Description

Response

1) o
response

t+40on
| f

8301030254 821228
PDR ADOCK 05000358
E PDR




nutech

San Jose, California

ject __Wm. H. Zimmer Nuclear Power Station File No 138 240/ 0200
Cincinnati Gas and Electric Co.
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Cincinnati Gas and Electric Co.

Attachment 1

ZIMMER NSSS SQRT AUDIT QUESTIONS
part A, (b) GE REACTOR CORE COOLING BENCHBOARD

1. GE test report 22A4315 for the H13-P603 panel, a
nench board panel structurally similar to the H13-P601l, - "~ -
states that non-class lE recorders and the full core
display module experienced severe vibration. The essential
function of the tested panel was in no way impaired. The
devices for which ancmalies were observed were all non-
essential, and there was no indication of any type of
structural failure. ’

The P601 panel contains only a third as many recorders and
does not contain the full core display module, which is
unique to the H13-P601 panel. Not having the large cut-out
for the display module, the P601 would not have the flexing
observed for the P603. Also, the test vibration to a level
of 0.75g at 13 Hz front-to-rear is much more severe than

the required ZPA for the Zimmer control room.

The class lE devices in the P60l are either already qualified

to very high acceleration levels or scheduled for requalifica-
tion. Most of these devices are switches on the bench sectiony
They are located in such a way that even a gross structural '
failure of the recorders in the vertical section of the panel —
would not affect the operability of the essential devices. .
The analysis contained in Sargent and Lundy file EMD-021333 __
stated that the "g" levels calculated for all points, where
safety related devices were mounted, were less than 1.5 in
all directions for panels H13-P601, P602, and P603.

Analysis and test data demonstrate a high seismic capability - -
for the Zimmer H13-P601 panel and all the essential devices ___ . |
mounted on it, Table 1 lists the essential devices, seismic
capability or test limit, and gualification status. Table 2
lists the non-essential devices, manufacturer, identification
and model numbers.
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San Jose, California o
roject Wm. H. Zimmer Nuclear Power Siation File Noi3S.2¢0(.0200
Owner Cincinnati Gas and Electric Co.
Ciient Cincinnati Gas and Electric Co.
Attachment 1
Table 1 o A i
SUBJECT: Iimmer H13-P601 Class 1lE Demonstrated
" Seismic
Item#~ Name Identification Status Capability (g)
S-S /B V
002 Square Root © 159C4486 Qualified (1) 8 1 10
Converter by test
005-011, Switch 145C3040 2 (<) 20 20 20
031,051, (Type CR2940) : ‘
054 : ;
013_ Controller 163C1392 . (3) 20 8.5 7.5
014 & Switch 145C3230 Qualifiei by (6) 1.7 1.6 1.85
015 (pushbutton) Zimmer test
034 Switch 23479329 Qualified (4) 25 25 25
(SBM Control) by test
036 Switch 24971892 e (5) 10 10 10
(Series 40)
038 Switch . 262A6023 _ i B RIS ¢ G I T - SO 8
(SBM Control)
049 Switch 26277721 a (4) 25 25 25
(SBM Control)
050 . Switch USRI | ¢ RSSO A% . cls 10<,-10_,.
(1) GE Report No. C61-P0O01
(2) GE Repo:-t No. 225A6280 ‘ e e
(3) -GE/MAC Report'No. 502+ +— —— ———t———————— =g
(4) Ogden Testing Lab. Report No.70709-2 m P B Te
(5) Acton Corp. Report No. 2020-01
(6) Wyle Laboratories Report No. 58685
Note 1l: Per GE Document No. 328X227TU, Rev. 24
evision | | I
Revision L 0 ‘ . Page 1.2
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San Jose, California

Wm. H. Zimmer Nuclear Power Station “lle No 135, 240] 02 00

Cincinnati Gas and Electric Co

Cincinnati Gas and Electric Co.

Attachment 1
Table 2

Response to Zimmer SQRT Audit Specific Open Item Part A (b).
A list of non-essential devices on the Reactor Core Cooling
Benchboard (H13-P601) are as follows:

. Identification

Itemé~ Name Manufacturer (PPD#) Model $

004 Fuse Cartridge Bussman 145C3039 MIN-1,2,3,5,10
15,20,25%,30

Resistor 145C3232 *

Switch General Electric - CR-2940

Meter, ranel General Electric 157C4545 Type 180
(Ammeter, 163C1746 Vertical Edge-
Voltmeter) wise Meter

Recorder Bailey 19381484 732232BBAA1WAB

Resistor Ohmite 23479775 0777

Contioller Bailey 24879393 701C02AAAAL

The non-essentiality of these devices were established by the
non-ecsential classification shown in GE Electrical Device List
(EDL) for Reactor Core Cooling System Benchboard (H13-P601)
(Document No. 328X227TU, Rev, 24) for Zimmer.

*to meet Military Standard QPL-18546-25 by various manufacturers.

Note l: Per GE Document No. 328X227TU, Rev. 24




2roject
;A"e,'
Clent

nutech

San Jose, California

Wm. H. Zimmer Nuclear Power Station Fiie No [35. 240l.0200

Cincinnati Gas and Electric Co.

Cincinnati Gas and Electric Co.

Part A, (d) Bailey Alarm

1.

' This location represents the highest location these devices are

Attachment 2 TR
ZIMMER NSSS SQRT AUDIT QUESTIOKS

provide floor response spectra and an evaluation of the
expected g level at the device location.

Attachment 4 gives the SSE horizontal and vertical RRS at
2% damping for the Zimmer Auxiliary Building at the control
room level. : B i3 -

Using results cf the H13-P612 test the following is the
expected g levels at the device location:

Accelerometer #6

Trans-
miss=- Zimmer* Accel.
Axis ability* ZPA G *References
X Front 8.6 .45 3.87 1) Attachment 5 are the
to Rear g P W g S -~~~ transmissability—
plots
Y Vertical 6.6 + 49 2.97 o .
2) Attachment 6 is the
Z Side to 6.1 .45 TR Y R location of the
Side accelerometers

3) Attachment 4 is the
floor spectra for
Zimmer control room __

SIS GUISES———————

mounted at Zimmer, whether essential or non-essential.

The required g levels are below the d-monstrated device capability.

2. Document conducting of resonance search test prior to malfunction
limit test. o ' ' , i
Test Report #526 did not specifically state the order of testing
in the report itself. It does, however, reference Seismic Test
Specification 225A5766 which addresses the order and type of
Prepared By /Date m;[/n-;-SL { | ol 2.2

Checked By/Date S /12 -3-B2 ‘ |
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Wm. H. Zimmer Nuc'ear Power Station T ‘ File No 138, 240/ 0200

Cincinnati Gas and E.t.r'u C':

(1' cinnati Gds and Elm'r ic Co

Attachment 2

ZIMMER NSSS SQRT AUDIT QUESTICNS

Part A, (d) Bailey Alarm (Cont'd)

testing in Section 4.- Also, it is standard seismic testing
labcratory practice to run the resonance search testing prior
to other tests.

Discussion of correct function in side-to-side direction.

A. Due to the printed circuit card conrection method,
the alarm units are most sensitive to severe vibration
in the ‘*ow* to rear direction. In this mode there
no malfunction and the moun g was normal.

indicated no malfunction
i of the shaker.

The attached ¢ tion shows that the expected g level
at the rack 1 ation, evaluated above, would result in
accelerations alarm de"ice conservatively less
than the 9 g ve Also, the sine dwell at resonance
tends to excite a response in that mode greater than
that expected from r “dor, multifrequency excitation

at the same g level.
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Wm. H. Zimmer Nuclear Power Station File No 135 240].020p

Project
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wmer
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Attachment 7

Bailey Alarm (745) in Rack (7610) Accelerations

13?6 745 Alarm
1/ 1/ |~ Type 761 Rack

7 j Rack WefghT-.- /0 |b.
a % |
L‘ 19” lﬂ”

F?g-l
- H13-P612 PL382X512TU, Rev. 4, item 168
Model 761200AAAAl is the same as the 761000AAAALl (Type 7610)
mechanically, per the Bailey Catalog.

Assumptions:

1. The rack or card cage drives the alarm unit card with the
front fixed by the adjacent filler modules, the top and bottom
fixed by guide slo%s, and the rear restrained by the elec-
trical plug-in connection.

2. 1In the side to side vibration mode the rack flexes at the
bolted joints but hte rack sides and the inserted units
remain parallel. :

3. The bolted aluminum structure with cards installed has a -
damping value for an SSE that is as great as that for bolted
steel structures. IEEE 344 1975, Table 1 recommends 7%.

4. The center of gravity for the alarm unit card with aluminum
plate on the front is assumed to be located 1/3 D behind the

front face of-the unit (Fig+.2)»—i(———"——— -

o Alarm
7!' \ Weight =0k
p e W= /¢
7 § =" H= 7
l/_ ‘ D= /.5
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roect __Wm. H. Zimmer Nuclear Power Station File Nol3£ 240/ 2200

~ wmer __Cincinnati Gas and Electric Co.

Client Cincinnati Gas and Electric Co.

Attachment 7

Analysis
1. Seismic Amplification for the Rack:

G.E. Report #526 reports that the rack has a side-to-side
resonance at 18 Hz. Using g from assumption 3, obtain the
magnification factor QR:

QR = 1%; = ITT%7T = 7,14 (for the rack)

~ 2. Adjust to the Alarm Unit CG:
Justification of reduction ratio:

The magnification factor of the rack (Q,) is conservatively
estimated as a single degree of freedom system with -~enter
of gravity at the rear. The alarm is mounted within the
rack, and has a center of gravity (CG) more toward the
front. Thus, conservatively estimating the alarm center of
gravity (CG) at one third (1/3) the depth of the rack,
means that the alarm experiences a factor of three less
magnification of acceleration. (see Figure below)

- &— KAcK

e

beg

s
1P «—ALARMCG iy =1
X AMPLICATION FACTOR

S S

Rev sion 0

e - s Page 7 9
Prepared By/Date n33% i | of 7.3
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Project File No [3S 240(.0200
Aarer _Cincinnati Gas and Electric Co.
Cient Cincinnati Gas and Electric Co.

Attachment 7

Analysis (Cont'd)

Qg 4" 1 Qr
3 = = —_— QCG = = 2.38
R 13" 3 3
"' R | | 55—
’ l c6 |
P Fig. 3 Plan View of Rack & Unit
. Front Face of Unit
3., Calculate CG Acceleration:
From Accelerometer #6 cf H13-P61l2 test side-to-side motion,
one has:
Qcq
Transmissibility Zimmer-ZPA Panel Accel. Ampli. Alarm Accel
6.1 0.45g 2.75 _ 2.38  6.53
-
4, Deflection at resonance assuming harmonic motion:
q =2 (386.09) _ 6.53 = 0.198 in
wd 2 2
In"# (0.1023) (18Hz) Where: a = accel. (q)
4 = freq (Hz)
8 = tan™’ 2197 . 2.82° & 3°
4. - -
Revision S S Page 7.3
epwes /o0 BHja 392 | bl

Checked Ev Date
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INTRODUCTION

Seis.aic analysis of the Spent Fuel Storage Rack was performed for
the purpose of SORT requalification. The two MRC concerns were
1) that the overturning moments in the E-W direction, and 2) that
the seismic restraints were not considered in the coriginal
analysis. 1In addition to these concerns, NUTECF has also
addressed the effect of added hydrodynamic mass of the water
surrounding the racks.

METHOD OF ANALYSIS

Analysis of Spent Fuel Storage Rack was composed of two parts.

In the first part a dynamic analysis was performed. The modal
superposition method using acceleration response spectra, was
utilized and the dynamic loads on the system (shears and moments)
were calculated using the computer program STARDYNE. 1In the
second phase, the calculated loads were utilized to obtain the
stresses at the critical parcs of the assembly.

The rack was modeled as a finite element model as shown in Figure
1. The simple components of the rack justified the use of only a
beam element with six static degrees of freedom and three dynamic
degrees (translations only). A sufficient number of noces was
included in the model to obtain an accurate representation of the
system and to extract all applicable fregquencies. Seismic
supports were modeled by springs at the appropriate nodal point.
The effect of the surrounding water and other racks was simulated
by adding a uniformly distributed mass in both horizontal direc-
tions, This added mass was conservatively estimated by assuming
that only one rack is free dynamically while all surrounding
racks remain stationary. 1In actuality the added mass will be
closer to that of an in-phase multi-member arrangement.

RESULTS AND CONCLUSIONS

Results from the modal extraction, along with the response
spectrum used in the dynamic analysis, are shown in Appendix A.
Resulting dynamic loads (also Appendix A) were used to calculate
stresses in five critical areas, as summarized in Table 1. The
only critically stressed area was found to be the bolt pad of the
base supports. It is shown to be 1.6% oveﬁ:stressed. However,
it is considered acceptable because of the amount of conservatism
that was used in calculating the water mass which is directly
proportional to this stress.m.An',dditional stress calculation
was made on the cross bracingAaﬂﬁéees’to validate the assumption
that the vertical columns act together, enabling the rack to be
modeled using a simple stick model. This stress is shown to be
well within the allowable.

By using a six degree of freedom model and the appropriate
restraints NUTECH has considered both NRC concerns mentioned

CGE-03-218 1



above., In addition, NUTECH has considered additional loading due
to the hydrodynamic mass of water surrounding the racks. Dynamic
analysis was performed using the approoriate response spectrun*
All stresses were calculated to be within acceptable limits.

This analysis demonstrates that the Spent Fuel Storage Racks for
the Zimmer Nuclear Power Station will maintain their functional
integrity if subjected to seismic events.

CGE-03-218 2



Component (Stress Type)

Table 1. Summary of Stresses

Allowable
Stress (PS1)

Maximum
Stress (PSI)

Column and End Channel
W E (Comhined Bending & Axial) 3179
a»f (Shear) 256

Column-base Weld
w (Combined Bending) 6438
(Shear) 767

b - > Column-div'der Weld
/ E-W (Combined Bending) 4141

y (Shear) 875
/
=
N-S Bolt Pad (Bearing) 16262
Base (Compression) 5354

Cross Bracing (Shear) 2035
Figure 1. Finite Element

Model
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The following is a step by step summary of the attached
calculation package which is used to address NRC concerns
mentioned in assessment report of a spent fuel storage rack

for Wm. H. Zimmer Nuclear Power Station, NUTECH File 33.803.0962

Rev. 1l:

1) Moment of Inertia Calculation pp. 1 to 4 - This is
a repeat of calculations used in the original report
(Reference 1).

2) Effective Mass Calculation pp. 5 to 10 - This
calculation addresses the total effective mass of
the rack. The effective hydrodynamic mass is cal-
culated by using two factors, one to account for a
single rectangular member submerged in a fluid and
another to account for a multimember arrangement.
Both factors are calculated per recommendations of
Reference 8. It should be noted that any factor
used for multiple member arrangement is expected to
be conservative because it assumes that one member
moves while the others remain stationary.

3) Seismic Restraint Spring Constant Evaluation pp. 11
to 12 - The seismic restraints are modeled as springs
having equivalent beam stiffnesses.

4) Stress Calculations pp. 18 to 26 - Simplified stress
calculations are made using responses from STARDYNE
run (Reference 5), allowables from previous reports
(References 1 & 2) and weld geometry specified on GE
Dwg. No. 762E210 Rev. 6. Please note that for the
most critical component, the base casting lug bearing,
the actual yield and ultimate strength for the ASTM
B1l08 SG70A-T6 material are 22000 psi and 33000 psi,
respectively. For the upset condition (N + OBE + SRV +
LOCA) the allowable is 0.88 Fy = 19360 psi. For the
faulted condition (N + SSE + SRV + LOCA) the allowable
is 0.7 Fy = 23100 psi. The loads evaluated in this
analysis are for the faulted condition.

nutech
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ZIMMER
Stress Analysis
Spent Fuel Storage Racks

1.) GENERAL
1) This analysis is for the spent fuel 7 ks for Zimmerd
2.)Various loads to be considered are:  j
a) Horizontal seismic and SRV. d
b) Vertical seismic,~SRv, md'cluuing d
(Note: Horizontal ‘chugging, vent clearing and vertical vent clearing
are not applicable. See # 386HA625 and letter Farr/Zemer October 22,
. 1977, see Appendix # 6).
I1.) APPLICABLE DOCUMENTS
1) Load combination and acceptance criteria # 386HA6ZS.

2.) Sargent and Lundy calculation No. SDD - BMD - 030 dated August 16,
1976, for Project 4130-15.
3) Alumirum standards and data 1972-1973.
4.) Kaiser Alumimm Welding 1st Edition.
5) DRF - 139 - F16 - E002 -BSl.
mrk Sth Edition.
'}.)G. E. Drawings:

a) End channel # 117C2001

b) Tube # 117C2000
¢) Guide # 729E475
d) Column ¢ 919D992



e
e) Divider # 112C3600
f) Base # 922D255
g) Arrangement # 761E957 Rev. 3
h) Spent fuel rack ¢ 762E210

111.) BASIC DATA AND ASSUMPTIONS
1) Upon examination of the racks in a 'free standing' condition it
becomes evident that the weakest section presented is that section

which resists a horizontally applied load directly transverse to the
width of the rack.

2) Racks will be laterally supported by a continuous structural member
extending the full width of the rack at an elevation 9'10" from the
base of the rack.

3; Loads applied in any tri-axial direction are considered maximm, and
are the resolved loads of 4~y SRSS loads.

4) Allowable stresses for 6061-T6 will be in accordance with 386HA62S.

5.)A11 loads are to be considered as static "g" load equivalents acting
thru a point that will provide the most conservative results.

IV.) CALCULATIONS
1) Spent fuel racks wili be considered as a large fabricated beam with horizontal

loading on a camteizbra beam with & support, AS S Howa N Frg, -
A

CANTILAVER 4
BRreow e N ovrsoans
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o 4o

lem can be resolved into two separalt“e, bea/ considerations

2.) The prob

) .,(f‘*f gl rr’

¥ bean,‘one md.fued‘“fther is sixmle and, 2. cantilever beam, It is
(T

believed that this is a simple but conservative approach. This is
d
especially so when the loads are cansider&y concentrated at the mid-

Pom"l‘l,inthemecase,andattheemofthebem.l-z.inthec‘se

of the cantilever beam analysis.
3) Baam Smcriow Auiaciysis (Scrrvearmd BRANM)

Exp e #PAiC )

F
‘ /7 l C & 1972 Pes)

X - X 6.58
| .
e |
,?; ./,.,z”.{ O Mat'l: 6063 -T5 Al. Extrusion

Density: .099 1lbs/cu.in.

Length = 168.00 inches

Areas
AL, = (2.19)(.19)(2) = .83 sq.in. 4 F - - 415
A, = (6)(.19) = 1.14 sq.in. A,, 4/§

Total - 1.97 sq.in.
. Weight, (1.97)(168)(.099) = 32.76 1bs.



. Y = Neutral axis = EMo

1.97 7= (=33 (6.285) + (1.14)(3.19) + (3% (.095) = 2.608 + 3.636 + .039

(
1.97 Y= 6.283 % ¥ = 3.189

No% e Neutral axis = EMp
1.97 % = (83)(1.095) + (1.14)(.095) + (=33
X

(7 (1.095) = .454 +.108 + .454

= 1.016 .°, 7-( = ,515

. = Element N, Axis ﬂ
1 4 ol Lol 4..
-ooll‘l\-—"i b, ¢Z Zf?é X
X434 7
074 I 7:;/37
| | ,"(:._{/5’.
Y

5

Y
Moment of inertia (Ix) = Ic +Adz = Transfer formula

Note: Symbols defined on page 3.

: 3 . 3.926 3,177
oo Ix},\1 o QoANCID” L Cpaf(5.006)7 = 00125 + 7055 = o856
v

4
3
Tx, = LANE . (1.14)(.001)% = 3.42 + 0 = 3.420
2

gy

I 2.19) (.19)3  HS 2 s. 078 3,971

N 220G o [ aay(3,094)% = 00125 + #2048 = R34
- . EI_ = <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>