2 SHUTDOWN COOLING IS01ATION

-

,4
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(2) . Charging pumps can make up lost inventory - and allow plant
cooldown,

(3) The break can only credibly occur inside containment, or

(4) The flow path contains normally open valves which can be
closed to isolate the break.

The System 80+.PRA results show that ISLs provide only a minor
contribution to core damage frequency (i.e., a contribution of
approximately 3.0E-9 relative to the core damage frequency goal
of-1.0E-5).

y |InTn sev4-' A c on here.summary, the System 80+ Standard Design minimizes the
likelihood of an interfacing system LOCA by (1) eliminating low
pressure safety injection, one of the ~ most likely leakage paths
of previous designs, (2) increasing the over-pressttre capability
of the.SCS, the next most likely leakage path, (3) iscreasing the
design -pressure of other components (e.g., the letdown heat
exchanger), and (4) improving the lodution of components to
reduce ISL . probability. This conclusion is supported by the
overall plant - PRA, which shows that the contribution of ISL to

. . the overall core damage frequency is insignificant. This issue
_J, is therefore resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0933, "A Status Report on Unresolved Safety Issues",
U.S. Nuclear Regulatory Commission, April 1989,

2. NUREG/CR-5102, " Interfacing Systems T/,Th. Pressurized Water
Reactors", U.S. Nuclear Regulatory Commission.

3. 10 CFR, Part 52, "Early Site Permits; Standard Design
Certifications", Code of Federal Regulations, Office of the
Federal Register, National Archives and Records

i- Administration ~.
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Amendment G
A-47d April 30, 1990
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INSERT A

In order to identify potential leakage paths, the pressure
isolation valves are tested during the preservice and inservice
valve test program in accordance with the requirements specified by
RG 1.68, ASME B&PV Code Section XI, ASME OH Code, and the proposed
plant technical specifications (see CESSAR DC, Chapter 16 -
Section 3.4.13, RCS Pressure Isolation Valve (P1V) Leakage) .

.
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Ouestion 210.94
Resolution of GSI C-12, concerning primary system vibration
assessment, indicating that experience from the startup of
the System 80 plants at Palo Verde is included in System 80+
Standard Design. Provide an explanation of how such
experience is utilized and verify that calculations and
considerations associated with such experience are included
in applicable design documents. In addition, provide a more
detailed description of the Integrity Monitoring System ar'.
verify that details of the monitoring system, including 6
list of numbers, types and locations of sensors to ha used
are documented. If such a list is not available, a ;

commitment to provide such a list as a part of the Sysi .

'
80+ Technical Specifications will be acceptable.

Respongs_210.94

Design modifications incorporated into the Palo Verde System
80 design as a result of system vibrations experienced
during startup have also been implemented into the System
80+ design. The following design areas were affected:

* CEA Shroud
* RCS Temperature Detector Thermowells
* Safety Injection Nozzles
* LPSI Pump

The design features and characteristics for other System 80
systems and components have been proven during startup and
successful operation of the Palo Verde units and are also
included in the System 80+ design.

The System 80+ Integrity Monitoring system is described in
CESSAR-DC Section 7.7.1.6 and the number and location of
sensors are given in Tables 7.7-3 and 7.7-4.

,

4
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OVESTION 210.95

To be acceptable, the discussion of GSI II.D.I " Performance
Testing of PWR Safety.and Relief Valves" in Appendix A
requires the following additional commitments:

1.- Tc be consistent with the staff's position in NUREG-0737,
the qualification of discharge piping by analysis should -
be included in addition to valves.

2. It is not clear whether the rapid depressurization, gas
vent, and associated isolation valves described in

- CESSAR-DC Section 6.7 are included in these evaluations.
The staff's-position is that all of these valves should be
qualified in a manner consistent with the II.D.1
requirements in NUREG-0737. These valves and associated
discharge piping should be qualified by testing for the
applicable design fluid inlet conditions including steam,
liquid, two-phase, and entrained gas conditions.

3. Provide a commitment that all ap)11 cable valves and
associated discharge piping in tie CESSAR-DC System 80+
Standard Design which are not similar to those which were
included in the EPRI Safety Valve Test Program and--

documented in CEN-227 will be tested in accordance with
NURFG-0737 requirements.

Revise the II.D.1 resolution in CESSAR-DC Appendix A to be
' consistent with the staff positions discussed in I,2 and 3
above.

RESPONSE 210.95:

. Generic-Safety Issue (GSI) II.D.I and the corresponding Section
in NUREG 0737 address the performance testing of
pressurized-water reactor _ relief and safety valves and are not
applicable to the-Reactor Coolant Gas Vent System valves and
the_ Rapid Depressurization valves.

Item 1:

The RAI implies. that the analysis of the discharge _ piping may
not be a requirement. Nevertheless, analyses will be
completed- subsequent to design certification when all

,

material,. components and detailed piping layouts are specified
~,

and become available. These analyses will confirm that the
piping layout and consequential backpressure on the primary
safety valves are within the range of the backpressures tested,

in the EPRI valve test program. In addition, these analyses
will confirm that the piping loads do not adversely impact
valve operability.

_ __
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The Reactor Coolant Gas Vent System (RCGVS) valves are !

solenoid operated valves and are- used for design basis
events. During power operation, if these valves were used for

_

plant cooldown, steam would flow through these valves.
During reactor coolant system fill, the RCGVS valves will ,

experience liquid flow during the filling and venting process.
The system temperature-and pressure will be relatively low
during these times (i.e., less than a 100 psia), but this
venting-is not required to support the acceptable performance
of design bases events. . This is similar to all high point
vents in the plant. RCGVS valves used in System 80+ are
similar to the valves used at- Palo Verde which have been in

- operation for several years. Since these valves are' remote
manually' operated valves and the refarence addresses automatic
actuated valves,-this reference provides no requirement for
testing of the RCGVS valves.

*

The Rapid Depressurization (RD) valves are used for the beyond
design basis-event-of a Total Loss of Feedwater, and not for
any of the design bases events. The requirements.-referenced
in this RAI do not require _ valve testing for valves-used for
beyond design basis.-events. We believe the NRC's concern
addresses the sizing of motor operators. We recognize
that'there are valve test programs currently underway to
address these issues. _ Data from these programs will be

-considered in the design.-

-- At the time of material and valve procurement, these tests, as
well as others that.may be conducted, will be considered in
specifying the requirements-to' the valve vendors. It should

'be noted that the_ these~ valves are remote manually operated
valves which arefactuated by motor operators and are not
automatically operated valves such _as the primary safety
valves discussed in GSI II.D.1,

L.
|
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Attachment ALWR-361-

Ouestion 210.96

For GSI 'II.E.6.1 concerning all safety related valves,
describe your program and provide a commitment to conduct
surveillance and testing for verifying valve operability. *

A. For motor operated valves (MOVs), the program should
commit to implement the following:

a. conduct surveillance and operability verification
testing for each MOV per guidance provided in GL
89-10. The test should be conducted prior to
installation, during plant startup, and
periodically during plant operation life span.

b. For thermal overload protection of electric motors
on_ the MOVs, guidelines delineated in RG 1.106
shall be met.

B. For pressure isolation valves, see RAI's 210.88 in
CESSAR-DC Appendix A and 210.81h. (1) in CESSAR-DC Section
3.9.6.

C. For check valves, failures and malfunctions have occurred
frequently due to various causes, especially problems
related to valve design, such as using wrong valve type
or over-sized valve, _ improper valve -orientation, and
valve located too closely to turbulent flow (see EPRI

-

Report NP-5479 dated January 1988). Your program should
address resolution of these concerns for verifying check
valve operability.<

Resnonse 210.96

The -program requested above will be incorporated into the-
-

. Operational Support Information (OSI) Program. One of the OSI
program subcategories will address a maintenance plan which
will provide Inservice Testing (IST) guides for safety related
valves.

.
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Ouestion 220.0

General In Table 2.0-1 and a few places in Section 25.,
there is an indication that there will be a site-specific
SSE in plant-specific SARs. provide a listing of
structures, systems, and components (Table 3.2-1) that will '

be designed using-the assumptions and methodology provided
in the Design certification documents, and those that will
be designed using the site-specific SSE.

Resnonse 220.0

All structures, systems, and components for Syster.80+
are designed using the assumptions and methodology provided
in CESSAR-DC. There is no intent to provide either
site-specific SSE analyses or results in site-r pecific
Safety Analyses Reports (SARs).

Identified in Table 2.0-1 and Section 2.5 of CESSAR-DC is
the commitment to provide in the site-specific SAR that
information which can only be defined and evaluated once a
specific site is selected. This information includes, but
is not limited to, site geological-features, seismological
features, liquefication potential, earthquake activity
history, boring data, site instability and ground rupture
potential, and man-made conditions. Data and evaluations
-will be provided in-the site-specific SAR to demonstrate
that the site acceptance criteria defined in CESSAR-DC are
satisfied and documented.

.
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Question'220.1

Section 3.3.1 - The current Standard of Reference should be
ASCE 7-88, rather than ANSI A58.1.

EgEnonne 220.1 ,,

The correct reference is ASCE 7-88, (formerly ANSI A58.1).
Section 3.3.1 will be revised to incorporate this editorial
change.

,
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REFERENCES FOR SECTION 3.3
-

.
. .

: 1. - ' Minimum Design Lcyds for dings and Other Structures," '

. /t h }.gg_'"r! ' M .1 10 2. p ;

2. " Wind uttures," ASCE Paper No. 3269,
Transactions, ASCE, Vol. 126, Part.IT, 1961, p. 1124.- ,

3. " Wind Loads on Dome-Cylinder and Dome-Conts Shapes ," _ ASCE
Paper -No. 4933, Journal of the Structural Division -

. Proce ed inas ~ of the American Society of Civil Encineers,
Vol. 92,-No. ST5, Octocer 1966.

'4.- Safety Evaluation by- the Office of Nuclear Reacter
Reculation of Recommended Modification to the R.G. 1,76 I

Tornado Desian -Basis for the ALWR, attached- to =a ;
March 25, 1988 NRC letter to the ALWR Utility Steering
-Committee.

t
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Amendment-I
3.3-3 December 21, 1990 .
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Ouestion 220.2

Section 3.4.1 - Provide explanation of the sentence, "The
design basis level for the System 80+ Standard design is
limited to 1 foot below plant finished yard grade as the

'

minimum flood 1cvel value." Does this mean that the
probable maximum flood (PMF) level'will be 1 foot below the
finished grade level?

Response 220.2

The standard plant is designed for a flood level at i foot
below the finished grade level.

Section 3.4.1 will be revised to clarify this information.

.
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APPENDIX A

CHARACTERISTICS OF
GENERIC SOIL SITES

EARTIIQUAKE
GROUND MOTIONS

SELECTION OF
CONTROL MOTION

AND

(.
DEVELOPMENT OF ,

GENERIC SOIL SITES

! DONE IN CONJUNCTION WITH
C-E/ DOE ALWR CERTIFICATION -

|
'

I

L September 4,1990
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. . . APPENDIX A
i'

'' CHARACTERISTICS OF
GENERIC SOIL SITES

This appendix presents the 4 generic site categories selected for this project and the

maximum shear wave velocity profiles for the cases originally selected and for the cases

- selected after examining the first set of results.

Figure A-1 shows the general layout of each site category. Figures A-2 through A-13

show the maximum shear wave velocities for the twelve soil cases considered in this

study, -

.
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Attachment ALWR-338,

CESSARnn% mon rgm %

3.4 WATER LEVEL (FLOOD) DESIGN.

All Seismic Category I structures, components and equipment are I

designed for applicable loadings caused by postulated floods.
Section 2.4 of the site-specific SAR describes, in detail, the
relationship of the site-specific flood levels to safety-related-

*

buildings and facilities.

3.4.1 FIDOD ELEVATICMS

The elevation level for floods at the reactor site is determined'in accordance wit,Qgulatory Guido 1 59, "Desig asis F1'oods
P l a n t s ,M nfAN S I / ANS-2T8'- 19 83g'De teral-ni ngfor Nuclear Power

Aesign BaTis Flooding at Power Reactor Sites." ,

The design' basis N/ level for the System 80+ Standard Design is li m ed te- 1 foot' below plant finished yard-grade. " N ~4-4-"- fired 1 'z 1 :12 .The m::. i r r flood level value site-specific and protectionmeasures for that flood level at- described in Section 2.4 of the*
ite-specific SAR.

Q K,g g pg
3.4.2 PHEN MEN U:ONSI IN DESIGN IAAD CALCULATION

All safety-related structures of the reactor building complex are
designed to withstand the static and dynamic forces of the plantflood level. Other safety-related structures or_ systems

D

essential for plant operation are designed for the site-related
flood level as described in Section 2.4 of_the site-specific SAR.
3.4.3 FIDOD FORCE APPLICATION

,

The desii flood is used in determin3ng the applicable water-
level for design of all Seismic category I --structures inaccordance with the load combinations discussed in Section.3.8;4.
The forces acting on those structures are determined on the basis
of full external hydrostatic pressure corresponding to that flood-
level. All ' Seismic Category -I structures will be in a stablecondition due to both moment _and uplift forces resulting from the-
proper load _ combinations, including design basis flood levels.
3.4.4 FLOOD PROTECTION

3.4'4.1 Flood Protection Measures for Seismic Category I.

-Structures

The flood protection measures for Seismic Category I structures,
s, ' .

'

systems and components are designed in accordance with RegulatoryGuide 1.102, " Flood Protection for Nuclear Power Plants." The
,

;

following structures and systems in the reactor complex area areL . designed for flood level protection:

Amendment D
3.4-1 September 30, 1988.
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Qqestion 220.3

Sections 3.7.1.1 and 3.7.1.2 - The time histories discussed
in Section 3.7.1.2 are not consistent with the spectra
presented in Section 3.7.1.1. Design responso spectra
should have been presented in Sention 3.7.1.1 if RG 1.70
woro followed. Are the unumoothed spectra shown in rigures
3.7-1 through 3.7-24 the design responso spectra? Ilow are
thoso unsmoothed spectra used if they are the design t

responso spectra for solumic input? q
NILtDRQrlarJ Q.nl

t

The froo field design ground motion or control motion is
specified on a hypothetical rock outcrop in accordance with
USNRC Stnndard Review Plan 3.7.1, Rev. 2, Section I.1. The
design responso spectra defined at this control point are
shown in CESSAR-DC rigure 2.5-6. The time histor. ion
discussed in Section 3.7.1.2 are consistent with those
spectra.

i

The unsmoothed respunce ogcctra chown in rigures 3.7-1 to
3.7-24 correspond to the free-field ground surface and
foundation level spectra of each generic site. The time
historios that produced those unstaoothed spectra were used
as soismic control motions in the SSI analyson.

CESSAR-DC Section 3.'. 1.1 will be revised to provide this
clarification.

.
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3 . 7 .1 SEISMIC INPlTT g g jg f, g g.g,,

--rm4nska r.put _.1k5/q n Sypere Spec /r.,t3.7.3.1

This se< tion discussos the seismic design paramotors and
methodologica being used for the design of thoso systems and

CategorpI inosystems important to safety and classiflod as
.ction 3.2. e

L--->
The System 00+ Stande:d asign as defined by CESSAR-DC is not
based on a opocific site. ' Generic sito conditions woro selected
to cover a range of possible conditions for the System 00+ sitos.

Horospecifically,setsofrepresentativecasosfromeachof[roundfour
acnoric sito categories woro _ ova l u a t ed , to-- or-eate 4.he j
surface and- TUUTidation lovel spuctra fshown in Figures 3.?-1
through 3.7-24. Out of 12 soil casos analyzed in Section 2.5.2,
nino are used in the soll structure interaction (SSI) analysis.
ThL throo casco ollminated in the SSI analysis (A1, D3 and 91)~
were non-governing casos whoso soil responso levels were
onveloped by other casos. Soo section 2.5.2 for details of this
analysis phase.

The offect of differential seismic displacement on the equipment g

and supports is included in the analysis as described in Section
3.7.2.1.

3.7.1.2 Doolgn Timo History

For the tino nistory method of analysis, three design time
histories are generated that are consistent with the design rock
outcrop spectra at the froo field. The characteristics of each
timo history are prosnnted in Unction 2.5.2.5.1. The responso
spectra plots for those timo historios are shown in Figuros
3.7-25 through 3.7-27.

i3.7.1.3 critica1_. Dame ng valuan

Dampidg values used for various nuclear safety-rolated structures
systems and components are based upon Regulatory Guido 1.61 or
ASME Code Case N-411-1 (See Figure 3.7-41). These values are
expressed in percent of critical damping and are given in Tablo
3.7-1. When the responso spectra method of analysis is used for

| .

piping, damping values are based on Codo caso N-411-1.
I

Amendment 1
3.7-1 December 21, 1990

- - - .
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Ouestion 220.4
!

Section 3.7.1.1 - Are the soil casos selected based on I

Reference 77 If the answer in positivo, Reference 7 should '

be formally submitted to HRC for review. Otherwise, provide ;

additional information regarding the sufficiency of thoso '

noil canos to cover the gonoric site conditions. '

Response 220.4
,

Referenco 7 is provided herein in a Draft form. The final
version will bo issued pending the resolution of the soil
casos and ground motion RAIs.
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:

EARTl! QUAKE GROUND hf 0TIONS

( SELECTION OF CONTROL hiOTION
AND

DEVELOPhiENT OF GENERIC SOIL STTES
DONE IN CONJUNCTION WITIl

C F/ DOE ALWR CERTIFICATION

1.0 INTRODUCTION

This report presents the results penaining to the development of earthquake ground

motions for use in the seismic design of Combustion Engineering System 80+. The

results presented in this repon were generated in conjunction with the C FJDOE ALWR

Cenification.

To cover a range of possible site conditions where System 80+ may be constructed, a-

range of generic site conditions was selected. The total depth of each site category and

the dynamic soil propenies (in terms of maximum shear wave velocities and their

variation with depth, and in terms of the variations of modulus and damping with strain)

were established to cover a wide range of site condidons and to provide reasonably

conservative results. Using these site conditions and the vr.dations of maximum shear

wave velocities,13 cases were developed; 12 soil cases and one rock outcrop case. The

cases selected are summarized in Section 2.0 and more details for each case are included

in Appendix A of this report.

Each soll case was subjected to an canhquake ground motion which was developed to

represent the motion at a free field rock outcrop (the control motion). The smooth

spectrum selected to represent this rock outcrop rnotion was developed taking into account

the characteristics of canhquake ground motions recorded in Western North America and

those judged applicable to Eastern North America. The smooth spectra for the two

i;orizontal and the venical components of this control motion were then developed. The,
,

selection of these smooth spectra is summarized in Section 3.0 and details of the synthetic

Page 1 - 1'

,

_ , , . . . .__.r, _.. . _ _ _ _ _ _ , , , ,_ __ z-,.,..._ . . , . , . _ . , _ . . . , . , ,_ . . - . , . . _ . _ . - , ~ , . _ _ , . ._



. - . - - _ - - - . - . . - . . - _ - . - _ - _ . . _ - . - - . - . . - --- - -

time histories derived to represent the three components of this control motion are*

( _ provided in Appendix B.

The response of each soll case to each component of the control motion was then obtained

and the computed ground surface motion was provided to ADB Impell for their use in the

soll structure interaction studies of the entire system. The results of the response analyses ,

are summarized in Section 4.0 and the spectral ordinates calculated for each case at the

ground surface and at the foundation levelin the free field are presented in Appendix C.

Section 5.0 summarizes recommended acceptance criteria.

:
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2.0_ GENERIC SOIL SITES

generic soll sites were selected by first choosing four generic site categories. These

categories were chosen to represent appropriate total thickness of r,oll overlying bedrock.

The four categories are shown schematically in Fig. 21. Site Category A consists of 52

ft of soll overlying bedrock; 52 ft is the embedment depth selected for the System 80+.

The soils in site Category B extend to a depth of 100 ft and those in Categories C and

D extend to depths of 200 and 300 ft, respectively.

One case was selected fot Category A and one case for Category D; these were

designated Case A 1 and Case D 1. Four cases were initially selected for site Category

B; these were designated Cases B 1, B 2, B 3 and B 4. Three cases were initially

selected for site Cstegory C; these were designated Cases C-1, C 2 and C-3. Upon

examination of the results of the response analyses for these cases, three additional cases

were added. The additional cases were designated Cases 91.5, B 3.5 and C 1.5. These 4

latter cases were selected to provide robust estimate of the response at frequencies that
vt

digseem to be adequate), covered by the other cases.

The variations of maximum shear wave velocities with depth assigned for each case are

summarized in Figs. 2-2 through 2-4. The shear wave velocity distribution with depth

was selected to provide a reasonably wide range and also to provide significant contrast

in velocities at ceratin depths for a selected number of cases. The range of maximum
.

shear wave velocities used for all the cases considered in this study is presented in Fig.,,

2 5. More details about each case are given in Appendix B.
.

*
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. The variation of shear modulus with shear strain was based on using the upper curve from

. the range published by Seed and Idriss (1970) as shown in Fig. 2 6. The variations of

damping with shear strain was based on the lower curve from the range published by the

same authors as sho.vn in Fig. 2 7.
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Fig. 2-1

GENERIC SITE CATEGORIES

.

Category A Category B Category C Category D

. . . .

Rock e 52 ft

,

Rock e 100 ft

.
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.

Rocke200ft

Embedment depth - 52 ft

C-E/ DOE ALWR Certification .
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Fig. 2-3
- SHEAR WAVE VELOCITIES
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Fig. 2-4 '

SHEAR WAVE VELOCITIES -

CASES B-1.5, B-3.5 AND C-1.5
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; Fig. 2-6
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Fig. 2-7,

VARIATION OF DAMPING RATIO WITH STRAIN
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3.0 CONTROL MOTION

The smooth spectrum representing the control motion in the free field at a rock outcrop

was developed based on spectral shapes for earthquake ground motions considered

appropriate for Eastem North America and those based on NUREG 0098. The latter are
,

considered appropriate for Westem North America.

A peak horizontal acceleration of 0.3 g was selected for the horizontal components of

motion. The selected horizontal smooth spectrum and the other spectra considered in

developing thb spectmm are shown in Fig. 31. As can be noted in this figure, the

( spectral ordinates were kept equal to those obtained using NUREG 0098 for frequencies,

lower than about 4 hz For higher frequencies, particularly above 10 hz, the selected

spectral ordinates are significantly greater than those obtained using the NUREG-0098.

The shape estimated for Eastem North America influenced this adjustment to these values -

and the use of the smooth spectrum identified in Fig. 31 as ' selected horizontal

spectrum *.

De two horizontal components, H1 and H2, were considered to have identical specea

and the verticel component was considered to be equal to 2/3 of the horizontal spectrum

at all frequencies. De selected spectra for the horizontal components and for the vertical

component are shown in Fig. 3 2.

'

Synthetic time histories w re generated for each component. De spectral ordinates.

calculated for each synthetic time history and the corresponding selected smooth spectrum
.
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are shown in Figs. 3 3,3 4 and 3 5 for horizontal components H1 and H2 and vertleal
11. component, respectively. 'Ihe spectral ordinates of each synthetic time history

conservatively envelops the selected smooth spectra at most frequencies.

The characterittles of each synthetic time history (accelerogram, time histories of velocity

and displacement, Fourier ampli:udes and Power Spectral Density) are presented h

Appendix B. Also presented in Appendix B are the correlation coefficients among these

synthetic time histories. The maximum correlation coefficient is about 0.1 indicating that

these time histories are statistically independent.

Note that the above values of peak accelerations are for the conditions representing the

Safe Shutdown Earthquake (SSE). For the conditions representing the Operating Basis

earthquake (OBE) a peak horizontal acceleration of 0.1 g and a peak vertical acceleration,

of 0.067 g were used. The same spectral shape and time histories (normalized to the

appropriate peak acceleration) were used for the OBE analyses.

.

1 .

'
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. Fig. 3-2
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Fig. 3-3
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Fig. 3-4
SELECTED SMOOTH SPECTRUM AND SPECTRUM
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4.0. SITE RESPONSE

The response of each soil case was obtained using an equivalent linear response analysis.

For each case synthetic time history H1 was applied as the input rock outcrop motion.

The strain compatible modulus and damping values were then obtained for that Toll case.

These properties were then used without further modifications for the analysis involving

synthetic time history H2 as the input rock outcrop motion. (The strain compatible
.

modulus and damping values thus obtained are listed in the tables included in Appendix

C). For analyses involving the vertical component, the strain-compatible shear moduli

were converted to constrained moduli and the strain compatible damping values were

( multiplied by 1/3 to provide an estimate of the damping associated with the propagation

|
of p waves (note that this assumption is quite conservative and further evaluation

considering higher damping are under way and will be included in the final report).

The response values at the ground surface and at the foundation level (52 ft below the

ground surface) for each case are presented in Appendix C.
,

|

Selected results are presented in this section in Figs. 4-1 through 474. Figs. 4 1 through

' 4-4 show the response spectra at the ground surface and at the foundation level for cases

A-1, B-1, C-1 and D 1 when the synthetic time history H1 is applied as input rock

i outcrop motion. Figs. 4 5, 4 6 and 4 7 show the spectral ordinates calculated at the
i ground surface for all cases considered (also using synthetic time history H1 as input
* '

motion). The corresponding spxtra calculated at the foundation level are shown in Figs.

4 8, 4 9 and 410.
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ne spectra calculated at the ground surface using synthetic time history 112 are presented

( in Figs. 411,412 and 413 and those at the foundation level are presented in Figs. 4

14,415 and 416. De corresponding spectra for the vertical component are presented

in Figs,417 through 4 22.

.
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Fig. 4-8
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Fig. 4-9 i
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Fig.' 4-10
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Fig. 4-11
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Fig. 4-12
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Fig. 4-13
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Fig. 4-14
SPECTRA AT FOUNDATION LEVEL FOR CASES
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Fig. 4-15
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Fig. 4-16
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Fig. 4-17
SPECTRA AT. GROUND SURFACE FOR CASES A-1,
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Fig. 4-18 i,
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Fig. 4-19
SPECTRA AT GROUND SURFACE FOR CASES
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Fig. 4-20
.

' SPECTRA AT FOUNDATION LEVEL FOR CASES (
"

A .1, B-1.. B-4 USING VERT SYNTH TH'

. . !

1.6
. iSpectral Acceleration (damping = 5%) - g

,

>

(nput Time History t
,

Vert Synth TH . .|- . 1.4 ;

Foundation Level :

1.2
.
' B-2

I'0
B-3] f B-3}.

I 'O.8
'

N 18-2
'

s

kj \ - 1 !10.6 ys .

|,

0.4 - I" ~

hc Mf k .(B-2]
r

'

ff_ B-4 f^
g.3 ~~

B-2 N &' :0 2^ B-4 it p.g }#,

# t A-f r i

i ,s | |B-1|
';*

#
,,1

; O.0 ,

i 0.1 1 10 10 0 I

| Frcquency - bz i

August 1990 -- IMI 't

i ;.

: !

, .
.

|

. _______ - ____- - - _ _ .



e -
__

.

...
,

n.,

Fig. 4-21|
SPECTRA AT FOUNDATION LEVEL FOR CASES
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5.0. DISCUSSION OF RESULTS

The results presented in this report for the 12 soil cases were obtained using conservative

approaches for selecting the free field rock outcrop motion, the range of soil profiles

including depths, variation of shear wave velocities with depth and velocity contrasts

together with the dynamic material properties..

The results are applicable to a wide range of soil deposits. Thus, a soil profile for which

the distribution of maximum shear wave velocities with depth is within the range shown

in Fig. 2-5 would have a response well covered by results presented in this remrt
(

although the resvW for a specific new case could differ from the results obtained for each

of the cases ine. 2d in this report.

Therefore, a key element for the acceptance criteria would be that the distribution o!

maximum shear wave velocities with depth be within the range shown in Fig. 2-5. A soil

| site having a total depth to bedrock greater than that shown in Fig. 2-5 would also be

covered. Another key element for the acceptance criteria is that the spectrum for the free

,

field rock outcrop motion be equal to or less than the smooth spectra shown in Fig. 3-2.
1

Issues related to potential site instability or ground rupture due to steep topography, soft

soils, liquefaction or fault rupture should be treated as site-specific issues and dealt with

on a case by case basis.
, ,_

Finally, it may be noted that the analyses presented in this report were based on the

~'
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(. distribution of maximum shear wave velocities with depth and thus did not require
,

specification of a depth to water table at the site. Therefore, the water table could be at

any depth as long as the variations of maximum shear wave velocities with depth are

within the range discussed above and that any local site instability issues are resolved.
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APPENDIX B

CIIARACTERISTICS OF
SELECTED CONTROL MOTIONS

EARTIIQUAKE
GROUND MOTIONS

,
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CONTROL MOTION
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DEVELOPMENT OF

( GENERIC S0IL SITES

DONE IN CONJUNCTION WITII -

C-E/ DOE ALWR CERTIFICATION

September 4,1990
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APPENDLX B

CHARACTERISTICS OF-

SELECTED CONTROL MOTIONS

The synthetic time histories generated to represent horizontal components H1 and H2 and

to represent the vertical component are presented in this Appendix. The acceleration,

velocity and displacement time histories for component H1 are presented in Figs. B-1

through B-3, respectively. Figure B-4 shows the Fourier amplitudes and Figs.B-5 and

B-6 show the power spectral density (PSD) and cumulative PSD for this component.

Corresponding parameters for component H2 are shown in Figs. B-7 tnrough B-12 and

those for the vertical components in Figs. B 13 through B-18.

The correlation coefficients for components H1 and H2 are presented in Fig. B-19, those

for H1 and V in Fig. B-20 and those for H2 and V in Fig. B 21.

(

,

.

Page B - 1

. . . _



__ _ __.
_ _ _ _ _ _ _ _

.
.

a .

June 1990 -- IMI
C-E/ DOE ALWR CERTIFICATION

0. 3
_

:̂
0.2m _

j'

l : 'w --

1)L
- '0.1

~

,

$ -
l !|

'

I r ,

;
.

. i
- I N I

k
( I' i F)'0.0 1

'

E -0.1
~

i
'

-

o
-

-

O
9 2

- 0.2
_

~

_

' ' ' ' '
~ 0* 3 '''''''''''''''''''''25 30~ ' ' '

O 5 10 15 20
Time - sec

Fig. B-1

SYNTIIETIC ACCELERATION TIME HISTORY
COMPONENT H1

1
I



- - ..- - - - - -

_ . . _ . . . .
. .

.

mm

.

IMIC-E/ DOE ALWR CERTIFICATION June 1990 --

|

|
' 20

_

_

O
^

k 10
_

; i ,

b
_

|| t [} \ \ It{ |\- u

O $
--

F
- - -k i j y )

> 4
_

f
- 0G
-

,

1 j | i0
''

-10 > , ,

_

t ''''' ''''''''t 2o ' ' ' ' 2S M-2g ' ' ' ' j ' ' ' ' f g ' fS
Time - sec

Fig. B-2

VELOCITY -- SYNTHETIC TIME HISTORY
COMPONENT H1

.

O



"

.
.

.

n.

C-E/ DOE ALWR CERTIFICATION June 1990 -- IMI

to
_

l$ ~

-

l 5
-

-

- -

~

A '

0
g _ W'W WJ l V W
.9

-

g _

@ -5 y

Q -

_

_

,,,,,,,i,,,,,,,,,i,,,,i,,,,, ,

~ ' 'D 5 to 15 20 25 30
Time - sec

Fig. B-3

DISPLACEMENT -- SYNTHETIC TIME HISTORY
COMPONENT H1

-

,
_- .

,



.

*

.

nn.

C-E/ DOE ALWR CERTIFICATION June 1990 -- IMI

I

1 I

55

Y h Yk._ _

h.J
..

'

.

\
...

i !
i Jy r 1en

Y]
'

'
1

I#
,1 .f lu,

''

f 0 -'

] / -Hbl f;i/
'

> '

; / J~
l94 /

{$ / ______

/x

| b lo'
~~

f _ :::::

O
---~~

t

.____..

I

II
t o ,'' -, |, ,o,

'

g , ,g

Frequency - hz

Fig. B-4

FOURIER AMPLITUDES -- SYNTHETIC TIME HISTORY
COMPONENT H1

.
.

l _ . _ _ _



' -

.

. .

'

, _ .
.. m

IMIC-E/ DOE ALWR CERTIFICATION June 1290 --

10 -* - _-

, ,

kf &YI |I.2 F .

I I Ih.* '

.,

I 10 -, x t :.7e r,r _..

d. lg c-
- -

i ~

r
,

L '

_ Ij'&
* I

__._I::
'% r

g o -* __ - _ . -.- kI |
==_=

> ; .
'I

~ z \ |
'C i _

if I
$ o" - -

- =1f

E i

b
.10 " _qggh - -- ggg"

:::=e
_ ____-

b 10'' gigu.

i3
Ot

4!

'0
10 ~' 1 to 10'

Frequency - hz

Fig. B-5
POWER SPECTRAL DENSITY -- SYNTHETIC TIME HISTORY

. COMPONENT HI

!

~

_ _ _ _ _ ,
.. . . _ _ _ . , ..

- ~- - -
- - ' --

[



|ll||) ii

-

I
M
I

-
-

0
9
9 Y

R1
s

a Oe i

n T. g
u

. S

.

J
. I

I,

I
,

.

E,

M
, I

T
z
h CI

i o I ITI, g

- E
,

,

6IT,

Ij - T N,
,

cB N E- ,

n .YN,

euigSOP,

qF
e M
r O
F Ci ,

. D
.

S
P-

_

N .
E
VO II

T m T-

A A_-

C .-

I I
F .r- UI - - ~ _ - - - _ - - - - - I - - - - - - - - _T o MR 5 0 5 GE O-

C 1 1 0 g C
R nn myh wQ~esyeRM b03o4W oE|e*c I: L
A
E
O
D
/
E

-
C

\|1|||||||l:1f\|\|||I!|j1i!!!||i|I(||1l|1



-___- -______ _ _

|

( 5-
e

| at _

m

N.
! L _

_ _ _

. ~ >-

"at;_ -4 m5
-

N
36 -

om._.3
H

- - m
__

'

$----=e o_

-e w e
EES

-

- s_ o-

,_ ---== m e-

e Z- w g_

- o *o Z-.

-

1 |

D$_.bU-
'2 CA-

-
e No

(
- g .9 mj g

.

.,____ _

- b N me
. - a o_ _

o u~ _ _ . -- -e

-m ". _ o 4-

w
x=

_ u-

_

_

-- m

- . _ -
_

g-
_ _

-

w.

:a: +, ~-o : - _ Hc . * _ _ a a. - _g
T985--- >. m
-

_.
-

$ -_ _

" 9 e _

g ,,,, ,,,, ,,,, ,,,, ,,,, ,,,, e
4 m 9 n 9 9 9 m

o o o e o o o
% | | |

.

o.

R S - uonn.Lalaooy
%
i

O
,

.

' ~
- - . . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _

_



~

,,..

^

: .

m. -m .m.

,
,

C-E/ DOE ALWR CERTIFTutTION June 1990 -- ' JM1 4

4

| 20 :
_. ,

_

8 - ':

\= 10
-

| f
i

1'
& : 1 | I fi >

b i /' , ry ' i om 4 v/l |

-- | ' '

's 4o - -

: l 1

'

; g
-o. i

j -f C- l l ki

A -

U, :
t,

I
_

-

t.

_

22n ''''''''''''''''''''''''''' ' '
'

D 5 10 15 '20 25 30
: Time - sec

j Fig. B-8
i

VELOCITY -- SYNTHETIC TIME HISTORY l
COMPONENT II2 '

t
,

'

:-
.

vt -__--_______-_m_______._ . _ . - . . _ _ . -_



'

-. . .-

>

June 1990 -- IMI
C-E/ DOE ALWR CERTIFICATION

<

10
_

l$
-

U :
i 1 5

-

~

- b A[M . I n A /nu

g
- V"' p'" V'g\]" y~

g _

.y -5
Q -

_

_

-

i,,,,i,,,,i,,,,i,,,,i,,,,
~'%,,,,5 to 15 20 25 30

Time - sec

Fig. B-9

DISPLACEMENT -- SYNTHETIC TIME HISTORY
COMPONENT H2

-.

. . , ,
_



,

.

'

I
M
I

-
-

Y
0 R .
9 O9

T1
' Se

n o I

Hu t
J

E
M( I

Ti

i Vi

e Ci|

I
a z T,

2!

h E H~ o Ht
{t - 0T TJe 1N N(

1 l y - Y Ei!

e ~ /' c BS N
,'' 1 n1

Oe .r gPuiMqFf

I|y e$ S Ol r
.d 1F E Cy

Dv
A U

T
I
L

3, PN M'O r
T N AI

lA I /C RI .,

F ^ '
~ EI ,T I', " 0R 1 _ ~ R1E

C 0 0 0 U
1 1 ' OR n 3.3$x b.g#o4 FW O,1e I

L
A
E.
O.

D
/E

-

e
C



.

.

_ .- .
"

C-E'/ DOE ALWR CERTIFICATION June 1990 -- IMI_

10 ~" - -. - -

J. =3_==,.
--.-= =

._ __

o - Q- b d --

'

i yp j_ I._:1 ____ _

-

g

m ,
'0 -- >=, | - --- - --- -- -

| 10 ~*
' i

c, =y ;
_

,

-

;; =
,

*
i' fff .{- ''

_
s

D LI T21

hh=I to " - - -

-- =- ====

>> ;
~ , ,

h'h I
- -=

'

w 10 " - - - -- gg9A A!

g I
''

| $ 10 ~* - --.

e
%
D i

b 10~' -- -- - -

_

O
0,

' 0 "o -'1 1 to 10' |
'

Frequency - hz

Fig. B-11

POWER SPECTRAL DENSITY -- SYNTHETIC TIME HISTORY
COMPONENT H2

- - .-



\|il !4 J

.

-

-

T
M
I

-
-

0
9
9 Y
1 R"

n ,
0 Oe i

Tu , 1

SJ ,

I,

H,

,

E,

M
, I

T
z.

h C 2o Ii TH, t

- E
,

,

2IT,

Iy1 T N,

~
- , c - NE

, nB YNe
u .SO
q g P,

Mi

e Fr O
1F C.

.
. D

S
P

N .
E
VO

I I
T ~ T.~

AA .~C
I L.

F '
.' UI c:T . - . _ _ . ~ - : _- _ - _ _
6R M

E S. 0 5 9
C 1 1 0 g' U

C-

. R
W oEig* m I 3 3 mQ EstwRo Y SOkL t
A

. E. O
D
/E

, -

n c

||[ |I'|| ||, || l



.

.

* - ._.
-

.

C-E/ DOE ALWR CERTIFICAT.~0N June 1990 -- IMI

0. 3
_ I
_

_

0.2m

I : 1
- -

L, ,- |
<

'

0.1
b b !

'

W[!gq (d)!Iyikg/kjpgfy
I

'

; ;

1 ij j_4,i [ 7 |
- . .

-

:0. 0

| | I4

te -

'^

-0.1
_ ;

o -

,

9 : \- 0. 2
_ i
._

' '*''
-0* 3 ''''''''''''''''''''''''25 30 !

O 5 10 15 20
Time - sec

Fig. B-13
| !

SYNTHETIC ACCELERATION TIME HISTORY
VERTICAL COMPONENT

|

. _ . _ _ _ _ _ _



'

. .

~

,,

IMIJune 1990 --

C-E/ DOE ALWR CERTIFICATION
|

20
_

_

R 10
~ j | k E f f

rf0 --' - ! ^
g

o -

'
i

E ~''.
-

e , i e 1 e i i if a e i f i i e e f e e e e f e e e

~E 5 to 15 20 25 30
'

Time - sec

Fig. B-14

VELOCITY -- SYNTHETIC TIME HISTORY
VERTICAL COMPONENT

t

__ _
, )g



:

|)| ,|

.

_ I
M
I

0
- L 3
- ,

A0 ,

v Y9
9 R,

h1

O,

e
n v 5 T

r

u n 2 S
J v I

, Hb ,

y E,

MIT,

0 TNk ,

2 E
CN,

I c I

e T Oy , s 5 E P
,

HM\ 1
- - TO,

5 B NCv
i

e Y1 .

S LA
,

m .

g A- , i. CiT F -n. I,

- Ty , R
. o TEA i

NVt

j E,

\ M
,

,

A E,

N _v C
O A,

IT L
~ 5,

A PC _

SI

~
,

F II DT ,

R "
_

E " ,

C _ ,

R - ~ : - - - ^ - - - -W
L 0 5 o 5 %

- 1A '
~E

O $o 1 ~ g hA.
.

(D
/E

-
C

1 l1| |(l|!1,| |



,.

.

-

.

. n. A.
<

C-E/ DOE ALWR CERTITICATION June 1990 -- IMI

i 1 .

a,

; o i l '

S
I1 0) q

I1 Al '

ui
-- ~

p
i

en < '

v '

' 10 -' H f! ^
. . . , ,

a ; . -_..= y;g - - ,---
,

; *t) I I II
< y i I II

U f ' ' '

l~
.

f
'

J l
9 [

i g / !

w 10 "< -
'

f |
s /

'

, o -

*

4
:

'

10 ~*0 ~'
. 10 10"1 ',

| Frequency - hz
,

; Fig. B-16
'

. FOURIER . AMPLITUDES -- SYNTHETIC TIME HISTORY
: ' VERTICAL COMPONENT

; +

i

v. -_ _ - _ _ _ - . - _ _ . - - _ _ _ _ - - - - _ . _ - - - _ _ _ _ _ _ - . . _ - _ - _ , _ _



._

9

.

O
*

, sir'.,

IMIC-E/ DOE ALWR CERTIFICATION June 1990 --

;

t o ^' . g=,=1 = =!= = = = =y .
-=

E E dT +'o -

/ u d i i
./\ te

h k
- ( A q j -d! Y 10 " -- a

'

1;3 11
- --

|
p p - =-

e,,, j ___ t_, __ |

. -fe.---*I I
- .===- ;21 =10'' - -.-. - -

2w

(w t o -* -.. --.

q .___

'O I
k /

|~ 10 ~' - - _--=

e

k
k to~' - -----

S
O
0,

'0 10 -' 1 to 10'
Frequency - hz

Fig. B-17

POWER SPECTRAL DENSITY -- SYNTHETIC TIME IIISTORY
VERTICAL COMPONENT



.
. ,

.

~-

C-E/ DOE ALWR CERTIFICATION June 1990 -- IMI.

1. 5 -

_

o _'
m

| @
~

i |
_

cn -

* _

en _

I 1. 0 -

m
-

N
-

_

_

w -

Q ~

_

~ ~

t!
-

b
y 0.5 -

e -

R -

La
-

_

g _

o _

h -

|o
Q,

_
'

O y^g -r
'-- ' ' ' , ' '''''''a'^ ' ' ' ' ' ' ' ' ' '

gg gg
Frequenc,j - hz

Fig. B-18
CUMULATIVE PSD -- SYNTIIETIC TIME IIISTORY

VERTICAL COMPONENT |
!

- .- .-

,



___ - _ _ _ _ _ . __ - - _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ _ _ _ _ _ _ _ - _ _ - - . - - - - - - -

.

3 .

. o -,. .m
,

!

!
i

C-E/ DOE ALWR CERTIFICATION . June 1990 -- IMI
i

:

!

i

0. 3
_,

:~

I 60.2 :
'C :-,

k 0.1
~

I-

1i m : 1 1

f b t.|LWll lj j .J I?)lb d kka M V :- i i

l i ll 11 V If f T| p f y D
gg .

'

% -0.1
-

'{
U j }"~' /t yNii

y.

2
_

,- :

k -0.2
~

O -

4 o -

; -0' 3 '''''''''''''''''''''''''''''
O S 10 15 20 25 30

Time - sec,

1

Fig. B-19

CORRELATION COEFFICIENT -- H1 & H2
.

- _ . - _ ---_ --_--n- . - - - - . _ . . - _ . . _ . _ _ _ - - - _ . - - - . . _ .



.

-

..
.-

i

IMIJune 1990 --

C-E/ DOE ALWR CERTIFICATION

,

0. 3
_

~
,

i :
0.2w

'O
_

:

h 0.1
~

1e -

|

{ / dJil h1 J
-

0. 0 - I ff II

O

y -0. f
-

i.

T :

| -0.2
~

O
- j

,,i,,,,i,,,,,,,,,i,,,.
_ g,3 ,;,, , , ,

Time - sec

Fig. B-20

CORRELATION COEFFICIENT -- H1 & V

i

'
..



__ _ _ _ _

( ~

E
O

I M
i .

_.:a -

R C
= -_ - ,_

- , _

*

$ s> - to >
%

- n
_ __; .-. M-

< -

Nm

j |c-

-~

D, - 8 !
.

b
- 2"

-

$ - Z
75

~

'T _

i

~ q .__. _ e cc 2-

~w %
-- - %.a -

N .BP m.f< '

C % o
!

s o-

_sw% .

Z- ech

m1 -
.o

-

s- >
9

%m,_ . $
K - %

8 c::-
_

$
_ h
'*~

t m_-

k C
'

6 -
.

,. .

g ,,,, ,,,, , , -w , .... ,,,, e
- o - m ne e n. ' 6 6 6 6 6 6 6

$ l | |

q guatotffaos notgu7a.uos i

a i
i !

O
t

_ . . .



1

|

.

APPENDIX C
.

STRAIN-COMPATIBLE MODULUS
AND DAh1 PING VALUES

AND
'

SPECTRAL ORDINATES CALCULATED I'OR
ALL CASES CONSIDERED

EARTHQUAIG
GROUND MOTIONS

SELECTION OF
CONTROL MOTION

( AND
DEVELOPMENT OF

GENERIC SOIL SITES

, DONE IN CONJUNCTION MTTII
C-E/ DOE ALWR CERTIFICATION

September 4,1990

.-

!

.. .. . .. . _ - _ ~



_ _ _ _ _ _ -

I

APPENDIX C

STRAIN COMPATIBLE MODULUSi

AND DAMPING VALUES
AND

SPECTRAL ORDINATES CALCULATED FOR
ALL CASES CONSIDERED

The strain-compatible modulus and damping values obtained using component H1 are presented

in Tables C-1 through C-7 for all the cases considered in this project. ?dentical values of

modulus and damping values were used in conjunction with component H2,

For the vertical motions, the constrained moduli were obtained based on the appropriate strain-

compatible shear moduliin Tables C-1 through C 7 and a Poisson's ratio of 0.4. The damping

values for the verdeal motions were considered to be approximately 1/3 those listed in Tables

C-1 through C-7. The actual constrained modull and damping values used with the vertical

component are listed in Tables C-8 through C-14.

Cases B 3.5 and B-4 were also analyzed for the OBE under consideration (peak horizontal

acceleration of 0.1 g and peak vertical acceleration of 0.067 g). The moduli and damping values

used for these analyses are listed in Tables C-15a, C-15b and C-16.

.

The calculated spectra at the ground surface and at the foundation level are presented in Figs. -

C-1 through C-24 for the cases considered in this project.

.

Page C - 1
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TABLE C-1
(

STRAIN COMPATIBLE MODULUS AND DAMPING VALUES
HORIZONTAL MOTIONS

PEAK ACCELERATION = 0.3 g

CASE A - 1
.....r.....

No. Depth Rango Avg Depth Shear Modulus Damping Ratio
. ..._ .. ......... . ... . ..... ......... ... ..______.....

1 0 to S 2.5 12,215 0.000
2 5 to 10 7.5 13,243 0.012
3 10 to 20 15.0 13,719 0.017
4 20 to 30 25.0 14,211 0.022
5 30 to 40 35.0 14,740 0.025
6 40 to 52 46.0 15,437 0.027
7 3alow S2 Baso 97,000 0.020

CASE B ~ 1
( ..........

No. Depth Range Avg Depth Shaar Modulus Damping Ratio
_____.. ..... ___.... .___ .. ____. ........ ___. .._____. .. .

1 0 to 5 2.5 12,218 0.008
2 5 to 10 7.5 13,227 0.012
3 10 to 20 15.0 13,608 0.018
4 20 to 30 2S.0 14,091 0.023
5 30 to 40 35.0 14,630 0.026

'

6 40 to 52 46.0 15,329 0.027
7 52 to 60 56.0 16,026 0.029

*

8 60 to 80 70.0 16,661 0.031
9 60 to 100 90.0 17,825 0.033 y

10 Bolov 100 Base 97,000 0.020

(

. . . - _ - -__ - - - - -_ - - - - - -- - - - - - ----- ---- -
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- TABLE C.2
.

STRAIN COh!PATIBLE hiODULUS AND DAhiPING VALUES
110RIZONTAL htOTIONS

PEAK ACCELERATION = 0.3 g

i

CAGE B ~ 2
... .....

No. Depth Bange Avg Depth Shear Modulus Danping Ratio
...... ........ . . ............. ..... ... ... ..... .....

1 0 to S 2.5 3,852 0.013
2 5 to 10 7.5 3,677 0.025

,

3 10 to 20 15.0 3,397 0.039 t

4 20 to 30 25.0 3,252 0.048 i

5 30 to 40 35 0 3,203 0.055
6 40 to 52 46.0 3,200 0.062

-

7 52 to 60 56.0 3:207 0.067
6 60 to 80 70.0 3,254 0.072
9 80 to 100 90.0 3,468 0.075

10 Below 100 Base 97,000 0.020

(

CASE B ~ 3
* ..........

No. Depth Range Avg Depth Shear Modulus Damping Ratio
...... .... ...... . ...... .... . ....... . ... .......

1 0 to S 2.S 906 0.021
2 S to 10 7.5 775 0.040
3 10 to 20 15.0 63S 0.064
4 20 to 30 25.0 S23 0.088
5 30 to 40 3S.0 468 0.101
6 40 to 52 46.0 468 0.107
7 52 to 60 S6.0 SCO 0.106
8 60 to 80 70.0 548 0.104
9 80 to 100 90.0 633 0.098

10 Below 100 Base 97,000 0.020

. .

(-
-,_.~m,-, .-._. - _ , . - - . - . , - . . . - .. . . , - . . . , . - . . - - . . . . - . - . - - - , , . . . - - -~...,...,.m. -



- _ _ _-- .._.-_ _ _

TABLE C-3

STRAIN COMPATIBLE MODULUS AND DAMPINO VALUES
HORIZONTAL MOTIONS

PEAK ACCELERATION = 0.3 g

CASE B ~ 4
..... ...

No. Depth Range Avg Depth Shear Modulus Damping Ratio |.-...... ............. ............. ............. .............

1 0 to 5 2.5 869 0.025 |

2 5 to 10 7.5 687 0.050 |

3 10 to 20 15.0 543 0.079
4 20 to 30 25.0 450 0.099
5 30 to 40 35.0 419 0.112
6 40 to 52 46,0 3 72 0.128
7 $2 to 60 56.0 17,500 0.019
8 60 to 80 70.0 18,474 0.021
9 80 to 100 90.0 19,903 0.022

10 Below 100 Base 97,000 0.020

(
CASE C - 1
........

No. Depth Range Avg Depth Shear Modulus Danping Ratio
....... ............. ............. ............. .............

1 0 to 5 2.5 12,161 0.000
2 5 to 10 7.S 23,204 0.013
3 10 to 20 15.0 13,520 0.018
4 20 to 30 25.0 14.024 0.023
5. 30 to 40 35.0 14,558 0.026
6 40 to 52 46.0 15,150 0.029
7 S2 to 60 S6.0 15,548 0.031
8 60 to 80 70.0 16,249 0.034
9 80 to 100 90.0 17,738 0.034

10 100 to 120 110.0 20,709 0.032
,

il 120 to 140 130.0 19,927 0.036
12 140 to 160 150.0 21,602 0.036
13 160 to 180 170.0 23,298 0.036

| 14 180 to - 200 190.0 22,812 0.038 .

15 Belov'200 Base 97,000 0.020,,

.

, ---..y , , , , , . . ,m-- , - - r----- ,. -,.n-,., w .w-,- -v .a v - 4%sg *- - - ----+-r1- s-m-+-----m-m----s-*-w- r-e--*rr-- - - - - - -e -- e v- "
-
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TABLE C-4

STRAIN COhiPATIBLE hiODULUS AND DAhiPING VALUES
IIORIZONTAL hiOTIONS

PEAK ACCELFRATION = 0.3 g

CASE c - 2

No. Depth Range Avg Depth Shear Modulus Danping Ratio
. .. ...... .. ........ . .... ...... . .... ... ..

1 0 to S 2.5 912 0.020
2 S to 10 7.S 786 0.039
3 10 to 20 15.0 650 0.062
4 20 to 30 25.0 54S 0.085
5 30 to 40 35.0 S17 0.093
6 40 to 52 46.0 517 0.097
7 52 to 60 S6.0 S30 0.100
8 60 to 80 70.0 587 0.097
9 LO to 100 90.0 622 0.100

.' O 100 to 120 110.0 898 0.083
11 120 to 140 130.0 856 0.087
12 140 to 160 150.0 951 0.085
13 160 to 180 170.0 lo029 0.08S
14 180 to 200 190.0 919 0.093( 15 Belov 200 Base 97,000 0.020

CASE C ~ 3
..........

No. Depth Range Avg Depth Shear Modulus Damping Ratio
... . . . .. ... ......... ... ... . .. . .. .... .

1 0 to S 2.5 887 0.023
2 S to 10 7.5 728 0.045
3 10 to 20 15.0 579 0.073
4 20 to 30 25.0 494 0.092,

'

:S 30 to 40 35.0 487 0.097
6 40 to 52 46.0 470 0.107
7 S2 to 60 56.0 496 0.107
8 60 to 80 70.0 S34 0.107

, 9 80 to 100 90.0 602 0.104
|- . 10 100 to 120 110.0 24:260 0.015

*
11 120 'to 140 130.0 23,506 0.019,

12 140 to 160 150.0 2So028 0.021
13 160 to 180 170.0 26,775 0.022
14 180 to 200 190.0 26:340 0.024
15 Below 200 Baso 97:000 0.020

,

. - - . _ . - - . . -- - - a - ,-__ - _,_. __ . . - . .-...:.,-- -__,-:,, . _ - - .-



TABLE C-5
(

STRAIN COMPATIBLE MODULUS AND DAMPING VALUES
HORIZONTAL MOTIONS

PEAK ACCELERATION a 0.3 g

.

CASE D - 1
..........

No. Depth Rango Avg Depth Shear Modulus Damping Ratio
....... ... ... ..... ..... ....... ............. ...... .. ...

1 0 to S 2.5 905 0.021
2 5 to 10 7.5 767 0.041
3 10 to 20 15.0 618 0.067
4 20 to 30 25.0 504 0.091
S 30 to 40 35.0 481 0.098
6 40 to S2 46.0 509 0.098
7 S2 to 60 S6.0 529 0.101 ;

8 60 to 80 70.0 585 0.098 ;
9 80 to 100 90.0 602 0.104

10 100 to 12C a10.0 888 0.084
il 120 to 140 130.0 847 0.088
12 140 to 160 150.0 916 0.088
13 160 to 180 170.0 976 0.089

{ 14 180 to 200 190.0 855 0.098
15 200 to 220 210.0 31o726 0.016 |

.

16 220 to 240 230.0 30,588 0.020
17 240 to 260 250.0 30o793 0.024
18 260 to 280 270.0 31 040 0.024
19 280 to 300 290.0 31oS97 0.025
20 Below 300 Base 97,000 0.020

.

4

6

|

|

|
:
|

.- . _ , ,- . - _ - , , - - - . - , , . , . _ , _ _ - . - , , , . , _ . = - , - - . . . , _ . . . - . . _ . . . _ _ . . . , - - _ . . , . . _ _ _ , . . _ _ . . _ . _ . - . - . . . - - _ ._
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TABLE C-6

STRAIN COhiPATIBLE h10DULUS AND DAh1PINO VALUES
HORIZONTAL hiOTIONS

PEAK ACCELERATION = 0.3 g

CASE B - 1.5
.. ........

No. Depth Range Avg Depth Shear Modulus Damping Ratio
. .. .. . .. . . .... ..... .... . . .. . . .. ....

1 0 to 5 2.5 7,658 0.010
2 5 to 10 7.5 7,595 0.019
3 10 to 20 15.0 7,600 0.027
4 20 to 30 25.0 7,454 0.036
.~ 30 to 40 35.0 7,434 0.041
6 40 tc S2 46.0 7,522 0.045
7 52 to 60 S6.0 7,745 0.047
8 60 to 80 70.0 8,287 0.047
9 80 to 100 90.0 8,901 0.049

10 Below 100 Basu 97,000 0.020

1

CASE B - 3.5
............

No. Depth Rango Avg Depth Shear Modulus Damping Ratio .
... ___ __. . _ .. . __. . ... . . . . . . . . . ..

1 0 to 5 2.5 1,246 0.026
2 5 to 10 7.5 982 0.050
3 10 to 20 15.0 770 0.000
4 20 to 30 25.0 588 0.109
5 30 to 40 35.0 604 0.112
6 40 to 52 46.0 655 0.110
7 52 to 60 56.0 6,568 0.036
8 60 to 80 70.0 6,850 0.038
9 80 to 100 90.0 7,211 0.041

10 Below 100 Baso 97,000 0.020

.

|

__ __ .
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TABLE C-7

( STRAIN COhiPATIBLE hiODULUS AND DAhiPING VALUES
IlORIZONTAL hiOTIONS i

'PEAK ACCELERATION = 0.3 g

CASE C ~ 1.5
............

No. Depth Bange Avg Depth Shear Moduluo Damping Rat.io
....... ............. ............. ............. ......... ...

1 0 to S 2.5 3,862 0.012
2 5 to 10 7.S 3,726 0.024
3 10 to 20 15.0 3,583 0.034
4 20 to 30 25.0 3:478 0.043
S 30 to 40 35.0 3,504 0.047
6 40 to 52 46.0 3,653 0.049
7 52 to 60 56.0 3,700 0.052

'
.

8 60 to 80 70.0 3oBS1 0.056 ;

9 80 to 100 90.0 4,191 0.056
10 100 to 120 110.0 4,953 0.053
il 120 to 140 130.0 4,640 0.060
12 140 to 160 150.0 5,157 0.057
13 160 to 180 170,0 So653 0.056
14 180 to 200 190.0 sos 95 0.057

N 15 Below 200 Base 97,000 0.020

.

.
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TABLE C-8

MODULUS AND DAMPING VALUES
VERTICAL MOTION

PEAR ACCELERATION = 0.2 g

CASE A ~ 1
..........

No. Depth Range Avg Dcpth Cnstrnd. Mod. Danping Ratio
....... .......... .. .. ..... ... . ........ . .............

1 0 to S 2.5 73,290 0.0027
2 S to 10 7.5 79,458 0.0040
3 10 to 20 15.0 82,314 0.0057
4 20 to 30 25.0 85,266 0.0073
5 30 to 40 35.0 88,440 0.0083
6 40 to S2 46.0 92,622 0.0090
7 Below S2 Base 302,000 0.0067

.

CASE B ~ 1
.........

( ...$'. . . $$ . .$$ . . $. $$ .. $$.$$1.$1 $.$$. $
1 0 to S 2.5 73,300 0.0027
2 S to 10 7.5 79,362 0.0040'
3 10 to 20 15.0 81,648 0.0060
4 20 to 30 25.0 84,546 0.0077.
S 30 to 40 35.0 B7,780 0.0087
6 40 to S2 46,0 91,974 0.0090
7 S2 to 60 56.0 96,156 0.009"
B 60 to 80 70.0 99,966 0.0103
9 80 to 100 90.0 106,950 0.0110

10 Below 100 Base ~ 3 02, 0u, 0.0067

Notest + Constrained nodull are obtained using the correspend. sng
strain. compatible shear noduli for the cases listed .in
Tables C-1 through C-7, and a Poisson's ratio of 0.4.

+ Damping ratios are approx 1/3 the corresponding strain ~
conpatible danping ratios listed in these tables.

,

)
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TABLE C-9

MODULUS AND DAMPING VALUES
VERTICAL MOTION

PEAK ACCELERATION = 0.2 g

CASE D - 2
..........

No. Depth Range Avg Depth Cnstrnd, t.od. Damping Ratio
. .... ....... . . . ........... . . . ... . ... ... .. ..

1 0 to 5 2.5 23,112 0.0043
2 S to 10 7.5 22 062 0.0083
3 10 to 20 15.0 20,382 0.0130
4 20 to 30 25.0 19:512 0.0160
5 30 to 40 35.0 19:218 0.0183
6 40 to 52 46.0 19,240 0.0207
7 S2 to 60 56.0 19,242 0.0223
8 60 to 80 70.0 19,524 0.0240
9 80 to 100 90.0 20,000 0.0250

10 Below 100 Base 302,000 0.0067

k CASE B ~ 3
. . . . . . . . . . .

No. Depth Range Avg Depth Cnstrnd. Mod. Damping Ratio
. .... ....... .. .......... .. ... ..... ..... . . .

1 0 to S 2.5 S,436 0.0070
2 S to 10- 7.5 4,650 0.0133
3 10 to 20 15.0 3r810 0.0213
4 20 to 30 25.0 3 138 0.0293
5 30 to 40 35.0 2r808 0.0337

,

6 40 to 52 46.0 2,808 0.0357 ''

7 52 to 60 56.0 3r000 0.0353
8 60 to 80 70.0 3 200 0.0347
9 80 to 100 90.0 3,798 0.0327

10 Below 100 Base 302 000 0.0067

Notes: + constrained moduli are obtained using the corresponding
strain-compatible shear moduli for the cases listed in
Tables C-1'through C-7, and a Poisson's ratio of 0.4. '

* Damping ratios are approx 1/3 the corresponding strain ~*
,

compatible damping ratios listed in these tables.

( -

t
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TABLE C 10
f
'

MODULUS AND DAMP!NG VALUES
VERTICAL MOTION

PEAK ACCELERATION = 0.2 g

CASE B - 4
..........

No. Depth Range Avg Depth Cnstrnd. Mod. Damping Ratio
....... ............. ............ -............. .............

1 0 to S 2.5 So214 0.0083
2 S to 10 7.5 4:122 0.0167
3 10 to 20 15.0 3:258 0.0263
4 20 to 30 25.0 2r700 0.0330
5 30 to 40 35.0 2:S14 0.0373
6 40 to S2 46.0 2,232 0.0427
7 S2 to 60 S'.0 105 048 0.0063
8 60 to 80 *i0.0 110,844 0.0070
9- 80 to 100 90.0 119,418 0.0073 ,10 Below 100 Base 302,000 0.0067

CASE C - 1(- ..........

No. Depth Ranga Avg Depth Cnstrnd. Hod. Damping Ratio
....... ............. ............. ............. .............

1 0 to S 2.5 72,966 0.0027
2 5 to 10 7.5 79 224 0.0043
3 10 to 20 15.0 81 120 0.0060
4 -20 to 30 25.0 84o144 0.0077
5 30 to 40 35.0 87o348 0.00C7
6 40 to 52 46.0 90r900 0.0097
7 52 to 60 56.0 93o288 0.0103
8 60 to 80 70.0 97:494 0.0113
9 80 to 100 90.0 106,428 0.0113

10 100 to 120 110.0 124 254 0.0107
il 120 to 140 130.0 119:562 0.0120
12 140 to 160 150.0 129,612 0.0120
13 160 to 180 170.0 139,788 0.0120
14 180 to 200 190.0 136oB72 0.0127
15 Below 200 Basa 302:000 0.0067

.

' Notest + Constrained nodull are obtained using the corresponding
1 strain. compatible shear noduli for the cases listed in
| Tables C-1 through C-7, and a Poisson's ratio of 0.4,

\ + Damping ratios are approx 1/3 the corresponding strain ~
conpatible danping ratios listed in these tables.

|

t
'
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TABLE C-11
( |

MODULUS AND DAMPING VALUES |
'VERTICAL MOTION

PEAK ACCELERATION = 0.2 g

CASE C ~ 2
..........

No. Depth Range Avg Depth Cnstrnd. Mod. Danping Ratio '

....... ............. ..... .... .. ............. .............

1 0 to S 2.S So472 0.0067
2 5 to 10 7.5 4 716 0,0130
3 10 to 20 15.0 3o900 0.0207
4 20 to 30 25.0 3,270 0.0283
S 30 to 40 35.0 3,102 0.0310
6 40 to 52 46.0 3,102 0.0323
7 S2 to 60 36.0 3:100 0.0333
8 60 to 80 70.0 3:522 0.0323
9 80 to 100 90.0 3,732 0.0333

10 100 to 120 110.0 So388 0.0277
11 120 to 140 130.0 5:136 0.0290
11 140 to 160 150.0 So706 0.0283
13 160 to 180 170.0 6:174 0.0283
14 180 to 200 190.0 sos 14 0.0310
15 Delow 200 Baso 302 000 0.0067

CASE C ~ 3
.......... .

No. Depth Rango Avg Depth Cnstrnd. Hod. Desping Ratio
....... ............. ............. ............. .............

1 0 to S 2.5 So322 0.0077
2 S. to 10 7.5 4 368 0.0150
3 10 to 20 15.0 3,474 0.0243
4 20 to 30 25.0 2,964 0.0307
5 30 to 40 35.0 2o922 0.0323
6 40 to 52 46.0 2,820 0.0357
7 52 to 60 56.0 2,976 0.0357
8 60 to 80 70.0 3 204 0.0357
9 90 to 100 90.0 3,612 0.0347

10 100 to 120 110.0 145,560 0.00S0
il 120 to 140 130.0 141,036 0.0063
12 140 to 160 150.0 150,160 0.0070
13 160 to 180 170.0 160,650 0.0073

| 14 180 to 200 190.0 158o040 0.0080
' *

15 Below 200 Baso 302:000 0.0067.

Notest e Constrained nodull are obtained using the corresponding
strain-compatibio shear nodull for the cases listed in
Tables C-1 through C-7, and a Poisson's ratio of 0.4.

{' e Damping ratios are approx 1/3 the corresponding strain ~
compatibio danping ratios listed in these tables.

1
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TABLE C 12

MODULUS AND DAMPlNG VALUES
VERTICAL MOTION

PEAK ACCELERATION = 0.2 g

cAss o - 1
..........

No. Depth Rango Avg Dopth Cnstrnd. Hod. Danping Ratio
.... ........ . .. ... ...... ... ...... . . . . . . . . . .

1 0 to S 2.5 Sr430 0.0070
2 5 to 10 7.5 4,602 0.0137
3 10 to 20 15.0 3,700 0.0223
4 20 to 30 25.0 3,024 0.0303
5 30 to 40 35.0 2,086 0.0327
6 40 to 52 46.0 3,054 0.0327
7 52 to 60 56.0 3,174 0.0337
8 60 to 80 70.0 3r510 0.0327
9 80 to 100 90.0 3,612 0.0347

10 100 to 120 110.0 5:328 0.0280
11 120 to 140 130.0 So002 0.0?93
12 140 to 160 150.0 5,496 0.0i93
13 160 to 100 1'9.0 SOBS 6 0.0297
14 180 to 200 190.0 5,130 0.0327
15 200 to 220 210.0 190,356 0.0053

i 16 220 to 240 230.0 183,528 0.0067
\ 17 240 to 260 250.0 184,750 0.0080

18 260 to 280 270.0 191,040 0.0000
19 200 to 300 290.0 189,582 0.0003
20 Below 300 Baso 302,000 0.0067

.

50tos: * Constrained nodull are obtained using the corresponding
strain-compatibio shear noduli for the cases listed in
Tabics C-1 through C-7, and a Poisson's ratio of 0.4.

* Damping ratios are approx 1/3 the corresponding strain-
compatibio damping ratios listed in those tables.

-
.
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TABLE C-13

(
MODULUS AND DAMPING VALUES

VERTICAL MOTION
PEAK ACCELERATION = 0.2 g

CASE B - 1.5
............

No. Depth Rango Avg Depth Cnstrnd. Hod. Damping Ratio
....... .... ........ ........... . .......... .. . .. .....

1 0 to 5 2.5 73,300 0.0033
2 5 to 10 7.5 79,362 0.0063
3 10 to 20 15.0 81,648 0.0090
4 20 to 30 25.0 84,546 0.0120
5 30 to 40 35.0 87,780 0.0137
6 40 to 52 46.0 91,974 0.0150
7 52 to 60 56.0 96,156 0.0157
8 60 to 80 70.0 99,966 0.0157
9 80 to 100 90.0 106 950 0.0163

10 Bolov 200 Basa 302 000 0.0067
.

( CASE D - 3 . 5
...........

No. Depth Range Avg Depth Cnstrnd. Hod. Damping Ratio
....... ...... ... .. .... .. ..... ... ... .... .... ..

1 0 to 5 2.5 7,476 0.0087
2 5 to 10 7.5 5:092 0.0167
3 10 to 20 15.0 4,620 0.0267
4 20 to 30 25.0 3r528 0.0363
5 30 to 40 35.0 3,624 0.0373
6 40 to b2 46.0 3,930 0.0367
7 52 to 60 56.0 39,408 0.0120
8 60 to 80 70.0 41,100 0.0127
9 80 to 100 90.0 43o266 0.0137

10 Below 100 Base 302,000 0.0067

Notest + constrained moduli are obtained using the corresponding
strain-compatibio shear noduli for the cases listed in
Tables C-1 through C-7, and a Poisson's ratio of 0.4.

4 Damping ratios are approx 1/3 the corresponding strain-,.

compatible damping ratios listed in these tables.

(
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TABLE C-14
i

MODULUS AND DAMPING VALUES
VERTICAL MOTION

PEAK ACCELERATION = 0.2 g

CASE C - 1.5
............

No. Depth Rango Avg Depth Cnctrnd. Hod. Damping Ratio
....... ... ........ ........... ............ .. .... ...

1 0 to 5 2.5 23:172 0.0040
2 5 to 10 7.5 22,356 0.0080
3 10 to 20 15.0 21:498 0.0113
4 20 to 30 25.0 20,860 0.0143
5 30 to 40 35.0 21:024 0.0157
6 40 to 52 46.0 21,918 0.0163
7 52 to 60 56.0 22:200 0,0173

. B 60 to 80 70.0 23o106 0.0187
9 80 to 100 90.0 25o146 0.0187

10 100 to 120 110.0 29,718 0.0177
il 120 to 140 130.0 27,840 0.0200
12 140 to 160 150.0 30,942 0.0190
13 160 to 100 170.0 33,918 0.0187
14 180 to 200 190.0 33,570 0.0190

|,

15 Below 200 Baso 302:000 0.0067

Notest t Constrained noduli are obtained using the corresponding
strain-compatibio shear noduli for the casos listed in
Tables C-1 through C-7, and a Poisson's ratio of 0.4.a

+ Damping ratios are approx 1/3 the corresponding strain ~
compatibio danping ratios listed in those tables.

*
.
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TABLE C 15a
(

MODULUS AND DAMPINO VALUES
IlORIZONTAL MOTIONS,

PEAK ACCELERATION = 0.1 g

crst B . 3.5
............

No. Depth Range Avg Depth Shear Modulus Danping Ratio
....... ............. ............. ............. .............

1 0 to S 2.5 lo246 0.016
2 S to 10 7.5 983 0.033
3 10 to 20 15.0 771 0.049
4 20 to 30 25.0 589 0.074
5 30 to ' 40 35.0 605 0.075
6 40 to 52 46.0 656 0.075

*

7 52 to 60 56.0 6,572 0.021
| 8 60 to 80 70.0 6,851 0.023

9 80- to 100 90.0 7,214 0.024
10 Below-100 Base 97,000 0.010

{ CESE B ~ 4
..........

No. Depth Range Avg Depth Shear Modulus Damping Ratio
....... ............. ............. ............. .............

1 0 to S 2.5 869 0.015
2 5 to 10 7.5 685 0.031
3 10 to' 20 15.0' 544 0.046-
4 20 to 30 25.0 488 0.0SS
S 30 to 40 35.0 421 0.071
6 40 to 52 46.0 3 71 0.084
7 .52 to. 60 S6.0 17,502 0.011
8 60 to 80 70.0 19,835 0.011
9 80 to 100 90.0 19,901 0.013

10 Belcw 100 Base 97,000 0.010

Notest + Moduli are the strain-compatible nodull obtained for cases -

.. with peak acceleration = 0.3 g at rock outcrop." . . .
+ Damping values are conpatible with strains developed for

peak acceleration . 0.1 y at rock outcrop.

t

|

|
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TABLE C-15b
(

MODULUS AND DAMPING VALUES
HOIUZONTAL MOTIONS

'

PEAK ACCELERATION = 0.1 g

CASE B ~ 3.5

No. Depth Range Avg Depth Shear Modulus Damping Ratio
....... ....... ... ...... .... . ......... ... .... ......

1 0 to S 2.5 1,354 0.016
2 S to 10 7.5 lo259 0.030
3 10 to 20 15.0 1o141 0.044
4 20 to 30 25.0 lo123 0.051
5 30 to 40 35.0 1,160 0.055
6 40 to 52 46.0 1,161 0.061
7 52 to 60 56.0 7,435 0.024 ,

8 60 to BC 70.0 7,957 0.024
9 80 to 100 90.0 8,768 0.023

10 Below 100 Base 97,000 0.010

1

( CASE B ~ 4
..........

No. Depth Range Avg Depth Shear Modulus Damping Ratio
... ... . .......... ... .... .. .. .... ... ........ ....

1 0 to S 2.5 928 0.018-
2 S to 10 7.5 838 0.034
3 10 to 20 15.0 770 0.046
4 20 to 30 25.0 714 0.061
5 30 to 40 35.0 705 0.068
6 40 to 52 46.0 734 0.070
7 S2 to 60 56.0 18 424 0.012
8 60 to 80 70.0 19,782 0.012
9 80 to 100 90.0 21,573 0,012

10 Below 100 Base 97o000 0.010

Notes: * Modulus and damping values are compatible with strains '

developed for peak acceleration = 0.1 g at rock outcrop.

*
,
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TABLE C-16

(
MODULUS AND DAMPINO VALUES

VERTICAL MOTION
PEAK ACCELERATION = 0.067 g

CASE B - 3.5 '

............

No. Depth Range Avg Depth Cnstrnd. Mod. Danping Ratio
...... ..... .. .... ....... . .. ......... ........ ...

1 0 to 5 2.5 7,476 0.0053
2 5 to 10 7.5 5,898 0.0110
3 10 to 20 15.0 4,626 0.0163
4 20 to 30 25.0 3,534 0.0247
5 30 to 40 35.0 3,630 0.0250
6 40 to 52 46.0 3,936 0.0250
7 52 to 60 56.0 39,432 0.0070
8 60 to 80 70.0 41,106 0.0077
9 80 to 100 90.0 43,284 0.0000

10 Below 100 Base 302,000 0.0067

( '''E.".;.'
No. Depth Ranga Avg Depth Cnstrnd. Mod. Damping Ratio

....... ... ......... . ..... .... ........ . . . ..... ....

1 0 to 5 2.5 5,214 0.0050
2 5 to 10 7.5 4,122 0.0103
3 10 to 20 15 1 3,258 0.0153
4 20 to 30 25.0 2,700 0.0183
5 30 to 40 35.0 2,514 0.0237
6 40' to 52 46.0 2,232 0.0200
7 52 to 60 56.0 105,048 0.0037
8 60 to 80 70.0 110,844 0.0037
9 80 to 100 90.0 119,418 0.0043

10 Below 100 Base 302,000 0.0067

Notos: + constrained modull are obtained using the corresponding
strain-compatibio shear moduli for the cases listed in
Tablo C-15a, and a Poisson's ratio of 0.4.* *

4 Danping ratios are approx 1/3 the corresponding strain-
compatibio damping ratios listed in Table C-15a.

(
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pitqrtt;ign 220.5

Section 3.7.1.1 - The effect of differential seismic ,

dispincement on the equipment and supports is not described
in Section 3.7.2.1 as stated in the last paragraph of
Section 3.7.1.1. provido a discussion of the effect.

Response 220.5
|

For analyses which aie performed by the fuily-coupled
time-history method, the effect of differential support . ,

motions is inherently included by the methods described in
Section 3.7.2. For subsystem response spectrum analyses,
the offect of differential support motions is considered by
the methods described in CESSAR-DC Section 3.7.3.1.

CESSAR-DC-Section 3.7.1.1 will be corrected in a future
amendment to make reference to Section 3.7.3.1.
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3.7 SEISMIC DESIGN

3.7.1 SEISMIC INPUT
>

3.7.1.1 Seismic Input ,

This_section discusses the seismic design tsrameters and
methodologies being used for the design of- those systems and
subsystems important to safety and classified as Category I in
Section 3.2.-

ThefSystem 80+ - Standard Design- as defined by CESSAR-DC is not
based on a specific site. Generic site conditions were selected
to cover-a range-of possible conditions for the System 80+ sites.
More specifically, sets of representative cases from'each of four-
generic site categories were evaluated to create the ground
surf ace - and foundation level _ spectra shown in .. Figures _ 3.7-1
through;3.7-24. Out;of 12 soil cases analyzed in Section 2.5.2,
nine ' are - used ' in the soil structure interaction (SSI) analysis.

'3 Thel three cases eliminated in the SSI analysis _( A1, B3 and D1)
.were --non-governing cases whose soil response levels- were
enveloped by other cases. See Section 2.5.2 fc| details of this..,

analysis phase.

The ef fect of. dif ferential seismic displacement on the equipment I-
and s pports is included in the analysis as described in~Section
3.7 1. .

3.7.1.2' . Design Time' History

For the time history method .of analysis, three design . time
-histories are generated that'are consistent with the design-rock
outcrop spectra at the free 1 field. The: characteristics- of each
-time history are presentcd -in Section 2.5.2.5.1. The response

spectra _ plots for these time histories .are ' shown in _ Figures
3.'7-251through 3.7-27.

3.7.1.3 Critical Damping Values

Dampirig values Jused for various nuclear safety-related structures
systems and components are based upon - Regulatory Guide - 1.61.or
ASME | Codai . Case N-411-1 - (See' Figure 3.7-41) . These values - are

expressed' in percent - of critical Edamping and- are given in Table'

~ ~ 3 '. 7 - 1. When the-response spectra method of analysis is used for;<-

piping, damping values are based on Code case N-411-1.
.-

1

Amendment I
3.7-1 Decethber 21, 1990

._ , . -_a, _. - - . . - . . . . . _ _ _ , _ , _ . _ . . _ . _ . . . . _ . _ . . _ . _ _ _ . _ _ _ . . . . . _ _ . . . . . , _ . _ . , , . , _ _ . .
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Ouestion 220.8

Section 3.7.1.2 - liow were the time histories shown in
Figures 3.7-25 through 3.7-27 developed? What rules were
used to determine the compatibility of these time histories
with the smoothed spectra? Identify the frequency intervals
at which the spectra values were calculated. Are those
smoothed spectra the rock outcrop spectra presented in
Section 2.57

Resnonse 220.8

The time histories shown in Figs. 3.7-25 through 3.7-27 were
generated using the program RASCAL (Silva and Lee, 1987),
the frequencies used for calculating the spectrum are listed
in Table 1 together with the calculated spectral ordinates
for the target spectrum and the spectrum for the generated
synthetic time history Hl. (Note that the same frequencies
were used for H2 and for the vertical components of the
synthetic time histories). These spectra are plotted in
Fig. 1.

The ratio of the spectral ordinates calculated for the
synthetic tj ae history divided by those for the terget
spectrum ar., listed in the fourth column of Table 1 and are
plotted in Fig. 2. As can be noted from Fig. 2 and from
Table 1, the spectrum for the synthetic time history is less
than the target spectrum at the five frequencies listed
below:

Frecuency-llz Ratio
3 0.97

6.75 0.94
18 0.95
19 0.98
25 0.91

p.

|

*
,

|

|

I

_ _ _ , _,_ , __ _ _ __ . , _ , , . _ ,-
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Table 1
Spectra for Target Spectrum And for Synthetic Time Ilistory

Frequency Target Time History

(Hz) (g) -(g) Ratio

0.1 0.0037

0.2 0.0270 0.0309 1.14

03 0.0500 0.0614 1.23

0.4 0.0730 0.0795 1.09

0.5 0.0960 0.1024 1.07

0.6 0.1150 0.1325 1.15

0.7 0.1340 0.1335 1.00

0.8 0.1530 0.1748 1.14

0.9 0;719 0.1764 1.03

1.0 0.1909 0.2038 1.07

1.1 02099 '0.2191 1.04

1.2 0.2289 0.2484 1.09

13 0.2479 0.2825 1.14

1.4 - 0.2669 03165 1.19

1.5 0.2859 03222- 1.13

1.6 03048 03085 1.01

1.7 03238 03642 1.12

1.8 03428 03718 1.0S

1.9 03618 03877 1.07

2.0 0380S 03966 1.M

2.1 03998 0.4355 1.09

2.2 0.4188 0.4345 1.M

23 0.4377 0.4544 1.M

2.4 0.4567 0.4782 1.05

2.5 0.4757 0.5014 1.05

2.6 0.4947 0.5148 1.04

2.7 0.5137 0.5646 1.10

2.8 0.5327 0.5757 1.08

- 2.9 0.5517- 0.5693 1.03

3.0 0.5706 0.5549 0.97

3.15 0.5991 0.6318 1.05

'330 0.6276 0.6857- 1.09

3.45- 0.6349 0.6718 1.06

3.60 0.6369 0.6598 1.M
..

3.80 0.6395 0.6693 1.05

4.00 0.6419 0.6776 1.06

4.20 0.6442 0.6932 1.08
.

n ,-- ,ve e, -- - - - , - en -,m- - pr ~ m - - - - .n- -, , ,_,- w- -wr-, , , , - , - - ~,e-- - 7 -
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4.40 0.6464 0.6753 1.N
4.60 0.6484 0.7092 1.09

4.80 0.6505 0.6678 1.03

5.00 0.6524 0.67N 1.03

5.25 0.6547 0.6897 1.05

5.50 0.6569 0.7345 1.12

5.75 0.6589 0.7(X)5 1.06

6.00 0.6609 0.6812 1.03

6.25 0.6629 0.7573 1.14

6.50 0.6647 0.7256 1.09

6.75 0.6665 0.6252 0.94

7.00 0.66d2 0.7067 1.06

7.25 0.6698 0.7125 1.06

7.50 0.6714 0.6751 1.01

7.75 0.6730 0.7447 1.11

8.00 0.6745 0.8094 1.20

8.50 0.6773 0.6969 1.03

9.00 0.6800 0.7019 1.03

9.50 0.6826 0.7165 1.05

10.0 0.6850 0.7069 1.03

10.5 0.6873 0.7075 1.03

11.0 0.6895 0.7012 1.02

11.5 0.6915 0.7454 1.0S

12.0 0.6935 0.7217 1N
12.5 0.6955 0.6989 1.00

13.0 0.6973 0.7484 1,07'

-

13.5 0.6991 0.7431 1.M

14.0 0.7008 0.7564 1.08

14.5 0.7024 0.7600 1.08

15 0.7040 0.7111 1.01

16 0.7071 0.7591 1.07

17 0.7099 0.7748 1.09

18 0.7126 0.6757 0.95

19 0.7152 0.7032 0.98

20 0.7176 0.7198 1.00

22 0.7220 0.7205 1.00

25 0.7281 0.6654 0.91

28 0.6248 0.6252 1.00

31 0.5321 0.5375 1.01
.

34 0.4480 0.4995 1.11

35 0.4216 0.4447 1.05

37.5 0.3588 0.4087 1.14

|

i
(

|

_ ._ _ _ _
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40.0 03000 03954 132

42.5 03000 03606 1.20

45.0 03000 03530 1.18

47.5 03000 03468 1.16

50.0 03000 03428 1.14

100.0 03000 030(M 1.00

.
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Ouestion 220.10

Section 3.7.1.4 - There is no Referenco 21.

Response 220.10

The correct reference is #7, This correction will be mado
~ in a future amendment to CESSAR-DC.

.
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3.7.1.4 Supporting Media or Seismic Category I Structures

Category I structures are fou led directly on rock or competent
soil. The foundation embedme t depth for System 804 standard
plant is 52 feet (Reference ). The rock properties and the
layering characteristics, including shear wave velocity, chearmodulus, and density, are given in Section 2.5. The System 80+
Standart plant is designed for the range of soil conditions
discussed in Section 2.5 and shown in Appendix 3.78.
3.7.1.4.1 Soil Structure Interaction (SSI)
Two different types of analysis methodologies are used for the
seismic analyses. For the fixed-base cases, modal superpositiontime history analyses are performed using the rock outcropmotions as control motions. When a structure is supported onsoil, the SSI is taken into account by coupling the structural
model with the soil medium. To accomplish this, the methodologyof the computer program SASSI (System for Analysis o '' o i l.

Structure Interaction, Reference 6) is used. Deta21edmethodology and results of the SSI analysis are presented in
Appendix 3.7B.

3.7.2 SEISMIC SYSTEM ANALYSIS
-

:
3.7.2.1 Seismic Analysis Method

3.7.2.1.1 Seismic Category 1 Structures, Systems, and I

Components Other Than NSSS

The Reactor Building (RB) is modeled as a multi-degree of freedom
system for the seismic analysis. Figures 3.7-28 throug. 3.7-30show typical sketches of the three structural components of the
overall model - Internal Structure (IS), Shield Building (SB),
and Steel Containment Vessel (SCV). Figure 3.7-31 is a schematic
representation of the combined structural model of the RB. TheRB is modeled as a lumped mass-spring model.

Further details of dynamic modeling of building structures for
seismic analysis are described in Section 3.7.2.3. Thehorizontal models are analyzed for .the plant E-W direction and
N-S direction excitations and the vertical model for verticalexcitation. The results are then combined as described inSection 3.7.2.6. The seismic analysis of the above systems is.

performed by one of the following methods:

Amendment I
3.7-2 December 21, 1990

J
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Question 220.11
,

i

Section 3.7.2.1 -~Provido discussion on how the effects of
relative displacement among supports is considered in a
seismic analysis. Discuss also the manner in which the
foundation torsion and rocking are handled in a seismic
analysis using input basemat motion derived from a
soil-structure interaction analysis. (see also Comment
220.5)

Resnonse 220.11

Relative displacement at supports is considered when
different supports of a structure are excited by different
input excitations. In the analysis of the coupled
components of the RCS, excitations are input at a single
point, the containment basemat. For the coupled components
of the RCS the relative support displacements are inherently
accounted for during the. coupled analysis. The basemat
motion derived from the soil-structure interaction analysis
consists of six time histories per soil case, three linear
and three rotational. For each soil casn all six time
history motions are applied at the containment basemat.

The calculated motions for input to subsequent subsystem
analyses therefore include the motions caused by the
foundation torsion and rocking.

.

._
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Question _220.12

Section 3.7.2.1.1 - The mesh of the finite c'7 ment model
shown in Figure 3.7-30 seems coarse. Is there any
parametric study performed to determine if stiffness
characteristics of the containment vessel are properly
represented by these coarse mesh finite elements?

Response 220.12

The finito element model of the Steel Containment Vessel
(SCV) shown in Figure 3.7-90 was used only in the
soil-structure interaction (SSI) analysis. Typically, stick
models are used in SSI analyses of containment structures.
However, in order to capture more accurately " breathing"
modes and other higher order modes of the containment, a
finito element model with shell elements was developed for
the SCV.

A comparison of the SCV SSI medel with a more detailed
axisymmetric model was made in order to fine tune the
natural frequencies and mass participation factors of the
SCV SSI model. The axisymmetric model shown in Figure
220.12.1 was developed with the computur program ANSYS and
was used as a benchmark for this fine tuning. The SCV SSI
model properties were adjusted to get a match of dynamic
properties with the more detailed ANSYS model.

.

._ . . . . . . . _ . . . . . . . . . . . . . . ~
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Figure 220.12-1 - Arisymmetric model of the SCV used in fine-tuning of the SSI
model.
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Ouestion 220.13

Section 3.7.2.1.1 - This section did not present all Seismic
Category I structures, systems, and components as the title
indicated. List all Category I structures, systems, and
components and identify the method of analysis for each.

Resoonse 220.13

Seismic Category I structures, systems, and components are
identified in CESSAR-DC Table 3.2-1. The methods of seismic
analysis include response spectrum, and time history which-
are described in Section 3.7.2. An equivalent static load
method of analysis is used for some subsystems as described
in Section 3.7.3.5. The appropriate analysis method is used
during the detailed design phase.

CESSAR-DC Section 3.7.2.1.1 will be revised in a future
amendment to add a reference to Table 3.2-1.

.
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3.7.1.4 Supporting Media for Seismic Category I Structures

Category I structures are founded directly on rock or competent
soil. The foundation embedmont depth for System 80+ standard
plant is 52 feet (Reference 21). The rock properties and the
layering characteristics, including shear wave velocity, shear
modulus, and density, are given in Section 2.5. The System 80+
Standard Plant is designed for the range of soil conditions
discussed in Section 2.5 and shown in Appendix 3.7B.

3.7.1.4.1 Soil Structure Interaction (SSI)
Two different types of analysis methodologies are used for the
seismic analyses. For the fixed-base cases, modal superposition
time history analyses are performed using the rock outcrop
motions as control motions. When a structure is supported on
soil, the SSI in taken into account by coupling the structural
model with the soil medium. To accomplish this, the methodology
of the computer program SASSI (System for Analysis of soil
Structure Interaction, Reference 6) is used. Detailed
methodology and results of the SSI analysis are presented in
Appendix 3.7B.

3.7.2 SEISMIC SYSTEM ANALYSIS

3.7.2.1 Seismic Analysis Method

13.7.2.1.1 Seismic Category I Structures, Systems, and
C QapJfgL -

$2nnL C87twn1 Z S TRutrvR L 5, $1STt.m s wp CcM!NLMT S 4R L ] DtH Tirt[.p N 78 W .1
mohw a ~rMti-degrec at Treeaomfic huumMidiug thu) lu

( system for the seismic analysis. Figures 3.7-28 through 3.7-30
,

show typical sketches of the three structural components of the
| overall model - Internal Structure (IS), Shield Building (SB),
| and Steel containment Vessel (SCV). Figure 3.7-31 is a schematic
| representation of the combined structural model of the RB. The
| RB is modeled as a lumped mass-spring model.
|

| Further details of dynamic modeling of building structures for
| seismic analysis are described in Section 3.7.2.3. The
! horizontal models are analyzed for the plant E-W direction and
|, N-S direction excitations and the vertical model for vertical.
| excitation. The results are then combined as described in
i Section 3.7.2.6. The seismic analysis of the above systems is

performed by one of the following methods:

Amendment I
3.7-2 December 21, 1990
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Ouestion 220.14

Section 3.7.2.1.1 - The statement "The horizontal models are
analyzed for the plant E-W direction and N-S direction..."
seems to indicate that two horizontal models are used for
each building structure. Since the two horizontal
directions are usually coupled, describe the reason for
using two separate horizontal models. Describe also the
differences in these two models and how the results of these
two models are combined and used.

Resnonse 220.14

There in only one horizontal model used in the SSI analysis
of the Internal Structure. This horizontal model is a 3D
model but was subjected to both the 0*-180* and 90*-270*
motions independently. The results of the analyses were
then combined with the vertical model results in the time
domain. Section 3.7.2.1.1 is modified accordingly and will
be included in a future amendment to CESSAR-DC.

,

I

!
,



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

CESSAR HEcmou sfg>,eo, //
|
| ~

3.7.1.4
Supporting Media for Seismic category I Structury

Category I structures are founded directly on rock or competentsoil. The foundation embedment depth for System 80+ ctandardplant is 52 feet (Reference 21). The rock properties and thelayering charact.iristics, including shear wave velocity, shearmodulus, and density, are given in Section 2.5. The System 604Standard Plant is designed for the range of soil conditions
discussed in Section 2.5 and shown l'n Appendix 3.7B.
3.7.1.4.1 Soil Structure Interaction (SSI)
Two different types of analysis methodologies are used for theseismic analyses. For the fixed-base cases, modal superpositientime history analyses are performed using the rock outcropmotions as control motions. When a structure is supported on
soil, the SSI is taken into account by coupling the structuralmodel with the soil medium. To accomplish this, the methodologyof the computer program SASSI (System for Analysis of SoilStructure Interaction, Reference 6) is used. Detailedmethodology and results of the SSI analysis are presented inAppendix 3.7B.

3.7.2 SEISMIC SYSTEM ANALYSIS

3.7.2.1 Seismic Analysis Method

3.7.2.1.1 Sciscic Category I Structures, Systems, and 1
Components Other Than NSSS

The Reactor Building (RB) is modeled as a multi-degree of freedo-system for the seismic analysis. Figures 3.7-28 through 3.7-30
show typi' cal sketches of the three structural components of theoverall model Internal Structure (IS), Shield Building (SB),-

and Steel Containment Vessel (SCV). Figure 3.7-31 is a schematic
representation of the combined structural model of the RB, TheRB is modeled as a lurped mass-spring model, s

ps 4,

9jFurther details of dynamic modeling of building structures for,

seismic analysis are described in Section 3.7.2.3. Thec

\ horizontal modelf esac analyzed for the plant W direction and
WS direction excitations and the vertical model for verticalexcitation. The results are then combined as described inSection 3.7.2.6. The seismic analysis of the above systems isperformed by one of the following methods:

e

o

Amendment I
3.7-2 December 21, 1990
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Q11estion 220.15

Section 3.7.2.1.1 - The statement "The seismic analysis of
the above systems is performed by one of the following
methods " may not be appropriate because the combined
reactor building model described in the first paragraph of
this section is a SASSI model as shown in Figure 3.7-31, and
SASSI methodology is_different from those methods presented
in Section 3.7.2.1.1.

Resnonse 220.15

The SSI analysis was performed using the substructuring
method and complex response (frequency domain analysis).
CESSAR-DC will be revised in a future amendment to include
the attached additional subsection:

3.7.2.1.1.3 Soil-Structure _ Interaction Analysis

The soil-structure interaction analyses.wcre performed using
the substructures method formulated in the frequency domain,

using the complex response method and the finite eierent
-technique. The methodology of the computer program St.SSI
was used with a modified approach to compute the impedance
and scattering of the soil / foundation system. Appendix 3.7B
describes the SSI analysis approach for the System 80+
structures. A summary of the method is provided below.

.

In the substructures method, the soil strata are analyzed
first, in the frequency domain.- The impedance and
scattering-properties of the soil-structure interface are
computed next, and they are used as boundary conditions in a
dynamic analysis of the structure with a loading that
depends on the free-field-conditions. The solution of the
SSI problem is performed in three steps:

* Solution of the site response problem to determine the
free-filed motions within the embedded-part of the
structure. For horizontal motions, vertically propagating
S-waves are censidered. For vertical motion, vertically
propagating P-waves are considered.

,

* Solution of_the impedance and scattering problem.
*

Solution 1of the structural problem. This involves
forming the complex. stiffness matrices and load vector
and solving the equations of motion for the final

*

displacements and accelerations.

, . - - . - ..- - - , _ , -- - - . . - - - .
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J
B. Direct Integration Method

In this method, direct integration of the equations of
motion by either implicit or explicit methods of numerical
integration are used to solve the equations of motion.
For commonly used implicit methods, AT is not larger than
1/10 of the shortest period of interest.

For explicit methods, the time step is also a function of
the element size used in the model and is established on the

b (g basis of element size to ensure stability of the response.
p-

/ 3.7.2.1.2 Seismic Analysis Method for the NSSS

3.7.2.1.2.1 Introduction

The major components of the reactor coolant system are designed
to the appropriate stress and deformation criteria of ASME Code,
Section III, for the set of loadings included in the component
design specification. The adequacy of seismic loadings used for
the design of the major components of the reactor coolant system
are confirmed by the methods of dynamic analysis employing time

j history and response spectrum techniques. The major componentsy are the reactor vessel, the steam generators, the reactor coolant
I the reactor coolant main loop piping, the surga line andpumps,

the pressurizer.
IDetailed dynamic models of the building structures and the NSSS

are generated. Based on these detailed models, equivalent,

simplified dynamic models are developed. The simplified
building and USSS models are combined and translated into a form
suitable for input to the SSI analysis code (see Section
3.7.1.4.1). A number of soil cases are modeled and the time
history analyses are performed. The soil cases are chosen to
envelope all potential building sites. The results of these
analyses are contained in Appendix 3.7B. These results, the

simplified building model(s), and the detailed NSSS model are
used tp perform the analysis discussed in Section 3.7.2.1.2.3.

A composite three-dimensional lumped-mass model of the reactor
vessel, the two steam generators, the four reactor coolant pumps,,

the pressurizer, and the interconnecting main loop piping is
l coupled with a three-dimensional lumped-mass model of the reactor

building for performing the analysis of these dynamically coupled
components of the reactor coolant system. In addition, the

representation of the reactor vessel assembly used in this

coupled model includes sufficient detail of the reactor internals
to account for possible dynamic interaction between the reactor
coolant :ystem and internals. The seismic input excitation is
the basemat acceleration time histories. The results of this

,
J

Amendment I
3.7-5 December 21, 1990

+
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Ouestion 220.16

Section 3.7.2.1.1 - Does the combined model shown in Figure
3.7-31 include any simplified building or NSSS models? What
are these sinplified models? What is the purpose of this
combined model? Provide some analysis results of this
combined model.

Response 210.16

The schematic of the model shown in Figure 3.7-31 represents
the structural model of the Nuclear Island of the System 80+
Standard Design, which is used in the SSI analyses. The
Nuclear Island model is composed of the models of the
Internal Structure (IS), the Steel Containment Vessel (SCV),
the Shield. Building (SB) and the NSSS, together with the
models of the Fuel Building, Control Building, Auxiliary e

Building and Diesel Generator Buildings (Nuclear Annex
structures).
The IS and SB stick models were developed according.to
methodology describ, in CESSAR Sections 3.7.2.3.4.1.1 and
3.7.2.3.4.1.2. No f 'ther simplification was performed on
the stick models for tse in the SSI analysis.

As described in Sect 1 3.7.2.3.4.1 of CESSAR-DC, the IS
stick model was deve aed and fine tuned based on a detailed
3D finite elemunt moc .. The detailed 3D finite element
model is shown in Figure 220.16-1, and it was developed
according to the procedure described in Section
3.7.2.3.4.1.1 of CESSAR-DC. In a similar manner, the SB
stick model was developed and fine tuned based on a detailed
axisymmetric model of the SB, shown in Figure 220.16-2.

The IS-and-SB stick models are essentially co-axial (except
for floor eccentricities in the ~IS) . Since the IS and the
=SB are monolithically constructed, the stick models of these
structures are connected with a rigid link at elevation +115
ft. The-SCV is also-connected to the IS'with rigid links at
elevation +91 ft. The NSSS~ mode) used in the SSI analysis
is shown in Figure 220.16-3 and is connected to the-IS stick
-model at several elevations using appropriate links whose
properties depend on the flexibility of the connection. The.
NSSS SSI model is a simplified model of the detailed NSSS
model shown in Figure 3.7-32 of CESSAR-DC. This simplified
model is only used in the SSI analyses.

The Nuclear Annex structures are approximated by.

two-node / single element lumped parameter models. Mass and
stiffness properties for these models represent a-first

|

|
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Tmseet.

3.7.2.1.1.3 Soil-Structure Interaction Analysis

The soil-structure interaction analyses were performed using
the substructures method formulated in the frequency domain
using the complex response method and the finite element

,
technique. The methodology of the computer program SASSI4

van used with a modified approach to compute the impedance
and scattering of the soil / foundation system. Appendix 3.7B

Sdescribet in detail the SSI analysis approach for the System (
80+ structures. A brict summary of the method is described
below.

In the substructures method, the soil strata are analyzed
first, in the frequency domain. The impedance and
scattering properties of the soil-structure interface are
computed next, and they are used as boundary conditions in a
dynamic analysis of the structure with a loading that
depends on the free-field conditions. The solution of the
SSI problem was performed in three steps: |

Solution of the site response problem to determine the*

free-filed motions within the embedded part of the

S-waves webb'6r horizontal motions, vertically propagatingstructure. J
considered. .'or vertical motion, vertically

propagatingp-waveswggeconsidered.
Solution of the impedance and scattering problem.*

4
Solution of the structural problem. This involved /*

forming the complex stiffness matrices and load vector
and solving the equations of motion for the final
displacements and accelerations.

v.

e

J
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Response 220.16 (cont'd)

order approximation of the dynamic properties of these
structures. These-models are included to represent the
effects of structure-to-structure interaction as it pertains
to the Nuclear Island response.

The fixed-base frequencies, modes and mass participation
factors of the combined Nuclear Island model up to 30 Hz are
provided in Reference 8 of CESSAR Section 3.7. The
fundamental horizontal modes of the Nuclear Island niodel are
at 5.53 and 5.58 Hz in the 90-270 and 0-180 directions,
respectively. The fundamental vertical mode is at 11.79 Hz.
The first eight modes and their associated participation
factors are provided below (frou Reference 8 of CESSAR
Section 3.7)..

l ..
~

|.-,

l

|
|:

- ~- - . . , , , . -
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Str 226. M

Pixed Base Modes _and Frecuencies of Nuclear _ Island
(all sticks combined)

Mode Frequ. Cumulative Mass Part. Factors (%) Description
No. (Hz) 0-180 94270 Vert. of Mode

1 5.53 0.0 35.7 0.0 90-270, Main

2 5.5S 28.9 35.7 0.0 0180, Main
3 6.07 29.0 51.6 0.0 90-270,2nd

4 6.15 4S.6 51.6 0.0 0180,2nd
5 8.90 48.6 G1.1 0.0 90-270, Sni

6 9.79 70.6 G1.1 0.0 0-180,3rd
7 10.76 70.7 G1.1 0.0 Local
8 11.79 70.7 G1.1 24.5 Vertical, Main

-

0
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Note: For illustrativo purposes only; please see CESSAR-DC
Figure 3,7-32 for appropriate definition of_ support
restraints.
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Ouestion 220 12

Section 3.7.2.1.2.1 - The second paragraph of this section
stated-that " Detailed dynamic models of the building
structures and the NSSS are generated. Based on these
detailed models, equiva3ent, simplified dynamic models are
developed ' List the structures that have a simplified
model. Are these simplified models used anywhere else

'

besides the SSI model discussed here and in Appendix 3.7B?
T

Eggponse 220.17

As stated in Section 3.7.2.3.4.1 of CESSAR-DC, the modeling
approach that was used for the Nuclear Island SSI model was
to:

1. Develop a detailed 3D FEM of the IS. Use this model as-
the basis to develop and fine tune a stick model of_the
IS to be used in the SSI analyses.

2. Develop an axisymmetric model of the SB. Use this model
b as the basis to develop and fine tune a stick model of

the'SB to be used in the SSI analyses.

3. Develop the 3D model shown in CESSAR figure 3.7-30 for
the SCV. Use this 3D model in the SSI analyses. (No
stick model was developed for the SCV for SSI analysis).

.

4. Develop two node / single element lumped parameter models
for the Nuclear Annex structures.

5. Develop a simplified model of the NSSS based on the
detailed model shown in Figure 3.7-32 of CESSAR-DC. Use
the simplified model in the SSI analyses of the combined
Nuclear Island model.

The stick models were used only in the following two cases:

. 1. The stick models of the 1S and the SB, the 3D model of
the SCV and the simplified model of the NSSS were-used
in the SSI analyses of the combined Nuclear Island
model.

2. The stick models of the IS and SB were also used as the
support structures in the dynamic analysis of the
detailed NSSS model.

.

. . - , . , ,. _ , .mm
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Question 220.18

Section 3.7.2.1.2.1 - How many SASSI computer runs were
performed for all soil conditions conaidered in Section
3.7.1.17 It is expected that there are a lot of time
histories available because there are many soil cases and
there are at least one P-wave and two S-waves. How were the
basemat acceleration time histories obtained in these runs
used for the analysis of various NSSS models described in
Section 3.7.2.1.2.1 and Figures 3.7-32 through 3.7.39?
Provide responses to these questions also for the combined
model and the structures discussed in Section 3.7.2.1.1.

He_s_PJ2113 e 2 2 0.18 -

The following soil cases and seismic events were performed
to compute the SSI response of the Nuclear Island model:

CASJ SSE OBJ

B1 Yes No
Bl.5 Yes No

B2 Yes No
B3.5 Yes Yes

B4 Yes Yes

C1 Yes No
C1.5 Yes No

C2 Yes No
C3 Yes No

For each of the abose cases, SASSI runs were performed
according to the sequence shown in the flow diagram of -

Figure 220.18-1. For horizontal excitation, two runs were
pt :f ormed using vertically propagating S-waves, one with
excitation in the 0-180 direction and one with excitation in
the 90-270 direction. For vertical excitation, one run was
performed using vertically propagating P-wave. For each of
tne three runs, at every node of the structure, response was
obtained at all six degrees of freedom, i.e., three
translational (X, Y, Z) and three rotational (XX, YY, ZZ).
The response time histories at each degree of freedom were
subsequently added algebraically in the time domain to
obtain the combined response time histories due to the three
excitations. Finally, the combined response time histories
were used as input to generate response spectra at the
selected building locations.

The combined response acceleration time histories at the
center of the Nuclear Island basemat (three translational
and three

.. . . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _
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- Resitotise 21 quia

rotational) obtained from the SASSI analysis of each soil
,

case are used as input to the seismic analysis of the
'

detailed NSSS model-(shown in_ Figure 3.7-32 of CESSAR-DC).

The rotational time histories are included in the NSSS ;

analysis in order to. properly account for the effects of
rocking and torsion of the basemat. In this analysis, the
detailed NSSS model is attached on a fixed-base stick model
of the IS. The response acceleration time histories of the
basemat-are used as the base excitation of the IS stick
model.

.

|
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Question _220.19

Section 3.7.2.1.2.1 (third paragraph) Is the-

thrco-dimensional lunpod-mass modol of the reactor building
included in the NSSS model shown in Figure 3.7-32 a
simplified modol? Aro tho internal structure, stool
containment, and shiold building included in this reactor
building modol?

BARD 2nse 220.19

The reactor buildin'* model included in the NSSS model
' includes simplifica models of the internal structuro, the
steol_ containment and the shiold-building. Those simplified
models have a total of 37 mass points with 210 DDOT.

<

t
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QM2Dtion 22S E

Section 3.7.2.1.2.1 - Are the offects of basemat rocking and
torsion included in the analysis of the coupled model of
NSSS and reactor building described in the third paragraph i

of this section? The third paragraph of pago 3.7-6 soomn to |<

indicate that threo orthogonal direction of soismic I
excitations are applied without considering rocking and
torsional motion of the basemat. How is the rocking and
torsional effects of the basemat considered if the responso

,

spectrum method of analysis described in the fourth-

paragraph of pago 3.7-6 is used? (soo also comment 220.11)

Resnonse 220.20-

| The rocking and torsion of the basemat are fully included in- ,

the_ analysis. All six timo history motions, three linear
and three rotational, are applied at the basemat.

.

For subsystem analyses using the responuo spectrum method,
the input spectra used envelope all subsystem support a
locations. The offects of rocking and torsion are

'

implicitly included because the spoetra at-the support
points includes motions due to rocking and torsion and

i bect.uso differential support displacement effecta are
conservatively included using the ABSUM combination method.

1 .

f
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Question 279J 1 |
|

Section 3.7.2.1.2.3 - If responso spectrum method is used
(e.g., for surgo line), will floor envelope spectra be used? |
How will the rocking offects be included? (soo also i

Comments 220.11 and 220.20) j

RosDonse 220.21
1

If the responso spectrum method is used to analyze Aho ,

4pressuritor, the spectrum used will onvolopo spoetra of the
hot leg nozzlo, pressurizar nozzlo, and building support
locations. The offects of rocking and torsion are
implicitly included because the spectra at the support
points includo notions duo to roching and torsion and
because difforontial support displacement offects are .

conservatively. included using the ABSUM combination nothod. '

T

I
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ouentioD_220222

Section 3.7.2.3 - llow are the hydrodynamic effects of
structures, systems, and components such as the IRWsT
considered in the seismic analysis? Discuss modeling of
nonlinear characteristics of structures, systems, and
components, such as gaps and 1-D tension elements, where
applicabic.

Etanonse 220.22

The hydrodynamic effects of tenks such as the IRWST and the
emergency feedwater tanks ars : counted for in the overall
seismic analysis by calcula' ne mass assuming the tanks
to be full. For the Goll St_u.. ore Interaction Analysis,
this mass is applied at an elevation higher than the actual
center of mass location. This method is used in the modal
analysis due to the inability to incorporate nonlinear
elements in the solution.

Refer to CESSAR-DC Section 3.7.3.14.1 for consideration of
hydrodynamic effects and nonlinear characteristics in the
seismic analysis of the reactor internals and core. With
regard to other systems, structures, and components,
considerati<an of hydrodynamic ef f ects will be incorporated
into the detailed design of those items.

4
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1

Qqqstion 220,2),

Section 3.7.2.3.4 - Second paragraph of Section 3.7.2.3.4
states that "Two indopondent modole are used for the seismic
analysis of the Internal structure." The second paragraph' ,

'
of Section 3.7.2.3.4.1 states that "The modeling approach
that is used for the Reactor Building (RB) structural model
consists of developing a 3-D 'inite olomont model (FEM) of )'

the internal structure (IS) and an axisymmetric FEM of the i

Shield Building (SB) and, based on the FEM models,
developing equivalent 3-D lumped paramotor stick models."

iHow many stick models of the internal structure are
available? What are the differences among these modela?
Explain also why an axisymmetric Shield Building FEM, which
is 2-D, can be used to develop an equivalent 3-D stick |
model.

Response 220.23

There are two stick models of the Ist one which is used in
the SSI analysos with horizontal excitation, and one which
is used in the SSI analyses with vertical excitation. The ,

only difference betwoon those two modols is the location of
the conter of rigidity of each of the beam elements of the
stick model. This is because for horizontal analysis, the
conter of' rigidity of the structural system between two
adjacent floors is the shear center of that system, while
for vertical analysis, the centor of rigidity is the
centroid. Therefore, the eccentricities of the conter of
mass of each floor to the centers of rigidity of the beam
elements directly above and below that floor are different
between the two IS stick models.

Although axisymmetric models are 2D models, by definition
they constitute 3D representations of structures which
. exhibit axisymmetric properties. The axisymmetric model of ;

the SB was used only as a benchmark in the development of !

the SB stick model. This model was not used as the starting
point to develop the 3D stick model. The modal analysis of
the axisymmetric modol'with a refined mesh provided accurato
natural frequencies and mass participation factors of the
SB. The SB stick model was then developed by: (1)
calculating mass and stiffness proporties of cylindrical
concrets sections and (2) using the frequencies and mass
participatim. factors frcm the axisymmetric analysis as
benchmarit vatuos to fine tune the lumped masses and the
stiffness proporties of the stick beam elements.

,
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Gyostion 220.24

Section 3.7.2.8 - A statement was made that non-safety-
related structures adjacent to safety-related-structuros are
designed so that their failure under SSE conditions will not
cause the failure of the safety-related structures.
Pescribe the design critoria and the analysis methods that
will be applied to the non-safety-related structures to
ensure protection of the safety-relatod-structuros.

Responso 220.24

Section 3.7.2.0 will be revised to include the following!

The following proceduro is used to ensure that the failuro |

of a Non-Saismic Category I (non-safety-related) structuro |
!under ti.* offect of a seismic event does not impair the

integrity-of an-adjacent seismic Category I (safety-related)-
structuro.

a. Sufficient separation betwoon Non-Sr.ismic Category I.

!structure and Geismic Category I structure is
maintained, or

,

b. The Non-Scismic Category I structure is designed to
withstand the effect of the postulated SSE avant, i e.,.

to maintain the_ structural integrity of the Non-Seismic
~

Category I structure during and after the occurrence of
the postulated SSE ovent,.or

c. The Non-Saismic category I structure is designed such
that if the Non-Saismic Category I structuro collapses,

'

it will fall away from any Scismic Category I structure.
,

P

e

'
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( B. In the analysis of complex system where closely spaced codal
) % frequencies are encountered, the responses of the closelyJ space modos are combined by the summation of the absolute-Al v& lues method and, in turn, combined with the responses of' g the remaining significant moden by the SRSS method. Modalfrequencies are considered closely spaced when their

,

(; difference is less than 1*O percent of the lower frequency.,

4

k .7.2 8 Interaction of Non-Safety-Related Structuren with3
\ I

\ t Satoty-Holatnd structuren

b When | safety-related and non-safety-related structures arej integrally connected, the non-safety-related structure isw included in the model when determining the forces onb aafety-related structures. Such non-safety-related structures
,

4 as Yell as non-safety-related structures adjacent tod s(afety ,related structures) are designed so that their failure* under SSE conditions will not cause the failure of thesafetyf'relatedstructures.E
s

\ r
1 3.7.2. Effectn of Parameter Variations on Floor Responso
(%'

Spectra

o account for the expected variation in structural properties, I
dampings and other parameter variations, the peaks of floorresponse spectrum curves are broadened by !151 and smoothedin accordance with Regulatory Guide 1.122.

1

Soil property related spectrum peaks are further broadened, whererequired, to conservatively account for all potential variations
of soil properties within the envelope of site conditions.Structures, systems and equipment are qualified to either 1) the
envelope of the collective broadened spectra for all soil cases
comprising the site envelope or 2) the broadened spectra for each
of the soil cases which comprise the site envelope.
3.7.2.10

Use of constant vertical Static Factor _n_
A constant seismic vertical load factor is not used for theseismic design of Seismic Category I structures, cyatoms,components and equipment.

! The safety-related structures, systems, and components are!

analyzed in the vertical direction uning the methods described in
section 3.7.2.1. Based on the vertical seismic analysis, a'

vertical static factor is determined to design columns and shear
walls. The vertical floor flexibilities are accounted for in theresponse spectra at each individual floor elevation M thebuilding structures. The floor beams are designed statically for

I the acceleration value obtained por Reference 1.

|

|
; Amendment I
| 3.7-15 December 21, 1990
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CESSAR-DC Change

I Section 3.7.2.8

Insert As second enranraoh.

The following procedure is used to ensure that the failure of
a Non-Seismic Category I (non-safety-related) structure under
the effect of a seismic event does not impair the integrity of
an adjacent Seismic Category I (safety-related) structure,
n. Sufficient separation between flon-Seismic Category .I

structure and Seismic Category I structure is maintained,
or

b. The lion-Sei smic Category I structure is designed to-
withstand the ef fect of the postulated SSE event, i.e.,to
maintain the structural integrity- of the lion-Seismic
Category I structure during and after the. occurence of
the postulated SSE event, or

c. The 140n-Seismic Category I structure is designed such
that if the !Jon-Seismic Category I structure collapses,
it will fall away from any Seismic Category I structure.

I

t

l'

.

I
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' Qpestion_220 15

Section 3.7.3.12.1 - Specific items to be censidorod in the
soismic design of buried piping, conduits and tunnels aro

i provided in SRP Section 3.7.3.11.12. Provide the actual i

methods-to bo used to address these items at various sites. i
-

i

Response 220.25

- Refer to flesponse to RAI 210.42,

i
|

|
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Quration 220c2s <

Pago.3.7-34 - Provido document number and date of
publication for some of the references listed. Reference G '

refers to a SASSI document dated April 1981. What in the
date of the SASSI codo used? Is it the latest vorsion? If ,

the SASSI codo uned is not the latest version, is there any
validation periv mod against the latest verulon? In the i

latest' version of SASSI code, no finito elements are needed
in the soil le.yorn except in the excavated volumo of the
foundation. Figure 3.7-31 shown that finite olomonto are i

used beneath the foundation.

Egangnso 220.26
L

The version of the program SASSI that was used in the SSI
analyses of the System 804 was ADB Impoll's version 2.0,
dated March 1985. The following SASSI modules woro part of
the version 2.0 programt

' * SITE
* COMBINE
* MOTION
*

STRESS

To compute foundation impedances and scattering with an -

axisymmetric approach, SASSI was modified and enhanced by
ABB Impell. - Thus, two of the version 2.0 modulos, HOUSE and
'ANALYS, were modified for the System 80+ project as version
3.0, and a new module, AXSYM, was developed as version 3.0.
Figure 220.26-2 shows the sequential order-of analysis using
AXSYM to calculate impedances and scattering of an
axisymmetric foundation. ;

,

The latest ABB Impell version of SASSI is version 4 0 June.

1989. Version 4.0 has not beer used in the System 80+ work.
Vorsion 4.0 was verified basca on the verification plan of
versions 2.0 and 3.0, and 100% compatibility of results
exists betwoon the versions in the solution of the same
problem. Note that version 4.0 was not created to correct
errors in Versions 2.0, but to provido program onhancements.

The axisymmetric approach to calculate impedances differs
from the flexible volume method which is conventionally used
with SASSI. Also, using the axisymmetric approach, the -

scattering matrices are computed explicitly.- However, most
of the other analysis features of SASSI aro-retained, i e.:.

Frequency domain analysis with complex responso.' *

* Substructuring method.
Free-field representation by horizontal visco-olastic*

soil layers.

.

rr- em g ----e,-sc,,dw,w-w,s-------mr- enm ,~,.w-mm-..-m r-,n-,w-,..<w-- --w-r,em.. .+m-y.-,, . . - - ,-,. %, y,-.,,-.-,-mmw-e--.n-..-,e,-w,-,.e+= 1,um,w,,-, ,c,--
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Egnp.pnpo 220.2f1 {

fjolution of the sito responce problem.*
iThree-dimensional modeling of structures.*

Evaluation of transfer functions at structuro locations*

and computation of responso in the timo domain.

Using the axisymmetric approach, the near field soil is
modeled with axisymnotric solid finito olomonts. The entiro
soll volumo bolow the foundation is modeled using finite

;

olomonts. At the bedrock'olevation, fixed boundary
conditions are applied, which is a conservativo assumption.
At tini sides of the near field soil volumo- a transmitting ,

boundary is established at each soil layer. The
transmitting boundary is identical to the transmitting
boundary used in the flexible volume method for the froo
field.

For rigid foundations, the impedances and scattoring '

matrices are calculated about tha contor of the foundation
mat. This is the attachment point on the superstructuro

fmodel.

The axisymmetric approach was corrolated to the flexible
volrno approach and was thoroughly verified as part of the
SASSI verification plan for the System 80+ project. For

axisymmetric foundations-of arbitrary embodmont, the
axisymmetric approach and tius floxible volume approach give

'

identical results.for impedances and scattoring. ,

,

J

9

4

-
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01ttitrdon 220.27

Figure 3.7-28 shows the stick model of the internal l
structure for horizontal seismic analysis. Provido a figuro

'

of the stick model used for vertical soismic analysis. (sco
also Comment 220.24)

}tosnonso 220.27

The stick modol shown in Figuro 3.7-28 is typical of the
horizontal and vertical model. The nodos shown represent
the mass nodes which are at the samo location in both
models. The differenco in the models is tho x-y plano >

location of the sticks, which are at the contor of rigidity.
The sticks represent the stiffness betwoon floor olovations. .

The horizontai model sticks are located at the shear contor
of the section. The vertical nodel sticks are 1ccated at
the bonding centor of the section.

Figure 3.7-28 will be revised in a future amendment to
CESSAR-DC to clarify this.

Soo also response to question 220.23. Noto! The RAI ;
references question 220.24. This appears to be in error. '

.

-.

!
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Qgestion 220.28

Table 3.7A-2, Appendix 3.7A - Provido a discussion of how
the design epocification data were obtained.

ILqangnsp 220.28

The design specification suismic loadings provided in
Appendix 3.7A - Table 3.7A-2 are a compilation of responson
based on past oxperience and conservativo design analysos
that reflect a wide rango of site conditions and maximum
ground accolorations. Thoso design specification noismic

.

loadings woro developed and used in the System 80 design r

process to conservatively onvelopo expected noismic
responses.

The design. specification solomic loads identified in
CESSAR-DC Table 3.7A-2 are to be used in the System 80+ i

design cpecifications. llowever, it should be noted thGt as
a result of detail component design, design specification
loads may require reduction, but in no case will specified
for design loads be lower than maximum calculatef values.

CESSAR-DC Tablo 3.7A-2 will be revised to clarify the intent
of "specified for design" in a future amendment.

,
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Question 220 12
Section 1.3, Appendix 3.7D - Justify the uso of axioymmetric
model for asymmetric structures and foundations surrounding
the reactor building (Figure 1.2.1).

Rosnonso 220.29

The models of the annex structures woro included in the
Nuclear Island analysis in order to capturo

tucture-to-structuro interaction offects on the Nuclear*

and seismic responso. The Nuclear Annex structures woro
modeled with simplified 3D two nodo/ single olomont lumped
mass models founded on a common rigid basemat. -Four;such
models were developed, one for each of the following
structures: Auxiliary Building, control Building, ruel
Building and Diosol Generator Duilding. The models woro
founded on an axioymmetric rigid basemat, with each model
located at the contor of the corresponding building. Sinco
-the Nuclear Island is much heavior than tho adjacent

'

structures, and structuro-to-structure interaction is a
secondary offect to the responne of the Nuclear Island,
modeling the foundation of the annox structures as
axisymmetric and rigid is adequate for the purpose of
generating floor responso spectra for the Nuclear Island
using SSI analysis.

.
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Q1Lantion 220.30

Section 1.3, Appendix 3.7D - What is the basis for
considoring the foundations os rigid 7 i

i

ERERQnso 220.30 I

system 00+ vas analyzed for a multitudo of soll
cason (soft soils, stiff soils and combinations of both), i

and therefore, any offects of the floxibility of the i

foundation to the response of the superstructure are
included in the responso of the superstructure for a softer
soil caso.

The 14uclear Island foundation has a minimum thickness of 10
ft. Furthermore, there are many 4 ft. vertical shear walls
monolithically connected with the basemat which provido :
additional stiffness to the out of plano stiffnces of the
basemat. For the above reasons it is believed that t

modoling the 11uclear Island foundation as rigid is an
appropriato representation for the purpose of generating
floor responso spectra. For ovaluating basemat stressos or .

'

soil pressures, the floxibility of the basemat is explicitly
included in the analysis.

'

,

,
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Question 220.31

Section 1.4, Appendix 3.7D - Describo the dynamic analysis
models of the structures adjacent to the roactor building.
(see also Comment 220.30) l

Ronponso 220,31 'i

As discussed in the response to RAI 220.29, simplified j

structural models for the adjacont structures woro used, ;

since the effects of structuro-to-structure interaction are '

secondary. The Nuclear Annex structures are dynamically |-

analyzed using refined stick modolo corresponding to the
final configuration of each building for their individual
responso. r

-t
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I

iOuestion 220.32 j

!Section 1.4, Appendix 3.7D - It is stated that "Tho input
control motions were obtained from Hoforenco 7 of Section i
3.7." Describe the relationship of thoso input control '

motions with the time histories discussed in Section 3.7.1.2
and the unsmoothed spectra shown in Figuros 3.7-1 through
3.7-24.

j

Resnonse 220.32 :
!

The accoloration tipo historios that are provided as in a,rcontrol motions to the SASSI analysos are identical to the
motions with unsmoothed spectra shown in Figuros 3.1-1 to

,

3.7-24 of CPSSAR-DC.

,

l

|
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Question 220.33

Section 2 0, Appendix 3.7B - The second paragraph of this
section states that "All analyses are throo-dimensional with
input excitation provided in throa directions
almultaneously." can SASSI code used in analyzing CE System
00+ Standard plant handle three directions of excitation
simultaneously (i.e., applyjng ono p-wayo and two S-wavos in
one SASSI run)?
Responso 220.33

In-the SASSI code, the applications of all three ground
control motions (two horizontal and one vertical) cannot beperformed in one run.- llowever, the procedure followed in
the system 80+ Huclear Island analysis involves three
separate SASSI runs and algebraic addition of the response
accoloration tino histories, which, for linear clastic
analysis, is equivalent to simultaneous application of the
control motions in three directions. Rofer to Responso
220.10-for a doccription of the analysis procedure.

i

i

d

p

!
.

k .'.



. _ _ _ _ _ _ . -_ - _ _ _ - - - - - -

D339 - 146 -

Qnen11sn_220.34

Section 2.0, Appendix 3.7B - It is stated that the " cutoff
frequencies were computed based on the dimensions of the
soil discrimination." Describo how the soil layers woro
discredited to yield cutoff frequenclos as low as 12 and 18
Hertz as shown in Table 3.7D-12.

BRAD 2Due_220.34

The discrimination of the soil media used in the SASSI SSIt

( analyses is provided in Tables 3.7B-2 to 3.7D-10. Those
'

tables provide the thickness of each layer in each soil
profilo and its associated (strain-iterated) S-wavo and
P-wayo velocities and S-wavo and P-wave material damping
ratios.

The thickness of the soil finite olements at a constant
i olevation is identical to the thickness of the froo-field
I soil layer that corresponds to the sano elevation, as shown

in Figuro 220.34-1.

As shown in tables 3.78-2 to 3.78-10, the selection of the
thickness of the soil layers depend on the soil profilo and
the maximum frequency that can be transmitted through that
soil profilo. The selection of the cutoff frequencies
transmitted through each profilo was performed by examining
the high-frequency content of motion in the froo-field
ground and foundation olevation responno spectra. Cutoff
frequencies were selected at the frequencies whero the
responso spectra began to show no amplification, and
essentially started to be " flat". Naturally, for stiff soil
profiles, the cutoff frequency in the GSI analyses was 40
Hz, since this frequency could be transmitted adequatoly
through the stiff soil layers, and since 40 Hz was the
cutoff frequency for the rock outcrop responso spectra. For
soft and deep soil profilos lower frequencies woro selected.

I,5 As an examplo, for soil profiles c2 and C3, cutoff

fl frequencies of 12 Hz and 18 Hz were selected, respectively,
based on the ground and foundation spectra shown in Figures
3.7-12 to 3.7-15 for those two casos. It is observed that
for soil caso C2, there is essentially no amplification in
horizontal motion beyond 12 Hz. Similarly, for soil caso
C3, there is no amplification in horizontal motion beyond 18
Hz.

It must also be noted that, for design purposes, the stiffr .

jp soil profiles control the design loads at high frequencies,
an Therefore, it is justified to consider lower cutoff
f@ frequencies for the softer soil profiles.
4

.

_ , . , _ _ _ , _ _ _ _ ._ -
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Ouostion 220.35 !

s

section 2, Appendix 3.7B -

:

a) Give the details of benchmarking the SASSI codo used in
the SSI analysis. '

b) Discuss the results of any analytical chock mado of the
extent of reduction of ground motion from ground
surfaco to the foundation level to satisfy the SRP ;
requirement in this rogard.

c) Compare the results of SSI ana1 sos performed by using3

the SASSI code and a simpliflod analytical model of the
containment structuro,

d) .Is the basemat flexio111ty modolod in the SSI analysis?
o) In the substructuring technique used in the SASSI codo [(which is based on the " flexible volumo" method), the4

" scattering problem" nood not be solved, as in the caso ;
of other substructuring method > of SSI analysis. The 3 '

stops involved in the flexible solume method are site 1

responso, impedance analysis, and structural responso
analysis. It is stated in Appendix 3.7B, Paragraph
1.1, of CESSAR-DC, that the second stop of the SASSI
formulation is the solution of the impedanco and.
scattering problem. Explain why the scattoring matrix
is calculated separately as stated in paragraph 1.3 of
Appendix 3.7D, and if the SASSI version used in System
80+ design is based on a method different from the
"floxible volumo" method. t

Ragoonso 220.35-

The version of the SASSI program used in the System 80+a.
SSI analysis is extensively verified and valudated using
three different methods of vertication and correlation:
* Corro1ation to results of problems with closed

form solutions and published results, such as site '

response and responso of simpliflod structural *

systems.

*

Correlation to solutions of other well known SSI
and soll analysis computer codos in the industry
such as CLASSI and SHAKE.

,
*

* ,

Correlation to experimental results, such as the
.Lotung Largo Scale Experiment sponsored by the
Electric Power Research Instituto/ Nuclear
Regulatory Commission / Taiwan Power Company, and
foundation vibration tests.
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I

Resoonne 220.35 (continued)

In all of the abovo benchmark problems, very good f
agreements were obtained between the SASSI solutions and '

the benchmark results. Furthermore, the SASSI
methodology proved to be the best methodology in j

matching the Lotung results.

The complete verification and validation packaga for
SASSI is available for audit by the NRC.

b. A check of the reduction of the free-field ground motion :
from the nurface to the foundation lovel was made by '

computing the averages of the motions of all soil cases
and subsequently dividing the average of the motions at
the foundation lovel by the average of the surface !motions. The computations were performed using as a
.basja the 5% darped spectra of the two horizontal

'

notions, H1 and H2.

Figures 220.35.1 to 220.35.8 show the computed average i

motions and the ration of foundation lovel to surface, r

As shown in Figure 220.35.4, the foundation motions
corresponding to horizontal motion H1 are highet than
60% of.the surface motions at all frequency ranges.
Similar renuits are observed in Figuro 22fe.35.8 for
motion H2,- except for the very low frequency range
(frequencies <.03 Hz), which is of no structural
significance, and the 1.5 Hz rango, where the computed :
ratio is_slightly lecu than 60%. At all other

'

frequencies, the spectral ratios are betwoon 0.6 and
0.9, conservatively satiffying the SRP requirements.

Thorofore, based on this analytical check, the ground
motions satisfy the SRP critorion for reduction in
motion with depth.

c. A simplified three-dimensional model of the Hucinar
Island is analyzed for one representative soil caso and
the results are compared to the results of the SASSI SSI
analysis, caso C1.5 is selected becauso it represents a
typical soil profile with low-strain shear wave velocity
of 1000 ft/sec at the ground surface, which is-gradually
increasing with depth. Depth to bedrock is 200 ft.

For the purpoon of this analysis, the simplified
.- structural model of the Nuclear Island consists of the '

stick model of the IS coupled with simplified stick
models of the SD and the SCV. The stick model

| corresponding to the horizontal SASSI analysis.is
utilized in the current study. For simplicity, the

'

stick model of the IS is modified by lumping the NSSS
mass at appropriate elevations. The stiffness of the
NSSS model is not included in the simplified model.

L Each of the simplified oticks of the SB and the SCV
|i
|

i
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EtaRangg_220.35 (continued)
_

l

consists of a singlo beam olomont with a lumped mass.
The fundamental frequency of the simplified utick models
of the SD and the SCV are tuned to mat a the fundamental
frequency of the SD and the SCV, respectively.

The soil is modeled With frequency-independent soll
eprings and damponers which are coupled with the

1

structural stick model of the IS at its base (elevation !
+50 ft.). Soil springs are devaloped for the six rigid .

body degroos-of-freedom of the foundation (throo '

translational and three rotatir 11). The guidelines of
Referenco 220.35.1 are used to wevelop tuo proporties of |
the soil springs end the dampora. Also, adjustment of !

tho soil spring stiffness is performed, according to tho ,

guidelines of HRUEG/CR-1780, to account for the finito !

depth to bedrock (200 ft.). ;
,

To compute the soil spring stiffness, the foundation i

radius is taken as 110 ft. and the averago',
1

strain-compatible shear modulus for the soil as 5000 '

hof. The soil spring stiffnessos are listed below
4

Horizontal Translation 3.807E3 k/ft
Vortical Translation * 7.140E3 h/ft
Rocking Rotation 3.330E10 k-ft/ rad ,

Torsional Rotation 3.550E10 k-ft/ rad 1

The lowest damping ratio obtained from the dampers is,

31% and is associated with the horizontal translation.
A uniform damping ratio of 31% is specified for all
modos.

The froo-field motion at foundation level of soil -

profilo C1.5 is used as the control motion. The three
accoloration time histories of profilo C1.5 (two-

'

horizontal and the vertical) aro applied simultaneously
to the SSI soil-springs model. The timo history
analysis is performed by nodal superposition. Responso.
spectra at 5% damping *are computed at the top of the Is
for the horizontal (0 -180*) and vertical directions.
Figuros 220.35-9 to 220.35-11 show the correlation of
the results using the two analytical procedures, SASSI
and soil springs. The corrolation of the results are
shown for two different olevations of the Internal ;

Structure and the basemat.
,

! In the horizontal direction,- the response from the SASSI
| model is, in general, highar than the soil springs

model. This'is due to the high damping ratio obtained
by using the simplified soll spring approach. SASSI
computes the radiation damping characteristics of the
soil /structuro system more realistically than the ,

,
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Besoonse 220.35 (continued)
,

simplified soil springs approach. Also, the SASSI
methodology captures the effects of high frequency
response, which the soil springs approach is unable to
:apture because of the high mass participation in the
first modes of vibration of the soil / structure system.
Furthermore, the response of the-SASSI model is affected
by the content of the free-field surface motion in the
3-4 He range, which the foundation level motion does nto
contain.

The fundamental horizontal frequency of the soil springs
mod e.1 is at 2.45 Hz (in the 0-180 direction), which is
near the frequency of the peak of the SASSI transfer
function at the top of the Internal Structure (2.88 Hz).
In the veritcal direction, the response spectra of the
two models are very similar.

References:

220.35.1 American Society of Civil Engineers, " Seismic
Analysis of Safety Related Nuclear Structures and
Commentary on Standard for Seismic Analysis of
Safety Related Nuclear Structures", Publication
No. ASCE 4-86, September 1986.

d. Refer to the response of RAI 220.30.

e. Refer to the response RAI 220.26.
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Ouestion 220.36

Section 2, Appendix 3.7B - Discuss if and how the effects of
the following phenomena on the structural response ate
considered in the various cases of the SSI analysis:

a) Basemat uplift (including the impact of time phasing of
ground motion on uplift effects).

b) Ground motion incoherence.

c) Structure-to-structure interaction.

Besconse 220.36

a) To evaluate whether uplift of the basement occurs during
the SSE event, the results from the linear SSI response
of soil case B3.5 with the common basemat configuration
were utilized. Soil case B3.5 produces the worst case
vertical spectra, therefore, conclusions based on this
study envelop all the soil cases examined. The
selection of the common basemat results is justified,,

since the final configuration of the Nuclear Island is
founded on a common basemat.

The loads considered in the uplift analysis are:

* Dead load of Nuclear Island and Annex Structures, (D)
* Bouyant force due to embedmont, (B)
*

Earthquake loads, (E)

The load combination that determines whether uplift
occurs is: E+B-D.

The dead loads and the bouyant force correspond to the
loads and geometry of the final design of the System 80+

- Nuclear Island and Annex Structures. The earthquake
accelerations correspond to the results of soil case
B3.5 with common basemat, which is documented in
CESSAR-DC,-Appendix 3.7B.

i
*

The net acceleration at the edge of the foundation
(outermost point) in the 0*-180* direction was checked
for uplift. To include time phasing effects, the

|
Vertical response acceleration due to' rocking (about the

| 90*-270* axis) and the vertical response acceleration
! due to the vertical motion were added algebraically in
l. the time domain. The maximum vertical acceleration at

the edge of the foundation was calculated as 0.360 g
(upward). The contribution of-the rocking component in
the net upward vertical acceleration is approximately
5%. The equivalent net acceleration due to dead load
and bouyant force was calculated as 0.557 g (downward).
Therefore, no uplift occurs.

. - , - , . . _ - - . . - . .-.-. . - - - - - .. -.-. - ,,. - - , .- -
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Resnonse 220.36 Cont.

b. Results of research studies that have been conducted in
the past with recorded data have shown that, in general ,

due to the lack of coherence of free-field ground
motions over horizontal distances, it appears that due
to kinematic interaction a large foundation would
experience average translation motions that are reduced
from the free-field motions (Reference 220.36.1). This
phenomenon, defined as " base-averaging" effect, is more
pronounced in the high frequency spectral range.

.

Similar conclusions are noted by research studies based
on numerical determinations of both random and
deterministic effects of incuaerence on foundation
response (Reference 220.36.2). These studies indicate
that the spatial variation of the ground motion produces
a reduction in translational components of the
foundation response at hiah frequencies and creation of
rocking and torsional components.

In the System 80+ seismic SSI analyses, no reducitQD of
the translation components of motion was performed to
-account for the effects of ground motion incoherence,
which adds to the conservatism of the System 80+
analysis. In addition, the multitude of soil cases that
were considered in the System 80+ SSI analyses of the
Nuclear Island covers a broad range of rocking and
torsional response, thus, conservatively accounting for
any creation of rocking and torsional components in the
motion due to ground motion incoherance.

Reference 220.36.1: NUREG/CR-3805, " Engineering
Characterization of Ground Motion",
August 1986.

Reference 220.36.2: Luco, J. E., and Wong, H. L.,
" Response of a Rigid Foundation to
a Spatially Random Ground Motion",
Earthquake Engineering and
Structural Dynamics, Vol. 14. 1986.

c. The interaction of the Internal Structure, the Steel
Containment Vessel and the Shield Building with the
adjacent Nuclear Annex structures is included in the SSI
analysis. Refer to RAI 220.29 for a description of the-
models of the Nuclear Annex structures.

:
|
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Questign 220.37

Section 3.0, Appendix 3.7B - There is no Reference 25 in
Section 3.7. Provide the document referenced as Reference
2 5. -

Response 220.37

' The correct reference is #9, This correction will be
included-in a future-amendment to CESSAR-DC.
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constitute an upper bound for the majority of the frequencies,
the application of these factors results in adequate and slightly
conservative OBE seismic loads for design purposes.

Structure Direction Factorn

PGC Foundation X, Y, Z 0.4 (all frequencies)

IS (all clovations) X,Y, Z 0.45 (all frequencies)

SB (all elevations) X, Y, Z 0.45 (all frequencies)

SCV (all elevations) X, Y 0.40 for frequencies 5 5 11Z
0.45 for frequencies > 5 Hz

SCV (all elevations) Z 0.40 for frequencies 5 10 llz
0.65 for frequencies > 10 Hz

3.O SSI ANALYSIS COMMON BASFMAT CASE

To evaluate the impact of the modification from a dual foundation
to a common basemat for all PGC structures, one critical SSI case
is reanalyzed with a common basemat foundation. -

Case B3.5 is selected for the " common basemat" analysis because,
when the RB is coupled with the B3.5 soil profile, it is
subjected to high accelerations which result in critical spectral
peaks. This response is observed in the " dual foundation"
results.

To reanalyze the B3.5 case, the PGC model is modified as shown in
Figure 3.7B-25. The foundation is modeled as a continuous rigid
basemat with rigid sidewalls which are in direct contact with the
side soil. The adjacent-to-the-RB structures are connected to
the center of the common basemat with rigid links.

[be result bs" common basemat" analysis are documented in
detail in Reference p5 of Section 3.7. A comparison of response

;h spectra at selected locations is shown in Figures J.78-26 to
3.7B-33, as follows:

Figure Building Location Direction

3.7B-26 RB Fdtn (Node 131) X (0-180).

3.7B-27 RB Fdtn (Node 131) Z (vertical)
3.7B-28 IS Top (Node 210) X (0-180)
3.7B-29 IS Top (Node 210) Z (vertical)
3.7B-30 SB Top (Node 125) X (0-180) -

| 3.78-31 SB Top (Node 125) Z (vertical)
| 3.78-32 SCV Top (Node 61) X (0-180) -

| 3.78-33 SCV Top (Mode 61) Z (vertical)
|

Amendment I
3.7B-8 December 21, 1990

|
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Ouestica 220.38

Figure 3.78-5 has the same title as Figure 3.7B-6. Provide
correct titles.

Response 220.38

Figure 3.7B-5 should ' read "( . . ,0*-180' direction)", not
"(. , vertical direction)". The Figure 3.7B-6 title is
correct.

The title to Figure 3.7B-5 will be corrected in a future
amendment to CESSAR-DC.

,
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Question 220.39

The Figure 3.7B-11 title should read "(.., 0-180
Cirection)", not "(.., vertical direction)". The title for
Figure 3.7B-12 is correct.

Resnonse-220.39

The Figure 3.78-11 title should read "(..., 0*-180*
Direction)", not "(..., \ertical Direction)". The title for
Figure 3.7B-12 is correct. The title to Figure 3.7B-11 will

- be corrected in a future amendment to CESSAR-DC.
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The Question 220.40.-

Section 3.7.4 - The staff is in the process of revising RG
1.12. The objective of this revision is to have new plants
equipped with state-of-the-art solid state digital seismic-
instrumentation. The new guidance is scheduled to be
published for_public comments by January 1992. Provide a
discussion of such proposed changes and how such changes
will be: implemented for CE 80+ plants.

Response 21QuiQ

Combustion Engineering will comment on the proposed
revisions to-USNRC Regulatory Guide 1.12, " Instrumentation
for Earthquakes" when-they are published for-public comment
and will assess the need for revision to CESSAR-DC at that
time. C-E recognizes the requirement to rapidly assess any
earthquake motion at a plant site to determine if the design
operating _ basis earthquake has been exceeded, thus requiring
plant shutdown and inspection. Seismic instrumentation will
be installed at System 80+ plants which will provide this
rapid assessment capability and which will be based on the
state-of-the-art knowledge and experience.

!
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Question 220.41

Section 3.8.2.1.2 - It is stated that "No shear connectors
are provided between the containment plate and shield
building foundation or base slab of internal structures."
Is there.any study-performed in the seismio PRA analysis
(Section 4.3, Appendix B) to determine if the internal
structure and the steel containment will be stable for all
levels of ground motion including earthquake intensities
much more severe than the SSE? If there is a relative
movement between the concrete and the steel plate in this
region, how is this relative movement considered in this
study and in the determination of. component and structural 1

!

fragilities?

'Response 220.41

For design basis loading cases, including SSE and OBE,
calculations were performed to investigate the possibility
of relative movement between 1) the steel containment plate
and the lower dish concrete structure (foundation) and2) the
internal structure concrete and the steel containment plate.
From these calculations it was determined that no relative
movement occurs in any of the cases and that the factors of
safety against-sliding are satisfied.

There has not been any corresponding study performed for
earthquake intensities much more sovere than the SSE in the
seismic PRA analysis. Earthquake tevels at which
instability might occur, and determination of component and
structural fragilities, are site specific and not available
at time of design certification.

S
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Ouestion 22Qxil

Section 3.8.2.4 - It is stated that "These methods are
described in Article NE-3222 of the ASME Code and ASME Code
Case N-284." Clarify this statement because Article NE-3222
of the ASME Code (1989) and Code case N-284 do not provide
descriptions of a three-dimensional finite element
bifurcation analysis. Clarify also the statement that " Code
case acceptability is in concurrence with RG 1.84." Justify
the use of code case N-284 for the CE System 80+ spherical

, containment shell, which is asymmetric with large openings.

Response _220.45

Article NE-3222.1(a)(2) states that " classical (linear)
analysis reduced by margins which reflect the difference
between theoretical and actual load capacities" is one
acceptable method for determining the maximum buckling
stress values to be used for the evaluation of-instability.
Article-1300 of Code Case N-284, " Stress Analysis
Procedures", states that "the shell anlaysis may be
performed by the axisymmetric shell of revolution method of
1310 or by alternate methods. The more elaborate,
three-dimensional-thin shell analysis method of -1320 may be-
used, if the vessel geometry and/or the magnitude of any
attached masses are such that axisymmetric shell of
revolution analysis is not appropriate". Thus, a
three-dimensional bifurcation analysis is permitted by the
Code and Code Case. For a shel whose geometry has large
openings such as the System 80+}g containment, the
three-dimensional analytical-approach is definitely
more appropraite.

Regulatory Guide 1.84 states that Code Case N-284 is
acceptable for use " subject to the following condition in
addition to those conditions specified in the Code Case:
Prior to implementation of the Code Case,.the applicant must
demonstrate to the satisfaction of the NRC Staff (via Safety
Analysis Report) that any axisymmetric techniques that are

_ proposed will be applicable to a vessel having large
asymmetric openings and that the overall margin used to
prevent she}f buckling-is acceptable." The analysis of the'

System 80+ containment, vessel uses three-dimensional
analysis techniques consistent with the Code Case so
justification of axisymmetric techniques is not necessary.

Adequate margin is provided by satisfying the requirements-
of NE-3222. The Code Case is used for its description of*

)
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Resnonse 220.45 (cont.)

acceptable analytical techniques and its definition of an
acceptable capacity reduction factor for external pressure

- loads. Within the strict limitations of the Regulatory

for use in the analysis of the System 80+fase is acceptableGuide (and the Code Case itself) the Code containment,

t

6
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Ouestion 220.46-

Section 3.8.2.4 - Provide justification for neglecting large
openings in calculating the maximum pressure capacity of the
containment vessel using axisymmetric finite element model.

'

Response 220.46

The analysis performed to calculate the maximum pressure
capacity of the steel containment vessel uses nonlinear
elastic-plastic solution techniques. Analyses performed by
Duke Power Company on Catawba Nuclear Station for this
loading condition considered the area around the equipment
hatch and upper airlock in a separate three-dimensional
model. The results of these analyses indicated that with
the openings reinforced as required by Section III,
Subsection NE of the ASME Code the ultimato pressure
capacity is the same as that predicted by axisymmetric
analysis.

.
.

9
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Question 220.47

Section 3.8.2.4 - It is stated that "The stresses in the
containment vessel due to combustible. gas loadings... this
model is similar to those used for the seismic analysis and
buckling. evaluation." - What are the differences between the
models used to calculate the stresses in the containment
vessel due to combustibic gas loadings and those for
buckling evaluation and seismic analysis?

Engponse 220d1

The same three-dimensional model is used for the combustible
gas anal'jsis as is used for the seismic analysis and
buckling evaluation.

Section 3.8.2.4 will be revised to clarify this information,
_

i

.
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three dimensional thin shell using the finite elementas a '

. method of analysis. The stresses and deflectionsproduced
-in-the_shall unde.r the applied-loads are calculated with the
ANSYS computer program (Reference- 2). The ANSYSmathematical model used to represent'the containment vesselis shown.in Figure 3.8-3. '

Seismic | stresses and deflections are calculated using the
response spectrum method. The frequencies of vibration and-

corresponding _ mode shapes are determined using the normalmode method.- tiodal responses are combined.as described inRegulatory Guide 1.92 (Reference 15). The appropriate
*

damping--level for the applied response spectra is defined in
Regulatory Guide 1.61-(Reference 14).

c. Buckling

The critical buckling stresses in the containment vessel aredetermined by applying the appropriate safety factors and
capacity reduction -factors

-_t o the results of a three-dimensional- linear bifurcation analysis 'using an ANSYS
finite element model similar to that constructed for thestatic and dynamic analyses. These methods are described in

' Article NE-3222 of the ASt4E Code and AS!iE Code Case N-284-(Reference 5). 'Codu Case -acceptability is -in concurrence
Isith Regulatory Guide 1.84 (Reference 18).

D. Ultimate Capacity

The maximum pressure capacity of the. containment vessel' is
evaluated'by--a-large displacement elastic-plastic! nonlinear
analysis. -The vessel is modeled with axisymmetric' shell,

finite elements using the ANSYS computer program. The ANSYS

~

model is shown in Figure 3.8-4.
-

-The stresses in the containment" vessel due to combustiblegas loadings are calculated us ' - a static linear elasticanalysis. - The vessel is: re sen _d by hree-dimensional-a
thin shell . finite elemen model with the veYS emputerprogram.; This - model _ i :!:il:: t: those .used r the-seismic analysis and bue ling evaldation,-

'

E. Nonaxisymmetric and Localize b ds. & $drHC d.S
x -The containment is- not ' divided into compartments (see

.

~ Section 6.2.1.2) so- there are no nonaxisymmetric loads
-applied to the containment vessel during a - Design BasisAccident.

-

Amendment I-
3.8-6 December 21. 1990

, - , - - . . . ,,,-. - - -, . .,,,,. _ _ . _ .- .-. _ . _ _ - - - - - - - .
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Ouestion 220.48

Section 3.8.2.5 - It is implied here that the safety factors
for buckling for various levels of loading combinations are

-

in accordance with NE-3222 of the ASME Code. NE-3222
- provides a number of options for determining the buckling
stress values. Provide information on what proceduro-is
used for the SCV of the CE System 80+ design.

Resnonso 220.48

The safety facggra used in the evaluation of instability for
the System 80+ containment vessel are determined from
NE-3222. Article NE-3222.2(a) requires the maximum buckling
stress to be set to one-third of the critical buckling -

stress determined by the method in- NE-3222.1(a) (2) for
Levels A and B. Thus the critical buckling stress divided
by the maximum buckling stress for these load levels must
have a safety factor of 3.0 (including the effects of
capacity reduction f actors.) The safety factors for Levels

.

C-and D are obtained by dividing the Level A and D safety
factor by 1.20 and 1.50 respectively-(this is the same as
multiplying the maximum buckling stress by the same values
as stated in NE-3222.2 (b) and (c) . This results-in
permissible safety factors of 2.5 for Level C and 2.0 for
Level D.

_

9

i.-.in-. i si
-



D339 - 166 -

Qggqtion 220.49

Section 3.8.2.7_- Provide information on the preoperational
structural integrity testing of the SCV. Steel containment
vessels of operating plants do not have any benchmark
measurements against which their structural behavior can be
assessed. The staff believes that such measurements are
useful in validating the analytical methods and in assessing
the SCV performance af ter it has gone through significant
degradation. Provide information on taking such
measurements (chains and deflections) at critical locations
during SCV initial pressure testing.

Ensnonse 220.49

Preoperational structural integrity testing data will be
taken as described in CESSAR-DC Section 14.2.12.1.130,
Containment Integrated Leak Rate Test and Structural
Integrity Test, which states that "The readings of strain
gauges, load cells and deflection rods will be recorded at
selected pressure levels."

.

4
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Ouestion 220.51 ;

Section 3.8.4.4 - Is the dynamic effect of pressure loads
considered for both-design basis and severe accident
conditions? Some of the pressure loads reach close to their
peak values-in a very short time after the accidents.
Response 220.51

The dynamic effect of pressure loads'for postulated pipe !

breaks not eliminated by leak-before-break evaluations is |
considered for design basis conditions. Deterministic
evaluations for dynamic effects for severe accident
conditions are not required.

1

i
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Ouestion 220.52

GSI 103, " Design for Probable Maximum Precipitation" - See
comment 3.11.1 on Table 20-1, and 220.2 on Probable Maximum *

Flood. Resolution of these comments will resolve the GSI
- with respect to CE System 80+ Design.

Response 220.52

Responses to questions / comments 311.1 on Table 2.0-1, and
RAI 220.2 with regard to Probable Maximum-Flood have been
provided' Therefore, GSI 103, " Design for Probable Maximum.

Precipitation," is resolved.

Question 220.52 is incorrect in referencing comment 3.11.1
and Table 20.1. It is believed that the correct references
are 311.1 and Table 2.0-1.

= . .

|

|
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Ouestion 220.53

USI A-40, " Seismic Design Criteria" - Resolution of comments
on Section 2.5 and 3.7 will resolve the USI with respect to
CE System 80+ Design.

Response 220.53

Combustion Engineering agrees with the above staff position.
C-E believes that resolution of all RAIS on CESSAR-DC
Sections 2.5 and 3.7 has been provided. Therefore, USI
A-40, " Seismic Design Criteria" as it relates to the System
80& design is resolved.

,

e
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Ouestion 220.54

GSI B-05, " Ductility of Two-Way Slabs and Shells and |

Buckling Dehavior of Steel Containments.

Ductility of Two-Way Slabs and. Shells - The stated*

resolution is acceptable when modified to include the
provision 10 and 11 of RG 1.142.

Buckling Behavior of Stool. containments - Resolution of*

comments of Section 3.8.2 of the DC document will
resolve this concern with respect to CE System 80+
Design.

Egynonse 220.54

The stated resolution of GSI B-05, " Ductility of Two-Way
Slabs and Shells and Buckling Behavior of Steel
Containments," will be revised to include Provisions 10 and
11 of Req. Guide 1.142.

Responses to comments on CESSAR-DC Section 3.8.2 have been
provided for resolution of GSI B-05 with respect to Buckling
-Behavior of Steel Containments.

|
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(Reference 4) does not provide detailed guidance on the
. treatment of buckling of steel containment vessels for such

loading conditions.
,

Moreover, this Code does not address the asynmetrical nature
of the containment shell due to the presence of equipment
hatch openings and other penetrations. Regulatory Guide 1.57
recommends a minimum factor of safety of two against
buckling for the worst loading condition provided a detailed
rigorous analysis, considering in-elastic behavior, is
performed.

On the other hand, the 1977 Summer Addendum of the ASME Code I
permits three alternate methods, but requires a facter of
safety between 2 and 3 against buckling, depending upon
applicable service limits.

ACCEPTANCE CRITD11A

The acceptance criterion for Concern 1 is that analysis methods
used for two-way reinforced concrete slabs adequately address
dynamic loading in biaxial membrane tension, flexure, and shear
that occur due to a HELB or LOCA.
The acceptance crite*io for concern 2 is that all applied loads
must be

. ad ss N

""S"""ft1 09 $ W Y I
'

t1C L4 Ia

a L /9z, (% . s)With res et to Con :ern 1 of this issue, the System 80+containmen design uti lizes the methods outlined in Appendix C of
fACI 349-85 ( eference 3K for treating the impactive and p

loads associat W M N N ntified inCESSAR-DC, Section 3.8). In addition to these concrete design
methods, the System 80+ Standard Design containment piping
analysis uses the Leak -Before-Break (LBB) methodology described
in CESSAR-DC Section 3.6, thereby reducing the number of
situations in which these loadings occur.

With respect to concern 2 of this issue, the System 80+ Standard
Design steel containment vessel satisfies the design requireuents
set forth in Section III of the ASME Code. The vessel is not
subjected to the unsymmetrical dynamic pressure loading described
above because of the layout and design of the Reactor Building.-

The inside of the containment building is not divided into
compartments and thus no unsymmetrical dynamic pressure loading

| on the steel containment is generated. (The unsymmetrical
i loading is a consequence of differential pressures within and
| outside the inside compartments adjacent to containment.)
| Amendment I
| A-104d December 21, 1990
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In addition, a three-dimoncional linear bifurcation ar.11ysis with
appropriato capacity reduction f actors is used to arrivo at the
actual safety factor for the stability analysis an described 2n
CESSAR-DC, Section 3.8.2, and thus natisfies all the current
design requirements.

Since the System 80+ containment desian is based upon ACI 349-85,
wt.i ch establishes methods by which the above loading conditions
for Concern 1 of this issue are addressed, and the stool
containment design meets the requir ments of the ASME Code for
Concern 2 of this issue, both concerns are fully resolved for the
System 80+ Standard Design.
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Ouestion 220.56

GSI 119.3 "Docoupling the OHC from the SSE"

Por SECY-90-016, the staf f agreen that the ODE should not ,

control the design of safety systems. The staff will ,

iconsidor decoupling the OBE from tho SSE on a '

design-specific basis for advanced reactors pending a
revision of 10 CFR Part 100, Appendix A. For the CE System
804 design cortification, a revision of 10 CFR Part 100, -

'

Appendix A may not support the cortification schedulo
speciflod in SECY-91-161 which assumed that resolution of,

'

tho ODE /SEE issue would be resolved on a case-by-caso basis.

For the resolution of GSI 119.3, CE has proposed an OBE of ,

0.19 peak ground accoloration which is one third of the
System 804 SSE (0.39). ' Consequently, this proposed
resolution is a departure from existing regulations since 10
CPR Part 100, Appendix A calls for a maximum vibratory>

ground accoloration of tho OBE shall be at least one-hilf
- the maximum vibratory ground acceloration for the SSE. As
such, CE should request an exemption under 10 CFR Part 50.12.

for regulatory relief from the applicable provisions of 10
CFR Part 50, Appendix A, GDC 2 and 10 CFR Part 100, Appendix
A. In support of the exopption, CE should provido the
critoria used for establishing 0.1g OBE point as appropriate
for the CE System 80+ design.

In addition, what paramotors dotormine the point, following
an OBE ovent, where seismic inspection activitios would be
performed for a System 80+ plant in order to verify that .

istructures, systems, and components designed to withstand
the offects of an OBE are in an acceptablo condition (e.g., ,

within applicable stress and deformation limits) for
continued operation? Also, what inspection critoria *

requested abovo will be incorporated into the resolution of
USI A-17 for the systems interactions program cited in RAI
440.1277

Resoonse 220.56

Combustion Engineering believes that it is inappropraite to
request an exemption under 10 CFR Part 50.12 for regulatory,

I

| relief _from the applicable provisions of 10 CFR Part 50,
Appendix A, GDC 2 and 10 CFR Part 100, Appendix A at this
time. The,ponding revision to 10 CFR Part 100, Appendix A

r

for application to future nuclear power plants may no longer|~

(,- necessitato such an exemption. Further, it is our

L understanding that the pending revision to 10 CFR Part 100,
Appendix A and/or new regulatory guidos to be issued in
conjunction with this revision will address shutdown and
inspection criteria following a seismic event.

L

.

r- - r w ww-- 9w 1 g & rg we i sivr ,9 m gwe m e.g ma-,n,r,-w,ge w;-a-me- wt .r.nw- ywv.pgy --- 3--m gyy.pm-vs . f wi -m pgr 9 gyyy p p q e .. s* g yy w,fe y + w,-g y p yw-g--y-sp-my- - -W = v n +wg ay gy ,y- = y



.. _ _-.. __- _. - . _ - _ _ _ . . - . _ _ - _ _ . _ _ _ _ _ _ _ _ . _ - _ . . _ _ _ _ . _ . __

D339 - 177 -

C-E discussed the above in a mooting on January 21 and 22,
1992 in Windsor with Thomas Murley, Director of NRR, William
Husso11, the senior technical manager in NRR, and other
momebors of their technical staff. It is our understanding
that additional guidance regarding this request for
exemption will be provided by the starf. C-E is taking no
action pending receipt of this additional guidanco.

For your information, s00 also the response to RAI 220.40
regarding C-E's position on shutdown and inspection

.

requirements following a seismic event.

i

i
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QMiUlt1911_210x2

Section 2.5 - provide technical basis for selecting 5000
ft./sec. bedrock shear wave velocity. Shear wave velocities
of 9000 to 12000 ft./sec. are not uncommon in some eastern
U.S. sites. Higher bedrock shear wave velocity may produce
higher motion at the ground surface. This is particularly
true if there is a high shear wavo velocity contrast between
the rock and the overlying soil.

Et1ECDne 230.2

A bedrock shear wave velocity of 5,000 fps was solceted as a
reasonable upper range value. In addition, this bedrock
shear wave velocity together with the range of velocities
assigned to the cases considered appeared to provide a
significant range of velocity variations and contrast.
The effects of having a bedrock shear wave velocity of 2,500
fps, 6,000 fps and 8,000 fps is examined by re-evaluating
the responso at the ground surface and at the foundation
lovel using soil profiles B-2 and C-2.

N

\

\ The response at the ground surface of soil profile B-2 is
shown in Figure la for all four bedrock shear wave
velocitxos. The corresponding response at the foundation
level (52 ft below ground surface) is presented in Figure
Ib. The results of Figures la and Ib indicate that varying
the bedrock shear wave velocity from 5,000 to 8,000 fps
results in only small variations in spectral ordinates of
the motions calculated at the ground surface and the
foundation level over almost the entire frequency rango.
Only in a very narrow frequency range of 2 1 0.3 Hz,
far removed from building structure frequencies where.

amplification occurs, does the variacion in response appear
to be significant. Using a rock shear wave velocity of
2,500 fps, however, results in a significant decrease in the
apoctral ordinates at the ground surface and the foundation
level in soil profile B-2.

Figures 2a and 2b show the spectral ordinates for the
motions calculated at the ground surface and at the
foundation level in soil profile C-2 using rock shear wave
velocities of 2,500, 5,000, 6,000 and 8,000 fps.
Essentially identical spectral ordinates are obtained when
the rock shear wavo velocity is varied from 5,000 to 8,000
fps. The spectral ordinates obtained using a rock shear
wave velocity of 2,500 fps are slightly lower than those

. obtained with the higher rock shear wave velocity.

Thus, it is concluded that the use of 5,000 fps for the
bedrock shear wave velocity is sufficiently adequate to
represent all cases.

----- _
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Ouestion 230.3

Sect lon 2.5 - It is stated that all rock sitos (with no soil
deposits below the foundation level) are acceptable. In
caso the bedrock is available at or near ground surface, say
at a depth of 5 or 10 ft., what is the method of achieving
the minimum ombodment depth of 52 ft.? In such casos,

indicate how the control notion at foundation basemat levelwill be definod, and what assumptions will be used in
designing the structuros.

Response 230.3

The structures will be founded at a depth of 52 ft. below
finished grado. This will require excavation using
appropriato construction procedures (including ripping or
blasting in rock, as required) to reach this embedmont
depth.

The control motion will be defined at the ground surface and
will be obtained using the same proceduros described in
CESSAR-DC. In fact, Caso A-1 was included to consider the
possibility raised by this question.

|
|
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QuRat10n_22M
Section 2.5.2.5.1 - Discuns the adequacy of the duration of
the time histories.

E ttil m D ER _2 1 M z

The significant duration of the time historios is assessed
using the procedure originally proposed by Trifunac and
Brady (1975) and used by Dobry, et al (1970) to derive the
following equation for the median duration of earthquake
ground motions at rock sitos:

Log (D) = 0.43*H - 1.03

in which 1,og is logarithm to base 10,D is significant
duration in seconds and M is carthquake magnitudo.

The above expression was derived based on the timo required
for the buildup of the integral

i

|a'(I)dt
o

in which a(t) is the acceleration tino history. Arias
(1969) showed that this integral is a measure of the energy
of the accelerogram, and defined the intensity of the entire
record by the following expressiont

Ia (I)dtla n
2 g ',

in which 1 is the Arias' intensity and t is the total
duration. 3Ilusid (1969) proposedtheusebfthenormalized
variable h(t):

e

' a'(!)dt

' h(f) = l (l/)
" -

[a'(t)dte

o

Thus, h(t) = 0 at the beginning of the record and = 1 (or
100 percent) at the end of the record. The plot of h(t) Vs
t is known as the ilusid plot.

,

Significant duration, D, as defined by Trifunac and Brady
(1975) is the time interval nooded fo. h(t) to build up from
5 to 95 percent. This definition was used by Dobry, et al
(1978) to derive the equation given above for D as a
function of M.

-- - ----_----
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A plot of the r.ynthetic acceleration time history til used in
CFSSMt-DC ic nhown in Fig. 1 and the corresponding !!unid
plot ior this time hintory in prouented in rigure 2.
Similar plotn were obtained f or nynthetic tirne historien !!2
and V.

Using the name detinition for duration au that selected by
Dobry, et al (1978), the following valuen of significant
duration are obtained for 111, 112 and Vi

synthetic Ilucid function, Time at which Significant
Time _.llint.QU _ hit) --11CIXCat._11LtJ_CC100_-ERE lhlrAt.iDlL -DrC

b 4.40
llorizontal--lll 95 23.99 19.59

5 .3.72
llorizontal--Il2 95 23.55 19.83

5 2.75
Vertical--V 95 24.30 21.63

Thun, the significant duration for the synthetic time
histories selected for Cl:SSAlt-DC in of the order of 20
seconda. This would correnpond to a magnitude of about 7
1/4 uning the equation relating significant duration and
earthquake magnitude. llence the duration of the nelected
time histories is adequate.
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Question 230.7

Section 2.5.2.5.2 - Why are the upper bounds (non-
conservative) of the shear modulus shear strain relationship
(Figure 2.5-3) published by Seed and Idriss selected?

Resoonse 230.7
'

The upper range modulus reduction curve published by seed
and Idriss (1970) was selected for use in the ground
analyses for CESSAR-DC. This modulus reduction curve was
selected because it represents a reasonable upper range for
most cohesionless soils. The possibility that the modulus
reduction curve can be higher (ie, loss modulus reduction as
a function of shear strain) was more than accommodated by
the very large range in shear wave velocity (ie, shear
modulus at very small shear strain) assigned to the soil
profiles considered in CESSAR-Dc. Similar arguments pertain
to the need to use a lower (10, more modulus reduction as a
function of shear strain) modulus reduction curve.

Available modulus reduction curves for cohesionless as well
as cohesive soils are presented in Figure 1; the term PI
shown in Figure 1 is the plasticity index. Note that the
lower range of the modulus reduction curve orginally
published by Seed and Idriss (1970) is not shown in Figure 1
and that the curve labeled pI<10 is approximately equal to
the average modulus reduction curve published by Seed and
Idriss for sands.

The effects of the modulus reduction curve on response were
evaluated by. calculating the response of cases B-1, D-2-and
C-3 using the three modulus reduction curves shown in Fig.
2. Synthetic time history H1 was used in these
calculations.

The results of these response calculations are presented in
Figs. 3, 4 and 5 for Cases B-1, B-2 and C-3, respectively.
The upper part of each figure-shows the variations of peak
horizontal accelerations with depth and the spectral
ordinates calculated at the ground surface are shown in the
lower part of each figure. These results indicate that
" conservatism" is not necessarily obtained by selecting
either the lower or the higher-modulus reduction curve.
Nevertheless, the wide range of soil depths and shear wave
velocities used in System 80+ design as described in
CESSAR-DC covers the potential variations. indicated by the 3

resulto presented in Figures 3, 4 and 5. j'

_ _
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|

!

914Mt191L21012
Section 2.5.2.8.1 - provide explanation for the une of 1/3
f actor in entiinating darnping valuen annociated with the
propagation of p-waven.

RM1191111R_21022

very littic work han been done regarding energy dinipation
annociated with the propagation of P-waven. Mont, if not

all, renponno calculationn completed to date have been done
considering that t hene dattping valuen are identical to thone
annociated with the propagation of shear waven. To provide

reasonably conservative vertical ground notions at noll
n i t e r,, a f actor 1/ 3 wan used to entirnate the damping valuen
annociated with the propanation of P-waven.

From theoretical considerations, it can be shown that the
relationship between Q,and Q can be approximated by the

I n
following exprennion:

v'L = 4 r'.J

O, bOs

Since darnping ratio in inversely proportional to o, the
above equation can be rewritten in terms of the damping

lI ""Iration A and An ""

A, = 4
r

3 ,( v, )'A L

2, the relationship between h and A in 1/3.

This Da/v
For v a

n uned an a guide (and not an a baNin) toe' nelectingU

the factor to obtian K from h .p g

The reasonablonens of thin selection was tested by examining
the recordings obtained at soil siten during the 1979
Inperial Valley eqrthquake. The resulta presented in Fign.
3.7-1 through 3.7-24 show similar trends to those obtained
for the recordings in the aforementioned earthquake.

.

1
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cutaitc1L212J2
Section 1.8 Regulatory Culden

Table 1.8-1 lists applicable Regulatory Guidos addressed in the System
80+ design; however, this table is not as comprehensivo as Tables
B.1-1 and B.1-2 in Appendix B to Chapter 1 of the EPRI AIMR
Evolutionary Plant Requirements Document. The EPRI tables list not
only applicable Regulatory Guidos, but Liso CPR sections, GDCs, SRPs,
Branch Technical Positions, SECY papers, llUREG reports, and ilRC
memorandumn. The staf f recommends that CE e>tpands Table 1.8-1 in the
same manner.

Eggponse 252.Q2

Combustion Engineering does not believe that a listing of "SECY
papers, liUREG reports, and 11RC rnemorand a" in CESSAR-DC would
contribute materially to the deceription of the System 804 design or
to its review per the Standard Review Plan. Those documents and
" Regulatory Guidos, CFR Sections, and GDCD" are referenced in the
Standard Review Plan and, as appropriate, in the text of CESSAR-DC.

4
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l Attachment AIA'R-3 61

I

ClucEll21L212_df

10 CFR Part 50, Appendix A, General Donign Criterion 32
requires, in part, that components which are part of the
reactor coolant pressure boundary be designed to permit (1)
periodic inspection and testing of important areas and
features to assess their structural and leak-tight integrity
and (2) an appropriato material surveillanco program for the
reacte pressuro vessel. The information provided in CESSAR-
DC Section 5.2.4 does not provido suf ficient detail to ensure
that CDC 32 will be not. The staff's position in that all
System 80+ components should be designed to bo inspectable.

The staff requires for the reactor coolant pressure boundary
that a Preservico Inspection (PSI) Program Plan be submitted
for review. Provido a schedulo defining when the entiro PSI
Program Plan will be cornplated and submitted f or review. The
PSI Program Plan should include reference to ASME Code Section
XI Edition and Addonda that will be used f or the selection of
components for examination, lists of the cornponents subject to
examination, a description of the componento exempt from
examination by the applicablo Code, examination methods,
extent of examination, and the examination isornetric drawings.

Plans for preservice examination of the reactor pressure
vessel volds should address the degree of compliance with RG
1.150.

Response 252.16

The requested Proservice Inspection (PSI) Plan outline will be
part of the Operational Support I nf ortna tion (OSI) Program.
The information in CESSAR-DC Section 5.2.4 is to demonstrato
that the System 80+ design moots applicable ASME Code and
regulatory requirements.

--
_ ___
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Attachment ALWR 361-

Question 252.17

The information provided in CESSAR-DC Section 5.2.4 does not
address codo re11of requests. All preservico examination
requirements defined in Section XI of the ASME Codo that have
been determined to be impractical for System 80+ should be
identified and a supporting technical justification should be
providod. The relief requests should include at loset the
following information

,

1. For ASME Code Class-1 components, provido a tablu similar
to IWB-2500 confirming that either the entire Section XI

,

preservice examination can be performed on the component '

or relief is requestod with a technical justification
supporting your conclusion.

2. Whoro relief is requestod for pressure retaining wolds in
the roactor vossol, identify the specific wolds that will
not rocoive a 100 percent preservice ultrasonic
examination and estimate the extent of the examination
that will be performed.

3. Whero rellof is requested for piping system wolds,
Examination Category B-J, provido a list of the specific
wolds that will not receive a complete Section XI
prosorvico examination including drawing or isometric
identification number, system, wold number, and physical
configuration (e.g., pipo-to-nozzle weld). Estimate the
extent of the prosorvice examination that will be
performed. When the volumetric examination-is performed
from one side of the weld, discuss whether the entire>

vold volume and the heat-affected zone (HAZ) and base
metal on the f ar ' sido_ of the wold will be examined.
State thu primary reason that a specific examination is
impractiel (e.g. , support of component rostricts access,
fitting provents adequate ultrasonic coupling on one
side, component-to-component welds provents ultrasonic
examination). Indicate any alternativo or supplement
examinations to be performed and methods of fabrication
examination.

|

Rosconso 252.17

Preparation of Code relief requests requiroa final pipo
routing, piping / piping support erection, and as-procured
vendor information. This information is not available for.

design certification.

CESSAR-DC, Section 5.2.4 providos precorvice examination
requirements for Class I components as defined in Section XI -

of the ASME Boiler and Pressure Vessel Code. Whero ASME Code
Section XI examination requirements are impractical, Codo

i

-_-_r~,.,,-. . . . . -...# ~ . . , . , _ _ - , . . _ , . . . . , , , . - . ,,_.__.._._.,_.~.,.s. . . _ , . , . . . _ _ - . , , . . - . . _ - . , . , _
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Attachment ALWR 361

"

EgAponso 252.17 (Cont'd)
i

rollef requests are prepared for submission-to the HRC, with
technical justificatnon and alternativo examinations, if. any.
Thoso requests are prepared subsequent to detailed pipo
routing and design.

.

|
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Attachment ALWR-361

i

Quer, tion 252.18

Similar to RAI 252.16, the staff finds the infornation
provided in Section 6.6 is not aufficient to ensure that
cortain Class 2 and 3 systems havo been designed to permit (1)
appropriato periodic inspection of important component parts
to assure system integrity and capability and (2) appropriate
periodic pressure testing to assure the structural integrity
of their components. The staff's position in that all System
80+ co'aponents should be designed to be inspectable.

The staff requiron for Class 2 and 3 components that a
'

Prosorvico Inspection (PSI) Program Plan be submitted for
review. Provido a schedu'a dofining when the entire PSI _

Program Plan will be completed and submitted for review. The
PSI Prograu Plan should include reference to the ASME Codo
Section XI Edition and Addenda that will be used for the
selection of components for examination, lists of the
compononto subject to examination, a description of the
components exempt from examination by the applicable code,
examination methods, extent of examination, and the
examination isometric drawings.

Itepnpftag 252.18

The requested Prosorvice Inspection (PSI) Plan outline will be
part of the operational Support Information (OSI) Program.
The information in CESSAR-DC Section 6.6 is to demonstrate
that the System 80+ doulgn meets applicable ASME Code and
regulatory requirements.

-

- _ _ ___
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Attachment ALWR-361
,

Quention 251 d2

The information provided in CESSAR-DC Section 6.6 does not
address Code relief requests. All preservice examination
requirements uofined in Section XI of the ASME Code that have
been determined to be impractical for System 80+ must be
identified and a supporting technical justification should be
provided. The relief requests should include at least the
following information:

1. For ASME Code Class 2 and 3 components, provide a table
similar to IWC-2500 and IWD-2500 confirming that either
the entire Section XI preservice examination can be
performed on the component or relief is requested with a
technical justification supporting your conclusion.

2. Where relief is requested for piping system welds,
Examination Category C-F-1 or C-F-2, provide a list of
the specific welds that will not receive a complete
Section XI preservice examination including drawing or
isometric identification number, system, weld number, and
physical configuration. Estimate the extent of the
preservice examina son that will be performed. When the
volumetric examination is performed from one side of the
weld, discuss whether the entire weld volume and the
heat-affected zone (HAZ) and base metal on the far side
of the weld will be examined. State the primary reason
that a specific examination is impractical (e.g. , support
of component restricts access, fitting prevents adequate
ultrasonic coupling on one side, component-to-component
welds prevents ultrasonic examination). Indicate any
alternative or supplement examinations to be performed
and methods of fabrication examination.

Egnponse 252.19

Preparation of code relief requests requires final pipe
routing, piping / piping support erection, and as-procured
vendor information. This information is not available for
design certification.

CESSAR-DC, Section 6.6 provides preservice examination
requirements for class 2 and 3 cc,mponents ac defined in
Section XI of the ASME Boiler and Pressure Vessel Code. Where
ASME Code Section XI examination requiremer.ts are impractical,
code relief requests are prepared for submission to the NRC,
with technical justification and alternative examinations, if
any. These requests are prepared subcoquent to detailed pipe
routing and design.

..
.--_- - _-_ -_. _ _ .___ _ _ _ _ - - _ _ _- _ _ _ _ __ _ _ _ ___ _ _ _ _ _
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Question 252.20

Discuss the rotationship between the inspections, tests, and
acceptance critoria in your preservico Inspection (PSI) program and
the inspections, tests, (analyses), and acceptanco criteria (ITAAC)
required by 10 CTR part 52. Specifically address to what extent the
PSI program will be included in the ITAAC for the certified design and
to what extent it will be included in the ITAAC to be submitted with
the combined operating license (COL) application.

Eqpppnso 252.20

Tho preservice inspection program is discusnod in the responses to !
RAIs 210.51 and 252.16 - 252.39. As indicated, much of the detailed $

information for a preservice inspection program depends on specific :
components that will not be available until actual equipment !

procurement. Information availabic prior to design certification-
will, of course, be identified and included in the preservice
inspection program as part of the larger operational Support ;

Information program. These preservice inspection requirements will |
be included in the ITAAC documentation if they are necessary to t

demonstrato Tier 1 design features or characteristics. The ITAAC
program is currently underway and the scope of Tier 1 features in
being developed consistent with NRC/ industry discussions. 4

:

.;

i

,

j.-

6

>

i
-

.--,,,..,...,7.y . . , . , - . , - ,_.,,%%,__..ry,,.,,.r__m..,_m,,...._,.or.,,e._,..._..__,_._ _,.. .,.._ ... _.. . _ _. ,
-



|
.

. .

- . _ - - _ - _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _

i

D339 - 157 -

QUEEtion 270.42
Section 3.8.2.1.2 - One of the highly stressed regions of
the containment shell under noismic and thermal conditions
is in or near the transition region (Sheet 3 of 3, Pigure

3.8-1). provido quantitativo information to show that
buckling and over-stress will not occur in this region.

Ennponse 270 42

Service Load Analysis and Hosults

The containment is analyzed for the loads and loading
combinations shown in CESSAR-DC Tables 3.8-1 and 3.8-2. The
stress intensition calculated in these analyses must be less
than the allowable stress intensitten por ASME Code Article
NE-3221. The allowable stress intensity values are
tabulated for the containment vessel material in Attachment
1. The containment vessel is modeled using the finito
element method of structural analysis. The finito element
model is shown in Attachment 2.

Stress intensities are calculated at the midsurface and
extreme fibers of the finite olements in the structural
model as appropriate for the load combination being
evaluated. Loading combinations for the testing, design
Level A, Level B and Level D conditions are asnembled.
Level C conditions are not considered since this loading
level has higher allowable stress intensities but smaller
loads than Level D conditions. Only the load combinations
containing accident loads are e amined for Levels A, B and DA

since the stress intensities from these combinations are
much higher than for those combinations containing normal
operating loads. Seismic stress intensities are calculated
performing a modal analysis of the model and applying
responso spectra at the base. Soil caso B4 produced the
highest stress intensitics for the soismic loading.

The maximum stress intensities calculated for the various
load combinations are summarized in Attachment 3. The
calculated stress intensities are less than the allowable
stress intensities for all load combinations in the
transition region,

stability .Tnalysis
-

The stability analysis is proformed using the methods
described in Article HE-3222 of the ASMC Code and ASME Code
Case H-284. The buckling capacity of the sphere in'

determined by performing a classical linear bifurcation
analysis of the same three dimensional thin shell finite
element model used in the service load analysis.
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All load combinations are evaluated for buckling
conalderationo. Ilowever, many of theno combinations need
not be analyzed because the containment vonsel will not be
in a compressivo stress stato and hence will not buckle.
Preliminary buckling analyolo showed that stability need
only be ovaluated when the containment voanel experiencon a
vacuum or external pressure load.*

The load case with the OBE load is checked against Level D
allowablo safety factors and the load case with the SSE load:

I la checked against Level D allowable safety factorn. The
buckled modo chapen for both loading combinations shows that
the containment vossol bucklen in the upper reachen of the
dome away from any of the openings. The stress fiolds at
thin location consist of unequal blaxial compressive
membrano stresses with a small amount of shear ntrenn. The
principal strennen are both comprensivo but unequal. ASME
Code Cane 14-284 does not specifically addresa this condition
no the capacity reduction factor of 0.124 recommended for
equal biaxial compressive strescos is used. The load factor
(eigenvalue) calculated by AliSYS is multiplied by thic
capacity reduction factor to determine the safety factor for
the load combination under consideration.

Load capacity Reduction A!1sYS Load Safety

Combinatirn Dwtor .__rActgn_._ rattrr

1 (OBE) 0.124 24.506 3.039

2 (SSE) 0.124 19.231 2.385

The required safety factor for Level B is 3.0 and for Level
D is 2.0 no the containment vessel design in acceptable for
stabi)ity considerationa per the ASME Code.

.

- - - - - - - - - - - - - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _
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At t achinent 1

RAI Response 270.42

|...

Cettaiteett Allevatle $ttens litetstilts let itill Class I stell_
|

*

__

!!!stri stresses lettitt 6 titetti 6
Gas,tes. Localget, total tes, litettatt

t'it it*i'9toldCattletits t, rg b t

testill Cat:1 tics fttientic 44150 61618 61810 sIA

tillIt Cittititt 2]ttg })ttg ))ClO ll!

'.ttti A ittilte ;2ttg 33;gg 13tti tileg*

L1 tit

littl I Ilititt 22ttp j)t0g 13800 10188

L! tit

Not 12ttgral ate
Citt1110tl 22t'80 13:10 33Cll 181t0

.

tetelC!tritet
11:11 !stetraland

C#ttits::: $2460 title 18120 IIA

set 11tettei att
0C 11:5t15 j](lp 1|f]l III29 I/A

Lettl & !!Tritt
41ICO 71400 IM!! alt 1statiti i !! attic it, gjg

Citt. Ittltstic As, (1600 (16tg (litO

JCit: 111 titutt att gatet it ;tttts (tr tutte :nti.

.

. . . .. .,.m.. ._ . .x- . ~ .,. . -



. . .

Attachment 2

RAI Responne 270.42
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Attachment 3
RAI Response 270.42

Service- Load Analysis Stress intensitios

Load Containment Shell
"" "

Primary Primary and Secondary

- Testing 24614 N/A ;

Design 21184 N/A

- Level A 21184 28896 ;

-- Level B 21775 28650

Level D 30620 N/A
_ _ _

Notes:

1) All stress intensities are in pounds per square inch.
i

'

2) . All stress intensities are calculated using the preliminary ;

design-pressure of 53 psig with the exception of the Level B
stress intensities. The Level B stress intensities are
calculated at the final design pressure of 49 psig. r
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Ouestion 270.43

Section 3.8.2.1.2 - It is stated that "In the transition
rcWAon, compressible material is provided as shown in Figure
3.8-1 to eliminate excessive-bearing loads on the
concreto...". Explain why compressive material is not
provided on the other side of the bontainment shell? What
is this compressive material? Describe how the mechanical
properties of the compressive material for the static and
dynamic conditions are obtained. What are the uncertainties
associated with these mechanical properties? Will this area
be accessible for periodic inspection?

Resnonse 270.43

Compressible material is provided only on the exterior of
the containment vessel because the primary purpose of this
material is to reduce the local bending stresses caused by
thermal and internal pressure loads. The material
properties are those of self-expanding cork pravided by W.

.R. Grace and Company to Duke Power Company for use in the
design of the cancelled Cherokee Nuclear Station.
Properties'for static loading conditions were determined
from-load deflection data provided by W. R. Grace and
Company.. Properties for dynamic conditions were not
obtained but should have negligible impact on:the design as
the compressible material is located where the contais. ment
vessel is fully restrained by the concrete structures of the
Reactor Building. The procurement specification will define
mechanical. property requirements, including tolerances, for
this material consistent with the properties used in the
structural evaluations. The area at the transition region
of the containment vessel on both the inside and cutside of
the vessel will be available for. inspection over he life of
the plant.

-

. .
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Question 270.44
Section. 3.L J.4 - It it stared that "The critical buckling
stresses in the contair.co.t vessel are determined by
applying the appropriate adfety factors and capacity
reduction factors to the results of a three-dimensional
linear bifurcation analysis using'an ANSYS finito elementL

model similar to that constructed for the static and dynamic
analysis." Provide figures or sketches showing the finito
element model for the buckling analysis and describe the
differences-between this model and the model for the static

.and dynamic analyses.

Response 270.44

The buckling analysis model is summarized in the response to
RAI 220.42. The same three-dimensional model is used for
both the static and dynamic analysis as well as the buckling
analysis (Reference Figure 3.8.3).

CEASSAR-DC Section 3.8.2.4 will be revised in a future
submittal.

,

a
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as a three dimensional thin shell using the finite element
method of analysis. The stresses and deficctions produced
in the shell under the applied loads are calculated with the
ANSYS computer program (Ref'erence 2). The ANSYS
mathematical model used to represent the containment vessel
is shown in Figure 3.8-3.

.

Seismic stresses and deflections are calculated using the
response spectrum method. The frequencies of vibration and
corresponding mode shapes are determined using the normal
mode method. Modal responses are combined as described in
Regulatory Guide 1.92 (Reference 15). The appropriate
damping level for the applied response spectra is defined in
Regulatory Guide 1.61 (Reference 14).

C. Buckling

The critical buckling stresses in the containment vessel are
determined by applying the appropriate safety factors and
capacity reduction factors to the results of .a three-
dimensional linear bifurcation analysis using 3 ANSYS
finite element model ni mi4ne- mt- constructed for the
static and dynamic analyses. These methods are described in
Article NE-3222 of the ASME Code and ASME Code Case N-284
(Reference 5). Code Case acceptability is in concurrence I

-

with Regulatory Guide 1.84 (Reference 18).

D. Ultimate Capacity

The maximum pressure capacity of the containment vessel is
evaluated by a large displacement clastic-plastic nonlinear
analysis. The vessel is modeled with axisymmetric shell
finite elements using the ANSYS computer program. The ANSYS
model is shown in Figure 3.8-4. 6

.

The stresses in the containment vessel due to combustible
gas loadings are calculated using a static linear clastic
analysis. The vessel is represented by a three-dimensional
thin shell finite element model with the ANSYS computer
program. This model is similar to those used for the

seismic analysis and buckling evaluation.

E. Nonaxisymmetric and Localized Loads

The containment is not divided into compartments (see*

Section 6.2.1.2) so there are no nonaxisymmetric loads

applied to the containment vessel during a Design Basis
' Accident.
|
| v

|

Amendment I
|

3.8-6 December 21, 1990
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Ouestion 311.1

Table 2.0-1

Precipitation - The EPRI-ALWR requirement document (RD)
prescribes the maximum rainfall rates of 19.4 in/hr., and
6.2 in/5 min. Justify the use of 10 in./hr. for the System
80+ design. Also, at some locations in the continental
U.S., the 50 lbs./sq. ft. snow loading may not be adequate
for 100 year occurrence interval. Provide the basis for the
general use of the 50 lbs./sq. ft. load.

Soil Properties -

The minimum shear wave velocity of soil is stated as-

500 ft./sec. (fps). Figure 2.5-2 shows that the
minimum shear wave velocity of soil ranges from about
550 fps at the ground surface to about 850 fps at a
depth of 200 ft. At its meetings with the staff in
October 1990, CE stated that the minimum value of shear
wave velocity will be 700 fps and that the required-

soil strength will be governed by static analysis
(e.g., settlement of structures). EPRI ALWR
Requirements Documents assumes a minimum shear wave
velocity of 100 fps. Justify the use of a lower shear
wave velocity and explain the difference in your
presentation.

What is the postulated margin against liquefication-

potential at site specific and generic SSE?

Resnonse 311.1

Precinitation

The use of 10 in, per hour for the maximum rainfall rate was
based on Revision 0 of the EPhi Requirements Document. The
values of 19.4 in, per hour and 6.2 in. per 5 min. were
incorporated into Revision 1 of the EPRI Requirements
Document. The System 80+ design will comply with the
Revision 1 values and CESSAR-DC Table 2.0-1 will be revised
in a future amendment to reflect this change.

Concerning the use of 50 pounds per square foot for snow
loading; this value was chosen based on the EPRI
requirements and was deemed suitable to envelope the
majority of possible plant sites within the continental.

United States. Plant sites with possible snow loadings in
excess of the 50 pounds per square foot parameter will be
evaluated on a site specific basis.

. . . . . . . .

. - - __ - - __- _ _________ -
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EssDonse 311 1 Cont.

tiiniJgum Shear Wave Velocity

The minimum shear wave velocity used is 500 fps; there was a
slight shift in the plot in Fig. 5.2-2 which resulted in an
apparent minimum shear wave velocity of about 550 fps
instead of the intended minimum velocity of 500 fps. A

corrected Fig. 2.5-2 is attached.

The range of shear wave velocities was selected to bracket
potential shear wave velocities at many sites where a
nuclear plant may be constructed. Thus, values of shear
wave velocition beJow those that might exist at nuclear
power plant sitet he well as variations in wave velocities
with depth that are not particularly likely to exist were
selected. These variations produced conservative ground
motions at both the ground surface as well as at the
foundation level.

The EPRI ALWR Requirements Document assumed t minimum shear
wave velocity of 1,000 fps. The range of shear wave
velocities selected for CESSAR-DC includes all the
possibilities considered in the EPRI ALWR Requirements
Document. As noted above, however, it was considered useful
to bracket a wider range of shear wave velocities for
CESSAR-DC and hence the choice of 500 fpn was selected as
the minimum value.

Marain Acainst Licuefaction Potential

The margin against liquefaction will be determined on a
site-specific basis taking into account the nature
(including type, denseness, fines content...etc.) of the
soils at the site and the depth of the water table together
with the level of shaking associated with the site specific
SSE. A margin of about 1.5 will be required when the median
cyclic resistance of the soils (as may be determined from
cyclic tests, from SPT blow count, from CPT ...etc) is used
in the liquefaction evaluation and a minimum margin of about
1.1 will be required when the median minus one standard
deviation cyclic resistance of the soils is used.

.
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Attachment ALWR-338
CESSAR Einifiurion gm , g , ,

TABLE 2. 0-3

(Sheet 1 of 2)
;

ENVELOPE OF PLANT SITE DESIGN PARAMETERS
'

cround Water

Maximum Level: 2 feet below grade II)
Flood (or Tsunami) Level (2)

..

n

Maximum Level: 1 t % rade
Precipitation (for Roof Design)

|A.N rh lhyand]psyl% m' DMaximum rainfall rate: 70 in/LMaximum snow load: 50 lb/sq. ft.

Desian Temocratures

Ambient

1% Exceedance Values
Maximum: 100*F dry bulb

77'F coincident vet bulbMinimum: -10*F

0% Excendance Values (Historical Limit)Maximum: 115'F dry bulb

82*F coincident vet bulbMinimum: -40'F

Emergency Cooling Water Inlet: 95'F

Condenser Cooling Water Inlet: $100*F

Extreme Wind

Basic Wind Speed: 100 mph I3}/ 130 mph I4)
I0ITornado

q

Maximum tornado Wind speed: 330 mph
.

Translational velocity: 70 mphRadius:
150 ftMaximum atmosphere P: 2.4 psid

Missile spectra: por SRP 3.5.1.4
Spectrum II

-,

Amendment H
August 31. loon

- . . . . . _ _ . -



CESSAR !Encima Attachment ALWR-338

TABLE 2.0-1 (Cont'd)

(Sheet 2 of 2)

ENVEIDPE OF PLANT SITE DESIGN PARAMETERS
,

Soil Properties

Minimum Bearing Capacity (demand): 15 kat (st Hft/secge)Minimum Shear Wave Velocity: 500Liquefaction Potential: None (at site-
specific SSE
level) D

Seismoloay
e

CBE Peak Ground Acceleration (PGA): 0.10 g I7)
SSE PGA: 0.30 g I)SSE Responso Spectra: Section 3.7.1SSE Time History: Section 3.7.1 4

1. Site will be devatered to elevation 40+0 with permanent,safety grade dewatering system.
2. Probable maximum flood level (PMF), as defined inANSI /ANS-2.8, " Determining Design Basis Flooding at PowerReactor Sites.

50-year recurrence interval; value to be utilized for design3.
of non-safety-related structures only.

'

4. 100-year recurrence interval; value to be utilized fordesign of safety-related structures only.
5. 10,000,000-year tornado recurrence interval, with associated

parameters based on the NRC's interim position on RegulatoryGuide 1.76. Pressure effects associated with potential
'. offsite explosions are assumed to be non-controlling for thede. sign.

6. Sita orofiles are given in Section 2.S.

s. u s 6 i b . 1 s. ~ u en e a:4 ~L
J s ~;,as A > w pea a .s nD a
MobeoI Ah.hvie RNde OE SEN SI "1990- wv
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Question 311.2

Section 2.2.1 - The minimum distances stated in this section
may in many cases be inadequate to ensure that the aircraft
hazard is insignificant at the site. For example, if a
large airport is 10 miles from tTe site, the site analysis
is likely to reveal high probabi ity of aircraft hazard at
the plant site. Provide justification for the stated
distances.

Response 311.2

CESSAR-DC Section 2.2.1 is intended to provide site
acceptance criteria that meet the relative requirements of
10 CFR Part 100, Paragraph 100.10 as it relates to the site
location insuring a low risk of public exposure. With
general guidance provided in USNRC Standard Review Plan
3.5.1.6 " AIRCRAFT HAZARDS", "This requirement is met if the
probability of aircraft accidents resulting in radiological
consequences greater than 10 CFR,yart 100 exposure
guidelines is less than about 10 per year."

CESSAR Section 2.2.1 will be revised to include restrictions
on the projected annual number of operations and/or flights
as follows:

A site is acceptable for the System 80+ plant without
further review if the distances from the plant meet the
following requirements:

1. The plant-to-airport distance D is between 5 and 10
statute miles, and the projecged annual number of
operations is less than 500 D or the plant-to-airport,

distance D is greater than 10 statute miles, and the
pgojected annual number of operations is less than 1000
D

2. The plant is at least 5 statute miles form the edge of
military training routes, including low-level training
routes, except for those associated with a usage greater
than 1000 flights per year, or where activities (such as
practice bombing) may create an unusual stress
situation,

3. The plant is at least 2 statute miles beyond the nearest
edge of a federal airway, holding pattern, or airport.

If the above site proximity acceptance criteria are not met,*

or if sufficiently hazardous military activities are
identified, a detailed review of the aircraft hazards must
be performed to qualify a specific site for the System 80+
plant.

l

._- __
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Attachment ALWR-338,

CESSAR inneuion M ~d M AWE 3M i

n k> 1?A, .5 t h z .

2.2 NEARBY INDUSTRIAL, TRANSPORTATION AND MILITARY
FACILITIES ..

Industrial, transportation military hazards are -cussed
{tt46 9 ht.ph.sr1

(M1 h . Set [f4,v h g, ,2.2.1 AIRCRAPT HAZARDS

Th q stem 80+ plant - will ~ not be sited in regions of ign-

aircraf tMratQc. It will be sited at least 5 mil e m small
commercial airports M O miles from large a s, 5 miles from
military training routes?and4mi.lse rom the nearest airway,
holding pattern,

selectad(th,oach psttara'.im'iiaet. ential will be
or appr After an actual site

location is e aircraft
re-evaluat,ex1 b M e site operator to verify that riteria
ar.g satTEffied.

2.2.2 TRANSPORTATION*
--

The offsite power transmission lines will be separated such that
a si.1gle transportation accident event does not result in a loss
of all offsite power sources.

A closed-cycle cooling system ~(the ultimate heat sink, Section-
9.2.5) -which provides the source of cooling water for all

, safety-related plant systems and components during all modes of
l _ operation is incorporated in the System 80+ Standard Design to

eliminate the potential impacts on plant operations from boat or
barge-accident events.

Plant security and other. barriers will be used at a System 80+
plant site to preclude transportation events from having an
impact on plant operations.

After a specific site is chosen, transportation accidents will be
evaluated by the site operator to ensure that these types of
accidents will not have an impact on the plant.

2.2.3 OTHER INDUSTRIAL HAZARDS ON AND OFF-SITE

2.2.3.1 Hazardous Material-Releases On Site

Operating practices that tightly control the use, transportation,
and storage of hazardous materials on site will be followed for.:

| System 80+ facilities.

| Chemical quantities will be such that no adverse impact on the
operation of the plant could occur.

The- use of hazardous materials will be limited to those
applications where no viable alternatives exist.

Amendment H |
2.0-1 Aucm nt 71 loon |
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Reolace as Section 2.2.1
tm

A site is acceptable for the System 804 without further
review if the distances from the plant meet the following
requirements:

1. The plant-to-airport distance D is between 5 and 10
statute miles, and the projecged annual number of
operations is less than 500 D , or the plant-to-airport
distance D is greater than 10 statute miles, and the
p3ojected annual r. umber of operations is less than 1000
D

2. The plant la at least 5 statute miles from the edge of
military training routes, including low-level training
routes, except for those associated with a usage greater
than 1000 flights per year, or where activities (such as
practice bombing) may create an unusual stress
situation.

3. The plant is at least 2 statute miles beyond the nearest
edge of a federal airway, holding pattern, or airport.

If the above site proximity acceptance criteria are not met,
or if sufficiently hazardous military activities are
identified, a detailed review of the aircraft hazards mus$TM
be performed to qualify a specific site for the System 80
plant.

.

'~ - - - - - - - - - - - _ _ . _ - - _ _ _ . - _ - _ __


